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f entropies of silicates 

Tho zoolito fn.ciPR , wiLh (,lIIlI1I1,,"I,H 0 11 I.ho illl,orpl'" I,1l1 inll of hydroLhorml\\ synthosos 

",it,h cmphllRis on the limiLa t.iollH of 1,110 I1::tHl1mpt iOIl Llmt entropies of constitl1enL 
oxides are additive. 1'0 the wriLeI'''' know ledge, t,ho ontropy of only onc zeolito hns 
been determined, namely lI.llIL leilll e [01' \\'hi(~h K [NO (l!)I)G) reports a value o[ 

liG·O cal/deg mole. This ellLr()p.)' if! \'cry hig h cO ll1jllt red with the sum of the entropy 
of the oxides, 44·Q cal/(lcg IllOle. Howover, a large cntropy is to be cxpectcd since 
Lhc molar volume of ana.lcime if! large. Following the arguments used in F'1!'J~ 
et al. (1958) we estimate a.n entropy of 1)7 ·0 cal/deg mole which includes a volume 
correction and a correction for randomness in the AI- Si arrn.ngell1ent (BEA'l"L'm, 
19(4). Similarly wairakite would be expected to have a large entropy which is in 
accord with its ready nnclen.tion and growth (cf. cristobalite). Further, the ap
parent moln.r volume of wator in ltnn.lcime is ll1uchlarger than with most hydrn.tes. 
Tho largo ~ntropy of analci mo leaaR t,o Ro mo tl1111stll11 featur~s of its breakdown. 
At 2lioO, tho !:l.S of tho 1'('lLc t,ioll : 1i. lllt]ciIlI O + qllfLrt7. -- albito + wat~r (liquid) if:! 
+ O·!)[) cal/dog molo, It vII,hle YC'I'y Ileal' >1,01'0. Ifor most dohydration reactions 
rOJlloval of ono wat~r molpcl d!' 1,0 givc liquid watel' at 25°0 is aecompanieu by an' 
entropy ineroaso of 7 OlLl/tLt'g molo (an avomgo of tw~nty-four cases) . 'I.'ho smltll 
change noted above indicateR the danger of using avorago figuros with zeoJites. 
In fact it could be possiblo to have ncgative ~ntropies of dehydration at low 
tempol'l1tures and pressures. 

4.5. Osmotic conditions 
Data indicate that r.eolitcs will be stable minel'l1ls in a low temperature 

cnvironment or under condi tions of moderate depth of burial. In thcRO ellviron
ments open pores must 1)(' com mon. In hydrothel'mal areas such a.s Wn,ira.kei, 
New Zeland, tho pressuro lIleaslIred in fissmes is often that of the water column 
and js therefore rehLtcd to 1'0 'k Tlrcssnre in thc rn.tio of water density to rock 
density. It is thus neccRRltry to conRider conditions where the pressure on the solid 
phases is greater than the pressure in thc fluid pha,se and in particular conditions 
where Pn •o ro-J ~ PIOI\(I' For thiR to ho relevant it is nccessary that alteration pro
duces a zeoliti7.ed rock whieh is st ill poro11s yot in which the zeolites support tho 
load of overburden. In contrast the zcolites in a cavity in a basalt grow in an 
environment where clearly P = P uao, At great depths continuous pore systoms 
must become unstable unless some fluid can support them. If the porosity is low 
and water is being expelled on a. large scale by dehydration reactions the most 
likely conditions are P IT• o c::: PIIl/"I' 

For phase changes in hydratc Ryste llls where density relations are "normal", if 
the pressure on the solid plutses is grea.ter than the pressure in the gas phase the 
vapour pressure of the solid wi ll be increased (FYl!'B et al., 1958). If molar volumes 
of all phases are known the extent of the effect can be estimated. 

Consider the effect on the analcime-albite bonndttry. In Fig. 7 curve A is our 
boundary based on synthesis for the experimental conditions that P = Prr•o• At 
1000 atm it passes through 280°0 ± 10°. If at the equilibrium temperature at 
1000 atm we add 2000 atm rock load (Plond = 3Prr•o) then the free energy of the 
reaction: 

becomes 

6 

analeime + quartz -- albite + H 20 

2000 X !:l. Vsollds X 0·024 cal 
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