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Abstract. Ammonium feldspar was grown hydrothermally 
from a gel, having a st6chiometric A1203' 6SIO2 composi- 
tion. As a source for NH~,  a 25 percent NH3 solution 
was used. Internal Cr/CrN and graphite/methane buffers 
fixed the fugacity of NH3 during the experiments. Unit 
cell parameters of the synthetic ammonium feldspar are 
a: 0.8824 (5) nm, b: 1.3077 (8) nm, c: 0.7186 (4) nm, ~: 
116.068 (12) °, V: 0.7448 (34) nm 3. The X-ray powder dif- 
fraction pattern is measured and indexed in accordance to 
the space group C2/rn. Infrared and thermal gravimetric 
analyses provide no evidence for the presence of structurally 
bound water molecules in the crystal structure of synthetic 
ammonium feldspar. Hydrothermally grown anhydrous 
ammonium feldspar is shown to be identical to the mineral 
buddingtonite by the similarity of the data between the 
synthetic and natural materials. There may be justification 
for considering natural buddingtonite as an anhydrous feld- 
spar with the ideal formula NH4A1Si308. Reexamination 
of natural specimens is desirable. 

Introduction 

The mineral buddingtonite (NH4A1Si3Os.1/2H20) was first 
described by Erd et al. (1964) as a monoclinic ammonium 
feldspar with zeolitic water. It occurs as a replacement of 
plagioclase in an ammonium rich hot spring system of Sul- 
phur Bank, Lake County, California. Wet chemical, infra- 
red, thermogravimetric and differential thermal analyses 
provided supportive evidence for the presence of zeolitic 
water in natural buddingtonite. Erd et al. (1964) stated that 
the mineral is an anhydrous phase above 430 ° C. Gulbrand- 
sen (1974) found buddingtonite in the Meade Peak Member 
of the Phosphoria Formation, SE Idaho, USA, where it 
is the principal constituent of a mudstone interval between 
two phosphate rich beds. It is probably of diagenetic origin. 
Kimbara and Nishimura (1982) found buddingtonite in the 
T6shichi Spa, Iwate Prefecture, Japan. The mineral occurs 
as a replacement of plagioclase in a hydrothermally altered 
pyroclastic rock. Loughnan et al. (1983) described the oc- 
currence of uniformly distributed buddingtonite through- 
out the upper part of the Condor Oilshale Deposit in 
Queensland, Australia. The buddingtonite in the Condor 
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Deposit is also thought to be of a probable diagenetic ori- 
gin. 

Synthetic ammonium feldspar is reported in only a few 
studies. Barker (1964) synthesized a nearly pure budd- 
ingtonite (97.3 percent of the theoretical NH2)  through 
a cation exchange reaction between NH4C1 and synthetic 
alkali feldspar (OrsAbgs) at 550°C and 2000 bar. Hallam 
and Eugster (1976) determined the stability relations of the 
ammonium silicates buddingtonite and tobelite, the ammo- 
nium analogue of muscovite (Higashi 1982). They used the 
Cr/CrN and graphite/methane buffers and proved that rela- 
tively high values of fNn3 are necessary for the formation 
of ammonium feldspar. 

Because the presence of structurally bound water mole- 
cules remains questionable, we have examined synthetic am- 
monium feldspar by means of X-ray diffraction, thermal 
analysis, infrared absorption and scanning electron micros- 
copy. 

Experimental Techniques 

The starting material for the ammonium feldspar synthesis 
consisted of coprecipitated gels, with a composition of 
A1203.6SIO2, prepared according to the method of Hamil- 
ton and Henderson (1968). The chemicals used for the gel 
preparations were Al(NO3)3 (Merck no. 1063, p.a.) and 
T.E.O.S. (Merck-Schuchardt No. 800658, p.a.). A 25 per- 
cent NH3 solution (Merck No. 5432, p.a.) was the ammoni- 
um source. Ammonia was added in excess. Chromium 
powder (Ventron No. 00672), chromium nitride powder 
(Ventron No. 49112) and graphite (Norit) were applied for 
the buffering of the ammonia fugacity during the reaction, 
following the method described by Hallam and Eugster 
(1976). 

The A 1 -  Si gel was placed in an unsealed platinum tube. 
This tube was tightly crimped on both sides and placed 
in a larger platinum tube, welded on one side, and contain- 
ing Cr and CrN in known amounts. Subsequently, the am- 
monia was added. The outer tube was welded with a car- 
bon-arc while it was constantly cooled in a water bath. 
The platinum capsule was placed in a larger gold capsule, 
welded on one side and containing a known amount of 
graphite. The gold capsule was welded under cooling from 
a water bath. The synthesis experiments were carried out 
in externally heated cold seal pressure vessels (Tuttle 1949). 
Argon gas was the pressure medium. The experiments were 
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Table l .  Experimental results. P = 2 Kbar 

Run nr. T Run Quench 
time time 

in in in 
°C days min a 

Phases produced 

RK/8 550 10 15 
RK21 c 590-550 5 15 
RK33 c 660-570 10 15 
JV85A-E88 600 14 15 
JV85B-E89 600 14 15 
JVll0-E205 600 18 15 
JVl10-E206 600 18 15 
JV/t0-E207 600 18 15 
JV96A-E127 600 14 5 
JV96B-E128 600 14 5 
JV96C-E129 600 14 5 

buddingtonite + minor tobelite b 
buddingtonite + minor tobelite b 
tobelite + quartz 
buddingtonite + minor tobelite 
buddingtonite + minor tobelite 
buddingtonite + minor tobelite 
buddingtonite + minor tobelite 
buddingtonite + minor tobelite 
buddingtonite 
buddingtonite 
buddingtonite 

a times by approximation for cooling to room temperature. Quench times differ slightly for different 
run temperatures 
b SEM-photographs of the run products are shown in Figure 3 a and b 
c slow cooling to the lower temperature 

run at 2 kba r  to ta l  pressure in the tempera ture  range region 
of  660-550 ° C at  either constant  or  decreasing temperature.  
F o r  the lat ter  experiments a p rogrammable  temperature  
control ler  (Eurotherm) was used. The experimental  condi-  hkl &kt I/Io 
t ions and results are summarised in Table 1. Temperatures  obs 
were measured with chromel-alumel  thermocouples  and are (~) 
considered to be accurate to __ 5 ° C. The pressure was read 110 6.78 25 
from a bourdon- type  pressure gauge which was cal ibrated 020 6.54 35 
against  a Heise precision gauge o f  which the accuracy is 001 6.47 25 
+ 10 bar. After  quenching with compressed cold air the cap- i l  1 5.93 50 
sules were reweighed to check for leakage. The buffer mate-  ~01 4.336 100 
rials were checked by X R D  and appeared  never to be ex- 111 3.989 45 
hausted.  Optical  examinat ion with a polaris ing microscope 130 3.820 75 
showed ammonium feldspar as colourless grains, generally i31 3.643 15 

112 3.470 40 about  10-30 I~m length. The largest crystals appeared  to 
220 3.390 90 

be too small for a well oriented determinat ion  of  the optical  ~02 3.323 60 
properties.  In  general, the yield of  successful ammonium 040 3.269 40 
feldspar synthesis runs was at least abou t  98 percent.  I f  002 3.234 90 
no other  phases could be identified with XRD,  optical  mi- 131 3.020 40 
croscope and SEM, the sample was considered to be pure 222 2.963 25 
buddingtoni te .  Tobeli te  is often found as a minor  phase 041 2.918 20 
(Table 1) and it is considered to occur as a run produc t  
from insufficiently rapid  quenching, because its stabili ty 
field is t raversed during cooling. 

Analytical Methods 

The X-ray  powder  diffract ion pat terns  have been obtained 
with a Guinier  FR552 (Enraf  Nonius)  focussing camera 
using CuK~I radiat ion.  Heat ing stage X-ray diffraction was 
carried out  using a H T  Guinier  CuK~I (Enraf  Nonius  
FR553) focussing powder  camera.  A heating rate of  25 ° C 
per h was appl ied from 20 ° C to 1020 ° C. F o r  determinat ion 
of  the unit  cell parameters ,  silicon powder  was taken as 
internal  s tandard.  Peak posi t ions and intensities have been 
recorded in this procedure  with a double  beam recording 
microdensi tometer  ( M K  I I ICS;  Joyce and Loebl  & Co Ltd). 
The unitcell refinements were made  with the computer  pro-  
gram U N I T C E L L C  (Strom 1976a). Thermogravimetr ic  
analysis were made in air  with a Dupon t  1090 Thermal  
Analyser  with a heating rate of  10 ° C per minute. Infrared 

Table 2. X-ray powder diffraction data of hydrothermally grown 
buddingtonite 

hkl dhkt I/Io 
obs 
(&) 

022 2.899 20 
311 2.870 15 
i32 2.776 10 
512 2.656 20 
~41 2.611 30 
240 2.522 15 
i51 2.434 12 
330 2.260 15 
060 2.180 18 
24l 2.154 12 
i52 2.116 8 
422 2.056 15 
222 1.994 15 
400 1.982 15 

absorp t ion  spectra were measured from powdered  samples 
in KBr  disks, with a Perkin Elmer 580 IR  spect rophotome-  
ter. F o r  morphologica l  analysis, the run products  were ex- 
amined by means of  a Cambridge  S150 or M600 scanning 
electron microscope.  

Results 

X-ray Powder Diffraction 

The dhk~ values of  buddingtoni te ,  given by Erd et al. (1964), 
Gulbrandsen  (1974), K imba ra  and Nish imura  (1982) and 
Loughnan  et al. (1983) are indexed according to a primit ive 
P-cell. Kimbal l  and Megaw (1974) suggest a C-cell symme- 
try for the holotype buddingtonite .  We have indexed the 
pa t te rn  of  synthetic ammonium feldspar according to a C 
centered unit cell, as in the case of  high sanidine (Ribbe 
1963). The dhkt values o f  the hydrothermal  ammonium feld- 
spar  and their  intensities are listed in Table 2. The lattice 



Table 3. Unit cell parameters of hydrothermally grown buddingtonite 

Space a (nm) b (nm) c (nm) fl(°) V (nm 3) 
group 

C2/m 0.8824 (5) 1.3077 (8) 0.7186 (4) 116.068 (12)  0.7448 (34) a 
0.8804 (2) 1.3024 (3) 0.7183 (1) 116.105 (18) _b 
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a This work 
b D.E. Appleman in Kimbal and Megaw (1974). Natural holotype buddingtonite from the Sulphur Bank 
Deposit. Figures in parentheses represent the estimated standard deviation and refer to the last decimal 
place 
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Fig. 1. TGA (solid line) and DTG 
(dashed line) curve of ammonium 
feldspar 

parameters are given in Table 3. They are in good agree- 
ment with the values reported by Kimball and Megaw 
(1974) for natural buddingtonite from the Sulphur Bank 
Deposit. 

In HT-XRD, the ammonium feldspar pattern does not 
change up to approximately 650 ° C. Above this tempera- 
ture many lines grow weaker and eventually fade in the 
temperature region of 770 to 830 ° C. Above 830°C the 
structure is amorphous. These results agree with those of 
Loughnan et al. (1983). They mention that the XRD-pat- 
tern of a heated natural buddingtonite from the Condor 
Oilshale Deposit remains virtually unaffected up to 500 ° C. 
Remnants of the feldspar pattern could be traced by them 
to about 750 ° C. The temperature interval of 770 to 830 ° C 
found for the breakdown of the synthetic ammonium feld- 
spar in HT-XRD marks the onset of its decomposition in 
the thermogravimetric analysis of Figure 1. In the TGA 
the silicate decomposed between 800 and 900 ° C. In a TGA 
applying the same heating rate as in the HT-XRD, the 
decomposition took place between 750 and 850 ° C. 

Thermogravimetric Analysis 

The decomposition reaction of anhydrous ammonium feld- 
spar may be written as follows: 

2 NH4A1Si3Os -~ 2 NH3 + H20 q- 6 SiO2 +A1203 

Taking the formula as NH4A1Si3Os, the ideal weight loss 
should be 10.1 weight percent. Figure 1 shows a thermogra- 

vimetric analysis of pure ammonium feldspars. Below 
400 ° C no weight losses are detected. At about this tempera- 
ture, the sample starts to lose weight very slowly. The total 
weight loss is approximately 9.5 weight percent and it oc- 
curs mainly between 800 and 900 ° C. It is in good agree- 
ment with the ideal value. A DTG-curve, calculated from 
the weight loss data shows a large peak at 870°C with 
a small shoulder at about 800 ° C. The peak and the 
shoulder may be attributed to the loss of 2NH3 + H20 ac- 
cording to the above reaction. A TGA (not shown), with 
the same heating rate as the HT-XRD, yielded a loss of 
9.6 weight percent. If  we assume that ammonium feldspar 
is represented by the formula NH4A1Si308" 1/2H20, like 
natural buddingtonite, the ideal weight loss would be 13.1 
weight percent. This value diverges strongly from the exper- 
imental results. Erd et al. (1964) report, however, a weight 
loss of 12.0 weight percent for natural holotype budd- 
ingtonite. Loughnan et al. (1983) recorded a total weight 
loss of 11.7 weight percent for natural buddingtonite, 
heated to 600 ° C. 

IR-Spectroscopy 

Figure 2 shows the spectra of the KBr carrier material, at 
20 ° C and when dried at 120 ° C and the spectra of ammoni- 
um feldspar from the run JVII0-E206 (Table 1) at 20, 120 
and 450 ° C in the spectral range of 4000~400 cm- 1. A spec- 
trum of synthetic tobelite, NH4AIzSi3A1Olo(OH)z , 
(Voncken et al. 1987) is added for reference. The absorption 
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Fig. 2. IR spectra of KBr blank at 20 ° C and 120 ° C, and of ammonium feldspar (run JV110-E206) at 20, 120 and 450 ° C. The ammonium 
feldspar spectrum at 20°C was corrected for the KBr spectrum at 20°C by placing the blanc KBr disk in the reference beam. A 
spectrum of synthetic tobelite is added for reference 

maxima of  synthetic ammonium feldspar are listed in Ta- 
ble 3, together with the IR  data given by Erd et al. (1964). 
The maxima at 3300, 3070, 2850 and 1435 c m - t  are due 
to the stretching and bending vibrations of  ammonium (Shi- 
gorova et al. 1981 ; Hori  et al. 1986). An excellent agreement 
exists between the absorption maxima of  the synthetic and 
natural buddingtonite, except for the absorption maxima 
at 3412, 1620 and 731 cm -1, which occur in the natural 
buddingtonite spectrum. Erd et al. (1964) assigned the 
3412 c m -  ~ frequency to residual water in stretching mode 
and the 1620 cm -1 to the bending mode vibrations o f  
water. They attributed the band at 3650-3500 cm -~ to 
structurally bound water as a results of  a comparison be- 
tween the IR-spectra of  buddingtonite and N H  +-montmor-  
illonite. Even though the maximum at 3630 c m - a  in our  
buddingtonite spectra could be explained by the presence 
o f  water molecules (Hofmeister and Rossman 1985; Beran 
1986), there exists another and more plausible explanation. 
The mineral tobelite has one of  its strongest absorption 
maxima at 3630 cm -a (Voncken etal .  1987). As tobelite 
occurs in several runs as a secondary phase (Table 1), the 
absorption maximum at 3630 cm a in our ammonium feld- 
spar spectra can better be explained by the presence of  
small amounts o f  the ammonium mica. 

Crystal Morphology 

The structure of  the feldspars is formed by tetrahedra of  
(Si, A1)O4, linked to each other in three dimensions. Large 
cations fill the open spaces in the tetrahedral network. The 
crystal faces of  high sanidine can be classified by the PBC 
method into relatively slow growing F-faces and others, 
less important  for the crystal morphology.  The most  impor- 
tant o f  the F-faces (F1 faces) are parallel to at least two 
PBC's o f  strong Si, Al-bonds. They are {110}, {001}, {010}, 
{frO1}, {111}. F2 faces which are parallel to one PBC with 
only Si, A1 bonds and one PBC with additional weaker 
K - O  bonds, are {130}, {021}, {221}, {1-12}, {100} and 
{101} (Woensdregt 1982). 

The crystals shown in the Figures 3 a and 3 b could be 
indexed either by direct measurement of  interfacial angles 
or by means of  the computer program C A M E R A  (Strom 
1976 b). The pictures display characteristic habits of  hydro- 
thermally grown buddingtonite crystals. The experiments 
were made at either constant (550 ° C) or decreasing temper- 
ature (10 ° C per day, from 590 to 550 ° C), but no difference 
in crystal morphology was observed. The tiny euhedral 
crystals (up to 0.05 mm) show {010}, {110}, {100}, {001} 
and {]01}, while {130} is occasionally observed. 
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Fig. 3. (A) Buddingtonite crystal, grown at 550 ° C, 2 kbars. (B) Buddingtonite crystal, grown at 590-550 ° C, 2 kbars. The white flakes 
on the crystal faces are small NH,~-mica crystals (tobelite), believed to have been formed during quenching 

Table 4. IR absorption maxima of hydrothermally grown and natu- 
ral buddingtonite in em 1 

(1)" (2) b (1)" (2) b 

3650-3600 785 
3412 
3296 715 
3068 618 
2848 580 
1620 545 
1419 470 
1117 420 
1034 

3630 c 

3300 
3070 
2850 

1435 
1115 
1025 

785 
731 
711 
621 
583 
546 
466 
425 

a This study 
b Erd et al. (1964) 
c attributed to tobelite impurity 

The morphology of hydrothermally grown ammonium 
feldspar does not essentially differ from that of natural 
buddingtonite (Erd et al. 1964), and the agreement between 
the habits of buddingtonite and high sanidine is an indica- 
tion that their crystal structures are very similar. 

Discussion 

In the feldspar structure little space is left for structural 
water, the cations occupy the main part of the cavities in 
the tetrahedral framework. Erd et al. (1964) reported for 
natural buddingtonite the chemical composition NH4A1- 
Si308-1/2H20, suggesting a zeolitic nature for the half 
mole of water. Kimball and Megaw (1974) stated in their 
interim report on the X-ray structural investigations of the 
holotype buddingtonite specimen: " I f  the chemical formula 
proposed for buddingtonite by Erd et al. (1964) is correct, 

the half mole of water would appear to be completely disor- 
dered." 

The X-ray powder diffraction pattern of synthetic am- 
monium feldspar can be indexed satisfactorily on the basis 
of the C2/m space group symmetry. There are some slight 
differences between the X-ray powder diffraction pattern 
of the synthetic ammonium feldspar and reported patterns 
of natural buddingtonites. The 6.47 and 2.116 A reflections 
in the pattern of the synthetic material have not been ob- 
served in patterns of natural material. A reflection at 
3.60 A, observed in all natural buddingtonite patterns, ex- 
cept the one given by Loughnan et al. (1983), could not 
be identified with certainty in the pattern of the synthetic 
silicate. The 3.129 ~ reflection reported by Erd et al. (1964) 
does not belong to buddingtonite and represents an impuri- 
ty (R.C. Erd, pers. comm., 1987). The differences observed 
in the X-ray powder diffraction patterns may be caused 
by differences in the techniques applied. We used a Guinier 
powder camera, in contrast to the other workers mentioned 
above, who used a diffractometer. The X-ray diffraction 
and morphological data indicate a close similarity between 
synthetic ammonium feldspar and high sanidine. 

The calculated density from our unit cell volume is 
2.29 g.cm 3. From the unit cell data of Erd et al. (1964), 
using the anhydrous formula, a value of 2.31 g.cm -3 can 
be calculated, and similarly, a value of 2.30 g.cm 3 is ob- 
tained from the data of Kimbara and Nishimura (1982). 
Erd et al. (1964) calculated a value of 2.38 g.cm 3, using 
the hydrous formula. These authors measured, however, 
a specific gravity of 2.32 g. cm 3 for the holotype material. 
Gulbrandsen (1974) measured a specific gravity of 2.36 g. 
cm-3, but stated that the analysed grains were typically 
clouded with minute inclusions, that are presumed to be 
mostly organic matter, illite and iron oxide. Its appears, 
that our calculated density is in good agreement with values 
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calculated for na tura l  buddingtoni tes  and the measured 
value for the holotype material .  

H T - X R D  analysis of  synthetic ammonium feldspar 
gives no indicat ion of  a significant change in the crystal 
structure upon  heating. The T G A  curve shows the absence 
of  zeolitic water  since no weight loss is observed beneath 
400 ° C. Structural  water  in alkali  fe ldspar  may  however 
persist  up to 900 ° C (Beran 1986). Volatiles are slowly re- 
leased between 400 and 800 ° C, whereas the decomposi t ion  
of  ammonium feldspar takes place very rapidly  at  higher 
temperatures.  The max imum rate o f  weight loss is reached 
at  870 ° C. The total  weight loss is in accordance with the 
formula  NH4A1Si3Os. Al though  we explain the 3630 c m -  1 
band  in the IR-spect ra  by the presence o f  secondary tobe-  
lite, very minor  replacement  of  M-si te  ammonium by struc- 
tural  water  remains possible. As the molecular  weights of  
water  and  ammonia  are very similar, this would result in 
only a very minor  change in the T G A  data,  

The D T A  curves o f  Erd et al. (1964) show 2 b road  exo- 
thermic peaks,  the first one at  608 and the second one at  
814 ° C, They state:  " t he  larger b road  exothermic peak  at  
608 ° C p robab ly  represents loss of  ammonia ,  and the signif- 
icance o f  the smaller exothermic peak  at 814°C is not  
known . "  These authors  a t t r ibute  a small endothermic  band 
at 119°C to loss o f  water.  The unexplained D T A  peak 
suggests the presence o f  an unidentif ied phase in the original 
sample. The occurrence of  an unidentif ied ammonium-bear -  
ing phyllosil icate could explain the larger weight loss re- 
corded for natura l  type buddingtoni te  with respect to its 
synthetic counterpar t  in TGA.  I f  we take, on the basis of  
our  experimental  results, tobeli te as a possible impuri ty,  
about  30 percent by weight of  this mineral  would be neces- 
sary to explain the difference in weight loss between the 
holotype buddingtoni te  and our synthetic material .  There 
is no sign o f  any of  the tobeli te reflections in the X R D -  
pa t te rn  of  the holotype buddingtoni te .  Small amounts  of  
montmorr i l loni te  are present,  but  do not  show on the X-ray  
diffract ion pa t te rn  o f  the type mater ia l  (R.C. Erd, pers. 
comm.,  1987). 

At  present, the large differences in T G A  results between 
synthetic and  natura l  mater ial  can not  be explained. Re- 
examinat ion of  natura l  buddingtoni te  might  shed more  
light on this subject. 

Conclusions 

1) Hydro the rmal ly  grown anhydrous  ammonium feldspar 
is shown to be identical to the mineral  buddingtoni te  as 
is borne out  by the similari ty o f  the da ta  between the syn- 
thetic and na tura l  materials.  

2) Synthetic ammonium feldspar and high sanidine have 
similar crystal structures, as is evidenced by X-ray diffrac- 
t ion and crystal morpho logy  data.  

3) There may  be just i f icat ion for considering natura l  
buddingtoni te  as an anhydrous  feldspar with the ideal for- 
mula  NH4A1Si3Os. 
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References 

Barker DS (1964) Ammonium in alkali feldspars. Am Mineral 
49:851-858 

Beran A (1986) A model for the allocation of water in alkali feld- 
spars, observed from infrared spectroscopy investigations. Phys 
Chem Minerals 13 : 306-310 

Erd RC, White DE, Fahey JJ, Lee DE (1964) Buddingtonite, an 
ammonium feldspar with zeolitie water. Am Mineral 
49: 831-857 

Gulbrandsen RA (1974) Buddingtonite, ammonium feldspar in the 
Phosphoria Formation, Southeastern Idaho. J Res US Geol 
Survey, Vol. 2, nr. 6:693-697 

Hallam M, Eugster HP (1976) Ammonium silicate stability rela- 
tions. Contrib Mineral Petrol 57:227-244 

Hamilton DL, Henderson CMB (1968) The preparation of silicate 
compositions by a gelling method. Mineral Mag 36:832-838 

Higashi S (1982) Tobelite, a new ammonium dioctahedral mica. 
Mineral J 11:138 146 

Hofmeister AM, Rossman GR (1985) A spectroscopic study of 
irradiation coloring of amazonite: structurally hydrous, Pb 
bearing feldspar. Am Mineral 70:794~804 

Hori H, Nagashima K, Yamada M, Miyawaki R, Marubashi T 
(1986) Ammonioleucite, a new mineral from Tatarazawa, Fu- 
jioka, Japan. Am Mineral 71 : 1022-1027 

Kimball MR, Megaw HD (1974) Interim report on the crystal 
structure of buddingtonite. In: MacKenzie WS, Zussman J 
(eds) Feldspars. Proc. NATO ASI on Feldspars, Manchester. 
Manchester Press, pp 81-86 

Kimbara K, Nishimura T (1982) Buddingtonite from the TBshichi 
Spa, Iwate Prefecture, Japan. Kobutsugaki Zasshi, J Mineral 
Soc Jpn 15:207-216 (In Japanese, with English Abstract) 

Loughnan FC, Roberts FI, Lindner AW (1983) Buddingtonite 
(NH4-feldspar) in the Condor Oilshale Deposit, Queensland, 
Australia. Mineral Mag 47 : 327-334 

Ribbe PH (1963) A refinement of the crystal structure of sanidin- 
ized orthoclase. Acta Crystallogr 16: 426-427 

Shigorova TA, Kotov NV, Kotel'nikova YeN, Shrnakin BM, 
Frank-Kamenetzkiy VA (1981) Synthesis, diffractometry and 
IR-spectroseopy of micas in the series from muscovite to the 
ammonium analogue. Geochem Int 18:76-82 

Strom C (1976a) UNITCELLC, An interactive APL program for 
computing cell constants. Geol Mineral Institute, State Univer- 
sity of Leiden, The Netherlands 

Strom C (1976b) Indexing crystal faces on SEM photographs. J 
Appl Crystallogr 9:291597 

Turtle OF (1949) Two pressure vessels for silicate-water studies. 
Geol Soc Am Bull 60:1727-1729 

Voncken JHL, Wevers JMAR, Van der Eerden AMJ, Bos A, Jan- 
sen JBH (1987) Hydrothermal synthesis of tobelite, 
NH4AlzSi3A101 o(OH)2, from various starting materials and im- 
plications for its occurrence in nature. Geol Mijnbouw 
66: 259-269 

Woensdregt CF (1982) Crystal morphology of monoclinic potassi- 
um feldspars. Z Kristallogr 161:15-33 

Acknowledgements. The authors thank A. van der Eerden for his 
advice and help in the laboratory, G. Kastelein for his technical Received July 14, 1987 


