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ON THE SOLUBILITY OF ALBITE IN 
SUPERCRITICAL W'ATER IN THE RANGE 

400 to 600 ° C and 750 to 3500 BARS 

K. L. CURRI E 

Geological Survey of Canada, 601 Booth Stree t, Ottawa 4, Canada 

ABSTRACT. The results of 64 de termina tions of the solubi lity of alb itc by a dynami c 
me thod arc reported . T he dcparturcs from equilibrium were expcrimentally e\·alua ted . 
The solute, up ~o 0.3 percent by I~'e i gh t, is n~ t isochemical with a lbite at any pressure 
?r temperature 111 the range examll1ed . T he SIZC and typc of departu rcs from isoch em-
1stry depcnd on pressure, tcmpera tu re, and the rate of co llec tion of the solutions. 
The :><>Iubilit~ of albite in. su percriti.ca l w~tcr can be quant ita th'c ly described by 
equa tIOns denved for non-Iclea l reactIO n mIxtures. Qualita tivc ca lculatio ns indi ca tc 
tha t . solutions may play an impor tant petrologic ro le in rcgions su rrounding dehy­
dratll1g rock m asses. 

INTROD UCTION 

A grea t many experimental systems of geologic interes t contain one 
or more aqueous fluid phases. Experimental petrology however has gen­
erally concentrated on the solid phases, and rela tively little is known 
about co mposition and p roperti es of the coexisti ng aqueous solutions. 
The pioneering work of Morey and H esselgesser (1951) and of Orville 
(1963) has shown tha t solutions in equilibrium with feldspars at eleva ted 
temperatures and pressures can produce important petrologic conse­
quences. The present communica tion fo rms part of a systematic study 
of the solubility of the feldspars . 

EXPERIM ENTAL M ETHOD 

Solubility was determined by a d ynamic method similar to tha t 
of Morey and H esselgesser (1 95 1), utili zing two p ressure vessels of Inconel 
X-750 with modified Bridgm an seals and capacities of 80 and 120 milli­
~iters respec tively. The bombJ approxima tely 12 inches long-, was placed 
111 the central part of a 36 inch h{)ritQ.ntal tube furn ace ,,-hose tempera­
ture was adjusted by a recording controller connected to an iron-constan­
tan th~rmocouple at the e~1tra n ce to the bomb. A similar thermocouple at 
the eXit of the bo mb p roVIded a check on the tempera ture, and readin O' of 
the two thermocouples did not differ by more than 3° C for any 1~Il1 S 
reported . Explora tion a t a tmospher ic pressure showed the interior o f 
the bomb to be within 3° C of the temperature of the entrance thermo-
cou~~ . 

An air opera te~1 ~1yd rauli c pump, capable o f maintaining 3500 bars 
pressure pumped dtsttll ed "'a ter through a 65 micron filt er, into a hea t­
ing tube, and thence into the bomb. P ressure, measured on a 12 inch 
Heise Bourdo n gauge, flu ctua ted less than 25 bars during a run. The 
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Fig. 1. Schematic diagram of the experimental apparatus. 

solutions passed from the bomb into an 18 inch cooling tube, through 
a metering valve into polyethylene bottles. Approximately one liter was 
collected at rates varying from 40 to 60 milliliters per hour. A diagram 
of the apparatus is shown in figure l. 

Albite pegmatite from Amelia County Court House, Virginia, was 
used as experimental material so that the results could be compared 
with previous work on the same material by Morey and Hesselgesser 
(1951) . The raw material, procured from \Vard's, was crushed, and ' the 
fraction passing a four mesh screen and retained on an eight mesh screen 
used for experiment. Prior to a run the material was washed successively 
with dilute HCI and distilled water and handpicked to remove small 
amounts of white mica adhering to the cleavage fragments. A chemical 
analysis of the experimental material is given in tahle 1. 

TABLE I 

Chemical analysis of experimen tal material 
SiO: 68.0 
AI.O,: 19.8 
Fe.Oa 0.09 
CaO 0.22 
MgO O.O~ 

Na:O 11.42 
K.O 0.32 
H,O 0.03 

99.9 
Analysts: G . R. Lachance. J. L. Bouvier 

Assuming lhal all the magnesium and iwn arc in the An molecule the analysis com· 
putes to feldspar of composilion .-\b~;.$ .-\n 1. 1 01'1.4' ... 

ANALYTICAL METHODS 

The experimental solut ions ,,-ere an:llyzed for silica, alumina, soda, 
potash, lime, iron, organic malter, and pH. Gra\'imetric analysis by the 
method of double e\'aporation was used to determine . silica (Kolthoff 
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and Santell, 1952, p. 387) and yielded reproducible results. The molyb­
date method of determination which is easier and more rapid (Am. 
Soc_ Testing Materials, Pub_ I48D, 1959, p. 278) gave much lower and 
erratic values, even after digestion of the sample NaZCO". ' '''hen the 
sample was digested overnight in NaOH, the molybdate method gave 
results in fair agreement with gravimetric results. 

Gravimetric analys is for alumina gave reliable and reproducible re­
sults but required large amounts of time and sample. Titration with 
EDTA was used in the later stages of the reported experiments and gave 
comparable results. 

Soda and potash were determined by flame photometer after ten­
fold dilution of the sample. Analysis failed to detect calcium in any 
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Fig. 2. Rate of allainlllelll of a steady state by albite solutions. Xa contt:nt in ppm. 
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of the samples. Iron appeared sporadically in concentrat ions lip to 0.12 
ppm, presumably as a result of corrosion of thc pressure vessel. Organic 
mattcr was not detected in any samplcs, indicating that lubri cating mao 
terial from the pump c10es not contaminatc the pumped fluid to any 
detectable extent. pH was measured pchoclically during a run on 5 
milliliters of sample collected directly [rom the sampling tube. After the 
first hour of a run, the pH rarely changeel by more than 0.05. 

EXPERIMEKTAL RESULTS 

The results of experiments designed to test the rate at which a stcacly 
state is reached are tabulated in table 2 and shown graphically in figure 
2. The charge was brought to temperature in about 20 to 30 minutes, 
then pumped up to pressure, and collection of the sample begun at the 
rate indicated. Every hour the collected sample was analyzed [or soda 
content. The results show that at collection rates of less than 60 millili­
ters per hour a steady state is reached in a few hours. In the absence 
of flow, the system would probably reach a steady state in less than 2 
hours at both 400° and 600°e. The influence of pressure on this time 
appears to be slight. 

These results suggested the following procedure which was adopted 
for the solubility runs. The charge of approximately 120 grams was 
brought to temperature and pressure and held there overnight under 
static conditions. Sample collection was then commenced at a rate of 50 

Fig. 
Slires. V 
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500· 
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3. Content of sodium in albite solutions at \'arious temperatures amI pres. 
is specific \'olume of water ill cubic centimeters per gram, 



, 

326 K. L. Currie 

milliliters per hour. Various imperfections in the valves caused the actual 
rate to vary from 40 to 60 milliliters per 'honr. Run A41 used as a start­
ing fluid 5 liters of solu tion collected at 6000 / 2000 bars. The fact that 
the analysis of run A41 agrees with that of run A42, which used distilled 
water as a starting fluid, suggests that equilibrium is closely approached 
by the steady state achieved during the runs. 

Runs A70 and A73 are duplicate runs conducted on different days 
on different charges. They suggest that analytical results for a given 
temperature and pressure are reproducible within about 10 percent of 
the amount present for soda and alumina and about 5 percent for silica. 

The results of 44 experimental runs are tabulated in table 3 and 
figures 3, 4, and 5. Two results of Morey and Hesselgesser (1951), which 
fall in the range of the present experiments, are also tabulated and agree 
with the newer HillS within experimental error. 

The solutions are clear and colorless and display remarkable stability 
at room temperature if kept sealed. Sample A50 has been analyzed at 
intervals of about two months for more than 2 years and still yields 
results in agreement with the original analysis, although it contains 
2415 ppm silica and 532 ppm alumina. The solutions are moderately to 
strongly alkaline when fresh, but the pH slowly declines with age to 
values between 7 and 8. Titration curves of the solutions with 0.01 nor­
mal Hel show a slight break at pH 8.3, suggesting the presence of silicate 
ion. Lowering the pH of the solutions below about 4.0 causes rapid 
precipitation of alumina and silica. 

4 

3 

2 

+ 
\ 
\ 
\600· 

\ 
\ 

500· 
------------450· , 

ppm Alz0
3 

J-·ig. 4. Content of alumina in albite solutions at various temperatures and 
pressures. 
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4 
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ppm SiO, 

Fig. 5. Content of silica in albite solutions at various temperatures and pressures. 

At the end of a run, the charge was always found to be partly re­
duced to an extremely fine powder. Routine X-ray powder diffraction 
patterns of this material only yield a pattern for albite. The non·stoichio­
metry of the solutions implies that the composition of the solid residue 
must depart from that of albite. However the total amount of material 
dissolved during a run is only 4 to 5 grams of the original charge of 120 
grams, and the changes produced in the residue evidently either remain 
~l'ithin the compositional range of albite or produce different phases 
In amounts so small as not to be detected. In runs A37 and A60, which 
sl~ffered partial valve failures, much larger amounts of the charge were 
dIssolved. Small amounts of a porcelain-like deposit on some fraO'ments 
of the residue yielded an X-ray pattern of nepheline. 0 

'· .In''''ll~ne _of the runs does .. the dissolved material have the same com­
position as the starting material. This phenomenon was noted by Morey 
and Hesselgesser (1951) in both albite and orthoclase. They sl1O'gestecl 
that stoichiometric solutions would be obtained at temperatures an~l pres­
sures only ~lightly higher than those lIsed by them. The present results 
show that departures from stoichiometry are pronounced at all tempera. 
tures and pressures in the range examined. These departures are sho\\'n 
g;aphically in figure 6. If stoichiometry were preser\'ed, the ratio 
SI02/ A1 20 3 = 3.47 and Si02/ Na = 7.83, where all quantities are ex­
pressed in ppm. Figure 6 shows that SiOt/AI 20 3 > 3,47 for all the ex­
perimental runs, while Si02/ No \'aries markedly 011 both sides of 7.83. 
Particularly spectacular de\'iations resulted frolll unintentional experi-



TAIILF. 3A 

Solubility of albite in supercritical water 

Run T P SiO. AI,O, Na K Run T p 

No. ;(0C) k bars) ppm ppm ppm ppm pH No. (OC) (k bars) 
------ ----------

A- 14 400 0.75 369 90 79 0.3 9.79 A-43 550 0.75 

15 1.00 490 127 09 0.5 9.04 44 1.00 

16 1.25 651 160 112 0.7 9.94 45 1.25 

17 1.50 778 185 140 1.1 10.05 46 1.50 

18 \.75 880 215 152 l.5 10.07 47 \.75 

19 2.00 1017 230 170 1.6 10.12 4fl 2.00 

26 2.:>0 1223 279 218 2.0 10.23 49 2.25 

27 3.00 1407 304 231 2.2 10.25 50 2.50 

28 3.50 1805 324 280 3.1 10.36 51 2.75 

A-20 450 0.75 375 103 62 0.5 9.75 

21 1.00 572 155 94 0.8 9.85 A-58 600 0.75 

22 1.25 778. 207 125 1.2 9.98 42 1.00 

23 1.50 94f 256 150 1.5 10.06 59 1.25 

24 \.75 1135 301 177 1.7 10.13 69 1.50 

25 2.00 1300 328 200 1.8 10.20 61 \.75 

29 2.50 1617 440 241 2.4 10.27 40 2.00 

30 3.00 1967 515 290 2.6 10.38 63 2.25 

31 3.50 2440 606 346 2.9 10.43 64 2.50 

A-32 500 0.75 310 53 33 1.0 9.49 A-70 500 2.00 

33 1.00 574 126 76 1.2 9.78 71 500 2.00 

34 1.25 821 210 111 \.7 9.94 72 500 2.00 

38 1.50 1110 259 157 1.8 10.07 73 500 2.00 

39 \.75 1200 313 189 3.8 10.16 41 600 1.00 

40 2.00 16~~ · 397 230 6.5 10.25 66 400 1.00 

:>4 2.75 23~3 545 325 fI.9 10.38 67 400 1.50 

:}:. :~.OO 25~0 (-i00 :146 7.:1 . 10.4::1 6B 400 2.00 

;,(; :1. :)0 :1:.10 1 7 :~B ;,)1,:> 7.1i \OJi:1 • :.00 1.00 
• :)00 2.0!) 

~----~-----~¥----------------------------------~.----------~----~-----------

TABLE 3B 

/ 

SiO, AhO, 
ppm ppm 

------
272 27 
505 87 
795 160 

1150 243 
1403 310 
1760 410 
2080 479 
2415 532 
2790 587 

291 11 
550 36 
827 85 

1140 159 
1590 217 
2065 281 
2401 357 
2760 400 

1541 418 
1550 406 
1565 412 
1557 399 
518 37 
481 124 
727 183 
993 216 
5'14 13.1 

I:)!)I ·1:\1, 

" *' 

Na K 
ppm ppm ---

23 1.8 
67 2.2 

102 2.6 
148 2.9 
178 3.7 
214 4.2 
263 4.9 
310 5.1 
355 5.3 

15 3.4 
40 3.6 
77 4.1 

134 5.0 
165 5.3 
230 5.3 
286 5.9 
319 6.6 

215 4.8 
231 5.1 
216 6.1 
233 5.3 

36 2.9 
89 0.6 

124 1.0 
161 1.4 

flB 
221 

pH ---
9.46 
9.74-
9.93 

10.06 
10.13 
10.22 
10.31 
10.35 
10.46 

9.07 
9.50 
9.79 

10.00 
10.08 
10.25 
10.37 
10.40 

10.23 
10.27 
10.26 
10.~4 
9.52 
9.81 

10.00 
10.09 

.. 

I 
I 

--'1 
I 
i 
I 

I 
I 

---------------.... 

Solubility of albite in supercritical water under non-equilibrium conditions 

Run T I P SiO, AI,O, Na K Drip rate" 
No. (OC) (k bars) ppm ppm ppm ppm pH (ml/hour) 

-
A-35 500 1.50 2820 93 51 - 8.1 200 

36 500 
--

1.50 2076 141 83 0.8 8.3 120 
37 600 2.00 4236 . 97 99 1.1 8.4 130 
52 500 2.25 4007 151 149 1.4 8.3 160 
53 500 2.50 6900 27 17 - 7.6 170 
57 600 0.75 467 17 13 - 7.1 250 
60 500 1.50 1567 186 137 1.5 8.9 95 
62 600 2.00 4675 197 176 3.6 9.0 110 
65 600 2.00 2576 251 209 5.3 9.6 80 
69 400 2.50 2011 229 190 8.8 220 

,. Estimated from I . . 
vo ume of solutIOn collected dIvIded by length of run . 
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mental runs in 'which partial valve failures allowed the cOllec~i~~o~~t~h:~ 
1100 milliliters I)er hour. The results, quoted on table 3 

exceec I d ed as might be expect­the soda and alumina contents are great y epress, ., f the 
ed but that the silica content is markedly enhanc~~da.Ex:m~~:~lO~f~r an 
te~ erature and pressure recorUs'·of these runs 111 lca e£ "-'. 'ned 
, 't? I shar fluctuation, temperatures and pressures were mamtaI 
1111 latl q'll~ted values, though fluctuations were much larger than those 
near le Tb ' 
in the runs believed to approach eqm 1 num. 

DISCUSSION OF RESULTS 

Th b of Ca in the solutions confirms the qualitative work 

f E l ea nscel n~~ellner' (1958) who found sodium to be preferen tial~y 
o 'u er a , , Th 1 to potash ratIO I . I b upercn tical steam. e soc a 
leached ftl'on: h

P a~ll~~ ~ls~'a)~ ~ess in the solutions than that in the starting 
on the ot lei an , , " lIt 30 in some 

, I I . s from GO in the start1l1g matena c own 0 

:a~~:l:~lu~i~~r:.eAdditional work in progress by the author .sh~~t: r~:~~ 
. I' lerl'\,ed from mixtures of soda and potash feldpals t , III so utlOns c 
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always tends toward a fixed value of the oreIer of one determined by the 
temperature and pressure, regardless of the proportions of soda and 
potash feldspar. The low values of potash in these solutions probably in, 
dicate complete leaching of potash from the starting material. 

The enhancement of silica in solutiops collected under non-equi ­
librium conditions cannot be explained by any theory of solution known 
to the author. Together with the solubility equations deri\'ecl below, it 
seems to indicate that the feldspar lattice breaks down in the presence 
of water, and various parts react with water at different speeds. 

The most notable features of the equilibrium solubility of albite in 
this range are (1) the non-stoichiometric composition of the solutions, 
(2) the difference in behavior of silica, soda, and alumina, and (3) the 
remarkable stability of highly supersaturated solutions at room tempera­
ture and pressure. These phenomena can be explained by a theory of 
solution in dense reacting fluids developed by Franck (1956). Assume 
the solute, designated by the subscript 1, to form complexes. Formation 
of such complexes can be represented schematically by 

1 + n 2 = 120 (1) 
where n may have values from zero up to m, the maximum association 
number. If the solute dissolves non-stoichiometrically, it can be repre­
sented by two or more "species" chosen to represent the bulk chemical 
composition of the solute and the non-stoichiometric beha\'ior of the 
solution. It will be shown below that the chemically analyzed com­
ponents may be used as species, no matter what the actual composition 
of the complexes may be. The composition of the complexes is not eluci, 
dated by this treatment. Using the vi rial equa tion of state, the chemical 
potential J1. for a species in a reaction mixture is, to terms linear in the 
mole volume V, 

J1.1/RT = -In FI + In x/V + ~ 2xJ (Bij/ V) (2) 
j 

(Fowler and Guggenheim, 1938, chap. 8), where F I is the volume inde­
pendent part of the potential, Xl the mole fraction of species i in the 
mixture, and Blj the second virial coefficient. At equilibrium, for the 
reaction of equation (1) 

n J1.2 + J1.1 = J1."11 (3) 
Now if the solution is very dilute X 2 ,...., I and V ,...., V2. Substituting 

(2) into (3) and setting X 2 = 1, 

In (x 12Jx1) = In (F"n/FIF2n) - n In V2 + (2/ V2) (BI,2 + nB
2

•2 - Bl'lld 

(4) 
where interactions between solute species are assumed negligible because 
of the diluteness of the solutions. 

Assuming that the association of each of the n molecules of 2 with 
I is accompanied by the same change in enthalpy and entropy, 

In (F",, /FIF2") = (n/ RT) (H21 - T S",) 
Where H21 and S21 are respectively the change of enthalpy and entropy 

(5) 

, 
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per molecule. This equation assumes that the associared solvent molecules 
do not strongly influence one another and have but slight influence on 
the properti es of the central molecule. 

The terms of the last bracket of equation (4) are all independent 
of pressure and temperature and may be collec ted 

(2/ V2 (B 1•2 + nB~.2 -Bl!n ,J = Sr,/V2 (6) 
The mole fraction Xl of unassociated solute molecules in th e solution 

is due to the vapor pressure of the solid under the given temperature and 
pressure. This is approximately given by (Zwikker, 1954, p . 168). 

In p o. = k - EjRT (7) 
where k is a constant, and E the molar heat of evaporation. E has a 
pressure dependence, but in vie,,' of the low compressibilities of solids, 
this will be small. Franck (1956, eq 15) suggests it should be of the form 

E = Eo + PVc (8) 
where Eo is the , 'alue of E at zero pressure, P the pressure, and Vc the 
mole volume of the solid, assumed to be constant. 

Now the number of molecules per unit volume of unassociated 1 is, 
at low p o where V, = RT/ p o, 

q, = N°jV, = (N"/ RT) (exp {k - (Eo + PVclRT)}) (9) 
where N° is Avagadro's number. Noting that the number of molecules of 
2 per unit volume is N°/ V2' 

X, = ql/ q, + q~ = 
ql/ q2 = Vj V, = (V2/ RT (exp {k - (Eo + PVc / RT)}) (10) 

Substituting equations (5), (6) , and (10) in equation (4) gives 

In xUn = (k - nS"I/ R) + SO/ V2 - (n-I) In V2 - In RT 

- (nHn + Eo + PVc)/ RT (11) 
Assuming that the bulk of I is present as the associated conlplex 
120 , Xl.:u may be identified with the analytically determined mole frac­
tion of 1. Collecting constant terms in equation (11), the solubility of 1 
under these conditions should obey an equation of the form 

log Xl = (a + bP)/ RT + c/ V2 + dlogV2 + e 10gT + f (12) 
where Xl is the analytically determined mole fraction of 1, and a,b,c, 
d,e,f are constants, This equation assumes that (~, .Jh.~ solubility of i~ie~, 
I in solvent 2 is slight, (b) species I forms only one quantitatively impor· 
tant complex with solvent 2, and (c) the volume dependence of the free 
energy of complexing can be represented by terms linear in the volume, 
and (d) complex formation leaves the electronic configuration of the 
participating molecules unchanged, with the possible exception of slight 
changes in the configuration of the most loosely bound electrons, Equa­
tion (12) differs from that of Franck (1956) in that an explicit depen­
dence of solubility on press ure, temperature, and mole volume is given, 
the log solubility depends on both I jV and log V, and the dependence 
of log solubility on I/ T is not linear. 

Equation (12) is in a form suitable for regression analysis. The data 
in table 3 ha,'c been fitt cd to equation (12) by regress ion analysis using 
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T p 
(OAl (k bars) 
---

673 0.75 
1.00 
1.25 
1.50 
1.75 
2.00 
2.50 
3.00 
3.50 

723 0.75 
1.00 
1.25 
1.50 
1.75 
2.00 
2.50 
3.00 
3.50 

773 0.75 
1.00 
1.25 
1.50 

T P 
(OA) (k bars) -
073 0.75 

1.00 
1.25 
1.50 
1.75 
2.00 
2.50 
3.00 
3.50 

723 0.75 
1.00 
1.25 
1.50 
1.75 
2.00 
2.50 
3.00 
3.50 

773 0.7."1 
1.00 
1.25 
1.50 

/ 

TARLE 4B 

Solubility of albite in supercritical water calculated from solubility equation: alumina 

ppm ppm ppm ppm 
V -log X Al,O, AI,O, T P V -log X AI,O, AI ,O. 

cm'/gm (calc) (calc) (observed) (OA) (k bars) cm'/gm (calc) (calc) (observed) 

1.534 4.774 95 90 773 1.75 1.502 4.214 349 313 
1.444 4.659 124 127 2.00 1.444 4.131 418 397 
1.382 4.583 148 160 2.75 1.333 3.987 584 545 
1.333 4.516 172 185 3.00 1.305 3.953 628 600 
1.295 4.460 196 215 3.50 1.256 3.81l0 748 738 
1.264 4 .4 18 216 230 
1.2 13 4.341 258 279 823 0.75 2.989 5.378 24 27 
1.178 4.286 291 304 1.00 2.248 4.857 79 H7 
1.146 4.236 329 324 1.25 1.932 4.577 1.10 IGO 

1.50 1.751 4.394 229 243 
1.827 4.762 98 101 1.75 1.632 4.267 307 310 
1.631 4.556 157 155 2.00 1.549 4.171 382 410 
1.518 4.420 215 207 2.25 1.493 4.103 447 479 
1.447 4.330 275 256 2.50 1.445 4.043 512 532 
1396 4.267 305 301 2.75 1.407 3.992 577 587 
1354 4.212 347 328 
1.291 4 .123 427 440 873 0.75 3.618 5.719 11 11 
1.243 4.054 501 515 1.00 2.669 5.159 39 36 
1.202 3.991 579 606 1.25 2.220 4.822 85 85 

1.50 1.953 4.585 147 159 
2.335 5.032 53 51 1.75 1.787 4.419 216 217 
1.896 4.638 130 126 2.00 1.676 4.304 281 281 
1.694- 4.431 210 210 2.25 1.596 4.2 12 347 357 
1.576 4.300 284 259 ?.50 1.535 4. 140 410 400 

Solubil ity equation 

17160 
log X AI,O, = 157.15 r- - 4.0BI log T - 4.241 log V 

-..------------------.------'"'"< 

, TAIILE 4C 

Solubility of albite in supercritical water calculated from solubility equations' soda 

V 
ppm ppm 

-log X Na Na T p V -log X cm'/gm (calc) ( calc) (observed) (OA) (k bars) cm'/gm ( calc) 
1.534 4.659 79 79 773 1.75 1.502 4.259 1.444 4.544 98 89 
1.382 

2.00 1.440 4.178 4.463 118 112 ; 2.75 1.333 4.025 1.333 4.392 140 140 3.00 
1.295 4.330 

1.305 3.988 
160 152 3.50 1.256 3.808 1.264 4.285 178 170 

1.213 4.200 217 218 823 0. 75 
1.178 2.989 5.228 4.137 251 231 1.00 2.248 4.802 1.146 4.078 287 280 1.25 1.932 4.556 

1.827 4 .778 
1.50 1.751 4.387 

57 62 1.75 1.632 4.263 1.631 4.580 90 94 2.00 1.549 4. 167 1.518 4.446 123 125 ?25 1.493 1.447 
.. 

4.355 4.102 
152 150 2.50 1.445 4.038 1.396 4.287 178 177 2.75 1.407 3.986 1.354 4.229 203 200 

1.291 4.1 35 253 24 1 873 0.75 3.618 1.243 5.363 4.051l 301 290 1.00 2.669 1.202 3.987 355 346 
4.9:12 

1.25 2.220 4.652 

2.355 
1.50 1.953 4.443 5.015 33 33 1.75 1.787 4.291 I .B96 4.6n 73 7(; , 
2.00 1.676 4.1 6B 1.694 4.478 11 3 III I 1.576 4.349 
2.25 1.596 4.091 154 157 2.50 1.5:1:) 4.020 .. 

Solublllty equatIon 

1 1.324 18134 7 
og X NatO = y- - 2.2751og V - ~ - 2.300 

=, .. --.. 

ppm 
Na 

(calc) 

190 
229 
325 
353 
537 

21 
59 
96 

144 
188 
235 
273 
315 
355 -

15 
40 
77 

124 
176 
234 
279 
329 

ppm 
Na 

(observed) 

189 
230 
325 
346 
545 

23 
67 

102 
148 
178 
214 
263 
310 
355 

15 
40 
77 

134 
165 
230 
2Bl; 
:119 

o 
;:! 
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Fortran computer program FLUFF. Examination of various stages of the 
regression procedure revealed that the first three stages of regression 
calculation accounted for virtually all the Yariation, the last two stages 
accounting for only 0.3 to 0.7 percent. Furthermore the regression coeffi· 
cients for the two least significant variables had t values less than 2.5, 
showing that they were not significant. The analysis was therefore ter· 
minated after three stages. The results are displayed in table 4. Values 
for V~ were taken from the tables of Kennedy (1950) and Sharp (1962). 

Experimental concentration data for SiO~ in albite solutions can 
be fitted with an error of less than 2 percent in the logarithm (about 
5 percent in the solubility), whereas data for soda and alumina can 
be fitted with an error of less than 3 percent in the logarithm (about 7 
percent in the solubility). These errors approach or are within the 
analytical errors. 

Al! three chemical species give markedly different types of solubility 
equations. The solubility of Si02 depends on PI T , l i T, and I / V in 
that order of importance, while that of Al depends on log V, I j T, and 
log T, and that of Na on log V, I j T, and I j V. The experimental data 
show that solutions of albite in supercritical water are non-stoichiometric 
under the experimental conditions; extrapolation of the data by means 
of the derived equations suggests that stoichiometric solution cannot 

--be achie\'ed at any temperature or pressure. 
In order to check the applicability of equation 12 to solubility 

data for other materials of geological interest, the data of 'Veill and Fyfe 
(19G4) were analyzed by the technique outlined above. The results are 
tabulated in table 5. The data could be fitted to equation 12 with a 
maximum 'error in the logarithm of about 0.7 percent. The variation 
was found to depend almost entirely on log V and l i T with a very 
weak (0.3 percent of variation) dependence of I j V. Jasmund (1952) 
deduced a similar equation from other data on the solubility of quartz. 
The considerably better fit of the equation to the data for quartz reo 
flects the better data [or quartz solubility than for albite solubility. It 
would be desirable to obtain data on the solubility of feldspars by the 
same method used for quartz (weight loss of individual plates). However 
this technique is applicable only if the solid dissolves stoichiometrically, 
a condition not obeyed by feldspars. 

The composition of the solute differs from that of albite in all 
parts of the pressure·temperature range studied . The experimental re­
sults show the Si0

2
j A1 20 " ratio to be in excess of that in albite (3.47) 

for all parts of the poT range (fig. 6), although the computed solubility 
eqi.lations shows a small poT region centered about 450°C and 1500 bars 
where SiOj Al "O" is predicted to be less than 3.47. The ratio SiOj Na 
is 7.83 in albite. In the solutions it \'aries from 4.57 to 19, in general 
increasing with temperature. Na is present in excess of the amount re· 
quired for albite at temperatures below 550oC, whereas at temperatures 
higher than 550° C the amount present is markedly less than required 
to form albite. From these clata it is clear that systematic motions of 
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solutions in contact with albite will proeluce chemical differentialion. 
"Vhether or not such differentiation is significant depends on the volume 
of solu tions and scales of transport involved. . 

The reported experiments give no direct informatIOn about the 
species in solution. It may be inferred from th.e. pH that the s~elium is 
dominanlly in ionic form. The long term stability of the solutIOns sug­
gests that silica and alumina must be bound up in reasonably stable 
hydrated complexes. The present treatment does not exclud: the possi­
bility that two or even all three of the components of albite may be 
present in each of the complexes. If this ~s the cas:, at le~s.t three c?m­
plexes must be present to explain the varymg" behavIOr of sIlica, alum!na, 
and soda. Assumin a that each of these complexes obeys the assumptions 
made in the prese~t treatment, the thermodynamic analysis presented 
above would be valid as far as equation (II), with the proviso that each 
complex contains one or more of the analyzed components. Now the 
number of moles of the analyzed component is related to the number 
of moles of the complex by 

qk = g q"u (13) 

where qk is the number of moles of analyzed component k in complex 
12

0
, and g is a constant. Equation (12) can now be rewritten as 
In x" = f(P,V,T) :::: In (q"u Iq2) = In(qk/gq~) = In Xk - In g 

u (14) 

In other words, equation (12) can be modified by the addition of a con­
stant only, to give the mole fraction of the analyzed componen~. ~he 
total amount of the analyzed component is easily found by summmg 
equation (14) over all complexes containing the component k 

In X k = ~(fi (P,V,T,) + In gi) (15) 
I 

This equation is identical in for.m to equation (12). T~e form of the 
solubility equations is therefore mdependent of the c~olce of ~nalyz:cl 
components; conversely the solubility equations can give no direct m­
formation on the species in solution. 

POSSIBLE GEOLOGIC SIGNIFICANCE OF ALBITE SOLUBILITY 

The maximum measurecl amount of albite componentli'c-present in 
solUlion of albite reported approximates 2 percent by weight. · Con­
sidering that the water content of rocks under plutonic conditions rarely 
exceeds 10 weight percent, the significance of solution processes appe.ars 
negligible. A model calculation however shows this simple conclusIOn 
to be deceptive. ., . 

Consider a dehydrating cylinder of radllls R, which might be a 
crystallizing pluton or a body of rocks undergoing progressive m~ta­
morphism. Let w be the weig'ht of water per unit volume expelle.d dUrl!lg 
the process. Then the total amount of water expelled by a nght slice 
across th~ cylinder of thickness dz is 

(16) 
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Now consider a cylindrical surface concenlric to the dehydrating cylinder 
but of radius r (greater than R). Consider a segment of this surface 
subtending angle dO and of height dz. Then if the water from the dehy­
drating cylinder migrates radically outward, the weight of water passing 
through the element of surface is , 

m = ( .. wR2dz d{;l) /2~ (17) 
Now the weight of material per unit area of a thin cylindrical shell of 
radius r and thickness dr is 

m. = Dr dO dz dr (18) 
where D is the density. Therefore the ratio of the weight of water passing 
through the layer to the weight of material in the layer is 

B = m/m. = wR2/2rD dr (19) 
B is inversely dependent on dr, hence for thin layers the weight of water 
passing through will be large compared to the weight of rock in the 
layer. Consider a layer I cm thick. Substituting into equation 19, some 
geologically reasonable values, W = 0.1 gms/ cc, R = I km (105), r = 10 
km (lOG), and D = 2.7 gms/ cc, yields B = 185. That is, a cylindrical body 
I km in radius, expelling 0 .1 gms/ cc of water, ,,'ill cause, at a distance qf 
9 km from its margin, a total flux of water 185 times the weight of rock 
locally present, assuming that none of the expelled water is trapped in 
the rocks immediately surrounding the pluton. 

Of course it is a matter of observation that this latter assumption 
is not true. Aureoles of hydrous minerals either in the body of the rock 
or along fractures commonly surround plutonic masses. ,,,Te might there­
fore replace (16) by the more realistic assumption that the amount of 
water transported falls off exponentially with distance from the margin 
of the dehydrating cylinder. 

m t = awR2 dz exp (-r/ R) (16A) 

The constant a can be evaluated by noting that (16A) must equal (16) 
at r = R, giving a = .. e. Substituting (16A) in (17) yields m place of 
equation (19) 

B = (wR2/2Drclr) exp (-r/ R + I) (19A) 

Using the same values as before, we find that a weight of water 0.02 times 
tHe weight of rock pasSes through a surface 9 km from the margin of 
the pluton and at a distance of 3.5 km from the margin of pluton B.......-33. 
Ev~n allowing for the escape of volatiles it seems clear that metamorphic 
or mtrusive processes of dehydration will procluce large fluxes of water 
through volumes many times the size of the dehydrating body. The in­
fluence of solutions must be far greater than their small amount and low 
concentration would suggest. 

Three important cases suggest themselyes: (I) solutions escape sud­
denly and rapidly from a dehydrating body, (2) solutions escape slmdy 
and uniformly uncleI' conditions where the SiO~ /0.'a ratio exceeds the 
stoichiometric ratio in albite, (3) solutions escape slowly and uniformly 
with Si0 21Na ratio less than that in albite. 
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The first possibility seems quite"phmsible for shallow intrusions that 
fracturc their roofs. Thc experimental results suggcst that solutions that 
rush off uncleI' disequilibrium conditions of this kind will be highly 
enrichcd in silica. Conversely the rocks from which the solutions are 
deri\'ed will be desilicatcd. A probable example of the operation of this 
proccss has been disco\'ered in the Belleoram adamellite stock, New. 
foundland (Ermanoyics, Edgar, and Currie, 1967). The adamcllite in­
trudes impen'ious, unfractured shales and slates without notable mar­
ginal effects. \Vhere it intrudes permeable, fractured conglomerate, a 
highly desilicated, s),enitic phase is developed with an imperceptible 
gradation from the intrusive into the conglomerate. Solubility experi­
ments on the adamellite sho"'ed that under disequilibrium conditions, 
silica solubility was highly enhanced, just as it is in albite. This sug­
gests that rapid loss of volatiles into the fractured, permeable conglo­
nierate desilica ted the solidified borders of the intrusion. At a distance 
of 2 km from the intrusive, a girdle of quartz veins is found that can 
be plausibly identified with the silica lost from the intrusive. 

Under deeper-seated conditions, a much slower, more uniform mo­
tion of solutions may be expected. The arguments advanced above show 
that at the lower end of the PI T range covered, the solutions will be 
relati\'el), soda and alumina rich. If the vein component in igneous and 
metamorphic complexes is identified with material deposited from solu­
tions, this reasoning suggests that veins in low grade rocks should be 
comparatively Na rich and quartz poor, while at higher grades they 
should contain free quartz. Conversely the (depleted) host rocks should 
be relatively rich in silica at low grades and become relatively richer in 
alkalies at higher grades. To a first approximation this is an accurate 
description of many metamorphic complexes. 

In the absence of data on potash and lime feldspars and on mix­
tures of feldspars and quartz, these conclusions are highly tentative. 
However preliminary work on the solubility of natural rocks (Er111ano­
vies, Edgar, and Currie, 1967) and work in progress on the solubility 
of other feldspars suggest that these conclusions are qualitatively correct. 
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