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Ahflracr 

Sy'\tematu:nl inyestlg311on\o. of Ihe alleJ';.allon 01 
da~ Illtncra\~ under h' tlrCHhcnnal ctllhjillons. Hnd 
I.h" ui ... cpv€n (~J pNi'e ... J.nJ 'InlClltral rci.L.Itlon!>i <'f 
rnmer~d... oj k-aolinilc p:roll('. m\Jnlm~lfIll(lnolds. 
mi c:d-Iayerecl ~dICaLL ...... Cit"., an . .' pj great tnlcrf' .... l. 

h tile r'e,e~('c of ~. "'" < hlol ide' !I,~gO{) k~ 
~rn' T kl '5(,0 C. 22 -, hrl ~.IL'lr~It". JI~f.Iti: a~\. 
IllCIJhaJ1t"'" "IIJ arc \.lCL'onllm'\.t'd 10 Tt'f 111 dhK'tahL'dral 
h)Jronuc:..!~. \..\hlch ""It! ·Il.lrmcd through fl-)~' II1ltr· 

meuhlw di'lClTJCTt:'J n1IC':..!-01ontmllrilk'IHh.' mixed· 
1.:\ en~" 1ormollion ... 

POIYlyptC fl1udtfi·cal1un ... 01' n~\\ i~ Ii.lrnrcd m1C3<.; 
Jep\;IHi upon lhc "uuctUh.: n. th~ lnil1al 1l131eriuL 
trow k;.,olinilc_ nlica 1 i\J PTC\ aiJ...: Irom Jje-kuc-mici'J 
:!.M J: .t::- trout ll1ewhullov"nc Jt"'orJcred mlCc\ 

t..;nd1,:I rhc "iCiI1I( condition .... In the pre~l!Il~1;" (~I 
Ca chJurjue.:-;. huohnllc grnt.p tran'\C1rri,s through the 
... nterOlcdi(jlC ; phat;;e, 10. I cctorllC unll n1ono-la~~red· 

·he.\.agoOl;l1 arwlog 01 , ~1I10rtlt\!, :m .. f "'un l\\,g tu 
tOf.udi!e 

Th~ Iranst"l matrons or the dioclahcora! 1110nl 
·O"·,nfh'(HW'" depellJ upnn thL ..:ontentratlon II{ the 
charge' In octahedral anJ tClrahethal flo"IIlln, 
i'n'm beldeli,te in he r;e,CnCe or " '" ( 'II! 
chloride-s tne saml' nha ... es a" frf\11l k:\(iitr '-ill.. 

formeu, hIli uncJ..:r c"on'ld(~ra.bh lower lClln,cr~1.t1T'C' 

. In the pr~cnc~ l"f l},CI: dloct:ll;edr;.:11 t11t'nln;1 If' lIimLt. 
transtorms thlvl.igh li \\.holt.:' "i:pectru \.If Ct:ou tee.\,;"" 
Illtca-mnntmonllonile pha.st.!~ to hydromit.:.J. d',(' 

. ",1~tdine, and wirn N~ and C:t 'chtont.ie, to tri(\ .... i.ah'-J­
rd moollllllnl1onnc dna plapwclast!. In the rr~cn:t. 
I...,J ~1~CI fI'lO(,l<:!hedr 1 montmoriJlOnJl(f tIre lorm~t.f 

~-tf'tc r' JIO~tnht"draL ::In f ,II [he Jur3t10not tft.:J.tmr..n' 
b long~r l tr;:tnSf()ri'~ mlo laic-monrmnrillon nc 
mi"eJ-la~creJ ph",e 

Seplohte IS decompo$ccl IP=80CP2001J kgl em'. 
,T-325, 22-1 40 h(1 and ,ubstJlUleJ by \lg-mont­
mo~rillonite; palygorskite! under the same condition ... 
I subSiituled by mQlllnlOrillonlle. then (-500 .1 t>~. 
mixed-layered hlOnrmorillonile-chlorne. and then by 
chlorile I <'600<) and cordierite-talc I> 000<) 

In ihe pre.enoe of Ca. Mg ·chlorides (P=lOOO 
'lg /-cnl:!: 2:: r.il r the 10W~1 It:m·perature..o;, 01, decon't- ' 

Re~ime of ).-~:I\ In1,.'6tl!!:Hion~ C'uKn-: Ni~fil1r ::- kl' 
. ·'24.inA:' 1'\ 1.:200: RC -::; 1-2 "iec. 

pn~luor, ot ;\tplo!itc and palygorskIte arc mark\:J 
(-250-'llO·. I'com ,eplOlile in Ihe prasence (\1 (j 
chloridl,;'s ~1!! nHm'lmonlil)nlle--l3Ic+Ca-nmphihnll' 
arc formed . ' ... ·nll r~!gCI_ w /\l~ m0mOlorilbnilta--IJ I,., 
j1) ro)'.c,;o..: Fror!1 paIY~!f' rsl.itc ,.,.ilh C d _..I;! \.11· :lnd 
tra",:t:ih('L!r::lJ 1, li,H11ml)rilrU lllh.' Jrc.~ formed Lind then 
!:!lc'"7-anortl •• (' > .J~(I Ci. 

lu tilt OIl'CS_·!iIo..:\.' t'~ mbaue 01 "n. C!J }ole chin· 
nuL''- t!';l{ 00 ':.! \,·'11!.·, 2~ hr' !\eO,l,ltlc Ij'i:lnslt~rm~ 1.0 

!\Ig IIILJ!1I1TIoJ",lInnltt.; :tflJ pasgori !-..ltt..: (-250 I .. md 
to dl- :wd r( .. t3h~t..ir.il r,!fl"ll;llfnllo.nnc (-100 l. 
FurthN Ul1ull . .::-;'1;0· -4)0 to;tl.c I~ 10rmcd~ tlftcr 
..,-CP!OJilc :wJ pJill'101;.·b(;t.. t:..'h ("·rite -lalc. ,d'cr paJy­
!:wr~klt.: 

The I,,'h ina~l'r t\{ Ih· llc\\I'· It1l0'lcd ph .. t""" In I.!.,:.: 
mall,.1rily 01 c:,:l!:..··ltl".C'II!' Jere: tis U~1 Iht.' t..lllilents 01 

the u rjgJtl~d mi!lcriJI "tf1d 1.Ijlon t;'\, lype 01 the 
mJncrJi.z~r ildJe":. b1lt their :-lJ ucturc is uClmed I\,) 
the -grea: c'xLcn: "Y tht: s'ruCllI:31 pt'l:ulmr.itH:'" Qf Ihc 
1n1tlal malerw.l ' ... htch ~r:! In:Il!!ltej In th..: proce~'t 

-#01 soHd \ Iale 1 an~.dlno allen II rt:1{ :IL'n~ .\ Ith the 
pdf{!Upallt'n .\"lr ihl.;: \".:l.pl.'lir pi' as\,;' 

1n the rr~·t m ...:.rlh.:lr arc _1'lmp4tftJ Li-· ,. ~", • .mtlJ.! 
f~.\turc~ ()1 :-.tru_·ur::-l ~u(ccs~:a ,- th(.il I!le \\ph.JI "Jf 

~t rUCluTal:-f:. :':4.m~(I:-rh<1lli 1 ah\.: ... tlOIl undq IJ I ~l\.Jthcr. 

m:1i '.!cnd'tiolh ~)! H~chr l'!!..: ~f"l r ihanJues. monlnlllfl ... 
10.0011:::. ':m;!~~L1et' ana lavt?r-nbb(m ·.tllcatC' .... - ~cpj()l ile.:"1o 
and p. !,if40r,k.:I.;' . 
, -\~ 'in Ill!!! o'\arpri'ab. the lollo\vlnm; \\~re used . 

Laolinht: frtlrri P o~I::no\~! .. dq ):'oil USSR. mctahalloy· 
"te lrom \j c.I()\CC dcpO,il. CzSSR. dickite Trom 

,Turomgrn\h, <J:r~~. lSSR !)c-ploJqe fr m, i..:.dramasaf, 
US R '·.no palygors'''te frnlll Pamll. L S R. Th~ 
samples wcr<' held unJcr <:on'lanl PII. 0=1-2 kb. 
T~200-n50 c' conditIons in 'a reaelOl with a cold 
lid (Tuille apnaralus l\ pee) In Ihe present" 01 puro 
water or in mlXlure \\ ilh chlondes 01 K l'.a. Ca, Mg 

. in rutlo- ~. ! 'm ,;caled ampouh!\: then lhey were 
Icmpcred, · "OO1t expenmenb Wt:f(' .... orrtt!d OU1 und~r 
stres.., . bv mean~ 0& .an anvil. ric~ii!!ned by Bndgman.·1 

and LlPder oua,ih\Jrotbermal orcs,sutr.:. ., Ci cvltnu(:(­
pi;too tvpc.ppJrat,\' The structural ch~raCleli't1c, 
of- newt\ wrn1l..'lJ n1<.il-enah 'Were determmed mainly hy 
"'c-an\ of x.·r.1\ di:tracwmelrj T" 
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The ·J"herijance of the Structural Moth'e 

The Imn,lormallon, of kaolin,,", under hI'(Jf<Hhcr­
mal conditio n< in the presence or K. !"~. Ca. \Ig 
,hloddes Il"ig. " 'hOI> that Inc inlermeJ,ute anti (In:oI 
nL'W ' phases are in general l~ycred !<otlkal('~ tim! ' 
tl~LJml11osilicJtc~ \\.ith ~imilar ht.l~I'" Of !>truct\lrc F\ rn 
\f the sal11plc~ ale If'Catcu 1"01 72 hl\ .\1 IC!1lr~r'Hul~~ 
~OO-500 t ITt,)I1-1i1\'l!Il!J phu~c ... ilCl)IIII.'\. Jelllsp(II'\. Cl(.l. 

thaI art' lornico LlI1d~n ,inlllni Lomiillun" II \)111 gl..,c".,:I..':-' 
~IHj ed.;.· l \.vt.,'rc 111'1; Inrnll:d. Onl\ tJntler ht1!.hl'f lc-r'l1-
pcr:H~lt·t' lilahdll: rcgH.'1 thdn tilal oj" hJt.llillr~d , 
1.1 >~75 C. 3 ~~ hr,!. "n",ln"'tl\r~ or andultl",c-ii~c 
phase W:,i'!\ 1I .. 11'l1H.::d. 

The ... petit it. i.l!JOll 01 s),mnc;)iJ,(!u ph:s\e.\ h ~!'; IlII ­

lows. in d,llercllt COl11b'lflatiofl~ 01 tetrahedra! and 
octahedral nets with tt forlllaUun -<)( 2.3.4, 3nu man\"-
1:)\ k'r.:d ';'UliCllIrc'\, Un Iht' tJiI !racldgr.ll11fl1' dl ;dJ 
la\"~r~d pha'ic \\!lIcn ~ai...~.: ~I I"fl.tt in l'c,u:lillnS. Ihl:-' I.·~ln 
he ~een in the conserv.alH"111 01 th e pv~it1t'[1 uJ ll.!fI\.!\·-

11011> hkO Ih. k...{l. f. " ,; '. : i,. k. h-'-k-e\enl al,d ;n 
t:~~enlial altcratJ('11 01 the po:.lIlon 01 rt!flct.:lions 001 
and ,wJ (for exnrnplc-Ihe experiment' "'Jlh KCI amJ 
(,,( ie-(hgs. ::. 'J) . Sm.llI \an3110n, ,,1 par"meter h 
iL1 l1.::!:O.U6 AI. Ih:11 , ... fi-xctl h~ ..:h(Jnging of m;I\IIl1Unl 

I l1/J, ~ho\\ Ihal !he. !11(\\"cnl('1l! (11 \trl'I;ll1r..: In the ha~~d 
t) lam: l ... tnslgnl"cantl~"m~1l it I~ Illh.'rl':-..tln!:, 10 \,:Onl­
POh' the· ':C'qlJr:n~t" ... (11 Itlr111~~lllln 01 nc\\ phu\'cIi:. nt'­
l\\t.::en the ") .. I t.: (\'I 111 wil'lch k.l(1lin1tc nllnCr31, Were 

trc:.::ucd 1.HHier hydr~,th('rmal ":l..llH.ht"i( no; \.\'lIh ::uJt1itil,.lll 
OJ (aCI~ ano Ih~ ~) <.,It::nl III whIch .!.!l,l!o. ... es :fnd gl!l ... \11 

analogol1' comp" .... il1on welC' Ihl.!J ~\\ InJlI .. " nli:tlCII.lh. 

1n Ihe Ilr:-,l ,\-!'.tl!'ll1 1\\'(1 main pha."ie\ ort' tornl"cd <J 

s"e lling on<-l-1 A uno l1<'n-.,,\·clilll~-7 '" tflg .11 

The 'wdlJn~ pha't. Ih:.tl "'" ,'x:lnllJl~J h; >"-1'3) \\'lIh 
dl1JcrCIl\ lrearnlt.'r.n",. ;JppLart.:.l,.1 to hI.. nmntrllurtflonnl" 
fpos,ibl; '\\Ilh lclf.lhcdrai All. A, Ihe <l"rallu" 01 
tre;ltOJent 1r\l.'lea"c!'. and il~ lOmnerhlure .1,)f ~\"nthc'I'" 
Jn~reO:1se'S up to .. Hl!J~jOf1 (' Ihi~ ph~t'\c !~ ~ransinrtJlt..'\i 

l rib' ~) inlH (.If(.IC!(.:d nlJ\.(:O:.ja\ clect phd~t.!. Itkt: rlllLJ· 

montmorHlonile. Tht" 7 A pha~c \~ as C~Bmln('J h',· 
.eleCtiahOJnlCTogr<i;rf1) anJ identlfi~~ 'hl b~' mtH1O ... 1t\~cr'; 
ed hC>Odgunal ~lnCllll!! "I un"/llh.!: I! 0.4[11")(';1/., ~II T- ~()Jl-

500 C 1n '22. hr~, iFip 3! Jnd :drCl tfH: tn.::tlJl1t.'llI 1111 

Fi.~, J .' f11J(1.\~'.\ (,'rnllli frd!ll ~r/tli/1lil~ +.4.1 rdY!..lJf'd •. ih iiI, 
I/1Ul ~(.'/llfllllr' I ( "" .. I.' Ii •• 1/ I 0.['/1'1 r.l,,1 ; '-IlIdlli(1I1 \ II II I; 

mim{/I'I!.I (" ~'/J/"rhk\ O'Hl.lJ=·' ),h.tr ~(JO-5V(J C ::--1'; 
hUIII.\}. • 

Sy/lIfwls: /") on/anI "f,<tlillll,' i '" I: ,~r .J/.\or.llf'r,·d I..tll.'''~ 
lIifl \ 3) tiIV(j,"'f'dntl 1l/IJI!lIIh)ri/l'IIfIU' (,\fI./·' -II {ri'if ;II~ 
hnlra/ 1IJf1lt1l1l{lrill~mjlt· 'f t': .hy-,jrdlllin: fli \I J I J I \ (f· 

.J1I'Url.'tlllfli fH\1J, 'I n'('UJj'/II ,,, • ."il JI.,}la'U, fl,. ,1;: 

hC:Hl},'PIUlI IIllt(JtJ)!ur I , II/J ,}ui:( I·j) 'III lllm/1,'}'1 1I1f111 

,\Ift1lific.lltum ilt ml~u IlIUI /llfI/lfl/IPfil/.tJlih': 11) fi.JJ!flt.1II 

imcr.Hrtmllf'luilUl oj ddoriu' lllld I1kIlWHtJrlf/fI}IIlt' . L~.' 

wit:: /3) tTflI/WI"t.: 14'/ :)i(J.,: 15) ({.lOIl.Hur".f ,,\~alldolt, " 
stU! ",' e.\'pcr""t'III:. with itfOlilJiI('. <ltutrr;.+foil ifU;' -·A.,. 
jt'llti.ff'ar/\J'ilil K IWfJlrdllh'+alhirr' II ;1;' - .\ iJ' qIM"I~04..,.. 
WUJ) 11(,"-;- ('(}rJlt~rjl£ 1\'(1/1 (,,' ffl/f' ~(Iu.ltr;:, )\';/11 ,\II! :""'IJI 

(' wu>,imt Il/.I Inlh ~ ["tfy,,·{Jpktfr}. "R()r.kJ \. m:d jif'l.i.\ of 
phM(' dls/rihlfllcuH nil .\ 'r;(\. .,/ift" 

'/0 hou", al T 500 ' C i, tran,(omled inl() Iwo-Iay.ere!l 
anonilc pha,c. The formal Ion of .",a-Iayered ph3$ 
of ~norlJlC compv.,illon V.~\ reponed untler ~Imilar 
comltllOlls 'l from ~I",'e, and gel, al T .1Sfl C: at higher 
h.:.mpcrilturc cr)stailine ,uhtnite IS formed i;tnJ ,,,,.eIliTl:£ 
ph"e, did Mt app"'r. Therefore. 'in the Iwmforrrl&­
lion' () knol "';I C. Ihe n\~t"'ta~1e la\'CIeJ phase, of 
anorlile compo,;I;on otcur at ..J00-500· C: tinder the 
~a.mc condition\ lhc stable ",nurtttc 1:'1 IOrmeu from 
ge-I ... l.Inu ghl:'o~e~ '01 (jimilar composition. 1:': 
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Fig. 2: S~'wssion of .• t;uelu'lIl mOlil" In Ih. I>4u!I plant ill II" "ansjormo"oll 0/ ""olin;,. 
tt> "Hm"",,," (PH.o =1 leb",; 200-500'C .. 22, <14 Iwun .. wI,,, KCI). 
(J I dil/'QL/i,"n Cl/f' n' 0 100'. 2Z It".: b 2.10', 211m.; c JO()'. ~ll,,;.. d 300', 14 h'3 ... 
, J$O', 2! IIrt.: / <100'. 22 hrs,; C 450' , 21 1m.: 11 540', 21 Iru .. c'-h' to, ,'Dmpl .. coOl! 
.,a/urnr." "Hh {({yeo!, (2) th, srhnn. of ~"JfIU't (fur .tymb()/;s IU Fi,. J; 7) 
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StrucTural Trcmsjormatiofls 01 Some C/a." .;\.1illemi.1 
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Fi,. J: Su(>cr.fsjon"j .lJrucm,o/ m(~;I't' ui Inr ht.t.~:;1 ,,/tlllt" in Ih~ Irilnf/tJ,mutiml 0/ kiwlinite 
10 ,«clo,il#! <Jrui lQ Irr.u16Q"QI1IIfaloSu(· o.f tul(Jl'fiff',(PH:tO=l kilor }00-5OQ9C;· 2~. 44·lIr:i .. 
"';Ih COC£.). . 
(I) <iii/I'Mli " C""'I: 1/ 200.'; 221m.: b /50' , 21 I,I'S.: c 100·, 22 Ms.; Ii 3110', .u Jr,' . 
c 350', 21 lin.: I 40() ", 4i hTl.: II 4()O· , 21 h,..: " ofJO', 11 firs.; i j(}()', 221". J'-i' fu' 
It""pkr d-, <II'ffrQltd wi/" Illp It/)',;ol, (ljlir( /',h,mr of ,"'IIClllft Ilor "",b"It,u Flp./, ~f 
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Fill ... 4:. Effect oj crystal/illify d~IJTPI' of initiol ~(IONllii~ (lIId "it Ailt: Utl. ,Itt' /or/110!iOU 01 

,"·.Iling phases and of hexagonal analog lit oj Monil, (PH"O=J kbor; '4bo'c; 22 hrs.; 
CaC/!!). IW,.-chanirQlly frirurattd for 10 mln.: n knoli1rite, c· du:kilt'; inilin/ samplts; b 
koc,finiu, d diddle (for Jymhals see Fill. 1. i I. 

of 7 A-phase and anortile Iheir Slructures arc different; 
the former is a layered silicate!:t 8nd. probably, i< 
similar In Slru~tlrre 10 kimrile. H whereas Ihe latter is 
" typIcal framework aJufJfinosilicatt. In tIlis way, 
ihc appe:>r&.nce of s~lling phases Qnd a layered analog 
of anO'hte is connected in Ihi. lastatlc ' wilh a ~p"cir.­
cation of tr.""formation of ~ .. oljnite and keeps the 
<lructurai slmilarllY 

The relative q\lllntitilti\le co,relations of swelling 
dnd non-swelling phase. (Fl,. 3 . .. ) haw their different 
fotmallon. depending OIl ~ , gime of experiments 
and of l>!ruli:lU,a! &la~~ of lIlinal .materilli. Thtrefete. 
a, the .ru:¥(;H>e of tem rlH\Ilot (Fig. ~a and by 450-
51)0 ' (') II c.:.n be seen Ihal \ht aOlOuAt of 7 A~pha~e 
incre ... "" and ~h:u of tnc wdllng ph decrc;ues. 
\\'h fl IriturateO 'aslinilc ... u.c.d (incoosin, of edl' 
\ urfa relall.c 10 davt>U su~fuces Ol1ly lhe s_lIing 
ph \ are formed lmon!IlTOl'inpn41 aM nnCa-JnOnt­
mo,iUO!Iite J : n. whi~ lIPn .flon.lrj'Utale,i marerial 

• • With Iii'flllar struclur, com~IOn" V<try r0bll8 I<abl} . 
The inv~ipt (\ ~pt;;i"'..,. row tilt fOllowin. cam­
P""t;"' ... , 

Sepiolite (11)-( 4..'l I Alt . Fel>.~ [ ·uO• ~,) 
(OHI... (Oli;!' •. ,w 

PalylOrs Ite (l8)...Qq)"lJl"iIl2~~""'> 
[SiTHAl;'. .. Ol •. t>U (OIf)II~ (~,. 

were used, both swelling and non-swelling 7 A-phases 
are formed (Fi&. 4a, b). Similar results were ohlDined 
in the case of diCkite (Fig . 4e. d), in which case. how­
ever. the TCacllon was less intensive, whicb is infered 
te lhe differ.ence in sius of crystals between holinite 
and dickite. From thc data ot e~ctronmicroscopy and 
el<'Ctron-mi~'OOirf11lclion r., 7 one can 5« clearly that 
the swellin/i phases develop from the side ponion .of 
kaoJinitr erYMals. The kelelOD belQ}gonal appearance 
Gf the 7 "-'phase su&8ests- ttlat it is Jormed most likely 
00 the sur(ae~ of kaolinite cry tals and the formation 
of these t"'o di(fe.r~nt pl\a$es is ·controlled by the n:la­
t;Oll of an ' e.dge and cleavage surfaces of crystals. 

Somewhal differtnt behaviour jn transi.omwioD i. 
S<!en in tile case of -scpjolile and 9IIIlI,}.orsJcile. in w\lich 
tr.n~formation is mamly COOltaoe.r' •. " by Ihru-Iayer. 
d tak:- and I or mODtmOl'jlloltite-1iAe $(l1lctllraJ dements 

"'!lien lire IlIe basic: .. ructural ~t$ of these 
mineral .'. w.ith 1M fm-mtllloD of difWmt bands 
SIte d alan, • ui . 

TIle resuks of SOfIIeWIJlIl ai .... e1qIeJimellts. car­
'ried <lUt 1".del toom flr IOInewbat hiJber IeIJIpcralDre 
coMilioll •. in on!« \0 slPCly .• ittfIlIC!J!oe of streA 
and qU&Sihy(\rosWic ~re IP=ISl-3000q/an". 
120-480/11$.) on !be $t~1U't 0{ IbIIte milIeTais how­
ed lhat !be str~!ure unclier u..e ~ti.aDs is not 
\ttdy. Morphoklaically Ita· .. sN>wn in dislW'ban-

-, 
" 
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Fig. s: Etftcl of po/ylypic modifi~'Qliu~s of illitial k(Jl/(ltle.1 011 Ih" po[ytypes 0i ilydromi,ds 
'(PH,O =1 kbar: .WO·C; 31m.: Wl lh l\.C/J. ,. 
Di/fraclogrnmmr$ o{ hydromic:u$ jorm~d: {l mttu_Ja/Juy~ltl.!, b k(loliuite. (' IUcki/€!. 

of Iibrou. t~ture of the mincral~, whi~h 1> accom­
panied ),y rel-atively weakening of reilect/oru Okl and 
simultaneous increase of common reflectlons-hkl. The 
degree of di~turbance can be estimated, .for example, 

• 1 I J denPnding on the: durallon by companog ,,100 11:<'. .,-- ' . h 
of experiments aad the sIZe of P . ThIs ~ows. I at 
tbe most weak Jinks in lbe structure o~ la)er-nbbon 
silicates are the "oxyaen-brid8es." that Imk. the tb~­
layered pacl1.ets in !be ribbons. The lr~sformau?n 
of structure aoa in the: direction of disturbing the rib­
bons. maiDlaining layered nature ev~ in the fragment' 
of the strllcture. ft is- of great InteTest thal under 
hydrothermal condition this sort of I~ormallon 
goes Illucb easier than in fhe transformallon under lbe 
s!req and the "pure" vapour phase (1'H;e= 1-21tbar) 
coodllions. &ptci&lly in the cue or frandor~.all~ 
with K, Na. ea. MS chlorides"'!" AI T '250-350 C . .tll 
24 hI'S, there ehlorides accelerate (he. rapid formatJon 
at the cOoSt of sepiolite-MI-monftnOnllomle and 1<11<:, 
and .at the cost of palygor,l"tc: di- arxl tri-octahed:al 
JI1OIItmorillOORes. Further -6trudlltal t~,nsformallon 
of tbelle smektites at T 4()()...4S0· C e se!lti81ly d~nds 
CllI the ClbemiCliI environment-the character of mIne­
raliar ( Tab/¢ 1); from the . ~JlCCI"r.ted AI" 
dioc:tabedral montmorillonite cordteote IS formed in 

tbe presence of pure water. feldspar. and nepheline is 
formed with K. Na. Co chlorides. from Ihe concentr~led 
M&-trioc:tab1:dral montrnorillonite-disordered mica· 
montmOrillonite is formed wIth K. Ca chloflde~ and 
chlorile-montmorillonite in the case of Mg chlonde. 

A complete di.order of packe" tn . the basal plane 
in the swelling phases previou.ly menl,oned which are 
form.eel from tlle ·ide part of kaolinite crystals is not 
in accordance with lhe cnarJlCtef Gt changing of the 
carcass of ;trUClure. In order fO clarify Ihe regula~IY 
of such Iype. a few experjment. for shorter durall~n 
(3 hrs.) on the transformation of kaolinite minerals In 

)(CI solution were carried out. As can be expected. 
dioctalledral mica is formed, and this is formed through 
the intennediate disordered mica-montmorillonltc 
mixed-layered phase (Fig. 2). X-ray and electron-
micrographic analyses of synthesized mica show thai 
their polytypic mooificalions are ~ntrolled to some 
eX1ent by the inilial structure (FIg. 5). So. from 
metahaJloysitc a dIsordered hydro-mica is formed. and 
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Stabi!; Chlorite Mj~. 

Feldspar< and 
other non-layered 

1 M Ixed-Ia) ered. 
Ordered , O"Mdered 

(Rectorit. Tosudlte) ~ (Mica-montmorillonite) 

K. Na. Ca. 

s.:piolite, '1 . ·K.·Ca: Mg 
~.N" , C~:':1¥- . 

Ol>ordcrcd 1 E 

I 
: Ordered 

13 ; Mica-montmorilfon. Mixt!d~la)ercd : 
T C -g 

~ 
;: $tabiJ . I 

from kaolinite (I TJ mICa with dearly prevalence of 
modIfication of I M over 2M I is formed: mica with 
Ihe prevalence 01 moddicallon of 2MI over 1M is 

f formed from dlckltt (2M I) In the examined Itans. 
formallon,. the "ructure. "" a' wbole. unuuggeli' * 
senual alterallon. from two-layered silieale to three. 
larered .,Jununo"l,cal" bUI lhe ccnlr~ of ditrlgo"" of 
tetrahedral neb of adJacent layer. lend to keep !he 
main lavtrcd nature; th" ,how.s lhat lire Ibree-dimen· 
slOnal ~aturc of inttlal ,Iructurc 10 newly formeO 
materials j!) ~UCCC~~IVC. 

Oct<\hedrat La~r 

The above example. ,how a uel..,. KYO of truc· 
lltral features when transformallon of cryslalline prod­
ucts takes place without aheratlon of the character 
of population of octahedral po,ition When K. Na. 
Ca are added thc cooser"nJion of <lioctahcdral nature 
during thc tr.nsformalion of kaollOll.r minerals is 
noticed commonly, but when Mg IS aqded diOClahedral 
nature increasl' . "htch require. pccial cOflSideration. 
Small size of {II-Ion and n wide \txpanSlon of trio 
octahedral mIcas. chlorites, montmonlll)nnes. etc., ruth 
10 Mg. may give a clue in con iderina 1)\" prOOltm. 

PractIcal". in this CilSf: We tlave a pselHiomorphous 
transformalion 01 aohnile to dlOClahedral mpntmoril· 
lonile. As the duration is wended from 3 hrs. up 
to 10 he; and 'l f~om 400 up to 500 ' C. lhe montmortl· 
Inmte transform,> 1010 ordered mixed·layered ph e. 
I ! I chlorilt--molllmoriItOUlte.'·"·;. The cha.ractcr of 
layered dlstribulton was apprwllmalely e labU hell by 
meam of one-dimensional Furje·synthesis afler Ihe f> 
order> 001 for a specimen .aturated wllb &Iy"rol 
vapours and heated at S50"C. (Fig. 6). The relation 

Chlorit.·montmorill.) y 

Mica Chlonte, I Talc 
I· 

of peak, of electron density shows dioctabedral nature 
of this mixep·layered structure, where Me essentially 
enters into brucIte [ayer and iAtO inrerpacketed inler· 
va/s. but in I! th.,...layered packets We have essentially 
dioclabc:dral .. Slruct,!rc. This conclusion confirms a 
&IIIall shr'nlt.ace-I A in c' phase during its treatment 
"'th liCI , buted and saturated with glycerol after 
Grcenk.elly.'" In this wayan ordered dioctahedral 
cl>lorite·montmorillonite i~ synthesised and this is close 
to the naturally occurnng mixed·layered formation in 
Japan,~II."1 whose analog from Crimean aluahitile was 
mvc~ti8ated chrystallochemicalty""'"" and called tosudit •. 
1L IS conjectured Ihjll in some ·time under favourable 
conditions a dioctahedral layer in such structure can 
be transformed into a t1ioctahedral one due to the 
migratIOn of Ma trom -swelling montmorillonite inter. 
vals. 

J\ltera.- .. l'ioliliik Strwc .... e IIariIIc 
T .... ~ 

tn ,tudy,"g the phase tfamformation of kaolinite. 
il was noticed thai the structure of Aaotinite und.ertoeS 
some regular alteraliollS prior 10 !/Ie beainninc of lhe 
(nrmallon of new ~ h.p to-2S0·C with KCI or 
up to 400"C with MaCl.) in 24 hours, and &aoI.inite 
is recrysrllllJzed partially ' lIJld its slructure improves. 
On Illflractolramms and electtonmicroar~phs this ca." 
be secn as betler de~lopment of 020-111, 021, 021, 
130- J 31 rdlKtions and itS i/l<:reue 0( numbers 01 
crystalliles having rcJlllAr hexlllOO*l 1'IIOfPhoIoay. 

Whee. Iompe,ature is ruched 10 form 8IIY' new 
pbuc -in \he presence of any cation IIddition, il is 
~"ed tbat ordertd tridinic kaolillite dIaD.... 10 
pocudo' monoctinic with disordered structure in the 
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ha:-.al plane (rig, I ), I llrn'l. lt illll l'l ..t dl,,'rdcJI..'d 'tr~h> 
ture and ulminution "r th~ 'Il~ (\I 1..'1\ 'tai, ~ll . ~.H\IIIlItC. 
when K('I' anu (',,('I~ (I"r :!~ hl,.1 ''''n' ,Id,kd . ,t:lr" 
al aboul ~50-300 C I Fig. :!. J I. "All It ,h .. uld he noted 
tha.l lhi ~ J' con'll.iL-r.lhly hl\\l.:r Ih.tl) !he l~mrcrJlul\ .. · a.~ 
which <. Imilur flhcmllll~na arc "h'i~ncd Illllh:r "pure 
cllno ltion" i .t', IInder th~ prl'"ur.: \)( H ':()' \:lpt1lH \lnly 
(-.rOO"Cl '" "ith ."Iuili"n "I \\gCi" 1-4110 t '. I he 
w("lr~c ~I'\ ",Iall 11111 \ ,lIld di"H\krang ,'1 th.: ~:H\"l1Ih': 
slr llClUrc 'under h'~drllt hl'rmal t..:l' l1tilli l'Hb \\llh .,dJll hlfl 
tyl K. N:1. C~t. ~Ig t..:hlllridt..:, j, Inll\lYo"'d tw thc 1"fm .l· 
lion oj ·n\!W ph" ... (,.· ... tlllllOll1wnBnnllt..:. dl"'hicn:d 11\1\~·d· 
la\'crcd phOl ... ~ ... I, \imli'lI ,Irllt..:lurid .,.'h.,"~~ ... til 1...I\'llnlll..' 
h{i~(lnkrcd 111 the ha ... al pl.lI'",') ta~\! rl~t~ t;' IlIld,,', tllc 
influence ul 'tn.:" pll·"tlr~, "herea, ,lmll,Ir . tflWlIll l 

(l( hvdl'u,llllll.: pn~, ... 1iI \! .g'''' .... Ilt) d f",-c' lip ", ~Otl (' .11 
Pu .. ,; -=. 900 gk em:.'. ~:! hr'\ , I htl .... ,tr~ ... , an,,1 .llhhlu.'11 
uf -calion" km,l 'P di,nrlit..:ring ul "al,tll1itr.: 'tnl",· IIIl~ . 
rhe imllallon ('Ir dl ... ordcring :"",.1 thl.! inui:ll t"·Ill['CI.llllr~ 
of the formation ,)1 new pha'\c, arc Jcl~nl1tnL'd h~ Ilh .. • 
charatt\!r of L::Hu.ln ... I t=ig. I>' 1 h\! pn":~'''' 01 dl't1hkl ­
ing or layer' t'h~~n I!d h~rt..! ha, a ui,h)",· .,ti~lO n .llllft· . 

Addition or r.:.llhln... ,lIl\lul.ilh:, ,h.'hUIH.lIl11fl ,'I Ih~ 
strUClure hhnnk;.;.~.; ,)r \.'''('1&1'''100. IH.lrm..l1 10 Ih~ h.t,,,,,, ,, 

-100 

·150 

o 0,<>5 

A Jlflcrcnt (h3.r~L:l-:r tll Irdn,lllrm.Ht_ll\ \" Io. ,l\lllnll,,: 

,tfucturc. pa'i"'lng lhH'Ugh th~ lnh.:rmeJlalC' Ilh1lllllh11li 
runile.li\'o ,trllcture. "hen K . ~.I Irighll "lid ('. •. ·\If 
(I~ f() ,jrc add\!d. j, ,ht>\\ n ... ",'hcm.,li.:ally In fig 7 

Condition., fllr 11K- . 'ormalion of Intt"m~ialc 
,\Iixed-layer and Final I.a~('r 'itruclurc 

1 h\! pr\!~,,·n..:c lH mi,\!u ·I J\L'fI . .'d rh..t '''';' \\hh:h ,tl~ 
u'lfally fllrmcll ", IOlcrO\~JI,J.tl· hlrm, an Ih",' (t'UI,1o..' ,11 

~tructufal 311~ralh1l) t1r dOl) ",meral, at" anl'Crrl'u It.l th..: 
lr:)n ... formalhm Char~ll·tl.·r .,( the rr\'w::,,·"~ .h \\I!n 4..' h' 

(he .... milar la~crcd tyf>'! \If ,lflh: lUr(', . A, mClllloncJ 
UOO\C'. Ihi't pHlC'-' " i", ""',cnuJtI~ clJnn~~II'J "Ilh tht' 
cllcOlicai n:,twrc. ,,{ Ihe ,UrhJl1nulOg, \\'ben l..1"lmlh~ 
" trcaled In the prco(,cnct: l'lr t--.. . ~3 chi(lnJl." , thc Inttr· 

IlICdlatl' J"llrdcrctl nl"cu·laycn~J \,ruClurC\ at flll..:.t· 
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".\'(Jrl/lhrrHlctl ( f)lt(liliml.t will1 

mJJilifHl,\ 0/ diloriJ('.\ K ,Ntr.CII . 
Mil (Pu.a={ kIH", 200-500 'C 
J2-140 /.,.<.) Th.· .d,l'''''.' ,,; 
.\" rU('IJ"ts: oj J.(loUllilt": It) im~r­
mrditllt' briddlilt' Ii).,' phm<"; rJ 
h;rd,.omh:t/S (K. Nu); eI) J,iX"tn­
Jr,.,lra/ mOlllniorillm,;'t': r) r('("I0-
rilt! (with ell) lI"d 'm lldi/~ (wi ,h 
ft;f~J; /) h,;wt:mwl ttlwlt?J:uc oj 
ol10rlt It' ; J!) pai)'porskilr. "J 
f'IO(:ldl,COdTllJ mommorillomlr ' i) 
rriuc'laht'drtll t:. hlont("; jJ serio­
lilt': k) talc: l-yJ "oll-lu)'('rC'cl 

"Im,\c·,';. S.\'Inbo/,\: J J tr lffl ht"tl,(/; 

2) O('f(Il1l!dra (/lid 3) ,wr/;uJ JI.\ ­
"(l(,f~d tx,,,,ilC'dru (diO('lnlltd",/ 
S"II(""''',\); 4) QClul,~Jra ;" 
";0< wh,dral ,\'lrHct"'tS,\ S} ill''''· 
Ju.\·rr ('alions,' 6) ~vG"'r; 7J ;l1lpr­

""c"~1 ""VIIOtIS In (-hIMiles: It) 
Ih~ "os,'fihJ~ distrucI;O" pnJitiutTs 
iN pu/YRr'"..ki1c (/lid UrHnlitr 
SIr"C1U'Tr,f. 

~ .' 

montmorillonite type ' are al first formed. and finally 
mrcas of mUBeOvilC or parapli composilion are 
fo~. In t preseru:e of Ca and Mg-chiorides, 
lao! Ie cbanlltS 10 an i"tenMdja~ monlmorilloftile 
pilue: foHowed I>! otdm;d miMd-la}'Cfcd pMse$. 1: 1 
of truCa.f'IIQJ)tmonUomic (Ca) type arid cblorite-mont­
mori!lonit. (Mg). 

By. structural transformati0n6 of pIIIypHiIC UDder 
ptWIIlre of H=().qpour UJci abo with MaCl:» ciia-

. ordereJ mIXed-layered ph~~es 01 chlorile-monlOlorallo­
rute t.ype Me formed . T~ Pl>'Cess ot tr.an.form~tion 
~rtbW aoove and rhe prCXJ:5S of which Yo as dIS: 
cussed before "';,' e:m be 5C~maLic;allv sum . cd 
_how" in Tahle J. . mara1 as 

The princIpal features of this ~ are: 

I . The "a!icties 01, ne.Jy iormcd layered silitales keep 
~,r til- and tn-oc11lheclral structural types. 

" 

i 

I 
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2. Transformations, as a rule., have lite intermediate 
smektite stage (montmorillonite-beidellite type) and 
their crystallochemical character determines the 

final phase. 
3. Under the hydrotherm al condilions and rclat"cI) 

low temperatures. depending on chemic,,1 comPl"" 
tions. Qrdered and di\Qrdcr"d nllxcd·la y~rcd ph",c\ 
are formed as intermediate pha~e'. 

4. The po,i lions of th~ field, of smciltitcs, thc Il1I\CU­

layered and ,wole final phase, fT"ole I) pr"hahl~ 
,how Illost common featu re, 01 strllctural I) ro' 
morphOl" conditions. 

Conclusion 

11 Cdn he said that the ahove menlloncd re'LiIt C.IO 

he lIsed for the estimation 01 ,ome pccllllfln"~' 01 Ihe 
processes of epigenc,i ' and the Ilr>l "agc <1l mel.mUlT­
phism. T,ypical J> the translorlll"lion mechanism of 
the proce,s and a WIde development 01 mi\'ed-Iaycrcd 
forma tions. Their nature i, prinClp"lIy connect~d not 
with thermodynamical parameters (kinctic, proce,,). bul 
with the chemi,try of the surroundings. Disordered 
mica_montmorillonite >lrllciUres art! formed hy thc 
pre!tence of K and Na in ,0IUllom, whilc C" and ~\g 
lead 10 the format ion 01 ordered ch\oritc-montl11(lnlk,· 
nile (losudite) and mic.-montl11oTlllonilc (rectorit.: 1 I",· 
malion. This process i. characterized b} the tr~n,fur · 
mation mechanism and Ihe form:ltion of the Intcrmedl' 

ate smeiltite phase, 

A number of data anoLlJ Ihe na \llral """,,lIn,>I rll l'lll 
of cI.y mineral, OI,"'.~" a ll "Ik>"" 10 c\lan",h ",.,n\· 
common leatllre~ With c:\pcnmt:n1JI (jata JI'\.:tI' .. cu 
above. New 1O\'C'Stigalton~ llf mctamorphl'nl nf I1'dwr;'11 
clay minerals in details and IaboratMY c·\rcllm~"til1 
Invesugations In th i .. flchJ will tllkw. l(~ Je(lI1~ I1ll'lrC 

accur;ltely and concretel y Ihe L \ 'IH':Cpl!('I1l t.lf lli.tg",·I1C't' 

41nd inttj~,t mettlllh>rphl,m l'l ,CUII11CIll.tr\ n.\~l.;" 
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