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This research was carried on as a part of the study on the synthesis of topaz (AI.SiO,F r 

(OH) ,_x)' Mixtures of SiO. and AI.O, gels and AlF3 specimens corresponding to compo­
sitions AI.SiO,Fx (OH)._x, where x=O.O, 1.0, 1.5 and 2.0 were treated at temperature 
ranging from 300° to 2200°C at pressures ranging from the atmospheric pressure to 70 kb 
using squeezer and girdle type high pressure apparatus. The heat treatment temperature 
was measured by a platinum-rhodium thermocouple inserted in the specimen chamber or 
was estimated from the relations between the temperature and heating power imput at 
several pressures. Minerals in the treated specimens were identified by the X -ray diffraction 
method, the infrared spectroscopy and the microscopic observations. 

No topaz was found in the heat-pressure treated products of the mixture of x=O.O. 
Under 700°C, pyrophyllite, corundum, and a-quartz etc. were formed as the crystalline 
phases at arbitary pressure. Kyanite was stable at pressure Over about 30 kb at 10OO°C and 
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above 35 kb at 1500°C. Under these conditions, sillimanite, mullite and silica were obtain­
ed. Above 1900°C at 40 kb, liquid and vapor phases were found. 

In the specimen of x=l.O, topaz was stable at pressures above 10 kb at 1000°C and 
above 30 kb at 1600°C. Under these pressures at the respective temperatures, mixture of 
mullite and silica was obtained as the stable crystalline phases. It seems that topaz melts 
incongruently to corundum, liquid and vapor at temperatures from 1700°C to 1900°C at 40 
kb. Liquid and vapor phases were found above 1900°C at same pressure. 

In the specimen of x=2.0, it was obtained nearly similar result in comparison with a 
case of x=l.O, but a stability region of topaz was expanded wider. 

Maximum size observed of synthesized topaz was about 0.2 mm long. The color of 
topaz was slightly transparent. 

1. *l 
~3!. ( topaz) 1'1* :I1;£~tIl~~ IC,\i, l..-, 1:"(7)*J3.PX:~ 

1'1 Al2SiO, [F %(OH)2_ .. ] -z;, X ff;ljHjJf;"E(7)~;!IHc J: hi"! 

~j]Jfa~Hc,\i, l..-, ~r,,'~I'1 Pbmn -Z;d.> Q. SiO, ~I'11L 

Ic~!I!Iz: l..-, 7 Iv~ =- 1~7].,JJj{TI'1 4 OO(7)~*JJKT C 2-00(7) 

(F, OH) ~c~v:, ~~*JJj{TI'1 1 00(7)1;£* C 200(7) 

7Iv~=-'/AJJjHi::~ill..-, (F, OH) ~I'12OO(7)7Iv 

~ =- '/ AJJj{T(7)~r .. ' IC {l1. l..-, lP-{~T~IC 4 :5tT~'i3 
"'" tJ · ;R?'?,\ IC 1'1 ~M* :10 J: v: ~ :~,. -v :7' -{ I- ~ IC~;P , 1it 

:;p, ~~:;P, ;%lRtt:;PfJ:c~.w-:>-C~!±lTQ. **~-Z;I'1~ 

?--v:7' -( I-ICE€TQiIB<J1!.Yfl<1a*!jgj] i:: IRl~Jt~~UJ;6;;ff 

~-Z;d.>Q . 
SiO,-H,O >*lc-?v'-CI'1 Kennedy') ")") , Tuttle i:: 

England') ~ICJ:-:>-CjiJf;"E~h, M~I'11!\Ii!E%Vl)jJ, 

V I) jJ jJo '7 A :10 J: v: :;P~fJ: c (7)7I<,,<7)~m!i:~ 600°C, 

1750 bar (7)~#r-Z;jiJf;"E l..-, 1:"(7)1&J:!J il'iiJ.±r-z;~~ 

"HU.:')"). 1&~I'1IRl>*(7)1jZWOOf*~ 2000°C, 2000 

kg/em' (7)~{lj:r-Z;jiJf;"El..-t.:. AI,O,-H20 >*lc-?v'-CI'1 

Kennedy') 1'1*,~ 400°C, 2000bar (7)~#r-Z;,:¥7'4T-{ 

I- (gibbsite, AI20,·3H,O), :7"-{7A>t<7 (diaspore, 

AI,O. · H,O) :10 J: v: ::z '7 './:7'0 A (ct-AI,O,) fJ: c (7)'ti;!E 

~~N!H!r l..-t.:. 1l!li:: 1'15JIH.::~if.M, 1Rl>*(7)'ti;!E1lJi~~ 

Torkar i:: Worel') ;6;~'i!r l..-t.:. 1:"(7)1& Kennedy') 1'1 

600°C, 40,000 bar (7)~{lj:r-Z;IRl>*IC -?v'-C~~lM l..-t.:. 
Al,O,-SiO, >*IC -?v'-CI'1 ClarkS) 1'1 1200°C, 40 kb (7) 

~{lj:r-z;9:;P (sill imanite)-:r£Jfa:;p (kyanite) (7)1jZW 

OOf*~~'i!rl..-t.: . Bell'), Khitarov ~1O)I'15JIJkl.::9:;p­

:r£Jfa:;P-Nil:tt:;p (andalusite) (7) 3:m~ ~ jiJf;"E l..-, 1& ~ 

~iI;bit-C Alv:;p (mullite) (7)'ti;/E1lJi~~~ 'i!r l..- t.: . 

A120,-SiO,-H,O >*1.::00 l..- -C 1'1, Roy i:: Osborn") 1'1 

600°C, 2 kb -:t -Z;, Kennedy 1'1 800°C, 50 kb -:t -Z;(7)~ 

#r-Z;, poT 1IB.~jiJf~lA.: . AlF,-A120,-SiO,-H,O 

>*IC -?v'-C 1'1'1' -:t t':liJf~ ~ h -Cv'fJ:v' J: 5 -Z;d.> Q. 

*jiJf~I'1 il'iiJ.±r IC:1011 Q AlF.-Al,O,-SiO,-H,O >* 

~~(7)jiJf~<7)-~i::l..--C, 1Rl>*(7)±~~~<7)--?-Z;d.>Q 

Ji{3!. (topaz) (7)il'iiJ.±illitc, il'iimil'iiJ.±r -Z;(7) 1:"(7)'ti;!E 

1lJi~IC-?v'-C(7)~~*tll[:~~'i!rTQ . 

fJ::1O;R?'?,\~'li't3!.I':: -?v'-C 1'1~~(7)jiJf~;6;fJ: ~ h -Cv' Q 
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;6;, illita-':J jiJf;"E 1'1 ~!J fJ: ~ h -Cv' fJ: v' J: ? -z; d.> Q . 

Coes13
) 1'1?iH~~~'i3tJ!±l~JJj{;jS}~jijv'-C 9()()OC, 20kb 

(7)~#r-z;~3!. ~illit l..--0' Q ;6;, ~kiBfJ:::' i:: 1'1ljFj ~;6> 

-Z;I'1 fJ: v'. 

2. !±l ~ J1li: *4 
!±l~JJj{;jS} i:: l..- -C jijv't.: b (7) l'1iJ;:(7)im I) -z; d.> Q . 

i) 7 Iv~ =- '/ Ailli. m.l!B{*~~~li'J1j~ 7 Iv~ =- '/ 

A~7I<K~Ml..-k(7)~, 7'./~=-771<-Z;~~~~!J, ~ 

iMJl5t~ l..--c;t~ht.: -7lv~ 110°C -z;ilit~l..-t,:b(7) · 71< 

:5t~ 46.2% -z; d.> -:> t.:. 

ii) 1;£*illi. m.l!B{*~~~l1!ltll{~1;£*~1:m 7I<:5t m 

L..-c;t~ht,:-7lv~ lWC -z;lt~l..-kb(7). 7I<:5tI'1 6.6 

% -z; d.> -:> t.: . 

iii) ~*iIJi, 

V'-C, 71v~ =- '/ A(7)/FJE:5t~ i) IcJ: -:> -c1ili -:> t.: . 

X.@]f}f(7)~*, i) i:: ii) (7)-7 l v l'1 :Jtlc@]f}fk;li!bf­

~-r, 1!\Ii/E%-Z;d.> -:> t.:. 1:"(7)lm1il:t~Uil.~~*~ ~-1 I':: 

(a) silica gel 

(b) alumina gel 

Fig. 1. Microscopic photographs of starting 
materials. 
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5f.:T. ftl'$I'i 100 ftl''"('Jt,7.>·~nGt±:l;e!*;jSj-2:Jt,G;j'r. 
~jilt::UJl.I1X, Al.SiO, [F ... (OH)._ ... J, T~;b'tj x=O.O, 

1.0,1.5 :toJ:rJ 2.0 1':'~7.>J: ?1.:.fr!iW~ifLtc:. lJ-r 
4l-k(7)~if~;jSj-2: Foo , Fl. o, Fl.. :toJ:vt F2 . o ~~T. 

3. ~ ~ ~ Ii: 
A :7 ;( -tf -~ ~ 7f - l' }~illliEE~m: 2: ffl 'dc:. i'iiP/rl'i 

50 kb, l000·C "*", '1&11f1'i 80 kb, 2500·C * '"('(7) ~ 
f4r '"('ifl1X 2:tT." tc:. fiEi11f(7) )±;t]fililE:to J: rJEf.;t]5Hfl, 
m1t5t;(P~ c I.:. 0 v'-rI'i !l!t~14) , lS) 1':'1.iE." tc:. EE;t]fililE 

~)±;t]5t;(PI':' I'i Bi, Tl :toJ:rJ Ba (7)t~~f$2:fIJfflL , 

m1tll!IJ~I':'I'iM11f1'i :7 ]:l ~ }V-j}v ~ }v?lMlt)f.t2:fflv', 
'1&11f1'iS~-S~ · 1396 ]:l ~'.7 A:toJ:rJS~· 5% ]:l ~ 

'.7 A-S~ • 2096 ]:l ~ '.7 A?lilflt){;t2:fflv'-r, ~jj€~*,'+Ji'J 

i.:.:flIl/\ Ltc:. 
?lMlt){;t(7)EE;t]:M\lEl'i-r.t Hanneman ~ Strong"),:to 

J:vt Peter ~ Ryan" ) (7)~:l,iU.:.1.iE."-rtT.,,tc:. A:7;( 

-tf-~illliEE~m:2: ffl v'tc: l$j if l'i AT:""- v A~t! I) :....-:7" 

(Ji'J~ 6.04> x~Hf 13 . 04> x ~~ 0.3±0.01=) 1':':7E 

i;ALtc:~if~;jSj-2:ifl1X'1&, ~Jm2:fflv'-r, j/-I'}v~illli 

am:(7)l$jifl'i 9'1,c.,Jm5tiF-9 1 rnm <. G v'(7) ~~ (7) fI]iJli 

2:if~~;jSj-~L-r~* L, X~§~~, ~~~M~,$ 

~~5tJ'G5t;[ff~~ c I.:. J: ." -r~lIW(7)!m~2:tT." tc:. EE;t] 
~m1t~~I'i, M11f1'i ±l kb, ±6·C, '1&11f1'il$jifl':'J: 

.,,-r""~7.>;j;~fft ±lkb, ±WC liJt,~-t?"Jt,7.>. 
*tc: jl-l'}v~illliEf.~m:,"(, li iF-9 15kb 0-r"t'I'i, EE;t] 

il"~ ~ lE1I&"li~ v' . 

~:to, ~if~;jSj-2: A:7;( -tf-~~EE~m(7) ~ if Ii iF'.J 
50 mg, j/- l'}v~illli)±~m:(7)l$jifliKt-J 120 mg fflv'tc:. 

WliJif~;jSj- (7)v'fn(7)l$jift 7k5tliKt-J 18-20wt96 ~1t 

", ]JljI.:.iF'.J 8 J1.l (7)7k 2: M11fI':' , Kt-J 19 J1.l 2:'1&11f1z:jf,;;fJo 
Ltc:. 

fiEi~m:~ t, ~;jSj- f.:.:kl&J~J(7)71<5til;ff;(£T7.>tc:~I':', 

-~(7)71<?II\ifl1X~ ~;t -r J: v,'"('Jt,;:,? ~;jSj-(I)JEi;A!lfj1t 

liv'fn(7)~m:(7)l$jift iF-9 1.7,g/cm' '"('Jt,."tc:. ji­

l' }v~illli)±~Jt["t'(7) illli EE*Ji'J(7)l!i2Jt[fi'1&J&T7.>. ~:to, 

fiEi~Jt['"('(7) • • "~, A:7;(-tf-~"~I):....-:7"~~ffl 
L, il'0*l&J~J(7) 71< (I)ff;(£r(7) •• "&;7.>(7)", ~j];J:t 

l.:.fft*Ef.~;jSj-I.:.f'fffl L -rv' 7.> t (7) ~~;t Gn7.>. 

4. ~ ~ *ti * 
4.1 A?;(-tf-~~EE~lE~Jfl~'td~~ 

4. 1.1 ¥~~r,,'(l)i~:lE jilt3S. (topaz) (l)ifl1Xl':'~ 

L -r, *f1JZ1iT~r~'2:~7.> ~ ~ 1:J:~;b~-r1l!~~~ ~" 
&; 7.>. ,:. n ~ ~ 7.> tc: ~ 1':'lillW1"1:}:: 1:.11X~lIW(l) ~r~'ag~{t 

~c,,~~7.>~~~~."&;7.>· ~~"~'1&*(7)j]~2: 

fflv'-r.lJZ1l!~r~'2:~~tc: .•• i.:.fflv'tC:(7)li F •. o W;:t;jSj­

", -~EE;t] (20kb) r"m1t~ ifl1X~r~'~ ~{t~1t 
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35 

® 
\ 

25 
0 () \0 @ 

\ . 
\ 

Topa< \ T.paz 

~ \ . 
" 15 ~ ~ Kyanite \ .9 a-quartz ... \ + . 

+16AIIF,OH)" H,Q > a-quartz\ . \ () 0 
+ \ 

~ 
Nacrite( ? ) __ 

\ 
\0 a • "f) 0 0 

200 ·400 600 800 

Temperature COC) 

Fig. 2. Determination of an equilibrium time 
at 20kb (F •. o sample). 

tc:. ~EEif~'1&, X~§~~:to J: vt~Y.~i':' J: .,,-r 
1:.11X~lIW~!m~Ltc:. -t(7)~*~ @-2 1.:.7.f.;T. 

@-2 ;lpGIjJ3Gil'~J:? f.:., if~m1til~ 600°C 0-..1::" 

f:J: {Jfd~~r~'il; 1 ~r~'lJ-..1:: "T"I':' jilt3S. (topaz) il;lIi­
(7)~d/J~"&;",tc:. 500°C "tKt-J 15 ~r~'lJ-..1::, illli)±~ 

J.!l!Tnli'jilt3S.(7)J}.~Gn7.>J: ?'"('&;."tc:. 500°C, lllif 

r~', 400·C, Kt-J8~r~Hl!!J.!l!0-r"li, T~;b'tj Bk;ll!lJ­
r"li~3S.fi~l1X1tf, a:-;:p"*, 7:7 7;( 1- (nacrite, 
Al,Si,O,(OH),),16Al(F,OH).·H20 ~cil;1:.~Ltc:. 

A ~~ B ~~ (7)r~'''fi, jilt3S.il;±~~~lIW", a:-;:p" 
*:to J: vtl!£d/J;:P" (kyanite) il;;!i < ;bfil>I.:.;J:t1:. Ltc:. ~ 

nGfiillliEE*Ji'J(7)m~5t;(Pil>, &;7.> Hi-t(7)~ft:j::r"li 

~*~~~L~1:.~Ltc:(7)"~;:'? ~(7)~~t-r.t~ 

3S.~~~~ t:.;j!!; ;tnli' 400°C, Kt-J 8 ~r~', 500°C, 1 ~r~' 
J2!,..1::~lH!I!Tnii', :k1*.lJZ1l!f':'liL-rv'7.> t(7) ~ }[!.:b n 
7.> .• ~(7)ifl1X~I':'f:J:~nt?(7)~J.!l!~r~'J: ~ ~ftl'(7)~r~' 
9'1, ~;jSj-~iWimillliEEr"ili1:~Ltc:. 

~~b3;ffT7.>~;jSj-~illliEE~J.!l!T7.> ~jilt3S.il;~I1XL~ 

Tv'&{ltiJil;Jt,7.>tc:~I':' Fl." Fl.. :toJ:vt F •.• ~;jSj-(7)l$j 

if Ii , T~;b'tj~~?;;ffjU;y~ < il7.> I.:. 1.iE." -r, F2 .• 

W;:t~(7).lJZOOllifr~'J: ~ t*~r~'ili1:~il;£,~"&;;:'? 

4.1 .2 ~i:'~ff~P.lt(l)*S* F •.• , FL., Fl., :to J: 

vt F,.o ~;jSj-~f,ijEEifI1XLtC:~*2: *-1 1.:.5f.:T· 
4.1.3 X ~§m*ti* ,lil;i$i3-re X~§~m:~ffl 

v,tc:. 1:.11X3JtllW(7)ll'IJ~f':'li ASTM jJ - l' 2:fljffl Ltc:. 

*f':'~3S. (topaz) f.:. 0v'-rfi ~~ffl ~ L"(" iIJt.lj!.!Jf<1B* 
j!E~;:P"~t#*I':' Ltc: t (7):to J: rJ.77 ~ lvj!E3I:;:P" (7) X~§ 

~2:tTv', ;tGntc:X~§~@2:~~f':' Ltc. X~§~ 
~*(7)-fftl2: @-3 1.:.5f.:T. 

@-3 (a) l:J:iIJt.lj!.!Jf<1B*j!Ejilt3S.!*;:p"(7) X ~§~@~5f.: 

Ltc:t(7)"~Q. ~3S.fi~j]d/J*"&;7.>(7)", -t(7)*~ 

~fi d=4.11 A (hkl=110), 3.69 (111), 3.19 (120), 
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Table 1. Experimental results. 

E Tempe· P T' Xp. Sample rature ressure une Products 
(No.) (±6'C) (± 1 kb) (br) 

104 F •. , 
101 
102 
103 

lOB 
lOS 

245 F", 

233 
203 
208 
217") h 

235 

243 
241 
236 
209 

215 

216") " 
.206-) ~ 

240 
212") h 

213") " 
207 
204 
205 

218 

310 F", 
311 
.308 
301-) '" 
305-) • 

.302 
309 
304 
3fJl 

315 
319 

400 

500 
500 
550 
600 

800 

300 

425 

500 
500 
500 

550 
600 
600 
600 

600 

600 
600 

650 
700 
700 

700 
700 

750 
800 
915 

400 
400 

500 
500 

500 
600 

700 
700 
700 
700 
750 
815 

409 F... 350 
403 400 

433 500 
410 500 
407 500 
410 500 
412 500 

432 550 
416 570 
478 600 

475 600 

418 600 

476 700 

425 700 

471 700 

429 750 
453 800 
435 800 

20 

20 
30 
30 
30 
20 

10 

20 

20 
30 
40 
10 
5 

10 
20 
30 
35 
40 
25 
10 
20 
30 
32 
25 

20 
20 

10 
20 
12 

20 
30 
20 
10 
20 

20 
30 
20 
10 

10 
20 
8 

10 
20 
30 
40 

20 
20 

5 
10 
20 
5 

20 
30 
20 

10 
20 

26 
25 

25 
24 
10 

23 

12 

10 
3 
3 
7 

5 
2 

2 
2 

3 
7 

7 
3 
2 
5 
4 

5 
2 

2 

12 

10 
10 

3 
3 
2 

1 

2 
10 
10 
5 
2 

<l'-Q+Di+ »> (?) 

Al(OOH)+<l'-Q+>>> (?) 

<l'-Q+Di+>>> (?) 

<l'-Q+Di+»> (?) 

Pyro+Cor+ V (?) 

Sill+a'-Q (?) 

<l'-Q+»Nac 
+»3Al(F.OH),·H20 

T+>)a'-Q+>>> (?) 

T+>)a'-Q+>>> (?) 

T+)a'-Q+» (?) 

<l'-Q+»T+»>Kya+»» (?) 

T+>)a'-Q+»> (?) 

T+>>> (?) 

T+»)a'-Q+»» (?) 

T+>)a'-Q 
T+>)a'-Q+»> (?) 

T+ >)a'-Q+ »> (?) 

<l'-Q+ »T + »>Dixelite 
T+<l'-Q+> (?) 

T+)>> ( ?) 

<l'-Q+»T+)>> (?) 

<l'-Q+>T+>)Coesite (?) 

T+» (?) 

<l'-Q+)T+» (?) 
T+»)a'-Q(?)+»» (?) 
T+»> (?) 

T+)>> (?) 

T+») (?) 

T+»> ( ?) 

<l'-Q+»T+»> (?) 
<l'-Q+»T+)>> (?) 
T+»a'-Q 
T+») (?) 

T+)>> (?) 

T+»> (?) 

<l'-Q+»T+») (1) 

T+)>> (?) 
T+>>> (?) 

24 T+»a'-Q+)>> (?) 
20 T+»a'-Q+)>>Kya 
3 T+»)a'-Q+»» (?) 

10 T + »a'-Q+ »)Kya 
5 T+»>)a'-Q+»» (?) 
5 T+»a'-Q+)>> (?) 

5 T+»a'-Q+») (?) 

3 T+»)a'-Q+»» (?) 
5 T+»)a'-Q 
2 T+»» (?) 
2 T+»» (?) 

2 T+»» (?) 
T+»» (?) 
T+»» (?) 

T+»>)a'-Q+»>>> (?) 

T+»» (?) 

T+»» <l'-Q 
T+>>>> (?) 

<l'-Q : <l'-quartz Cor: corundum Nac : nacrite 
Pyro : pyropbyllite V : vapor T : topaz 

Di : diaspore Sill : sillimanite Kya : kyanite 
? : unknown mineral ") : pressure doubtful 

3.04(022) ,2.99(121),2.94(112, :Iil5iiMl), 2.36(023), 

2.11(123), 1.67(232), 1.62(143) ~c~~~no. 5i 
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g(q)*~v'@]ffiiMlil~ 2 8=20-40' q)r"'I.:~.,, -CV'Q. 

(b) I± F •.• lixt:fSl- (No. 101) q)tq)~, d=6.11A 

(hkl =020), 3.16(021), 2.35(041), 1. 860(150) ~ c 

q)@)ffiiMlil~~/II) t>nQ:: ~ iI> t>, a;-Al.O(OH).(boeh­

mite) ilt~t~L--Cv'Q:: .1:iI~b iI> ."te . ~!J q)tJJ..g-

1.:5ig(iI~*~v' @)ffiiMl d=4.26A(hkl=I00), 3.343 

(101, :Iil5i~O, 1.817(112) ~cil~1'¥;(£To:: .1:iI>t> 

a;-~~.1:~;t t>no. IU>I.: t*~q)@)ffiiMlil~1'¥;(£ L­

tc. L-il> L-:: n t> l±v'Tn t5ig(ilt/H~ v'te/ll)I':I'iJ:iE 

m.~cb."tc. (c), (d) l±v'Tnt Fl.. lixt;jSj- (No. 

U~23~q)XiMl@)ffi~~cbQ. M~~*.~.~q) 

@)ffiiMl~~L-tc. ~<bT~~~cbQ~~nK..g-.L­

~ v'@)ffiiMl t ~/II) t>nte. 

::nt>l± (b) .1:1'iJ~, l'iJ:iEiI;/F"iiJ~~cb."te. ~ 

11f1±*.~.~q)@)ffi~.1:-.LJe . "*te d=3.34A 

q)@)ffi~iI~tJJ..g-I.:5i < ~/II) t>no:: .1: iI> t>, a;-AA.1: 

~;t t>no . ~ 5 To ~ Fl.. lixt;jSj-q)*.ll.~~iI> t> ~;t 

nit, a;-AAI.:M~L--C, 71v~ =- 9 A~iI;ft!1,q)3il:~ 
.1: L- -c1'¥;(£ L- -C t ,n' I±T~ cb 0 iI~, @]ffiiMlil;i3§v'te 

/ll)1,:~/II) t>n~iI>." tcq)~cb;:, 5. (e) I± Fl.5 lixt;jSj­

(No. 308) q)tq)~, (c) .1: 1'iJ~1':*.~iI~.~q) 

@) ffi iMl ~cb." te. (f), (g) I± F, .• lixt'iSl- (No. 409, 

475) q) X~@)ffi~~ cb o. M11fI±.~q) @]ffi~iI~± 

.1: L- -C~/II) t>n, bTiI>I': a;-~~q) @)ffiiMlt1'¥;(£L­

-Cv'te. ~11fI±*.~iI~.~q) t q)~cb." te. 

4. 1.4 lml!\UiH~ ..g-~ LJe lixtf-l-~ cb t> iI> \:./11) 

r 9 v- J;t:m~~}ijv'-C 2000 rpm q) @)~J!g(~ fill, 

q)3il:~~~/L'~~L-te. ~q):(&~X~@)ffi~ffv" • 
~ (topaz) q).;Tj.~-~ii~:(&, 1!j'H~~.~~ff."te. 

.~q)~dM±1!!H5~1j!J, !3i5q)tq)iI~*.~~, "* 
nl':~~~~ L-td~~iI~~/II) t>ntc. ~~q)*~ ~ 

1±-'jl:h!!J L- -C*1* 30-50 p. ~~~, il1ii7.!!..g-~1~ c~~ 

I±*~ (, 9=I1.:f± 0.2 mm 1.:li!TQ tq) Mf;(£L-te. 

~-4 1':~q)-{f~~~T. F •.• lixt'iSl-~ }ijv'-C ..g-~ LJe 

.~q)~~I± Fl.. ~;jSI-J: !J q) t q) J: !J ~~/J' ~ < , 

*1*~'iSl-9=II.:~*~;ff~iI~~v'l~c.~q)Mi~q)*~ 
~1±Jj,~ < ~Qf\ji[ti]~~L-te. 
.~~~mf~~I±\t';:'v';:,~, -:iEq)~~~~~~ 

~."tc. ~.1:L--C~.~Ij!J.~MiAt./II)t>ntc~, 

-Ji!tl.:~ii~ tq)iI;Y~iI>." te. 

F •.• lixt'iSl-~}ijv'td~~I±, J:~ UcJ: 51.:~~~{4: 

r~I±.~I±..g-~L-;t~iI>." te. 

4.2 jj- f'tJlt~~li:~m~'t::~% 

A ~ -1' -jf- ~il1iiQ. ~I± looo'C J2).J:q) i!l'im~ 

.~To::.1:~,M.q)5ig(q)~%~t>m.~cbotc 

b'?1': , looo' C J2).J:q)~~I': I± jf - J<Jv~il1iiQ~~ 

fflv'te. 

4.2.1 i!l'iff~O)l5Git F •.• -Fl.5 lixt'iSl-q):!j~I±*~ 
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28 
a) natural topaz (from Naegi) 

o o 

28 
o : Gi-Al(OOH) • : silica (1) 

b) F •.• sample (No. 101. 5OO·C. 20 kb. 5 hrs) 

liz/) 
(/11) · 

28 
c) F", sample (No. 240. 700·C. 10 kb. 1 hr) 

20 30 <kJ 

28 
d) F", sample (No. 235. 550·C. 10 kb. 5 hrs) 
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(lZIl 

(Iff) 

28 
e) F", sample (No. 308. 5OO·C. 12 kb. 10 hrs) 

20 

f) F", sample (No. 310. 400·C. 10 kb. 12 hrs) 

28 
g) F", sample (No. 409. 350·C. 10 kb. 24 hrs) 

76 

28 
h) F, .• sample (No. 475. 6OO·C. 10 kb. 2 hrs) 

Fig. 3. X-ray powder diffraction patterns of synthesized samples and natural 
topaz from Naegi (Cu K.). 

b~;-:ffT·Ue/if)f;:, iWiEE~~"j:Jf;:~;j4*:lJ>f:,7l<7.t:lJ;~~ 

TG~ ~fl1j <' ,Q;,~:lJ;<I;G. ~ ~te/if) @-5 a) f;:~ LJe~ 

Jm:f;: J: -:> -CiWiEEil'JjjtHT-:> te . F 2 •• ~:r--l-~ijfHj: @-5 

a, b) ~v'-rn:lJ>~fflv'te. 

~~fnj:s~olO% p~r7A:tIt~fflv'. -t-~If''--'' 

,\JIJI;:<I; f:,:lJ> T.:-/if) s~:tIt"t'1'PJjjt L-tuH~!lT "- -7'~ffPA L­

tc Wit;j4I:l:':: ~ T "- - f ~ If''--'' 7E~ L-tc . ~;j47E~1&, 
T =t. -7·~%Yffil~~7J.~jj:rt"t'!t~ L-te. IJ'~T=t. -7 

~ s~' 10% p ~,/.b. ~JlII\{*~~fb9fnj:IRlt.~;j4~* 

~L-te. ~nf:l:7l<7.t~~~~te/if)l;:jfgG T =t. -7'Ji<J7i-C') 

1:Jjjt~~~~"'~WIil""G tr:/if) "t'<I; G . j; tr: S ~. 10% 

p ~? A~JlII\{*~ fflv'te~fj:J: ~ iWilffil. "t'il'/Jjt L-te v'te/if)· 

"t' <I; G . J: ~iWilffil.iWiEEil'JjjtTGll~J]'~'T=t. -7·~* 

I:l:, il'Jjjt~I:l:-rn-Cv'te. j;te T "- -7'Ji<J7i-~1:Jjjt~~ 

:lJ;"'tJ. G~..g. Ut$3l:i3g.~ ~ ntc ~ nl:l:iWiEEil'/it-r G 

~. J:::F :lJ> f:,EEm~ nGte/if)I;:~~1*:lJ;m < tJ. ~ , j;tr:. 
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a) F,., sample (No. 236) d) F,., sample (No. 433) 

b) F "5 sample (No. 301) b) ' FIo5 sample (No. 301) 

c) F , ., sample (No. 407) d)' F 2., sample (No. 433) 

Fig. 4. Microscopic photographs of synthesized samples . 

(a) ( b ) 

1 : small platinum 5 : heater 

2 : sample tube 6 : tbermocouple 

3 : metal disk 7 : pyrQphyllite sample 

4 : sample holder 

Fig. 5. Arrangement in the high pressure 
specimen cell. 

~iIII\1*F'<J7l-(7)~[ti]C7)EEjJiI~~ L-v't~/Il)f1:., ~iIII\1* §~ 

iJ~-~ (7) "L-V" ~~ ~ ¥ L- -C ffl < fI. !J , fflftlf, 1a~ iI~ 
~ t.:.tc ~ (7)t~/Il)T;1 -fj~(7)~Ji49'C7)7k?j-il;/~-1 p 7 

~7-1r~~Ji4~~#~~~L-kk/ll)~~0?~~9' 

~~-1P7~7-1r9'(7)7k?j-C7) •• mffi.5k/ll)~, F'<J 
-:Ii> G~~7k?j-iJ"~~lAc(7)~fj;fI.v'tp~ Ji!!,V.n7.> . 

F, .• ~Ji4~ fflv'td~I·.g.fj;~(7)m~iJ"~/Il) G.ntC. i"fI. 

vi? , 7k?j-~13~fI.v' F" ~~Sj-~ T;. - 7'F'<Jj~~76J1j; 

L--C.g.pjt~~Jj.td: ~0, ~~*fj;lRJ~f1:. "L-v" ~~ 
fI.!J, fflftlf, ~~iI~~/Il) G.ntd;, T;1 -7' 9'(7).g.pjtjilt:£ 

~(jMH;il\?j-7't?j-tlf~~WIil~tdffl* , 7k?j-il"~/Il) G.nfI.v' 

~ ~ iI> G, /{ -1 p 7 ~ 7 -1 r iI> G (7)7k?j-fj;l'EB}" L- -C v' fI. 

v' J:: 5 -co~ 7.>. L-iJ> 1..-1' "- -7'j~(7)~Ji4I':fi, .:." < vi' 

iI>7k~Ji!!,v.n7.>P&!&iI"~/Il) G.n7.> ~ ~ iI>G, /{-1 p 7 ~ 
7-1 Hl)7k?j-il", 1'''--7'j~ C~~{*F'<J) 1.:1j;i!i\}..L--C 

*tC(7)~~0 5. 
0.1: fj; ~mM ~ ~~ 9' fct*}.. L- fI. v 'm-.g. -co ~ 7.> iJ;, ~ 

mM~fflv'tcm-.g.li/H~~~1' ;1-7'1.:~m:M(7)~F.K~~M! 

~1ttc. ~iIII\{*fuJ'~ v'?!I\mM:fLiJ"OOv'-C v' 7.> k/ll)f.:, 
.:t(7):fL~imL--C/{-1 p 7 ~ 7-1 r(7)7k?j-~~~F'<JC7)1iit 

Ji4(7).:t .nil;rUu L-, ff.i!i*i¥JIUi~1'f(7)131f:l;iJ;;liH7]C7).:t 

.nJ::!J t~o/1..--Cv'7.>~ ~iI>G, ~~~~M*7l-~~~L­
-C v' 7.> ~ ~ iJ;vtJ> .. :>t~ . 

iWilffil.iWiEEff.i!i* C~Jzl!) Ii, IH~~1';1 - f(7)l!:I;iI~, iWi 
EE.g.pjtM~ b'R!J ~{~iJ~fI. v'm-.g., i"fI.vi?WttJi49'(7)7k 
?j-iJ;~~L- -Cv'fI. Ht~i¥Jpjt~~~;t G.n7.>ff.i!i*(7)Jj.~ 
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Table 2. Experimental results . 

Ex Tempe· P T' p. Sample rature . ressure Ime Products 
(No.) ("C) (kb) (hr) 

508 F,., 800±25 30±2 
502 1000±20 40±2 
512 1100±30 30±2 
504 1150±~ 15±3 
513 1300±30 40±2 
515 1400±30 2O±2 
532 1500±25 lO±3 
503 1500±50 4O±3 
520 1500±60 60±4 
522 1700±25 40±2 
523 1700±50 50±3 
542 1760±60 lO±4 
554 1950±60 2O±3 
536 1950±60 40H 
516 2000±60 50H 
528 2150±60 60H 

623 Fl" 1200±20 5±3 
628 1200±25 lO±3 
605 1400±20 20±2 
611 1600±25 lO±3 
601 1600±15 20±2 
602 1600±20 40±2 
615 1600±20 50±2 
624 1700± 15 20±2 

618 1750±20 40±2 
620 1750±25 50±3 
6lO 1750±60 60±4 
612 1800±50 5±3 
635 1900±50 2O±3 
630 2000±50 30±3 
626 2000±50 50±3 

742 Fl" 1000±zO lO±4 
712 1200± 15 lO±2 
718 1200±30 5±2 
705 1400±20 15±5 
708 1400±25 2O±2 
716 1400±20 30±5 
709 1400±20 40±5 

701 1500± lO 10±4 
726 1500±15 15±2 
721 1600±30 10±4 
704 1600±25 20±2 
715 1600±25 30±2 
719 1600±30 40±2 

5 Kya+V (?) 
4 Kya+V (?) 
5 Sill+a-Q (?) 
5 Mul+a-Q(?) + V (?) 
5 Kya+V (?) 
5 Mul+a-Q+»)SiIl (?)+V (7) 

5 Mul+a-Q+ V (?) 
5 Kya+V ( ? ) 
5 Kya+ V (?) 
5 Cor+L+ V (?) 
5 Kya+ V (?) 
2 L +V (?) 
2 L+V (?) 
2 L+V (7) 
2 L+V (?) 
2 L +V (7) 

5 Mul+a-Q+ V (?) 
5 T 
5 T 
5 Mul+'a-Q+ V (?) 
5 Cor+L+V ( ? )+»>T (7) 
5 T 
5 T 
5 Cor+L+V ( 7 )+»>T (7) 
5 Cor+L+V (?)+»>T (?) 
5 T 
2 T 
2 L +V (7) 
2 L+V (7) 
2 L+V (?) 
2 L+V (?) 

15 T 
16 T 
5 Mul+d-Q+ V (?) 

lO Mul+d-Q+ V (7) 
10 T 
lO T 
6 T 
8 Mul+a-Q+ V (?) 

lO Cor+L+V(?)+»>T (?) 
8 Mul+d-Q+V ( 7) 
6 Cor+L+V(?)+»>T (?) 
6 T 
6 T 

Exp. Sample T~~~~ Pressure Time 
(No.) ("C) (kb) (hr) 

Products 

722 
711 
713 
724 
706 
723 
725 
734 

754 
732 
733 
763 
737 
743 

80S 
804 
806 
816 
810 
801 
812 
815 
813 
819 

803 
814 

826 
853 
822 
820 

834 
824 
818 
825 
821 
817 
B30 
836 
843 
811 
832 

839 
840 

844 

1700±30 lO±4 
1700±20 2O±2 
1700±30 30±3 
1800±40 5±3 
1800±20 2O±4 
1800±30 30±3 
1800±30 40±4 
1800±20 50±5 
1800±30 60±5 
1900±30 2O±2 
1900±30 40±5 
2OOO±40 30±2 
2000±50 40±3 
2000±50 50±6 

F,., 800± 2 1 atm 

900± 2 
llOO± 2 
1100±lO 20±2 
1200±20 5±3 
1300± 2 1 atm 
1300±20 20±2 
1400±lO 5±2 
1500±30 lO±3 
1500±20 20±2 
1600± 4 1 atm 
1590±20 2O±2 
1600±30 lO±2 
1700±20 17±2 
1700±25 20±2 
1700±30 30±3 
1700±40 40±3 
1750±20 lO±2 
1790±2S 30±2 
1800±45 5±3 
18lO±25 10±2 
1820±20 2O±2 
1800±35 30±3 
1800±40 60±4 
1900±30 20±2 
1900HO 40±2 
1900±25 60±2 
1900±50 70±5 
1950HO 30±3 
2000±50 50±3 

5 Mul+d-Q+ V (7) 
5 Cor+L+V(?)+»)T ( ? ) 
5 Cor+L+ V ( 7 ) 
5 L+V (?) 
2 L+V (?) 
2 Cor+L+V (?) 
2 T 
2 T 
2 T 
2 L+V (?) 
2 Cor+L+V (7) 
2 L+V (?) 
2 L+V (?) 
2 L +V (7) 

lO T+d-Q+Cor (7) +? 
lO T+a-Q+Cor (7) +? 
lO Mul+a-Q+» (?) 
5 T 
5 T 

lO Mul+a-Q+» (7) 
5 T 
5 T 
5 T 
5 T 

lO Mul+a-Q+» (?) 
5 T 
5 Mul+a-Q+>)) (7) 
5 Mul+d-Q+»> (7) 
5 Cor+L+»>T (?) 

5 T 
5 T 
5 Mul+a-Q+>>> (?) 

5 Cor+L+»>T (?) 

5 L 
5 L 
5 Cor+L+ » >T (?) 

5 T 
5 T 
5 L 
5 Cor+L 
5 T 
5 T 
5 L 
5 L 

Mul : mullite Kya : kyanite d-Q : d-quartz Sill : sillimanite V : vapor Cor: corundum T : topaz 

~Mft~. t~t!. Vr:oL -7·7f.(7)Ett:l49"(7)7l<~1rt:(7)1f~li 

~mL-k. 

4.2 .2 iff;.ffil.iffff.gp'Us~ jfljiffil.jfljEE.gJJ.t~*a:: *: 
-2 1c.7f-T. iffil.~ ~ EE1.J~il§:I1:. "?1r',,(,IH:(7)'ilII~7f- U~. 

4.2.3 ~.O)IPlJE 

4.2.3.1 X *,~@]m*S~: X ~@]t!T(7)IPlJJ::~li 4.1 .3 

~ IPl t. ~~Q. ~ Y "i'-j--1 l- (d;.p, AI,O,·SiO,) ~ 

A7-1l- (A/v;.p, 3AI,O,·2SiO,) ~(7) XKIi!@]t!Tl@li 

*:-3 11:.7f-T J: ? 11:. ;}1=1jn1:. {f,(ZI>J: '? "('v'Q. ~ Y "i'-j--1 

H1:.li_ d=4.56A (hkl=101), 3.19(021), 2.93(121), 

1.980(231), 1.958(222) 11:.@]t!T~n;1f1':ETQtJ~, A 7-1 

H1:.li~~~~tn'. -jJA7-1 !-lUi d=2.40(31O), 

2.19(211), 2.12(230), 1.965(221), 1.857(140) 11:.@]f)T 

kJllil~1f1':ETQiI~, ~ y "i'-j--1 !-I1:.I'i1f1':EL-t.n,'. '::'(7)'::' 

~~~~*(7) •• (7)~~~~.~~Q~, L-~L-'::'~~ 

(7)@]t!TkJll(7)%l.~iI~v'f~ t~fd):* ~ < tn''::' ~ iI> ~, ~ 

•• (7) r2SJ~IH'i~~J:I!I.~ ~ '? t~ . 

A 7 -1 l- ~ ~ Y "i' -j- -1 l- (7)1K5.lIH1:.~ L- "(' Ii v';:' h':, (7) 

$Ri!r*ltl1:. J: '? "(':ffb~t~. KeyserI8
) Ii 2 e(cu K. kJll) 

tJ; 69°_78° (7)r,,'(7)@]t!T~(7)%l.~(7)il§:~I1:.J: '? "(' iIIii*(7) 

!flJ~a:::ff '? t~. Scholze") li~J's(7.) c iIilll(7) .~b !J 11:.@]~ 

L-td~!tIJ¥.(7)5m~tJ>~A 7-1 r ~ ~ y "i'-j--1 l-(7)~tfa 

(7)jfIj~(7);f'/:j/J{Ijt!£Bm iffll L- t~ . ¥f 11:. M*I'i (251) ~ 

(521), ~*I'i (210) ~ (120), (420) ~ (240), (252) 

~ (522) f!c~~Q. 

-jJ Agrell ~ Smith") li~!itf! .~tfa~!tIJ¥.~ 
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Table 3. X.ray powder diffraction data for 
mullite and sillimanite 

Mullite (3 ~,O •• 2 SiO,) Sillimanite (,Al,O"SiO,) 

ASTM 10--394 ASTM tg~ ASTM 10--369 ASTM Hl614 
~'--... ------- ---'-.... ....---"""--
d(A) I/l. bkl d (A) /1. bkl d(A) III. bkl d(A) 1/1. bld 

5 .38 70 110 5.36 40 

3.78 20 200 
3.42 90 120 3.41 71 

3.39 100 210 3.38 100 

2.88 70 001 2.88 25 

2.69 80 220 2.69 51 

2.54 90 111 2.54 60 
2.42 70 130 2.42 17 
2.40 

2.30 

2.29 
2.20 
2.19 
2 .12 

10 310 

10 021 

80 201 2.29 
90 121 2.20 
20 211 
80 230 2.12 

24 

75 

29 
2.11 40 320 2.10 7 

1.965 20 221 

1.916 20 040 
1.891 50 400 1.885 9 

1.857 10 140 
1.841 70 311 
1.836 10 410 1.837 12 

5.35 70 110 5.34 33 
4.56 30 101 
3.73 50 200 
3.41 90 120 3.42 100 
3.36 100 210 3.37 100 
3.19 10 021 
2.93 10 121 

2.88 70 {~~ 2.89 50 

2.67 80 m~ 2.69 50 

2.53 90 112 2.55 83 
2.42 60 130 

2.37 

2.30 

2.28 
2.20 

10 310 

3O{~ 
60 202 2.28 

100 122 2.20 
17 

100 131 

2.10 60 230 2.11 42 
2.09 30 320 
1.980 20 231 

1.959 20 222 

1.868 .50 400 1.87 40 040 

1.829 60 312 1.83 33 140 
1.815 20 410 

Jr: t c -:)1.--"(' A =j -1 J-. C ~ J) "77-1 J-. (1):m~mli¥a:-liJf 

~~,*&~(1) •• ~*~~(1)~~~~?~(1)~~~(1) 
120jIJ:Q~PJ~'t'ib7.> ~ ~i1f ~tc. -{- ~ ~~1lf(1)*&~~f.Jf 
-11H'~l!c Cc.~) mli¥ :lO~V aolbo-colb. mli¥a:li}f~ 

~tc. 

=(1)k~A=j-1J-.~~J)"77-1J-.(1)~~d~~~~. 

J& (4.2.3 .2) T7.>W<71-~:5rit7t;fJf~IL~ ?~~~UC. 

X~@]:fJT~*(1)-{?iJa: f@-6 IL~T · 

f@-6 a)-c) fj: Fo .• ~*l-(1)ii1iiEE-€;-~.(1) X~@]:fJTf@ 

't'ib7.>. a) 't'fj: d=5.38AChkl=1l0), 3.42 (120), 

O. 

• • 

10 20 30 40 50 60 

28 
o : a-quartz .: mullite 

a) F •.• sample (No. 532, lSOO·C, 10 kb, 5 hrs) 

H. SAITO et al. 20 

o. • • 
• 

28 
o : d-quartz .: sillimanite 

b) F •.• sample (No. 512, 1I00·C, 30 kb, 5 brs) 

@ 

@ 

10 4() 50 60 
28 

© : kyanite 
c) F •.• sample (No. 503, 1SOO·C, 40 kb, 5 hrs) 

o 

o 
o 

o 0 

28 
0: topaz 

d) F", sample (No. 628, 12OO·C, 10 kb, 5 hrs) 

28 
e) F", sample (No. 618, 1 750· C, 40 kb, 2 hrs) 

• • 
~ 

10 20 30 40 50 60 

28 
• : a-alumina 

f) F, .• sample (No. 713, 1700·C, 30 kb, 5 hrs) 



10 20 30 40 60 

g) F", sample (No. 734. 1BOO'C. 50 kb. 2 hrs) 

o. 

• • • • 

.':-_---::':-1 __ --:!-::-' __ -:',:,--_--.,I,.,--_~, 
10 20 30 40 50 GO 

o ; silica .; mullite 
h) F, .• sample (No. B01, 1300'C. 1 atm .• 10 hrs) 

• • • 
• 

'-----:-':----:::''::-----f'::------"l,.,----!, 
10 20 30 40 50 60 

10 

o ; topaz .; a-AI,O, 
i) F, .• sample (No. B17, 1820'C. 2Okb, 5hrs) 

I~ 
20 30 40 50 

28 
j) F, .• sample (No. 836, 1800'C. 60 kb. 5 hrs) 

Fig. 6. X-ray powder diffraction patterns 
of synthesized samples (Cu K.)_ 

GO 

3.39(210, ~~~), 2_69(220), 2.54(111), 2.20(121), 

1.841(311), (7)@JtIT~il~~3t Gh7.>':' C il> G .b. '7'{ 1- il; 
1:pjU..-""(v't.:. ;}: tr- d=4.26(100), 3.34(101) :toJ:U 
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1.817(112) le@Jm'~il~1¥1:£T 7.>':' c il> G, 1t-;P~il~jI< 

le1:P:lt 1..-""(v' 7.> .:. c il;bil> -:,fr- . -'t(7)ft!2(7)@t!fkl(7)§JtIT~ 

1±~3t Ghf!.il> .;>fr-. b) "t' I± d=5. 35 A(hkl =110), 

3:41(120), 3.36(210, :lfB~~), 2.53(112), 2 .20(131) 

f!. C (7)@JtIT~il~1¥1:£T 7.>':' c il> G, ~!J "" -j-.{ 1- il~1:P:lt 

1..-, d=4.26A, 1.817 A leij!Rv'@]tIT~il;;(f1:£1..-, 3.34 

A (7) @JtlTiM!il~ ~ !J "" -j-.{ 1- (7)~ijm~ c :mf!..,,""( \r' 7.> c 
~;thl"i, 1t-;p~il;bfil>fe1:P:lt1..-""(v'7.> J: 5 "t'lb7.> . 

.:. hl±*Btr.t,$?}il~1¥1:£ 1..-tr-tr-3t"t'lb;:' 5 *). 

c) f±:tJ'{ -1'"-j-.{ I- (~£;p, Ai,O,·SiO.) (7) @JtIT 

~c Ilc NC' - ~ T 7.> . d=4.30 A(hki=Oll) , 3.77 

(020), 3.35(200), 3.18(021, 111), 2 .70(211), 2 .52 

(012), 1.98(140) f!.c(7) @JtIT~l± :tJ'{-1'"-j-.{ I-(7)-'th 

G le1G~feffl}JJ.T 7.> t (7)"t'lb 7.>. 

~-6 d) :to J: U e) f± Fl.. liitljSj-(7)~~"Z' lb !J, d) "t' 
I± d=4.11A(hki=110), 3.69(111), 3.19(120),2.94 

(112, ~ijm~), 2.36(023), 2.10(123) f!.cle@JtIT~il; 

1¥1:£T7.>,:,cil>G, ~:tt (topaz) il~1:M1..-""(\r'7.>. -'t 
(7)ft!2(7) @JtIT~ t ~:tt(7) -'t hie ffl}JJ. T 7.> (7)"t', ~:ttil~Pit­

(7)1:P:ltM1i£ c~;t Ghtr- . e) l±iWll*fe 1..-""( ~:tt(7)@JtIT 
~Ie *'lm?}ffl}JJ. T7.>il~, d=3.49 A(hkl= 140) , 2.554 

(104, ~ij~~), 2.088(113) R:: ~:tt(7)@JtIT~fM'Hr., tlJ 
~~~(7)*~\r'@JtIT~il;~3t Gh, ~G < It-Ai.O, c 
,\!J,bh7.> . 

f),g) I± Fu liitljSj-(7)~EE~l!J'fF.!i*"t'lb7.> . f) f± e) 

c iWll*le It-Ai.O, (7)@Jtfi~(7).7j.il~ ~3t Ghtr-. -'t(7)1t!1 
(7)@t!fklil; ~3t Ghf!. \r'':' c il> G, It-Ai.O, il~ Pit-(7)M1i 

£tEI"t'lb!J, lfJHJtt_~f!. c(7)M1i*il>G~;t""(, ~tElil~ 

1¥1:£ T 7.> J: 5 "t'lb 7.>. g) I±T""""( ~x(7)@Jtfi~le1iffJJ. 
T 7.> .:. c il;l±\*tc 

h)-j) I± F, .• liit:lSl-(7)i,(7)"t'ib7.>. h) f-;l: 'ffiJ± , 1300' 

C "t'~M1..-t~M1i*"t'ib!J, ~f~7 Jv~ =-? A (AiF,) (7) 

m 3i.\EE (7) t~ 3t Ie *'lm?} S ~:tJ 7' -e /v(7) $tFIJ il~W{h ""( 9<:1& 
1..-td~, ':'hl±~MM:f!Z(7):m:l;~!N~il~ll c Ncf!.il>." tc 
~MliitljSj-(7) X ~@Jtfi~"t'lb7.>. d=5.38 A(hki=110) , 

3.42(120), 3.39(210), 2.54 (111), 2.20 (121), 1.841 

(311) fr.@Jtfi~il~1¥1:£T7.>':'c, ;}:tr- d=4.26(100), 

3.34(101),1.817(112) le1¥1:£T7.>':'cil>G, I!JlGil>le 

.b.'7.{ I-c 1t-;P~il~1:M1..-tc -'t(7)1t!1le It-Ai,O" 

Ai2 (SiF,), f!. c(7)@Jtfi~c}i!'!,bh7.> t(7) t 1¥1:£T7.> il~, 

\r'fht.b.'7'{ I- :toJ:U 1t-;P~(7)@Jtfi~c mf!.7.>(7)il; 

$\r't~3tfr.:jEliif!.':' c I± ~ t.:.;tf!.v'. i) "Z'I± It-Ai 20, 
il~1¥1:£1..-, -'thJ:!J t@Jtfi~(7)~~il~t§)r,Ji'fJlr.~v'il~, 

~:tt (topaz) (7)@Jtfi~t~3t Ght~. j) I±T""""(~:tt 

(7)@Jtfi~Ir.ffl}JJ.T7.> t(7)"t'lb7.>. 

4.2 .3.2 ?iF9~t'HB't5HJT*S*: l:J!l! (7)J: 5 Ie ~!J "" 

*) ~ ~ "T 1" } (7) fiiJ5:E fCf;t~~j.~~7Ht5}j;ffi'i(7)~* 'h 1JQ~ L. 
ft. . 
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T 4 " (~;p) c. A 74 r (A IVl"i) c. (7) X~@]iIT~ 
I~ J: Q !fIj}5I]1'1~Fm-I':'~.-C: 6b"? tc . j'iIij:t(7) J:t1f!I'1;l3(7)td 
(7) 3.23- 3 .24, 3 . 16, lffiiIT$I'1 ct=1.638-1.659, p= 

1.642- 1.660, r =1. 653-1. 680, ct=1.642, r =1. 654 

-c:~m-I.:. ffJ.ip J: "? "(' 1r' Q. ,: (!) tc I/) I.:. J:t1f! c.lffiiIT$-C:j'iIij 

:ta=!fIj,gUTQ': c. l'1m.-c:6b"? te. 
Roy C. Francis") 1'1 A 7 4 r c. ~ !J ,.. T 4 r (7)!fIj}5I]1.:. 

?jM1 .. ~:St:Yt:St1JTrta= :JjHm.:.fljffllAe:. .:t(7)~, Tarte") 

tffl1r'''('1r'Q. A74 H'1 1178, 915 tdJ:V 845cm-' 

I.:. 1jij(7)J1;; 1r'!lik!&A ~:7 r IV ;bL(f;ff L-, ~!J'" T4 H'1 

a) F, .• sample (No. 618) 

b) F, ., sample (No. 734) 

c) F, .• sample (No. 816) 

d) F , .• sample (No. 813) 

H . SAITO et al. 22 

1200, 960, 888, 820, 692, 581 tdJ:V 440cm-' I':'~ 

1r'!lik!&A ~:7 "lv;b'ff:;ffT Q. ,: nl'1M ;~ff'1ii1iilt(7)m~ 

1¥-J/f-j;lij{ljtl:(7)te:I/)-C:6b!J 1 1&:tI'1J: 1r'j;lij{ljtl:l':' J: Q c. L­

"n'Q. ~~J:.(7) ::tfe:Q!fIj,gIjI'1 670-700 cm-' (7) F",'-c: 

finn, A 74 H±-",?(7)'H~Hg(7)J1;;1r'!lik!&A~:7 " 
IV(7).7}.ff:;ffL-, -::J1~!J "'74 H± 691 em-I 1.:.%l1r'~ 

1r'!lik!&A~:7 rlv;b;6bQ. 

* te: Wiegmann, Horte c. Slicker") 1'1 A 74 r c. 

~ !J ,.. T 4 r (7)!fIj}5IJI.:.M L- "(, , X~@]ilTrt c. ~7\-~:St:Yt 

:St1JTrtc. (7)5roffltl:(7)J:t~a=fiil"? te:. *:tG tl<il~l.:.j'iIij 
~!JWJ(7)a8ljrt c. L- "('~7~~:St:Yt:St1JTrt a=fljffl L-tc. 

1II1J)ElIt /fl1.:.1'1 £1$ § ~~7~:St:Yt:Ytlt1lt (lR ~) a= ~ffl 
L-te: . *f1f!~a=ffl"'''(', It'L':St~~-c:fi±!,(7)~~a=:StjIJl 

L-te: . .:t(7)~, E;t:!4 5mg I.:.~{I::;IJ!J '/ A~* 150 mg 

a=1.Jp;t, J: < mil"~, ~EEJIlt.)(\ L-il;b;G 160 kg/em' -c: 

1.JPEEI1.lt~ L- te: . 
4.2 .4 ll.Iiil'&~Il!~ ~-7 I.:.-ffljbf-T. ~la(7):k 

~ ~ 1'1 A :7 4 -f-~~EE~m(7)~il"J: !J t~~:k~ < , 
:k{* SO-l00 tt f¥lt-C:6b"? te:. 4.1.4 (7)~*c.I<il~I':', 

a)1 Fl.O sample (No. 618) 

b)1 F,., sample (No. 734) 

C)' F, .• sample (No. 813) 

Fig. 7. Microscopic photographs of synthesized samples. 



$3 ifKi .Ili» 

~~-a1f:iitlt~ 'd;t. C, ~dUt/h~ < f!':;' J: 5 ""t: ib -? 

k.. ~~Ij:v'.lS v'.lS"t', '£ tt~~II:~tltlfpJ;L- -Cv'f!v' 

;: ~ tlt~!b G.t1k.. ~::tt~£q) {5;j:tHj: 4.1.4 ~ lR1~fl: 
~~~{5~I!flII:)l[ <. ~~{5~¥: L-tcbq) b ~!b G.t1 

tr.. 

5. ~ ~ 

A~-1~-~ (4.1.2) ~jl- r/v~jj1ljEE~fi: (4. 2.2) 

~fflv'tdJ~q)jj1ljmjj1ljEE~~*~I@jf-T':;' ~ 1@-8-

~-10 q)J: 511:f!':;'. 

1@-8 fj: F •.• ~!jSj-q) P-T E!E~"t'ib':;'.l@tI>GI!flGtI> 

tI. J: ? fl:~~~f4:T""t:fj: ~::rr: (topaz) fj: ~~"t' ~ f! tI> 

-? te.. 4}EE:h"t' 5OO·C YT"t'fj: a-:fi:fj!f, -7'-17 A;f-7 

{AI,O"H,O) tI;±~pJ;$1;~ ~ L- -C ~!b G.t1te.. .:t.t1 G 

<1)1;t.tI>ll:@]ilTi%li!tI;~!b G.t1tc.tl;, 5i~tlt/J'~ < ~Jli:tltm 

."t'ib -? te.. *~ 500· -700·C "t' fj: !iJl(:fi (pyrophyllite, 

AI,O,,4 SiO,'H,O), a-AI,O, tI;~£;j:§ ~ L- -C~!b G.t1, 

"£ te.~!jSj-q)71<:5t (?) q)rmi.t1:to J: Vm:lt~iJJ'EtI> G~;j:§ (~ 

·80 

80 

70 

Temperature ('C) 
EB : a-quartz+diaspor+? 

I2SI : pyrophyllite + corundum + vapor (?) 
lSI : ityanite+vapor 
~ : sillimanite+silica+vapor 
IZl : mullite+silica phase+vapor 
[;i: corundum+liquid+vapor 
.: liquid+vapor 

Fig. 8. Stability region of F •.• sample. 

:0 :: t''''~~F:~O 
'<':', 

e 40 '0 
~ I 
" 30 ',0 0 

.;l:: 
20 8' ODD 00 o 

I 

: 

10 EI 

~~~~~~~~~~~~~~2m~~ 

Temperature ('C) 
§: 16 Al (OH, F), ·6 H,O+a-quartz +AI(OH),(?) +? 

0: topaz 
IZl : mullite+silica phase+vapor(?) 
[;i: corundum +liquid + vapor(?) +»>topaz(?) 
.: liquid + vapor 

Fig. 9. Stability region of Fl .• sample. 
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80 

60 
topaz 

~ 
40 \ DO 

"'
J \00 
:: 16AI(OH,F).·tH:O 

20 B . ~OO 
It-quar ty 

BJ3 
"" IOH,;,fl' " 

500 1m 1500 2000 

Temperature ('C) 
§: 16AI(OH,F),·6H,O+a-quartz+? 
0: topaz 
IZl : mullite+silica phase 
[;i : corundum + liquid + »>topaz (?) 
. : liquid 

Fig. 10. Stability region of F •.• sample. 

G < 71<~~) tlt:{¥t£T':;' J: ? "t'ib ·,de. *~ 10 kb 900·C, 

2Okbl500·C YT"t'fj:A7-1 1- (3AI,O, ,2SiO,) ~V 

9;b;j:§ (a-:fi:fj!f, 1- 9 ~"<7-1 1- :toJ:V ~ 9 A 1- /~7-1 

1-) tI;~tlMIl""t:ib -? te.. 71<:5ttl;j/' L-~:{¥ L- -Cv'':;';: ~ tI> 

G~G < ~tlt:{¥t£Toq)""t:ib.lS? {f.~ 1O-25kb, 900 

·C, 20-30 kb, 1500·C q) r",q) 1lJ{ ~ "t' Ij: V 9 "<7 -J- -1 1-

(AI,O"SiO,) tltPlli-I7)~£;j:§"t'ib." te. . Jli'#)T, a-;P~ 

Cte.ttL-, ;:q)~ftfT""t:Ij: ~G < p-;P:fj!ftlt~pJ;L--Cv' 

ol7)"t'ib.lS?) l7)~v'@]ilTi%li!tlt~!b G.t1tc.tlt , ;:.t1Ij:jj1lj 

EE*l*Jl7)m~ ~ EE:h:5t;(P17) tc.!b 11:, ~!jSj-l*l&l7)ll1jHI:.A-? 

-c*te.l7)"t'ib.lS 5. ¥J 30 kb 900·C, 35 kb 1500·C Yl: 

"t'fj:;b -1 -'r-J--1 1- (AI,O"SiO,) 7,); PIli - 17)~£;j:§"t'ib 

-? tc. ;b -1 -'r-J--1 Hj:71<:5t~-a'£ f! v'7,» G, ~;j:§ (~G 

<71<~~) tI;:{¥;(£To;:~tltb7,»o. {f.~ 35kbl600·C 

Yl:"t'fj: ;b-1-'r-J--1 1- Ij: a-AI,O,+~;j:!l+~;j:§ 1;::5tm 

TO J: ? "t'ib O. ¥J 20 kb 1800·C, 50 kb 2000·C Yl: 

l7)jj1ljm"t'fj:~;j:!l+~;j:§ (~G<71<~~"t'ib.lS?) "t'ib-? 

te. . ;: 17) J: 5 I;: ~~lIii!lHIl*J "t' Ij:~::tt (topaz) Ij: 15-pJ;"t' 

~ f!tI> -? te.. 
1@-9 Ij: Fl.. ~!jSj-17) P-T E!E~"t' ib O. ;: 17) :tj 15- Ij: 

Fo.o ~!jSj-I7):tj15-~~-?-C~£f1:~::tt7,);15-pJ;l.-jtte.. 1@7,» 

G I!fl G tI>f! J: ? II: ¥J 10 kb 600·C, 20 kb 5OO·C Y T"t' 

1j:~::ttfj:U1tf, 16 AI(OH, F), ,6 H,O, a-;p:fj!f:to J: 

V Ai(OH),(?) tlt~£;j:§~ VCEflXL-, flj1f;:IR1J'EtI;"t' 

~f!v'@]ilTi%li!tlt:{¥t£L-tc.. ¥J 5kb 1000·C, 7kb 1400·C 

ttT"t'Ij:A 7 -1 1-:to J: Vv 9 ;b;j:§ (a-;p:fj!f, 1- 9 ~"<7-1 

1-:toJ:V~ 9A 1-/~7-1 1-) tI;~!fa;j:§-z;ib!:J, ~;j:Il~ L-

-C71<:5t7,)t~:{¥L--Cv,te.. ~.t1fj:~G < !%~~-alv"t'v'o 

c.\!!,b.t1o.¥J 20kb 1500·C, 50kb 1800·C Yr"t' fj:~ 

::rr: (topaz) tlt*Ii:;j:§-Z;ib-?te.. J: !?~m""t:fj:~:EIj: a­

AI,03+~;j:§+~;j:§f;: :5tmTOJ:? "t'ib-?te. . ;:17)1lJ{~ 

l*J"t'fj:.:.' < bftl'I;:~::ttI7)§§v'@]iIT~tlt~!b G.t1tc.tI;, 

;: .t1fj:~;{Stl*l& L-tdJ~f1:, EE:h ~ tJiil.~5t;(PI7)~fIl"t'~ 

~L-t1:~::tt7,);n\h-C*te.bl7)~~;t G .t1o . {f.~ 20kb 
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1800'C, 50 kb 2OOO'C f)...I::. "f 1'i~flH 3\I.;t§ "f 9.> .:,f~. ~ 

~~i~d4i:kJ"fI'i~:E.I'i~~~T?>.l5 "f9.>?> . '~J~'itJ± 

r"f~:E.;6;~~"f~t.n'.:. c;¢'IS, iWimtiWiff~~"f9.>?> 

.:. c ;6;;b;¢'?'> , 5OO'C "fff."J 5 kb f)...I::."f1'i~:E.0)*;t£flJ{ 

~c ~x. 1S.n?> ;¢;, ~~IJffi.~9.>?> 1t'lifJiH~llifr~';¢;#'itlc 

'ffJ.1t,t~~;¢" ~:E.;¢;~~/:iHIUJ.;6":,f~. 

Fl.. Wit;j4o)~~li FL o c F,.o Wit;j4O) 'I? J: 5 C .pr~' 
(J9fJ. P-T fJilkIR;6;x. lS.nt~O)"f1l!i'P!1} l..,k. 

ffiQ-lO Ii F 2 . o ~;f-l-O)~"f9.>?> .1:.~~~li FLo ~ 

;j4O)~~c 1l'Jr."f9.>?>0)"f':'':' "fli 1l!i'P!1}l..,t~. ffiQ-9 c 

Jt~T?> C, ~;j4.pIC~~lki31f:Q;¢;l:\li;IJOT?>IC."?.n-C~ 

:E. (topaz) 0)*;t£flJ{~;6; iZ:iI!lilllHc fJ.?> .:. c ;6;;b;6' -::> t~. 

M:lz!!l..,t~.l5ICjf- r:-lv~iWiE8\UI~ffllt't~ ~ ~ Ii *"J 

15 kb f).r"fO)~~J±li;¢'fJ.!J 0)~~;6;9.>?> "f9.>0 5. 

.:. O)tc.~':' O)il#ili"fO)*;t£flJ{~O):iJE~klRlili -::> ~ !J l..,t~ 

b 0) "flifJ.It'. ~ kWit;j4T;L -7'IC s~~, ;6?i!\f;$:ICI'i 

S~· 10% p -s/? A*&:~ ffllt'tc.O)"f, ~ 2200'C f)...I::. 

Icmtlt~..I::.lflS.nfJ.It'':' c c, ·a"7l<~:E.~~~T?>~~ 
Ie, JJ'~T;L - 7 ' 9'1 Ic7l<0):(H·:E;¢;~,J!"f9.>?> ;6;, iWimiWi 

ff (2000'C, 40kb f)...I::.) "fl'i, ;6?i!\1*;6;d~.n-c­

:fito) "l..,;b" :tJ(:i!iU:: fJ.!J, 1l~;¢;1:. r. -C~~;¢;!Ilj$"fii; 

?>.:. c fJ. ctH~(J9fJ.ffii;6' IS, .:. O)il#iliO):iJE~kIR 'b~!J fj,Ej 

IS ;6>"flifJ.It'. ;6?i!\{* bJ'~T;L -7·~.l !J iWimtlciffi:tx. 

1S.n?>~ffiat~li~~~ffllt'fJ.f:r.nlifJ.lSfJ. It, "f 9.> 0 

5 . 
ffiQ-9 c ffiQ-lO IC~l..,t.;U CF.1:kIR) liJl!!\;tJ$:(J9lc~ 

~ l.., -C 1~ IS hte. fJilkIR "f 9.>?'>. Clausius·Clapeyron O)~ 

~iJ1;~ l..,t~ Gibbs·Konovalow 0) tx ~ ~ffllt'-Cjlt~ l.., 
te.. 

-,'~~V:.!..i-=· 47'H,.,..i C"=T=",,P)~, ........... (4-1) 
T~Vi ' Vi CT, P ) 

.:..:. "f 4H li1:.~?i!\, V li{*m, Vi li-'E-lv:5t$, T 

lilJffi.~bf;T. 

F 2 . o Wit;j4O)~~lc, SiO, li1:.~Jl!!\o)IH'IC jfMmJl!!\ 

~, AlF, 1i11·~Jl!!\~ Uo!* l.." :td0):td0)0) *!llLmMlt 

~.m"f~?>bO)c~~l..,k. ~k.ffr0)7I<f).~0)* 

~:5t0)1:.~?i!\ 4 H liff;tJ0)~1jIl~.m l..,t~. ffllt'tc.~ 

([[liT"-C Selected Values of Chemical Thermody· 

namic Properties, Circular of the National Bureau 

of Standards (1952) C Landolt·Bornstein(1923)") IC 

.l -::> te.. 

17ijx.li 2000'K, 25 kb il#iliO)~:E.O)*~fJilkIR~ (4-1) 

~~ffllt'-C~~T?> c 

( d
dPT) =1.0, x 10' (bar/deg.) 

2OOO'K.25kb 

"f9.>-::>tc. . ~~([[Ii 1.2ox lO'(bar/deg.) "fii;!J, *1* 

*~ fJ.**,*;6;x. lS.ntc.. 

FLo Wit;j40)~~li7l<:5t;¢;"i3~.n-CIt,?>0)"f, F,.o Wit 

~O)~.O)~~c~-::>-c~~m.cfJ.?> . TfJ.;b~7I<0) 

H. SAITO et al. 24 

4H IcMT?>m.ltcff;tJIC.l ?>~W;6;~x. 1S.n?> . 71<0) 

4H IC~T?>ff;fJ~* 

fP[d( i)] 
1 (~) dP 

d T P 

litj;:O).l 51C l.., -C *~t~. Bridgman2S
) Ii 25'C, 1000 

bar ~ "f 0) H 20 0) Jt~{[[ ~ ~!fH~r l.., t~ . ~ t~ Kennedy") 

I:l: l000' C, 1400 bar ~ "f0) Jt~{~~~1!r l..,t~. ,:,.n1S 

O){[[~~Jffll.., -c, .l!J ii1iilffil..J±~ "ftili~ l..,t~ H 20 0)J:t 

~([[~ffllt't~. ~O)**'* 

[
d( i)] r d( ~) p dP"",8.4(kcal/mole) 

V(2000'K.25kb)"",13.7(cc/mole) 

~x.t~. t~ttl.., V li7l<0)-'E-lv~;fJf"f9.>?>. 

7I<f).~O)~f~~c ~f~~O)Jl!!\jJ$(J9~{[[liT"-C F 2 •• 

Wit;j4O)~-frlcffllt't~O) c Il'J r. "f9.> -::> k. F 2 . o C FLO Wit 

;j4O):!I-frli, ~~{[[c ~~{~c lil;lf£.llt'-!({ ~ ~ l.., 

t~. 

U' l..,..I::.:lz!!lcffllt't~~{[[, 1t'01t'0 fJ.Wt;t£O)*~tt, 

~t~ Gibbs-Konovalow O)~O) iIM#tt Ic"?It'-C ~ lSI.::. 

~f.tT ?> ~,J!;6; 9.> ?> . 

ffiQ-8-10 Ic"?It'-C=,=:O)~~~~.7j.t~_ 17iJx.li ffiQ-

10 Ic"?It'-Cli, *"J 40kb, 2OOO'C 0)~{4r"f 1t'-::>t~1v 

~;j4~tJ7 Af~l.." *"J 2Ilifr~'*~~, ll'J-ff;fJ r "f *"J 

1700'C ~"fm.~~~r~it, *"J5Ilifr~'*~l..,tc.. h'> 
***, tJ7 A;t§ (?) ;6;~&1H± T?> ;6;, ~:E.;¢;x. 1St1-

t~. 1l'J~le l.., -C 1900'C Iclffil.lt~~r l..,t~ bO)li, ~ 7 

~~ A;¢;II(t-O)**la;t§"f9.>-::>t~. 

~t~, {f0 10kb, 1800'C O)~#r"fIt'-::>t~Iv~;j4~ 

;1/7 Af~ l.." *"J 2Ilifr~'*~, ll'J-fft.Jr"f 1700' C ~ 

"fmt~~r~itt~~*, A 7 -1 l- c ct-~~;6;, 1500'C 

"fli~:E.;¢;1:.~ l..,tc .BtJ;tiili:~;¢;~{if,T?> 0) "flHtfJ.':' 

c lirnli r.~~fJ.It';6;, ,:,.n IS O)~MfJilklRl'i*~ fJ. 'b 0) c ~ 
X. ISh?>. 

Il'J r.:1J~"f *~ 10 kb 1400' C O)~#r"f 5Ilifr~'*~ l.., 

t~O)~, ll'J-m~"f 1 kb .l2J-r (?) ~ "f~ffl.." 10 IP.F 

r~'*~ Ud:ti,*, 1*$:5t;¢;A 7 -1 r c ct-;P~lc:5tM l.., 
-Clt,t~;¢;, .:." < &itO)~:E.;¢;fftE l..,t.:. ~Ic 1 kb f).r 

(?), 1400' C O)~#r"f 5Ilifr~'*~{&, ff."J 10 kb ~ <:-

1l'J-1Jffi.~r"f;IJOffl.., -C 10 Ilifr~'*~ U~. .:. 0)**,*, 11t 
:E., A7-1 1-:td.ltJ ct-;P:91f;6;~~~.nt~ . .:..nli~:E. 

;6' IS A 7 -1 I- c a-;p:91f ....... O)~f*li Jt~(J9lF-It,;¢i, ~Ir. 

A 7 -1 I- c a-;p:91f;¢;It' -::> klv1:.~T?> C, ~:E.O)*J.E: 

flJ{j:~a "f~~~#~ 'b -::> -C*-C b;t§~*~fJ.t~~Ir.~!J 

~:E.;6;lli*fJ.;6'-::> t~o)"fii;~ 5 . 

FLo C Fo.o Wit1Sl- (ffiQ-8,9) 0):!I~'b 1l'J~IC l.., -C~t-t 

U~;¢;~,*li ffiQ-8,9 IC~l..,t6m!J "fii;-::>it· 



25 ifiIJ ~f'ltp 

~~~M*~G.~~~~ •• ~*~~t~~~~G 
;h,Q. 

1Z1-8 tJ'GI!flGiJ'~J:? IL*~-.~ [AI.SiO,(OH),J 

li-€f~""t' ~ ~;6' -::> t<:. :Rtt£.~ , (7iJ ~ li~J¥.JJil'ii*£ 

~ t ~ I± jq~M~<PIL 9Il~;6;{f0 1.9 '1:-1v, T~b'l? 

AI,SiO,(F1.,OHQ.l) *JI.~Jt""t' :iF~;h,Q;6!, -2i~;h,"(v' 

Q. ~tcl¥i;tJ p 7-1-tHI Brewer deposit £(7)t~li{f-J 

1.3 '1:-1v9ll~~~:ffL."(v'Q27) . ':'~J:? 1r.3(ttj£.~ 

litJJ-€fIL$- < ~9Il~~~:ff L., *~-.~Ii Ji~ G ~1t' 
J:?""t'i!;Q . 

.~ (topaz) ~M~m~~ 1ZI-11 IL:iFT · ~lz!! L.t<: 

J:? IL.~ (topaz) Ii -* :J~~~~ ILJ/.i\TQ. X~ 

.JiJf~Ir. J: ;h,1;f SiO, lZYiID1*;6;~!RIz:IL:fi\'f~<P ILf?1:E L., -t 

~r",'~fll1~Il9i-1;t/;6;V.~L.~"(1t'Q . Al JjjFH±400 

~ 0 )jKT~ 2 OO~ (F, OH) tt~MV, '* 0 JJli:Tli 

1 OO~ Si ~ 2 OO~ Al JJli:T~ M-€fL., (F,OH) ttl± 
200~ Al JJli:T~<pr,,'IL{ll:TQ · 

1t,~, i&:1r.*~-.~ [AI,SiO,(OH),J 1r.-:>1t'"(~~ 

"(J.;.Q. ~ I) ;tJlr.-:>v'"(~H:f SiO, lZYiID{*(7)~ .:.~~ 

-Si-O-Si- ~ 4 OO~ ? 'l?, 1 00;6; lJJ;h,"( AIO+ :to J: V 

AI(OH),+ ~M-€fTQ . T~b'l? 

(-Si-O- Si-) + AIO++ Al(OH),+ 

Fig. 11 . The arrangement of atoms in the crystal 
topaz. Large circles represent oxygen 
atoms, doubled large circles fluorine at­
oms, small open circles aluminum atoms, 
and small solid circles silicon atoms. 
The two layers shown are to be super­
posed in the order a, b. Crosses mark 
the projections of the corners of the unit 
of structure on the plane of the paper. 
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~ 2{-Si-0-Al-OH} 

mt;fi~ [Mg,(Si,Os),(OH).J Ir. 01t'"( Kalousek ~ 

Muttart28
) I± 1 m ~!l! {ll:~ !:J 8 OO~ (OH)- Ii 2 00;6" 

SiO, lZYiID1*~~mIL, 6 OOli7f.1WHL/lC1i: 1...- "(1t, Q . M1f 

~ OH £<P~ 0'- Ii IRJ 1:-slErJ~ SiO, lZ!liID{L$:~ 0'­

~ IRJ~ ~ L., .:. ~ H+ Ii Si'+ ~ 1/ 4 ~~!:J IL Ii:~ L. 

"(1t, Q ~ J.;.~ L.t<: . 

1RJ#ftIL L."(. ~ M ~ :fi\'f~~~~;h,li, {-AI-(0-1/4 

Si)} ;6" {-AI-(O-H)} ILIi:~L.t<:~~~G;h,Q. Faja­

ns ~~JtJj;6'G, ~.w$~~~Q ~, M1f~JJ;6; {-AI­

F} ~-t;h,ILili1t' . .:. ~t<:~ F- -1;t /;6;.~M~Ir.A 

-::>kJJ~M~fu~ J:!:J.aK1...-, ':'~k~~~~~~* 

-1;t/~T~ ~!:J a1t' · ~TQlr. OH- ~ F- ~ li~m 

T:fi\'f~""t'i!;Q;6;, OH- ~JJ;6>~.w$;6' J: !:J*~1t,t<:~ 

IL , -1;t /ii~*~1t'9Il*-.~ (Al,S iO,F,) ~JJ;6;, 

*~-.~ [AI,SiO,(OH),J J:!:J t1:.11X L.~T1t'~""t'i!; 

~? 

.~~iID~G~ , 9Il~~.~M~K.A~;h,Qf'l~. 

< ~Q~lil!fl G;6'""t'i!;~? 
L ~1iJf~~fi? R:.:b~ I) m::1J L- "(Ji!Zv,~ ~(~~Ir.~:g~ 
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