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On the existence of monoclinic NaAlSi308 
at elevated temperatures 

By H. D. GRUNDY, W. L. BROWN, and W. S. MAcKENzIE 

Depar tment  of Geology, The University,  Manchester 13 

[Read 3 November 1966] 

Summary. Measurements from powder diffraction patterns recorded at tem- 
peratures up to 950 ~ C for the supposed equilibrium forms of albite synthesized at 
800 ~ 900 ~ and 1000 ~ C by MacKenzie (1957) indicate that only the form synthe- 
sized at 1000 ~ C becomes monoclinic. Single-crystal measurements on heated pure 
natural albite (Ab99.2~) show that it becomes truly monoclinic, both in geometry 
and intensity distribution, at 930 ~ C, the same temperature as for the highest- 
temperature synthetic form. These experiments were carried out in conditions 
that exclude possible contamination by potassium. 

T HE evidence presented by  Brown (1967) on potassium contamina- 
tion of 'monalbite '  suggests the necessity for a re-examination of 

high-albite to see whether pure NaA1Sia0 s can become monoelinie before 
melting or not. Data  available in the l i terature and new data  presented 
here, both carried out under conditions tha t  exclude potassium con- 
tamination,  show convincingly tha t  the highest temperature form of 
albite does become monoclinie before melting. A revised definition of 
high-albite is given below. 

After X-raying a number of synthetic plagioclases and alkali feldspars 
a t  elevated temperatures,  MacKenzie (1952) found there was a dis- 
crepancy between the results obtained from plagioclase feldspars synthe- 
sized dry and those synthesized hydrothermally.  Fur ther  investigation 
revealed tha t  the temperature  of synthesis and subsequent heat  t rea t -  
ment  were the main causes of these differences. Fig. 1 summarizes the 
results of some of the experiments on synthetic albite and some plagio- 
clase compositions. The effect of dry  heating at  1030 ~ C and 1080 ~ C 
on an albite crystallized at  800 ~ C is to lower the extrapolated value of 
the temperature of its supposed triclinic-monoclinic inversion from 
1180 ~ C to 980 ~ C, the temperature  approaching tha t  est imated for pure 
albite (viz 920-4-20 ~ C) by  extrapolat ion of the curve for the dry-crystal-  
lized plagioelases. 

In  the same paper (MacKenzie, 1952, p. 332) i t  was s tated tha t  there 
were slight differences in the X-ray  powder pat terns  of hydrothermal ly  
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crystallized plagioclase feldspars depending (m the temperature of 
crystallization; this observation was subsequently more thoroughly 
investigated in the case of albite (MacKenzie, 1957) where it was found 
that in addition to the temperature of synthesis, time was also an 
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Fla. 1. Plot of the extrapolated temperature of the supposed monoclinic-triclinic 
transformation against composition for dry and hydrothermally synthesized albite- 

rich plagioclases. 

important factor. As a result of this later work a number of supposed 
equilibrium forms of NaA1SiaO s intermediate between high and Iow- 
albite were obtained and each of these related to a temperature of 
synthesis; in addition, a large number of non-equilibrium forms were 
synthesized. From this it is clear that the supposed equilibrium form 
of albite synthesized at say 900 ~ C is not the highest temperature form 
of albite and presumably is slightly more ordered than the highest 
temperature form of albite. 

A high-temperature X-ray powder diffraction study (using a diffracto- 
meter furnace with a Ni specimen holder) of the supposed equilibrium 
forms of NaA1SisO s synthesized by MacKenzie (1957) has now been 
carried out at a series of temperatures up to 950 ~ C and complete lattice 
parameters obtained (to be published). Data for the forms synthesized 
at 800 ~ 900 ~ and 1000 ~ C (MacKenzie, 1957, table III ,  nos. 225, 329, 
and 307) are given in figs. 2 and 3. As can be seen from fig. 2 the albite 
synthesized at 1000 ~ C becomes dimensionally monoclinic at a tem- 
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perature of about  930 ~ C. The albite synthesized at  900 ~ C does not  
appear  to become dimensionally monoclinie, and this is even clearer for 
albite synthesized at  800 ~ C (fig. 3). 
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FIG. 2. Plot of ~* and ~* against temperature for synthetic and heat-treated 
natural albite. 

Because the highest temperature  at ta inable with the diffractometer 
furnace used was 950 ~ C, a single-crystal precession s tudy up to 1050 ~ C 
has been made of heated pure natura l  albite ($404, Ab09.26 from an 
analysis by  Weibel in Brown, 1960). The mater ial  was sealed in a 
p la t inum tube and heated for 31 days at  1060 ~ C. No signs of melting 
were observed. A fragment of this mater ial  was mounted without  
cement by  sintering to a P t /P t -13  ~ thermocouple for 30 minutes 
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at  1100 ~ C and then  hea ted  in a gas flame and photographed  using ul t ra-  

high-speed Polaroid film (exposure t imes 5-10 minutes).  The results are 

shown in figs. 2 and 3, f rom which the  great  s imilar i ty  to the  albi te 
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Fro. 3. Plot of ~* agains~ y* at a series of temperatures read from curves of the 
type in fig. 2. Same materials as in fig. 2 with, in addition, data for albite synthe- 

sized at 800 ~ C, indicated by crosses •  Other symbols are as in fig. 2. 

synthesized at  1000 ~ C is apparent .  F r o m  fig. 2 i t  can be seen t h a t  the  

curves  for ~* and ~,* against  t empera tu re  can be ex t rapo la ted  to  90 ~ 

a t  abou t  930 ~ C. Precession photographs  t aken  a t  two higher  tempera-  

tures  show tha t  the  crystal  has indeed become dimensional ly  mono-  

clinic. Pairs of reflections tha t  differ marked ly  in in tens i ty  a t  room 

tempera tu re  become equal  a t  abou t  930 ~ C and remain  so on photo-  
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graphs at  higher temperatures  (fig. 4). Thus not only is the crystal  
dimensionally monoclinic above 930 ~ C, but  the intensity distr ibution is 
also monoclinie. In  addition, the crystal  developed weak albite twin- 
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Fro. 4. Plot against temperature of intensity ratios hkl : hlcl from precession photo- 
graphs (hkO reflections •  Okl reflections O) for a crystal of albite heated for 31 

days at 1060 ~ C. 

ning during heating in the gas flame ; no pericline twinning was seen on 
these short exposure photographs. 

Thus for the heated natural  albite, and by  analogy for the albite 
synthesized at  1000 ~ C, the evidence is conclusive tha t  a t  temperatures  
above 930 ~ C both materials become t ruly  monoclinic. 
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The term high-albite may have to be more rigorously defined in 
order to avoid confusion in the literature--we suggest restricting the 
usage to materials obtained by synthesizing albite at temperatures close 
to the melting point or by prolonged heating of natural or synthetic 
albites at temperatures close to the melting point. Materials synthesized 
at lower temperatures, even those having lattice parameters at room 
temperature identical to those of high-albite defined above, do not con- 
form to this definition of high-albite: high-albite cannot be defined on 
the basis of its lattice parameters at room temperature alone (Grundy, 
in preparation). 
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