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T HIS new nlineral was first found by a miner named Cann in 1903 
or 1904 on the 480-foot level of the Bultfontein mine at Kim- 

berley. It  occurred, associated with calcite, apophyllite, and natrolite, 
in a large ' horse ' of dolerite and shale fragments enclosed in kim- 
berlite. This huge inclusion, several hundred feet in height, un- 
doubtedly formed part of the country-rock that now encloses the 
]~imberlite pipe. The Specimens of the new mineral were considered 
to be natrolite and were presented to Mr. A. F. Williams. Several 
years later the same mineral was found by Mr. C. E. Adams in the 
Dutoitspan mine, which is located about half a mile from the Bult- 
fontein mine; he presented his specimens to the MacGregor Museum at 
Kimberley. Recently, Mr. Miller, Underground Manager of the Jagers- 
Iontein mine in Orange River Colony, discovered the new mineral 
in that mine, which is located 100 miles south-east of Kimberley. 

1 Mr. John Parry, Chief Chemist of the De Beers Consolidated Minos st; Kim- 
berley, died on October 6, 1931. 
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After the description of the new mineral afwillite 1 had been pub- 
lished, Mr. Williams realized that the specimens of bultfonteinite 
in his Collection were di~erent from natrolite and probably repre- 
sented a new mineral, Accordingly, at his request, the material was 
investigated chemically by Mr. Parry, Chemist of the De Beers 
Consolidated Mines, and found to be unlike any mineral heretofore 
described. Likewise its crystallographical and optical properties, 
determined by Mr. Wright at Mr. Williams's request, proved that it 
is a new mineral of interesting properties. 

The determinative work on this mineral has not been an easy 
matter and the results obtained are not of the highest accuracy 
because of its relatively poor crystallographical development, its 
intricate polysynthetic twinning phenomena, and its peculiar chemi- 
cal composition. In this connexion it may be stated that without 
the use of the Fedorov universal stage the optical measurements 
which have been obtained would hardly have been possible. 

The significant chemical feature of bultfonteinite is the presence of 
fluorine and its resemblance in chemical aspects to the mineral 
afwillite. The chemical analysis and tests were made chiefly on 
material from the Bultfontein mine. Part of a large pink radial 
spherulite measuring an inch and a half in diameter served for the 
several tests and determinations. This is the only radial spherulite 
of large size that has thus far been discovered. The remaining few 
specimens of the mineral are small radial spherulites, either attached 
to larger calcite crystals or to the country-rock matrix. Calcite and 
bultfonteinite were deposited in part simultaneously; however, the 
formation of bultfonteinite continued after that of calcite. Somewhat 
later small crystals of a second new mineral, a hydrous calcium 
sulphate, still to be described, were deposited. Individual crystals 
of bultfonteinite project out as radial extensions from small 
spherulites. 

The methods followed in the chemical analysis were standard. In 
addition to the analysis a number of special tests were performed 
to ascertain the exact nature of the substance and its relation to 
afwillite. 

From this analysis the Iormula 2Ca(OH,F)~.SiO 2 can be deduced, 
although the agreement is not close, especially with reference to the 
silica and lime. A more exact agreement is given by the formula 
!ICa~0H,F)2.5SiO 2. The analyses computed from these formulas 

1 j .  Parry  and F. E. Wright,  Min. Mag., 1925, vol. 20, p. 277. 
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are  l i s ted in co lumns  4 and 5 of tab le  1. In  both  cases the  a lumina  

and ferric iron oxide  are  inc luded  wi th  the  l ime. The ma te r i a l  was 

ca re fu l ly  selected for the  chemica l  analysis  ; e x a m i n a t i o n  of the  large 

p ink  spheru l i te  failed to revea l  the  presence of substances  o the r  than  

bu l t fon te in i t e .  

TABLZ 1. Chemical analysis of bultfonteinite. (Analyst, John Parry.) 

Per cent. Molecular ratios. 2Ca(OH,F),.SiO:~. llCa(OI-I,F)2.5SiO 2. 
SiO 2 ... 26.50 ... 0-4412 . . . . . .  28-58 . . . . . .  26.68 

AlzOs ) . . . .  0-72 ... 0.0055 . . . . . .  - -  
Fe20 a I . . . . . .  
CaO ... 54.20 ... 0.9666 . . . . . .  53.37 . . . . . .  54.79 
H20 ... 13.36 ... 0.7414 . . . . . .  13.06 . . . . . .  13.40 
F . . . . . .  8-81 ... 0-4637 . . . . . .  8"63 . . . . . .  8'87 

1 0 3 . 5 9  . . . . . . . . . . . .  1 0 3 . 6 4  . . . . . .  1 ~ . 7 4  

Less O ... 3 . 7 1  . . . . . . . . . . . .  3.64 . . . . . .  3-74 

99-88 100.00 100.00 

The fo l lowing chemica l  behav iour  character izes  bu l t fon te in i tc .  

The powder  rubbed  down wi th  a l i t t le  wa te r  and then  fi l tered yie lds  

a solut ion showing s t rong  a lka l ine  reac t ion  wi th  l i tmus  and phenol-  

ph tha le in .  The  a lka l i  in so lu t ion  was found to be ca l c ium hydrox ide  

and tha t  only.  The fine powder  mois tened  first wi th  water  and then  

mixed  wi th  d i lu te  hydroch lo r i c  acid  and shaken v igorous ly  produces  

a f irm clear  je l ly .  On t r ea t ing  the  powder  wi th  s t rong  acids  g rea t  

hea t  is at  once genera ted .  When  0"1 g ram of ti le subs tance  is t r ea t ed  

with  wa te r  and then  wi th  10 c.c. of ha l f -normal  hydroch lo r i c  acid 

a clear  solut ion is ob ta ined  a lmos t  a t  once. W h e n  a definite a m o u n t  

of powdered  bu l t fon te in i t e  is shaken wi th  a measured  q u a n t i t y  of 

pure wate r  and t i t r a t e d  a t  conven ien t  in te rva l s  wi th  s t andard  acid, i t  

is found t h a t  ca lc ium hydrox ide  is being con t inuous ly  dissolved,  

u n t i l ,  af ter  a p ro longed  con tac t  of several  days,  a to t a l  l imi t ing  

a m o u n t  of 41.2 ~ l ime  (CaO) is t aken  up. When  a defini te  q u a n t i t y  

of bu l t fon t e in i t e  powder  is d issolved in a measured  q u a n t i t y  of 

s t andard  acid and the  unused  acid is de te rmined ,  i t  is found  t h a t  the  

a m o u n t  of l ime thus  t aken  up is 41.2 %. When ,  however ,  the  

bu l t fon te in i te  powder  is first s t rongly  hea ted  over  a b l a s t - l amp  and 

then p laced  in pro longed  con tac t  wi th  pure  water ,  measu remen t s  

show tha t  the  to ta l  l imi t ing  q u a n t i t y  of l ime  taken  up is 16.8 % 

l ime (CaO). 

These  react ions are  easi ly under s tood  if the  fo rmula  is wr i t ten  

2Ca(OH)2.2SiO 2+CaF2.Ca(OH)2.  Th.e t o t a l  a m o u n t  of l ime  e n t e r i n g  

M 2  
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into solution on prolonged contact with water is then represented 

by Ca(OH)2 in the second part  of the formula. On heating to a high 
temperature calcium metasilicate is formed; only the free Ca() not 
combined with silica or fluorine is then reacted upon by water. Ex- 

pressed in these terms the analysis reads: 

TA~L~ 2. Recast of analysis of bultfonteinite. 
I. la. 2. 2a. 

SiO~ . . . . . .  2 6 . 5 0  2 6 . 5 3  2 6 . 5 0  26.64 
Al2Oa ) 

t . . . . . .  0.72 0.72 - -  - -  
F%Os 
CaO* . . . . . .  24 -74  2 4 . 7 7  2 4 . 7 4  24-87 
CaO~ . . . . . .  16-46 1 6 . 4 8  16-77 16.86 
CaF 2 . . . . . .  18:10 18 .12  18-10  18.20 
HzO . . . . . .  13.36 13.38 13.36 13-43 

99-88 100-(~ 99 ' 47  10().0() 

* Portion of lime which on beating combines with silica to form calcium meta- 
silicate. 

+ Excess of free lime over and above that needed to form calcium metasili- 
cate. 

In  column 1 tile a lumina and iron oxide are l is ted;  but  in 
column 2 they are combined with the lime and are treated as enter- 
ing with the lime into the silicate. In  column l the total free lime 
available for solution in water is 41.2 %. On heating to a high 

temperature calcium metasilicate is formed and only the excess lime, 
or 16.5 %, is available to enter into solution according to column 1 ; 

16-8 % according to column 2. In  columns 1 a and 2a the percentages 
are adjusted to 100 %. 

Chemical similarities with afiviUite.--The mineral  afwillite occurs 
under conditions quite similar to those obtaining for bultfonteinite. 

The composition of afwillite may be written 3CaO.2Si02.3H20 or 
2H2CaSiO4.Ca(0H)2. Like bultfonteinite,  afwillite powder, when 
shaken with pure water and t i trated with s tandard acid, loses lime 
continuously,  un t i l  after 36 hours nearly the whole of the lime has 
gone into solution. On heating over a blast-lamp, however, only 
23.17 % lime is dissolved even after 72 hours' contact with water. 
This quant i ty  represents the lime which, on heat t reatment ,  is in 
excess of the amount  needed to form the metasilicate. Afwillite is 
completely soluble in acid ; the amount  of acid used in this operation 
is exactly equivalent  to the lime required for the complete afwillite 
molecule. 
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I t  is possible to express the composition.of bultfonteinite in te rms  
of afwillite plus fluorite and calcium hydroxide, thus : 

3CaO.2SiO2.3H20 . . . . . . . . .  75.53 % 
AlcOa ) 0.72 
Fe20 a ) . . . . . . . . . . . . .  
CaF 2 . . . . . . . . . . . . . . .  18.10 
Ca(OH)2 . . . . . . . . . . . . . . .  5.40 

99.75 

The question arises: Does bultfonteinite represent possibly a 
product formed as the result of the at tack of a fluorine- or hydro- 
fluoric acid-bearing solution on afwillite ? The amount  of calcium 
hydroxide equivalent to 18.10 % CaF2 is 17.17 ; this amount  added 
to the 5.40 calcium hydroxide already present yields 22.57. In  
afwillite the free Ca(OH)2 amounts to 21.64 % as computed, or 
23.1% as determined. This agreement is quite remarkable, and 
suggegts that  possibly the afwillite molecule was attacked, its 
silicate of lime removed, a nd  its calcium hydroxide partially dis- 
integrated by fluorine. 

On heating in a blowpipe or gas flame, fragments of bultfonteinite 
become dull white and porcelain-like. No decrepitation or traces 
of melting were observed; the fragments glow intensely at higher 
temperatures and show the calcium flame reaction. Examined 
under a microscope the white material obtained on heating was 
turbid and evidently decomposed. 

When powdered bultfonteinite is heated in a dry test-tube, water 
is given off freely and condenses at the cold end of the tube. A 
series of heating experiments was made at the Geophysical Labora- 
tory  to ascertain the amount  of water liberated at different tem- 
peratures. The powdered material was heated in a plat inum crucible 
in an electric resistance furnace ; temperatures were read with the 
aid of a platinum, and platinum + 10 % rhodium, thermo-element and 
a millivoltmeter. Two different runs were made on two different 
samples. The results are listed in table 3. 

The agreement between these runs is only fairly good ; the escape 
of the water at the different temperatures is remarkably slow, and 
very long exposures at  a given temperature are required if equilibrium 
is to be attained ; many of the exposures in these runs were not of 
sufficient duration to insure equilibrium. The results do show, 
however, that  the water given off is all of the same kind and is water 
of constitution and not water of crystallization as in the zeolites. 
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The grea te r  pa r t  of the  wate r  escapes be tween  250 ~ and 350 ~ C. 

The mine ra l  a fwi l l i tc  behaves  in the  same m a n n e r  on hea t ing  and 

loses its wa tc r  g radua l ly ,  bu t  more  rap id ly  a t  300 ~ than  at  any  o ther  

t e m p c r a t u r c .  

TABLE 3. Loss of watSr by bultfontelnite at different temperatures. 
Time in hours of Cumulative 

Temperature in exposure at the given total percentage 
degrees C. temperature, loss in weight. 
First run, Nov. 9 to 12, 1931. Weight of sample 0-4208 gram. 

250 ~ 1.25 0.60 
250-255 ~ 16-67 1 ..90 
350 2.17 4.42 
350 2.50 9.10 
350 17.50 12.50 
350 4.00 12.50 
600 2.00 12.98 
600 16.75 12.98 
900 3.50 13.17 

1000 2-00 13-28 

Second run, Nov. 20 to 25, 1931. Weight of sample 0.8130 gram. 
110 ~ 2-00 0.09 
3(X)-310 ~ 19.67 3-49 
270-300 23.30 3.63 
,500 3.00 12-99 
500 19.67 12.99 
700 29.75 13.05 
870-900 16.25 13.52 

1000 6.25 14.13 

Blowpipe tests.--Heated in a closed tube,  f r agmen t s  of the minera l  

lose wate r  which ga thers  in the  res t r ic ted  neck of the  tube  ; a t  thc  

same t i m e  t h e y  become  whi te  and porcela in- l ike .  Before the blow- 

pipe the  needles  g low in tense ly  wi th  the charac te r i s t i c  br i l l iance  of 

l ime-bea r ing  minera l s  and become whi t e  and enamel - l ike ;  bu t  they  

do no t  m e l t  ; even sharp edges show l i t t le  ev idence  of rounding.  

Specific gravity.--The specific g r av i t y  of bu l t fon te in i t e  was found 

by  immers ion  in pure  benzene (C6H6) , which has no so lven t  act ion on 

it, to be 2.73. 

Crystallographical properties.--In the  specimens thus  far col lected,  

bu l t fon te in i t e  occurs in the fo rm of smal l  radia l  spherul i tes  and 

groups of smal l  r ad ia t ing  ac icular  crysta ls  measur ing  from 0.5 to 

2 mm.  in length.  Many of the  minu te  crys ta ls  are  colourless and 

water-clear .  In masses,  especia l ly  in the  single large radial  spheru-  

l i te ,  the  colour  is pa le  pink.  The p r i smat ic  crys ta ls  are well  
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developed in the prism-zone, but the terminal faces are either lack- 
ing or so poorly developed that  reflections are extremely difficult to 
obtain on the goniometer. The reflection signals, when obtainable, 
are not  sharp, but are drawn out because of rounding and imperfec- 
tions in the development of the faces. Examined under a high- 
power binocular or on the goniometer, the prism-faces are found to 
be finely striated, after the manner of plagioclase felspars with fine 
polysynthetic twinning. The result is that  single clear reflection 
signals are uncommon when crystals are measured on the gonio- 
meter. Although more than 35 selected small crystals were measured 
on the goniometer, the angles fluctuated appreciably, and the angles 
listed in table 4 may be in error _+_ 10'. Many of the crystals measured 
were 0.3 mm. or less long and 0-1 ram. wide. Small crystals were 
selected purposely in the hope of reducing the effects of the intricate 
polysynthetic twinning;  but even on such minute crystals, which 
were water-clear, the prism-faces were striated and the terminal faces 
were poorly developed. The best development of terminal faces was 
found on the ends of the radial units of the large pink spherulite. 
Unlike the small spherulites, no acicular crystals projected beyond 
the general spherical surface of this spherulite, which consisted 
essentially of the terminal facets of the radiating crystals. Examined 
under a high-power binocular, these facets were seen also to be 
striated ; but in many cases more coarsely so than was the case with 
the small crystals. A number of these facets were broken off from 
the spherulite and served for both optical and crystallographical 
measurements. 

The crystallographical measurements were all made on a Gold- 
schmidt two-circle goniometcr with reducing at tachment and a strong 
concentrated filament light source. From the averages of the 
weighted measurements thus obtained the crystallographical ele- 
ments were computed ; in addition, all observed position angles were 
plotted in gnomonie projection and the most probable positions of 
the several faces were ascertained graphically. On the crystals 
certain faces are invariably present; others less frequently. In 
table 5 are listed the faces that  were found on each one of the 31 
crystals measured on the goniometer. I t  was difficult in certain 
cases to decide whether a given face belonged to the crystal in 
normal position or to one of the intercalated twins. 

The angle between the faces (100) and (010) is 89 ~ 07' ; this angle 
is so nearly equal to 90 ~ that  when twinning occurs with the twinning- 
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face in undisturbed position ; the circle 2 with the horizontal dia- 
meter is the face in twinning position, the twinning-plane being (010). 
The circles 3 and 4 show the positions of the (101) faces brought  into 
twinning positions by twinning on the front pinacoid (100). On 
any single crystal not all the faces shown in figs. 1 and 2 were 
observed; but the optical tests show the four interpenetrating 

m . 

F I G .  3 .  

,~~b, 

Fro. 4. 
FIG. 3. Crystal of bultfonteinite as it would appear if twinning were not 

present and if the several faces were well developed. 
FIG. 4. Crystal of bultfonteinite showing faces on crystal in normal position 

and other faces in twinning positions to them. 

polysynthetically twinned groups so well that  on a single crystal the 
four positions of the optical ellipsoid could be satisfactorily ascer- 
tained with the aid. of a Fedorov stage. By themselves and before 
the optical data had been obtained the effort to disentangle the 
crystal-angle values of measurement was unsuccessful. Had the 
crystal been opaque the determination of the crystal system and 
especially of the character of the twinning would not have been 
possible. 

The general development of the crystals is shown in figs. 3 and 4, 
in which the upper portion of the acicular prisms only is given. 
Fig. 3 illustrates a crystal as it would appear were it not twinned ; 
fig. 4 shows the positions of the faces in a polysynthetically twinned 
crystal. The terminations represented in the figures are too sharply 
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drawn to be a correct illustration of the actual end faces of the 
greater number of crystals. However, the facets of the crystals 
exposed on the surface of the large pink spherulite are in part clean 
cut and appear as indicated in figs. 3 and 4. The terminal faces on 
the small acicular crystals are so poorly developed that it is only 
with great difficulty that reflection signals can be obtained from 
them on the goniometer. 

This imperfect development of the end faces is probably due to 
the fine polysynthetic twinning and consequent near approach of the 
several twinned faces to a common position, so that no one of the 
faces could develop properly and only a general roughness resulted. 
In the prism-zone the conditions are different; only two sets of 
directions, instead of four, are brought near together by the twinning 
and give rise, as in the plagioclase felspars, to twinning-lamellae and 
fine striations, but not to the rough, imperfect development noted on 
the end faces. When the crystallographical measurements were first 
undertaken, the rough end terminations on the minute crystals were 
considered to be the result of later attack and etching by circulating 
solutions from which the sulphate crystals were deposited. This 
may also have been a factor, but the fact that the prism-faces showed 
no evidence of attack and are sharply defined makes it probable that  
subsequent etching was not the only factor. Against this view may, 
however, be cited the much better terminal development in the 
'larger crystals of the pink spherulite, which may have been formed 
under conditions somewhat different from those of the small colour- 
less spherulites. 

Optical determinations.--It might be supposed that optical measure- 
ments on water-clear crystals, even though they measure only a few 
tenths of a millimetre in thickness and a millimetre in length, would 
be a simple task. In the present case, however, the intricate poly- 
synthetic twinning on two planes, approximately at right angles one 
to the other and so fine that satisfactory interference-figures in con- 
vergent polarized light are extremely difficult to obtain, renders the 
task unusually trying and time-consuming. Had it not been for the 
Fedorov stage methods, it is doubtful that  satisfactory results could 
have been obtained. 

Under the microscope the mineral exhibits medium refringence, 
medium birefringence, and fine polysynthetic twinning-lamellae. 
The acicular crystals exhibit, parallel with the prism-axis, fine twin- 
ning-lamellae with high extinction-angles. The extinction-angle on 



BULTFONTEINITE, A NEW MINERAL FROM SOUTH AFRICA 157 

(010) is c : ~ '  = 27 ~ to 29~ on (100) c : ~ '  = 46 ~ to 48% Flakes 
normal to the prism-axis show two sets of interpenetrating twinning- 
lamellae crossing nearly at right angles as in microcline. In  con- 
vergent polarized light the interference-figures tha t  can be obtained 
are, in general, unsatisfactory. On sections nearly normal to the 
prism-axis an optic axis may be seen in the field ; the axial bar is 
slightly curved and points toward 9' as acute bisectrix. The optic 
axial angle, ascertained on sections of this kind by measuring the 
angle between the bisectrix and the optic axis, was found to be 
approximately 2E = 130 ~ Dispersion of the optic axes is barely 
perceptible with 2V~ > 2Vv apparently. On a section nearly normal 
to the optic axes, the plane of the optic axes includes an angle of 
approximately 47 ~ with the traces of the twinning-lamellae. The 
optical sign is positive. 

The refractive indices were measured in sodium-light both by the 
immersion method and on an Abbe crystal refractometer on polished 
plates cut from the large spherulite. On these plates the maximum 
and minimum refractive indices were found to be, for sodium-light, 
a = 1-587+0.002,  9~ = 1 .597•  Many at tempts were made 
to measure/5 by the immersion method ; but  they were not successful 
because of the intricate twinning phenomena. The refractive index, 
fi, was found, on computation from the optic axial angle and the 
refractive indices, a and ~, to be fi = 1.590. The principal birefrin- 
gences from these values are : $ - a = 0.010, y - fi =- 0-007, fi - a = 0.003'. 

Measurements with the aid of the Fedorov stage were made on a 
number of sections; at  first on thin sections cut from the large 
spherulite approximately normal to the radiating group. Experience 
soon proved that,  although some measurements could be obtained 
on these sections, the lack of satisfactory crystal outlines and of the  
possibility of determining the crystal orientation on a given section 
would prevent this method from obtaining the ~ desired data. The 
effort was then made to mount  small definitely oriented crystals and 
to grind and polish thin plates normal to the prism-axis. This 
method failed because of the minute size of the crystals. Recourse 
was then had to a special instrument devised for the purpose. This 
apparatus is shown in fig. 5 (actual size) in which A is the side view 
in section, B the front view, and C the p!an or top view. The device 
is made  from a block M of brass, on top of the upright end of which 
a straight bronze spring a is clamped b y  a screwed brass plate k. 
.At the inner end: of this  sPring a brass angle piece is attached by 



]58 J. PARRY, A. F. WILLIAMS, AND F. E. WRIGHT ON 

a screwed brass plate d. To the upright side of the angle piece a scc- 
tion of a razor-blade c is clamped by a second screwed brass plate. 
When the spring is raised and then releascd, the razor-blade strikes 
a sharp blow against the smooth upper surface of the brass support. 
The apparatus is enclosed by plates of microscope object glass (25 • 
46 ram.) cemented to the brass support M ; in addition, the top is 

A B 

c 

a 

s si 

C 

( , |  | 1 7 4  

k 
( . . G  d @~) 

:FIo. 5. Apparatus for splitting off thin flakes of a crystal normal to 
its prism-axis. A is the side view, B front view, and C plan. 

covered by a similar glass plate and held in position by the observer 
during the operation. The plates prevent the escape and loss of the 
minute crystal flakes chipped off by the razor-blade. 

The small crystal from which sections are to be split off normal to 
the axis is now ])laced with its prism-axis normal to the razor-blade 
and underneath its edge. All these operations are (]one under a 
binocular magnifying 20 diameters. The top glass plate is now 
placed in position. The razor-blade is raised slightly with the aid 
of a small screw-driver or rod placed under the angle plate at d, and 
supported, as a lever, at k. The screw-driver is withdrawn slightly 
and the spring released. The razor-blade descends rapidly, like a 
guillotine, and decapitates or chips off a thin flake normal to the 
prism-axis of the crystal. After some practice it was found that  
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severa l  sections, r e ta in ing  the  comple t e  ou t l i ne  of the  pr ism-zone,  

could  be obta ined  by  this  m e t h o d  f rom a single crys ta l .  

A su i tab le  sect ion was then  m o u n t e d  on the  Fedo rov  stage and  the  

posi t ions of its p r inc ipa l  op t ica l  d i rec t ions  wi th  reference to the  

c rys t a l log raph ica l  d i rec t ions  were measured .  T w e n t y - t h r e e  c rys ta l  

sect ions were thus  measured .  Many o ther  sect ions were  moun ted ,  

bu t  were discarded for one reason or  another .  On several  of the  

b 

FIG. 6. FIG. 7. 

FiG. 6. The principal optical directions and crystal-faces of bultfonteinite in 
stereographic projection. 

FIG. 7. Stereographic projection of the principal optical directions in a bult- 
fonteinite crystal in normal position and in the three twinning positions. 

sect ions the  opt ica l  o r i en ta t ion  of a l l  four  t w i n n i n g - l a m e l l a e  cou ld  

be measured .  The  resul ts  of t he  measu remen t s  are l i s ted  in t ab le  6. 

The  pos i t ions  of the  p r inc ipa l  op t ica l  d i rec t ions  thus  measu red  w i t h  

reference to the  c rys t a l log raph ica l  d i rec t ions  are shown in s tereo-  

gralohic pro iec t ion  in figs. 6 and 7. I n  fig. 6 the  d i rec t ions  are  g iven  

for the  single crys ta l  ; in fig. 7 the  pos i t ions  of the  pr inc ipa l  opt ica l  

d i rec t ions  in the  four  d i f ferent  tw inn ing- l ame l l ae  ar  e p lo t t ed .  

TABLE 6. Angular positions of principal optical directions in bultfonteinite. 

r p. ~o. no. ~. n. 
a . . . . . .  34 ~ 00' 55 ~ 00' 30 ~ 00' 52 ~ 30'  19 ~ 00' 48 ~ 30' 
fl . . . . . .  ]'32 30 66 00 59 00 56 '30 4:2 30 38 00 
~, ..: ... 111 00 44 30 42 30 19 30 41 00 15 00 
A 1 . . . . . .  57 30 24 30 21 00 . 14 00 20 30 13 00 
A S . . . .  :. 131 00 75 30 71 00 68 30 47 00 39 30 
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The results of the measurements of the optic axial angle on differ- 

ent sections by the Fedorov stage method in white light are listed in 

table 7. In each case only the angle between an optic axis and ), or 

TABLE 7. Measurement of half the optic axial angle of bultfonteinite. 
No. V. No. V. No. V. No. V. 

2 34.0 ~ 9 37.5 ~ 16 40.0 ~ 20 35.0 ~ 
3 35.0 10 33.0 17 37-5 21 39.0 
4 33.0 l l  34.0 18 40.0 22 31.0 
5 38-0 12 34.0 19 31.0 37-5 

34.0  13 38 .0  ,, 35 .0  23  38 .o  

7 34"5 14 32-0 ,, 34"0 
8 35.5 16 37-5 ,, 28-0 

a could  be obta ined.  At  s teeply  inc l ined  posi t ions of the  sect ions 

the  tw inn ing - l ame l l ae  over lapped  to such a degree t h a t  measurements  

were  no t  possible. The weighted  ave rage  of these  va lues  is V---35 ~ 

2V = 70 ~ , a n d 2 E  = 132 ~ . 

Comparison with other fluorine-bearing hydrous calcium s i l icates . -  
Two o ther  minera ls ,  cus te r i t e  1 and zeophyl l i t e ,  2 have  chemica l  

compos i t ions  tha t  bear  some resemblance  to t h a t  of bul t fonte in i te .  

The composi t ions  and o ther  da ta  on these minera l s  and also on 

h i l l eb rand i t e  a are assenlbled  in t ab le  8. 

The fo rmula  for cust er i te  is c o m m o n l y  wr i t t en  Ca2HFSiO 4 ; i t  may,  

however ,  be wr i t ten  CaO.Ca(OH,F)2.SiO 2. In th is  form its resem- 

blance  to the  fo rmulae  for h i l l ebrandi te ,  CaO.Ca(OH)2.Si02, and bul t -  

fonteini te ,  2Ca(OH,F)e.Si02,  is apparen t .  In  cus te r i t e  par t  of the  

hydroxy l ,  OH, of h i l l eb rand i t e  is rep laced  by  fluorine.  In  cus ter i te  

and h i l l ebrand i te  half  of the  ca lc ium oxide  is st i l l  in tac t ,  the  oxygen  

of the  second half  being rep lsced  by OH and F ; whereas in bul t -  

fonte in i te  none of the  CaO remains  as such, the  ca lc ium being en t i r e ly  

t aken  up by  OH and F. 
These three  minera ls  show wi th  pheno lph tha le in  a s t rong a lkal ine  

react ion ,  ind ica t ing  the  presence,  in aqueous  solut ion,  of ca lc ium 

hydroxide .  The  minera ls  are eas i ly  soluble  in hydroch lo r i c  acid. 

Afwil l i te ,  whose fo rmula  m a y  be wr i t ten  3Ca(OH)2.2SiOe, exhibi ts  

s imi la r  chemica l  behaviour .  
The minera l  zeophyl l i te ,  on the  o ther  hand,  bears l i t t l e  resemblance  

i j .  B. Umpleby, W. T. Schaller, and E. S. Larsen, Amer. Journ. Sci., 1913, 
set. 4, vol. 36, pp. 385-394. 

o A. Pelikan, Sitzungsber. Akad. Wiss. Wien, Abt. 1, 1902, vol. 111, p. 334; 
also F. Cornu, Min. Pctr. Mitt. (Tschermak), 1.905, vol. 24, p. 127. 

3 F. E. Wright, Amer. Journ. Sci., 1908, ser. 4, voI. 26, pp. 551-553. 
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either in chemical behaviour or in its optical and other properties 
with custerite and bultfonteinite. In composition it appears to be 
a solution of 4Ca0.3SiO 2 and 4Ca(OH,F)23SiO 2 in the proportion of 
] to 7 approximately. 

The refractive indices and the birefringences of bultfonteinite and 
custerite are identical, within the limits of error ; both minerals are 

Fro. 8. X-ray diffraction pattern of a prismatic fragment 
of bultfonteinite. 

biaxial, optically positive with approximately equal optic axial 
angles. However, the extinction-angles and other relations between 
crystallographical and optical properties are so different that the two 
minerals can be readily distinguished under the microscope. Hille- 
brandite is orthorhombic and resembles neither custerite nor bult- 
~onteinite in its optical and crystallographical properties. 

X-ray photograph of bultfonteinite.--The photograph, fig. 8, was 
taken by, and through the courtesy of, Mr. H. S. Roberts of the 
Geophysical Laboratory. The crystal diffraction pattern of fig. 8 
was obtained by rotating a prismatic sliver from the pink spherulite 
in the axis of the X-ray apparatus. The effect of the twinning is 
clearly shown in this photograph ; but the relations are so complex 
that  no effort was made to analyse the photograph critically. 


