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SUM MARY. Previous investigations have been confined to individual members or to small composi- 
tional ranges of the amblygonite-montebrasite series. The present study is a survey based on twenty- 
two specimens in the range Amb~Monso to Amb~o.Mon8 (i.8-11.8 % fluorine), and indicates that the 
fluorine content may be related both qualitatively and quantitatively to differences in the X-ray 
powder patterns. Fully indexed powder data to d ~ 1.68 ,~ and derived cell parameters are given for 
four members of the series. There is no evidence of a break in the continuity of the series. The first 
British occurrence of both amblygonite and montebrasite is reported from a pegmatite vein in aplite 

at Meldon, Okehampton, Devonshire. 

I Y the course of  an examination of  a number  of  specimens of  presumed amblygonite 
and montebrasite collected by the late Mr. A. W. G. Kingsbury at the old aplite 
quarry,  Meldon, Devonshire, we noted marked differences between the X-ray powder 
patterns. It was by no means clear from published data that all the specimens belonged 
to the series, and variations in powder patterns of  different specimens of  montebrasite 
(Quensel, 196z ) were less than we observed. Other workers (Fisher, I958; Kittrick 
and Hope, I967) distinguish between amblygonite and montebrasite on the basis of  
spacing and intensity differences of  the three strongest lines of  the patterns, and on 
comparisons of  single crystal diffraction patterns with powder patterns, but their 
reference samples are inadequately characterized and their data too scanty. The 
powder patterns figured by Pough and Henderson (1945) are indistinct, and are not 
supported by chemical analyses. 

Twenty-two specimens of  amblygonite and montebrasite were selected for apparent 
homogeneity,  and powder prepared from each was used for partial chemical analysis 
(table l) and both photographic and diffractometer records of  the powder  patterns. 
Careful examination of  the photographic  powder patterns showed that it is possible 
to distinguish four general types of  pattern, here designated A, AB, B, and C (fig. l). 
Diffractometer records, mentioned below, permit division of  the AB pattern-type 
into two (fig. z). 

For  chemical analysis, between 15 and 7o mg of  the powder were fused with five 
times their weight of  sodium carbonate, extracted with 4o ml of  I : I sulphuric acid, 
transferred to a distillation flask, and the fluorine steam-distilled. Fluorine was deter- 
mined on the distillate by the zirconium-eriochrome-cyanine method of  Megregian 
(t954). Alkalis were determined by flame photometry on a sulphuric acid solution. 

Comparison of  the chemical and X-ray results shows that there is a correlation 
between pattern-type and fluorine content (fig. 4)- The replacement o f  lithia by soda 
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has no obvious effect on the pattern type;  specimen S, al though near the upper edge 
of  the AB group, retains AB affinities as firmly as specimen R which has a much 
lower soda content. No  specimen of  true natromontebrasi te  was studied. Fig. 4 also 
shows that there is a tendency for high-fluorine samples to contain more soda, but this 
may be a function of  the geological environment rather than the crystal chemistry. 

TABLE I. Localities, partial chemical analyses, and values of  20131(Cu-Kcx ). The speci- 
mens are lettered from E to Z, in order of increasing fluorine content. The values 0f  20131 
were obtained from diffractometer traces; 0.I ~ has been subtracted throughout to obtain 

better agreement with the photographic data of  table H 

Spec. % F % Na~O % K 2 0  % L i 2 0  2013a Spec.  % F % N a 2 0  % K~O % LizO 20131 

E t  I ' 8  0"3 ~ o ' I  9"I 52 '22  ~ 
F 2"0 0"7 ( o . I  8 '6  52"25 
G 2.2 o ' I  t r .  9 '9  52 '32  
H 2"3 0-2 ~ o.I  9 ' I  52 '20  
][ 2" 7 o . I  ~ o.1 9 ' 6  52 '25  
J 2"7 <~ o ' I  t r .  9 ' 8  52"45 
K 3"2 I ' 7  ~ o.I  9"3 52"45 
L 3 '2  0"5 0"5 9"5 52"35 
M 3"5 o.1 o,2 Io .  4 52 .42 
NJ" 3"9 o'L t r .  9"4 52 '43  
O 4 ' I  t r .  t r .  9"8 52"49 

P 4 '2  t r .  t r .  9 '8  52 '45  ~ 
Q 4"5 1.2 t r .  9"6 52"56 
R 5 , I  o .6  t r .  8"8 52"45 
S 5 '2  3 '2  0"6 6"9 52"40 
T 5"4 0.2 0"3 9"7 52 '47  
U 5 '5  ~ o.I  t r .  I o ' o  5 2 ' 6 0  
V 6"4 I ' 7  ( o , I  9"o 52"65 
W t  8"2 I 'O t r .  9 '5  52"70 
X 8 "9 I "9 t r .  8 '4 52 "9o 
Y 9"7 I ' 3  o ' I  9 '2  52 '97  
ZJ" I I . 8  1-2 t r .  8.8 52-91 

E (BM 45956), W (BM 44421), X (BM I9O8,344) : 
Montebras, Creuse, France. 

F (BM I947,75): Tip Top mine, Custer, Custer 
Co., South Dakota, U.S.A. 

G (BM 1946,67): Varutr~isk, Skelleftea, Viister- 
botten, Sweden. 

H (BM 87153): Carmelita mine, Caceres, Spain. 
I (BM 1929,15o4): I2 miles E. ofPte du Bois and 

I mile S. of Winnipeg river, Manitoba, Canada. 
J (BM 19zi,491): Amblygonite mine, Caceres, 

Spain. 
K (BM 1925,961): West Arm, King's Table, 

Northern Territory, Australia. 
L (BM I961,34I): Vern6~ov, nr. A~, Bohemia, 

Czechoslovakia. 
M (BM 1963,221): Nevel mine, Newry, Oxford 

Co., Maine, U.S.A. 

N (BM 5o27o), T (BM 46004): Mt. Mica, Paris, 
Maine, U.S.A. 

O (BM I9O5,5): Pala, San Diego Co., California, 
U.S.A. 

P (BM I961,2): Bikita mines, Southern Rhodesia. 
Q (BM 1929,95): Black Hills, South Dakota, 

U.S.A. 
R (BM 1929,147): Ubini, Coolgardie, Western 

Australia. 
S (BM 1912,II6): Canon City, Fremont Co., 

Colorado, U.S.A. 
U (BM 1934,11): Greenwood, Oxford Co., 

Maine, U.S.A. 
V (BM 1926,5o8): Lady Don tin mine, Euriowie, 

New South Wales, Australia. 
Y (BM 969o2), Z (BM 142741): Chursdorf, nr. 

Penig, Saxony, Germany. 

t Specimens E, N, W, and Z were used for calculation of cell parameters and the indexed powder 
data (tables II and III). 

Photographic  methods, including Guinier records (fig. I ) ,  failed to resolve satis- 
factorily a prominent  group of  powder diffraction lines between 26 ~ and 29 ~ 20. 
(Cu-K~), but  a Philips diffractometer gave good resolution at the following settings: 
Cu-Kc~ radiation, 4o kV, 20 m A;  scanning speed I ~ a0/min, chart  speed r600 m m / h  
(approx. I " / I  ~ 20); ratemeter aoo counts/sec, time constant  I sec; slits r ~ 0.I mm, 
and I ~ The reflections were indexed (see below) by means o f  the calculated data in 
table II, and grouped into five pattern types broadly referable to the visual group- 
ings already mentioned;  visual pattern-type AB, with the largest number  o f  samples 
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involved, may be divided into two. Representations of the traces typical of each group 
are shown in fig. 2; the subsidiary diagram below the traces shows the range of move- 
ment of the six reflections, and it will be seen that the change in pattern is largely 
caused by two reflections (~2T and o~.I) moving in the opposite direction to the other 
four (o11, Ho, ~2o, and loT)with changing fluorine content. 

FIG. I. Philips (I I4"6 mm dia.) and Guinier powder patterns 
of specimens in the montebrasite (A)-amblygonite (C) series, 
Cu-Ka radiation. Letters A-C refer to pattern types, E-Z to 
the specimens (table I). The I3t reflexion and the group re- 

solved by diffractometer (fig. z) are marked. 

Pattern A, representing specimens EFGHI,  corresponds to about 1�89 % fluorine; 
pattern A-AB, specimens JKLMN, to 3-4 %; pattern AB-B, specimens OPQRST, to 
4-5�89 %; and pattern C, specimens XYZ, to more than 8�89 % fluorine. The boundary 
between patterns B and C is the least certain, and lies in the range 7 % (by diffracto- 
meter) and 8�89 % (by film). Unfortunately pattern B includes the halfway point of the 
series, and since so few of our specimens lie in this region we cannot be certain of its 
limits. 

It must be emphasized that our grouping into pattern types is subjective, and the 
placing of a particular pattern as being closer to one or other types is a matter for 
personal judgement. There is no evidence whatever in the present study to suggest any 
discontinuity in the series, and our criteria for the grouping into pattern types are 
presented in figs. I and 2. 

Amongst various diffraction lines whose positions vary appreciably with composi- 
tion of sample, I3I (fig. t) moves fairly uniformly and has the advantages of good 
intensity and a spacing well clear of the strongest lines of likely contaminants, notably 
apatite. A pair of lines would have been preferable, since measurement of their 
angular separation would have eliminated zero errors, but none were found. Values of 
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FIG. 2. Drawings of representative diffractometer traces of the six reflections, lo i  
ITo, I2~, oI I, I20, and o~I, related to powder pattern type. The horizontal lines 
show the movements of the peaks from pattern A to pattern C; I i0  changes 

places with I2T, i20 with o~.I. 
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2O(Cu-Kc~) for 131 are listed in table I, and shown plotted against fluorine content in 
fig. 3. The line of best fit (the 'Kummell line', Hey, t969)passes through the mean 
at 4"84 % fluorine and 52.49 ~ 20, giving the relation: wt % fluorine z ( i2.91• 
(20131--52"I2~ The calculated correlation coefficient, r -- o'94, is high. The constant 
t e rm (52.I2) may require minor adjustment for the zero error of the diffractometer. 
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Ftas. 3 and 4: FIG. 3 (left). Plot of 201a 1 against fluorine content, Cu-Ka radiation; numerical values 
are given in table I. The hollow square marks the mean, and has sides equal to the estimated errors 
(o'5 % fluorine, o-o5 ~ zO). Fie. 4 (right). Plot of fluorine content related to soda content. The abscissa 
indicates the soda content in terms of the natromontebrasite-montebrasite series. The indications of 

pattern type are common to both figures. 

The indexed powder pattern in the ASTM file stops at a d-spacing of 2"334 A, but 
thanks to the kind co-operation of our colleague Dr. R. J. Davis we have been able to 
extend the indexing to 1-68 A for each of four patterns (table II) using his line- 
enumeration computer programme. We have also used his programme to obtain cell 
parameters for the same specimens, one at each end of the composition range and two 
intermediates (specimens E, N, W, and Z, tables I and III). Table I lI  also gives four 
sets of cell parameters from the literature, of which only one is associated with a 
chemical analysis (Haapala, 1966); the data given by Simonov and Belov 0958) have 
been recalculated to the unit cell of Palache, Richmond, and Wolfe (z943) which, 
although not a reduced cell, is the one most commonly in use and is employed through- 
out the present paper. Fig. 5 is a plot of the cell parameters against fluorine content, 
together with the corresponding regression lines calculated for the four specimens of 
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T A B L E I I I. Cell parameters for amblygonite-montebrasite series. E, N, IV, and Z are 
the specimens studied in this paper (localities in table I ) ;  estimated errors are o.I % 
in dimensions and o.I ~ in angles. Specimen I: Palache, Richmond, and Wolfe (1943). 
Specimen 2: Baur (I959). Specimen 3: Haapala 0966) .  Specimen 4: Simonov and 

Belov (1958) 

a(A) b(A) c(A) c, fl r V(h 3) 

i 5"I8 5"18 
Montebrasite 5" 189 

5"174 
',3 5"I75 

I 
W 5'I66 

Amblygonite Z 5"I48 
t4 5'16 

7 "II 5'03 112"O4 ~ 97"83 ~ 68"I3 ~ - -  
7"I5 5"04 I I2"I I 97"80 67"89 - -  
7'I73 5"040 1 I2"50 97"90 67"8I I60"5 
7"I64 5"O44 I12"70 98"02 67'78 I59'7 
7q73 5"047 II2"89 98"08 67"67 - -  
7"192 5"O6O II3'35 98"24 67"6O 159"6 
7"215 5"060 I I3"97 98"64 67"25 I58"4 
7"2I 5"06 I13"20 97'90 67"53 - -  

6 7"7- o ~( 

67'2 

98~4 

97"9 

113'5 

112'5 

1 
5"04 

5'91 
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FIG. 5. Cell parameters plotted against fluorine content. Vertical bars 
indicate the estimated parameter errors (-co.1% dimensions, •  ~ 
angles). Calculated regression lines drawn through the means (hollow 

triangles). Data of Haapala (I966), hollow circles. 

this paper ;  Haapa l a ' s  data ,  p lo t ted  for the de termined fluorine content  2.06 ~o, 
would  lie a lmost  exactly on the lines of  all six parameters  at  a f luorine content  of  5 %. 
The remaining three sets of  l i terature  da ta  fit less closely and have no t  been p lo t ted  
on fig. 5, but  it  would  appear  tha t  two (Baur,  I959; Palache,  R ichmond ,  and  Wolfe,  
I943) lie well over towards  montebras i te  while the other  set (S imonov  and  Belov, 
I958) shows a scatter on the amblygoni te  side of  the hal fway mark.  I t  is possible  tha t  
this represents a real  compos i t iona l  difference and is re la ted to the differences between 
the structures de te rmined  by  S imonov and Belov (~958) and Baur  (I959), which were 
commented  on by Pabs t  0 9 6 0 .  
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Rotation photographs of a single crystal of montebrasite were taken with Cu-K~ radiation 
around [IOO], [IIO], and [ooi] and superposed on powder photographs taken under the 
same conditions. Values of h, (k+l ) ,  and l were thus obtained for each powder line (or 
group of unresolved lines), and in conjunction with the computer-enumerated line positions 
the relative magnitudes of the contributions of several reflections to the same line could be 
deduced. On this basis it was possible to eliminate many reflections as too weak to make a 
significant contribution to the powder intensity, and to extend a largely unique set of line 
indices well beyond the limits of unique indexing based on line positions alone. Dr. Davis 
informs us that experience with examples where cell dimensions can be more accurately 
determined by other methods shows that least-squares estimates of errors are unreliable, 
and that cell dimensions and angles are accurate only to o'2 % and about o ' I  ~ 

Mos t  of  the specimens tha t  we have s tudied were label led ' amblygon i t e ' ,  bu t  less 
than  a quar ter  of  the to ta l  conta in  the 6"5 % or more  o f  fluorine to qual ify for the 
name. I t  may  no t  be a val id general izat ion to state that  amblygoni te  is less c o m m o n  
than  montebras i te ,  but  Rober ts  and  R a p p  (I965) have expressed the opin ion  that  
' U p o n  further investigation,  many  of  the repor ted  occurrences of  amblygoni te  [in the 
Black Hills, South  Dako ta ]  will, in all probabi l i ty ,  prove  to be mon teb ras i t e ' .  We  
have del iberately  omit ted  opt ical  studies f rom the present  survey, and  hope  that  our  
work  will s t imulate fur ther  invest igat ions of  this series. 

The amblygoni te  and  montebras i te  specimens f rom Meldon  have no t  been chemic- 
ally analysed,  and are, therefore not  included in this survey; their  identif ications are 
based on pa t te rn  types only. Unfor tunate ly ,  Mr. Kingsbury  left no notes  about  the 
occurrence apa r t  f rom the fact that  he had  picked the pieces f rom a f ragmented  peg- 
mat i te  vein in the old  aplite quarry.  We must,  therefore, be content  with a bare record  
until fur ther  specimens are found.  
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