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M A R K B O R I S O V I C H E P E Ľ B A U M * 

THE STRUCTURE AND PROPERTIES OF HYDROUS GRANITIC MELTS 

(Figs. 8) 

A b s t r a c t : T h e p r e s e n t p a p e r indicates that cons iderat ion of mel ts 
a p p r o a c h i n g m a g m a s in composi t ion as a solution of chemica l com­
p o u n d s r a t h e r t h a n oxide m i x t u r e s enables one to give a n a c c u r a t e 
descr ipt ion of the i r proper t ie s . T h e w a t e r - m e l t i n t e r a c t i o n is t h o u g h t 
to involve : a) t h e f o r m a t i o n of a chemica l c o m p o u n d on w a t e r disso­
lut ion in t h e albit ic m e l t ; b) pre ferent ia l chemica l i n t e r a c t i o n w i t h wa­
ter of s t r u c t u r a l u n i t s w h i c h conta in Al ; ! + ion; c) t h e p r e s e n c e of m o ­
lecular w a t e r and h y d r o x y l groups a t any tota l w a t e r contents . All this 
ev idence is at v a r i a n c e w i t h t h e p o p u l a r B u r n h a m model . 

P e 3 ío M e: B paóoTe iioKasano, MTO paccMOTpcnne ÓJIH3KHX no cocraBy K 
MarMaM pacn.naBOB ne KBK CMCCH OKHCIOB, a KaK pacTBqpa xmviimecKHx 
COeÄHHeHHH n03B0JlHeT VÄaHHO OnHCaTb 1IX CBOHCTBa. OTHOCHTCU-HO B3aHM0-
aeiicTBHH pacnjiaBa c BOAOM yTBep>KaacTCH: a) cpopMiipoBaimc XHMmieCKHX 
coeÄHHeHiin tipu pacTBopeHHH Boau B pacn.TSBe a./ibónTa; 6) xHMHqecKoe B3an-
MOAeňCTBue c BOÄOÍÍ B nepeyio oqepe.o.b s.'ieMenTOB crpyRTypu, coÄep/Kaumx 
HOH Aľ !+; B) HajiiHHe BOÄH B pacn.naBax B ÄByx tpopMiax, nmpoKCH.ibHo'í 
H MOjieKV.lSipHOH, npaKTHICCKH npH JlIOÚblX CC CyMMapHbl.X KOHUeHTpaiIHHX. 
Bcc STO npoTHBopeiHT niHpoKO pacnpocTpaHeHHOíí MO/ie/i B c p H e M a. 

A n u m b e r of h y p o t h e s e s t h a t h a v e b e e n p r o p o s e d on t h e s t r u c t u r e of m e l t s 
a r e k n o w n t o fai l t o g i v e a c o m p r e h e n s i v e e v a l u a t i o n of t h e s t r u c t u r e a n d n o r ­
m a l l y b e a r o n s o m e p a r t i c u l a r p r o p e r t y . I t is no t a s y e t p o s s i b l e t o d e v e l o p s o m e 
c o m m o n b a s i s t o a c c o u n t f o r t h e w h o l e b u l k of a v a i l a b l e e v i d e n c e o b t a i n e d b y 
d i f f e r e n t m e t h o d s . T h e r e f o r e , i t s e e m s r e a s o n a b l e t o d e v e l o p s u c h h y p o t h e s i s 
w h i c h w h i l e c o n f o r m i n g t o t h e speci f ic t a s k w i l l b e b a s e d o n t h e s o u n d p h y ­
s i c o - c h e m i c a l bas i s . 

T h e m o r e c r i t i c a l p r o b l e m i n t h e p e t r o l o g y of m a g m a t i c r o c k s is r e l a t e d w i t h 
t h e c r y s t a l l i z a t i o n p r o c e s s . C o n s e q u e n t l y , t h e p r e f e r e n c e s h o u l d b e g i v e n t o 
h y p o t h e s e s b a s e d on t h e a n a l y s e s of c o m p o s i t i o n p r o p e r t i e s of m e l t p a t t e r n s 
i n t h e n e a r - l i q u i d u s r e g i o n a n d also t a k i n g i n t o c o n s i d e r a t i o n t h e a v a i l a b l e 
e v i d e n c e o n t h e c h a n g e s i n T of t h e l i q u i d u s . 

A s e a r l y as 1916, L e v i n s o n - L e s s i n g ( L e v i n s o n - L e s s i n g , 1950) 
w r o t e t h a t all o x i d e s i n t h e m o l t e n m a g m a a r e g r o u p e d i n t o c o m p o u n d s 
a c c o r d i n g t o t h e i r d e g r e e of a f f in i ty . T h i s c o n c l u s i o n w a s d r a w n a t a t i m e 
w h e n i n f o r m a t i o n o n t h e p r o p e r t i e s of s i l i c a t e m e l t s w a s e x t r e m e l y s c a n t . 
H o w e v e r , i n t h e l a s t 70 y e a r s t h e v a l i d i t y a n d r e l e v a n c e of t h i s a p p r o a c h h a s 
b e e n c o n f i r m e d . T h e m o r e c o n v i n c i n g p r o o f w a s o b t a i n e d b y c o m p a r i n g for­
m a t i o n e n e r g i e s of c o m p o u n d s f r o m o x i d e s w i t h m e l t c r y s t a l l i z a t i o n h e a t s 
( t h e f o r m e r is b y f a r l a r g e r t h a n t h e l a t t e r ) . I n o u r v i e w , t h e p h a s e r e l a t i o n s 
i n m a g m a t i c s y s t e m s a n d c h a n g e s i n m e l t p r o p e r t i e s w i t h c o m p o s i t i o n a r e b e s t 
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described with the melt considered in terms of a solution of chemical com­
pounds (minals) which normally m a k e up phases crystallized from the melt. 

The occurrence of chemical compounds in the melt has been observed in 
m a n y studies, w h e r e the inflections in the property — composition curves 
correspond to definite stoichiometric compounds. This was inferred, in particu­
lar, from our generalization of data on the density and refraction indeces for 

glasses and the melt densities in the 
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system R 2 0 — S i 0 2 and RO—SiOj 
(E p e ľ b a u m, 19980). The inflections 
in the composition — proper ty curves 
correspond to stoichiometric com­
pounds. In Fig. 1 this is shown for 
the volumetric properties. Inflections 
were also observed on compositions 
curves for glasses in t e r n a r y systems, 
in particular, on the joins S i 0 2 — 
NaA10 2 ; Si0 2Ca(A10 2)2 (L i s e n e n-
k o v — V a s i l y e v , 1979) and others, 
which correspond to albite and anor-
thite. Electrochemical studies also con­
firmed the occurrence of compounds in 
the melts N a 2 0 — S i 0 2 ( S h a k h m a t -
k i n — S c h u l z , 1980; L e p i n s k y 
— M a n a k o v, 1977). 

The presence of chemical compounds 
in melts has been firmly confirmed in 
studies on mineral dissolution in melts 
( E p e l ' b a u m , 1980). In some cases, 
the species travel in the melt as a com­
plex (with the mineral ' s stoichiometry), 

as if contrary to the inherent diffusion coefficients of different oxides they con­
sist of. In our experiments they were anorthi te and nepheline. Finally, usibility 
curves d r a w n for carefully chosen components (minals) provide for a good 
agreement between the experimental liquidus lines and those calculated by 
S c h r o d e r ' s equation. Consideration of various possible minals, determi­
nation of melt ing enthalpy for the crystallizing phase from the fusibility curves 
and comparison with independent thermochemical measurements help in t u r n 
to those the more likely composition of the minal (E p e ľ b a u m, 1983). 

It will be noted that t reat ing in the melt as a solution of compounds is 
a simple way to explain the petrologically relevant pat terns of cotectic shifts 
occurring in complex system when a new component is added. The formation 
of compounds in the melt is responsible for the eutectic changes in the systems 
and forms the s tructural — chemical basis for the acid-base interaction effect. 
We have shown this earlier ( E p e l ' b a u m — K u s n e t s o v , 1980) discussing 
K u s h i r o' s work. It is seen from Fig. 2 that both the character and extent 
of the shifts are related in the most general way to the type of the compound 
being formed (the rat io of components ' melting enthalpies, the degree of disso­
ciation of the new compound are by all means important, but still, the general 
relationship mentioned above does exist). 

Fig. 1. Correlation between the inflec­
tions on the curves molar volume — 
composition in binary R.O-SÍO., system 

and stoichiometric compounds. 



HYDROUS GRANITIC MELTS 493 

The problem of compounds in melts was studied by M y s e n and co-workers 
(S h a r m a — V i r g o — M y s e n. 1978 and others) who determined the structu­
res of a variety of glasses and melts of different composition from R a m a n 
spectroscopy and identified in t h e m a set of definite anionic groupings (within 
the certain range of NBO/T). The most essential result derived from these 
works in the presence of discrete s tructural anionic units such as SiO/,'1", SiO;r~, 
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Fig. 2. A shift in the eutectics on addi­
tion of the third species is due to the 
formation of new compounds in the sys­

tem. 

Fig. 3. Changes in the molar volume of 
the melts 1.273 FeO • SiO, — 1.273 CaO 

SiO., after G a s k e 1 1. 

SÍ2O.-,-" and others. Our findings are consistent with M y s e n's in this respect. 
However, none the less important in the mode in which anions combine with 
cations compensating for their charges — the fact often neglected on the 
assumption of sufficiently complete electrolytic dissociation. The type of 
groups, i. e. type and concentration of part icular minals in the melt define the 
way' in which its properties change. To il lustrate this idea as well as advantages 
of the proposed hypothesis in the interpretat ion of data on melt properties, let 
us consider our t rea tment of L e e and G a s k e l ľ s results on the volumetric 
properties of melt in the system CaO—FeO—SiOj . Fig. 3 shows the molar volu­
me curve for the melts 1.273 FeO • SiO, — 1.273 CaO • SiO, from G a s k e l ľ s 
work (G a s k e 11, 1982). Consideration of molar volume variations in this 
binary system using t radi t ional method reveals entirely unaccountable changes 
in component's part ial molar volumes at calcium silicate contents above 
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50 mol. °/o. However, the composition of the melt can be represented as a mixtu­
re of orthosilicate and metasilicate. According to the max imum polarity rule, 
the addition of calcium silicate to the iron silicate should lead to the recombi­
nation of cations and anions to yield calcium metasilicate and iron orthosili­
cate, as shown in Fig. 4. Up to point "k" (57 °/o calcium silicate) only wollastonite 
molecules are formed in the melt. 

8 

° 0 0 .4 0 . 8 1.0 
1.273FeO.SiOz 1 .273Ca°-Si0 2 

mole f r a c t i o n 

Fig. 4. The melt density — composition relations in the system 1.273 FeO • SiO^ — 
1.273 OaO • SiO;> are allowed for accurately if the melt is considered as a solution 
several compounds (the partial volumes of the compounds are assumed constant). 

However, further increasing of the calcium silicate fraction from 57 to 
79 mol. °/o will change the picture. The fayalite minal is replaced by the ferrous 
montichellite. Then at a concentration above 79 mol. °/o the molecules of r ank i -
nite should appear. Accordingly, straight lines are drawn across the marginal 
areas in the graph towards the respective ordinated. The line which connects 
the points k and m on the ordinates passes through the experimental point 
unfortunately the only one, as it is. Consequently, there is a good agreement 
between the experiment and hypothesis, and the system considered as solutions 
of minals, are described additively, i. e. they are virtually ideal. The determined 
partial volumes of the species-minals are constant and given in Fig. 5. 

Now consider problems bearing on interaction between water and melt. 
It is interesting to determine the effect water has on the liquidus relations in 
the system albite-water ( E p e l ' b a u m , 1983), see Fig. 5. The enthalpy of mel­
ting turns out to be very close to the experimental value obtained by other 
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m e t h o d s a s s u m i n g t h e f o r m a t i o n of A b • 2H2O ( a n a l c i m e m i n a l ) . T h i s a s s u m p t i o n 
m a k e s i t poss ib le to e x p l a i n t h e p o s i t i o n of t h e Q — A b co tec t i c in t h e s y s t e m 
i n v o l v i n g H jO . T h e c a l c u l a t e d d a t a a r e in g o o d a g r e e m e n t w i t h t h e e x p e r i ­
m e n t a l l y d e t e r m i n e d co tec t i c l i n e on the a s s u m p t i o n t h a t A b 2H^O is f o r m e d 
in t h e m e l t . C o n s e q u e n t l y , d i s s o l u t i o n of w a t e r , a t l e a s t in t h e s e s y s t e m s , can 
b e c o n s i d e r e d in t e r m s of f o r m a t i o n of c o m p o u n d s . 

The composition of the "second component,, 
in the system Ab-rUO as determined 

form the Ab-melting data 
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Fig. 5. With the sui table choice of com­
ponents a r easonab le ag reement can be 
achieved be tween T u 111 e and B o-
w e n' s resul ts and the theore t ica l cotec­

tic in the system Q-Ab-H-,0. 

Fig. 6. Posi t ions of the d iscont inui ty 
points on the plot the mola r vo lume ver­
sus wa te r content for the a luminosi l ica te 
glasses a re defined by the i r AUOs con­

tent . 

I t s h o u l d b e n o t e d t h a t t h e s e r e s u l t s a r e a t v a r i a n c e w i t h t h e w e l l - k n o w n 
B u r n h a m m o d e l (B u r n h a m , 1975). 

W e h a v e f o u n d t h a t t h e r e is a d i s c r e t e r e l a t i o n s h i p b e t w e e n t h e g lass p r o ­
p e r t i e s a n d w a t e r c o n t e n t in t h e m e l t (Fig. 6) a n d t h a t t h e r e a c t i o n of w a t e r 
d i s s o lu t i on in t h e a l u m o s i l i c a t e m e l t i n v o l v e s Al : ! ' , po s s ib ly in t h e f o r m of 
S i - O - A l . T h i s t r a n s p i r e s f r o m b o t h c o r r e l a t i o n of t h e i n f l ec t i ons in t h e F ig . 6 
w i t h AloO;} c o n t e n t in m e l t s a n d also f r o m c o m p a r i s o n of t h e c u r v e s s h o w i n g 
t h e c h a n g e s i n t h e p a r t i a l p r o p e r t i e s of s i l i ca tes w i t h c o n t e n t of d i f f e r e n t 
spec ies as i n d i c a t e d in F ig . 7. T h e s e o b s e r v a t i o n s , t oo c o n t r a s t w i t h B u r n h a m 
s c h e m e . 

B u r n h a m s ' m o d e l w h i c h s t a t e s t h a t t h e m o l e c u l a r w a t e r d o e s n o t a p p e a r 
in t h e A b - H a O m e l t b e l o w 50 m o l . % t o t a l d i s so lved w a t e r is a l so a t v a r i a n c e 
w i t h r e c e n t d a t a for h y d r o u s g la s ses in t h e n e a r - i n f r a r e d . A c c o r d i n g to S t o 1-
p e r ( S t o l p e r , 1982) v i r t u a l l y all g l a s ses c o n t a i n b o t h m o l e c u l a r w a t e r a n d 
h y d r o x y l g r o u p s . O u r i n d e p e n d e n t a n d s i m u l t a n e o u s s t u d y of t h e w a t e r a l b i t e 
g l a s ses g a v e s i m i l a r r e s u l t s . T h e s e t s of d a t a a r e s h o w n in F ig . 8. T h e d i f f e r e n c e 
is t h a t in o u r r e s u l t s h y d r o x y l g r o u p s a r e t h e d o m i n a n t spec ie s u p t o 5.3 w t . °/o 
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total water . S t o l p e r ' s view that the two forms of water are present in the 
melt at low total dissolved water contents agrees wi th our spectroscopic da ta : 
both molecular water and hydroxyl groups were detected in the spectrum of 
a glass obtained at 50 bars H2O. This alone is sufficient to make B u r n h a m ' s 
model invalid. Fur themore , it seems useless to recalculate molecular weights 
of all melts to the molecule containing eight oxydens as B u r n h a m did. The 
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Fig. 7. Correlation between the A120:! content in glasses and change in the partial 
properties of anhydrous silicate on transition to higher water contents. 

seemingly general pa t te rn of water solubility in different melts breaks down 
once one takes into account the variations in the tempera ture dependence of 
solubility in acidic and basic melts, or significant differences in water solubility 
between feldspar melts ( O x t o b y — H a m i l t o n , 1978). Moreover, we consider 
such generalizations totally inadequate because they describe the acid — bass 
interaction between the melt and water with no allowances made for the 
start ing acidity of the melt. Rather, it seems more necessary to find such 
a description of water dissolution which would allow for the dependence of the 
water solubility on the melt composition. 

With regard to the above data interaction wi th water, it should be said that 
they suffer from the same disadvantage I had already ment ioned: being ob­
tained by different methods, they often lead to conflicting conclusions: on the 
one hand, the compound Ab • 2rL>0 may be formed, on the other — the inter­
action of water with the Si-O-Al unit seems to be possible as well; and finally, 
the presence of both molecular water and hydroxyl groups is established. 
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Indeed, it does not as yet seem possible to work out a self-consistent quant i ta­
tive model to account for all these results. On the qualitative side, however, 
the situation is not as bad as that, because water dissolution in such melt 
involves interaction with the Si-O-Al unit of the albite molecule. At the same 
t ime molecular water is not necessarily to be thought as physically dissolved 
but it may occur in the same form as that found in zeolites. So, the general 
formula of the new molecules approaches Ab • 2H-iO. 

F u r t h e r s tudy is needed to test the validity of the proposed scheme. 

Fig. 8. The infrared spectroscopy ana­
lysis clearly indicated that both molecu­
lar and hydroxyl water is present in the 

melt. 
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