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ABSTRACT

Ralstoni te of  the fo l lowing composi t ion

Nao ssMgo ssAlr  rz(F,  OH)6HIO (F:OH :  10.9:1)

has been found in the cryolite deposit in Ivigtut, South Greenland. Various cubic minerals

of ralstonite type have been registered from this deposit. These and ralstonite from other

Iocalities as well as from Ivigtut can be arranged in a series rvhere the ner,v compound rep-

resents a member close to one end of the series, NaMgAl(F,OH)oH:O. The other members

of the series show decreasing amounts of Na and Mg. Among Ivigtut samples a formula

content of 0.34 Na and Mg represents the lowest value; a specimen from Kazakhstan is

registered in literature with a content of Na and Mg in theformulaat 0.29.Basicalumin-
ium lluoride A1, (I,OH) .H2O may be regarded as the other end member, as its structural

dafa correspond closely to those of the ralstonite series.
Examination of optical data, r-ray data and specific gravity for a number of sampies

together with corresponding data from literature indicates certain regularities in the series

of ralstonite l'ith the mentioned compositional variation. Lorv refractive index occurs to-

gether with high specific gravity, d-2.6, n-L.37, and a large unit cell, a about 10.02 A.

Samples with high refractive inder, z-1 43, have lorn'specific gravity, d-2.4, and cell di-

mension about 9 90. The first group has a high content of Na and Mg, whereas the last

group has a low amount of these elements.

RarsroNrtB AND CuBrc MrNEnals,  Orp eNn NBw Memnrer,

Brush investigated material from Ivigtut and published the first de-
scription of ralstonite, Brush (1871). In spite of the several analyses
carried out in the following years it seemed hard to establish a satisfac-
tory formula for the mineral. It was not unti l Pabst (1939) published his
paper ('Formula and Structure of Ralstonite," that a convincing formula
was given. Ralstonite is, according to Pabst, a fluoride of pyrochlore
structure of  the lo l lowing composi t ion:

Na"Mg"Alz-"(F, OH) uHrO

In the various analyses the amounts of water seem to correspond to a
litt le less than one molecule. According to Penfield's and Harper's
analysis chosen by Pabst as a basis for his calcuiations, the value of x
is about 3/8.

In the course of vears ralstonite has been mentioned from several
Iocalit ies outside Ivigtut: Cross and Hil iebrand (1883) think they have
found it in Pikes Peak. St. Peter's Dome. Colorado.

From fumarole deposits at Vesuvius, Italy, Carobbi and Cipriani
(1951) mention ralstonite, and from corresponding formations in
Kamtchatka and from occurrences in the Ilmen Mountains and
Kazakhstan Stepanov and Moleva (1962) describe the mineral.
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1852 111ATS PAULY

In a note on weberite from Pikes Peak, the present author, Pauly
(1954), mentioned the observation of what was termed "cubic minerals"
in material from Pikes Peak.

The use of the term "cubic mineral" has been adopted from Blggild
who in this way tried to maintain a distinction between the cubic mineral
ralstonite with octahedral habit and the various "cubic minerals" mainly
of hexahedral habit. This is quite clear in Blggild (1913) in which he
argues against Cross and Hillebrand's ralstonite. The.v have described
the mineral as being cubes with small octahedral faces, and such a shape
rather points to the mineral being of the kind Blggild provisionally
termed "first cubic mineral." The lack of refractive indices and specific
gravity determinations, however, prevents further discussion.

According to Blggild (1953) ralstonite occurs as octahedra, Iess com-
monly modified by small f aces of the cube. He gives the refractive index
at t.4267 and states that he has found most ralstonites to have values
above 1.41, but it might go as low as 1.399 as Gordon gives it, Blggild
comments, (Gordon 1939). The specific gravity of ralstonite is found to be
2.614. Optically ralstonite is anomalous in that it shows a distinct bire-
fringence. Based on this, Blggild describes ralstonite as consisting of
eight pyramidal sectors with their apex in the center of the crystal and
the bases in the octahedral faces. There is, as he says, a number of ex-
ceptions from this rule when it comes to details.

Apart from the different values of specific gravity and refiactive
indices, the first and second regular (:cubic) minerals deviate from
ralstonite in their microscopic structure revealed b)' their anomalous
optical anisotropy. On the whole Blggiid keeps them as separate miner-
als, distinct from ralstonite aiso in his last edition of Mineralogia: "The
Mineralogy of Greenland," Blggild (1953).

At the Mineralogical Department of Kr1'olitselskabet @resund A/S
examinations of many samples of ralstonite and "cubic minerals" have
shown that there exist a number of minerals which according to their
refractive indices can be arranged into a series ranging from n about
1.36 to n abot t  1 .43.

Crystals from within a single sermple show, however, variations in
their refractive indices, and even within the same crystal such variations
can be found, but it seems that the values found in material from a
single specimen mostly l ie around one vaiue.

Some of these crystals are cubes; some have the cubes modified by
octahedral faces (Fig. 1); others are octahedral which may be modified
by cube faces. The modifying faces may vary in size also among the
crystals of a single sample. However, it seems that the crystals of a single
sample are mainly of the same shape. One might easily collect a series of



RALSTONITE FROM IVIGTUT

crystals ranging from cubes to octahedra; hence the cubic minerals, in-

cluding ralstonite, seem to constitute a series with respect to both re-
fractive index and shape.

Pointing out ralstonite among the mentioned minerals may be rather

difficult, and it is no wonder that some confusion as to what ralstonite is

can be noted in the l iterature.
Pabst (1950) in his paper "A structural classification of fluoalumi-

nates," is aware of the problem constituted by the cubic minerals. He

Frc. 1. Ralstonite crystals from Ivigtut; cubes truncated by the octahedron, 100/111.

Sample no. 9, magnification 4X. Chr. Halkier phot.

sa\.s, '(It may be that some of the unnamed and unanalysed cubic
minerals from Ivigtut having but slightly different refractive indices and
densities are but variants of ralstonite."

Stepanov (1963) simpl,v registers one of the cubic minerals from Ivigtut
(an anaiysis of which was given in the paper on "Weberite from Pikes

Peak" Pauly, 1954) as ralstonite, as was also done in the paper on

ralstonite from the Ilmen Mountains, Kazakhstan and Kamtchatka by

Stepanov and Moleva (1962).
Being familiar with the common occurrence and the appearance of the

various cubic minerals in the Ivigtut cryolite deposit, the author found

it quite natural to look at these as belonging to one closely related group,

but establishing them into a series or otherwise clarifying the relations
between the different members of the group demanded chemical analyses.
\ '{aterial for such analyses was not easily obtained. Picking out crystals
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from a sample with meiny different indices of refraction was not en-
couraging. Likewise making an analysis on a single crystal did not look
promising either, because even there single parts showed variations in
properties.

During work in the cr1-olite mine in 1967 a powdery or sandlike
material lvas found in cavities l ined by thomsenolite and other secondary
minerals. The primar)r material was cryolite with much quartz and
siderite. As the cavities were opened by breaking the rock, the presence
of the powderv material seemingly as original deposits aroused suspicion.
In the microscope it was found that the finer grain sizes, less than 100 p
in diameter, for a greater part, consisted of crystall i tes in the shape of
cubes. It was quite obvious that the material represented one of the
cubic minerals. The remaining material consisted mainly of thomsenolite,
and a separation in ethylene tetrabromide was carried out with good
results, as we obtained 10-15 grams of material with onl1. a few per cent
impurit ies (dominated by "ivigtite"-K-mica).

The specific gravity was determined by means of a mixture of the
mentioned heavy l iquid and benzene, and found to be close to 2.67. The
refractive index of most of the cubes was found to be close to 1.37, but
some having larger values up to 1.39. Optically anonialous anisotropv
characterizes this material as well as all the other cubic minerals of
Ivigtut. It should be pointed out here that the first cubic mineral of
Blggiid was reported with refractive index and specific gravity values
similar to those of the present material, 1.3852 and 2.676 respectively.

The chemical analysis was carried out b1. Mrs. E.-L. Mortensen,
M.Sc., of the Chemical Laboratorv of Kryolitselskabet presund A/S.
It is given in Table I.

The formula according to Pabst from this analvsis is:

Nao esMgo 8sAl1 r2(F'OH)6H2O

The last two columns of Table I give the cornposition according to the
formula and the original analysis recalcuiated to hundred per cent
omitting insoluble (mica). The agreement seems to be fairly good.

The results of the chemical analysis were rather encouraging, especially
since the material seems to represent a member in the series indicated
bv Pabst's ralstonite formula close to an end-member.

The analysis of one of the cubic minerais from Ivigtut, published in
Pauly (1954), was therefore taken up again for new inspection. This
material was estabiished by the late chief geologist R. Blgvad of the
Krvolitselskabet presund A/S in 1935. It was found in a fine-grained
aggregate ciosely resembling fine-grained, stratif ied sandstone or in-
crustations. Besides the cubic mineral, termed first cubic mineral, bv
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R. Blgvad (!), the aggregate consisted mainly of prosopite together with
some quartz and traces of sulfides and limonite (giving it a yellow color).
The two main components were separated b1' boil ing in diiuted HCl,
and as microscopical examination afterwards did not indicate any in-
fluence on the cubic mineral in the form of etchings and furthermore
chemical tests did not indicate any chlorine in the boiled and washed
material, it was judged to be unharmed by this otherwise drastic treat-
ment. Further purif ication of the material (removal of quartz) was ob-
tained through heavy- l iquid separation. R. Blgvad in his notes in the

Taer,n I. ColtposrloN or rHn Nnw- Cuerc MtNrnel rnolr Ivrcrur

\\t. 7c

13 .88
9 . 7 3
0 9 1
9 . 3 4

48.63

10 30
3 . 5 0

Equiv.

t .5422
0.8002
0 0455
0.4061
2 . 5 5 9 5

Theor.
w t . 7o

Found
wt .7a

A1
Mg
Ca
Na
F

oH2
HzO+
insol

0 . 5 1 4 1
0.4001
0.0228
0.4061
2 .5595
0.2347
0 4550

1 1 2
0.  88

0.  88
5 . 5
0 . 5
0 . 9 9

14.9r
r0.44

9 . 8 8
5 1  . 2 8
4 . 6 6
8 . 8 3

14.67
10.  28
0 . 9 5
9  . 8 6

5 1 . 3 6
4 . 2 2
8.  65

96.29 100.00

Anal : E.-L. Mortensen.
I Numbers of atoms found after correcting for Cal-z admixture, although fluorite r,vas

not observed microscopically.
2 Calculated as valency balance.

archive of the Mineralogical Department of the Kryolitselskabet
presund A/S, gives the refractive index as 1.406 and the specific gravity
as 2.61. The analysis, carried out by H. Buchwald, chief chemist at
Kryolitselskabet presund A/S, is given in Table II.

The analysis is recalculated to hundred per cent after deduction of
8.l l7o insoluble, mainly qtrartz.

Stepanov (1963) has pointed out that the material of this analysis
which he cites seems to contain cryolite as impurity amounting to 6.67/6.
Deducting this amount from the analysis, as Stepanov has done it, the
following formula is obtained:

Nao rrMgo rzAlr.sr(F' OH) o' 0.92H2O

As pointed out by Stepanov and Sokalova (1963) this analysis gives
a ratio F to OH as 3.28:1, whereas a ralstonite from Ivigtut, treated in
Stepanov and Moleva (1962) gives 1.96:1. Their material was obtained

100.00
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through the Mineralogical Museum, Copenhagen, and was termed

ralstonite because the crystals, nicely depicted in Stepanov and Moleva
(1962,Fig.5), are octahedra with only minute cube faces. In the paper

mentioned ralstonites from Kazakhstan are found to have F/OH ratios

2.04 t and 2.05: 1 respectively. (These data together with other relevant

data are compiled in Table VI.) The ratio between F and OH in the

described analysis on the new material from Ivigtut is near 11:1 (more

exact ly  10.7:1)  (Table I ) .
Another problem concerns the composition of the discussed minerals.

The cryolite regarded as impurity in the anal-vsis by Buchwald was not

Tarr,n IL Cor,tposrrrom ol tsn Cutrc MrNnnlr- tnolt Ivrctul

wt .Yc
Mol.

equrv.

Admixed
crlroliter

0 .0318

0.0953
0 1906

Mol. equiv.
minus cryolite

AI
Mg
Na
F
OH
HrO+

21.o3
.) . .)J

7 . M
46.26

11.26

0 . 7 7 9 8
0.2282
0.s235

0.6845
o.4493

0. 7480
o . 2 2 8 2
0 2282
2 2Ml
0. 684s
0.4493

94. 54

Anai.: H. Buchwald.
1 Calculated from Na-surplus as compared tvith Mg-content.

present as grains visible under the microscope. This was ascertained

through reexamination of what was left of the material for analysis.

With the existing anal)'ses of material from Ivigtut and the Russian

localit ies, we now have representatives of several of the members of the

ralstonite series as indicated by Pabst's formula proposal.

Svxrnprrc M.q.renrar-

At the time when the author obtained the analysis of the powdery

material, which came out as a ralstonite with high proportions of Mg and

Na, he happened to rezrd the paper by Cowley and Scott (1948) in which

they describe "Basic fluorides of aluminum." They describe the prepara-

tion of compounds in the range AIF(OH)r-AlFr(OH) (both containing

HrO), and these compounds were found to be cubic with space group

On1-Fd3m. The lattice constant decreases with increasing fluorine content

from 9.85 to9.77 A. i|te unit cell contains sixteen formula-groups plus
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six molecules of water. The structure is, as stated by the authors, clearly a
pyrochlore structure.

It seemed obvious that the description had a clear bearing on the ral-
stonite problem, and a similar thought must have occurred to Stepanov
(1963), as he in the chapter on ralstonite in "Mineral" mentions the cited
paper and regards the basic aluminum fluorides as synthetic ralstonite.

From the paper by Cowley and Scott (1948) two points appear which
may involve an explanation of the two complicating analytical relations
mentioned above.

In the preparation of the compounds they added ammonia to solutions
of aluminum sulfate containing varied proportions of aluminum fluoride.
The precipitate formed through boil ing was washed unti l negative sulfate
reaction was obtained. The products were analyzed and found to contain
ammonium hexafluoaluminate in amounts varying fuolr' 2.3 to 7.3 per
cent. This impurity could not be removed by washing, a fact they
stressed. It was not registered on the o-ray powder photographs, but "the
ignition behavior of the contaminated oxyfluorides, with respect to their
ammonia contents, was so closely parallel to that of ammonium hexa-
fluoaluminate that no doubt is felt as to the presence of the latter com-
pound," as Cowley and Scott (1948) state in their paper (p. 106).

If it is permissible to conclude anything from these artificial products,
the conclusion seems to be that cryolite, like ammoniumcryolite in the
artificial product, may be submicroscopically admixed x-ray "amor-
phous" in these compounds. The x-ray powder photogram of the cubic
mineral in the analysis of which Stepanov fotnd 6.67/6 "admixed"
cryolite did not show any lines which could indicate the presence of cryo-
lite. The amount of stoichiometrically deducted cryolite was of the same
order of magnitude as in Cowley and Scott's material.

In the same manner parallelization of the ralstonite and the artificial
products seems to allow for variations in the F/OH-ratio. But here we
must admit that Cowley and Scott found variations from 0.5 to 2.0; iorver
and higher values were regarded as being due to admixed AI(OH)a and
AlF3; they furthermore stress that the range of hydroxyfluoride composi-
tions must be confined to that range, because it seems improbable that
cations containing more fluorine that AIFz+ or less than AlF2+ exist in
solution to any important extent.

The anall'ses of the two cubic minerals from Ivigtut by Buchwald,
Table II, and Mortensen, Table I, however, indicate beyond any doubt
that the fluorine content in these compounds formed in an extremely
F-rich milieu, in solid cryolite cavities, can pass the limits certainly valid
for solutions in the laboratory. So far we can only interpret this as indi-
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cating processes working in the formation of the minerals in the Ivigtut
milieu, fundamentall l '  different from those used in Cowley and Scott. On

the other hand we may as well regard the processes Cowley and Scott
used, or rather analogies, as a picture of some of the ralstonite-forming
processes in nature.

X-R,s.v ExaurNerroN

In several cases cubic minerals having refractive indices not hitherto

observed, have been examined by means of r-ray powder diagrams, but

Tarln III. Rnrnecuvn INorcns enn Cnr-r DtlmNsrons ron

Rar,stoNrrns rnou fvrcrur

Sample
Refractive

index

Cell
dimension2

l n A

9  918
9 9 3
9 9+r
9 .948

10 00
10.02
10 01
10 012

Formula num-

ber of Na
and Mg X

0 .  3 4

0 .  8 8

I
l 2
5
6
7
8
9

1 1

r11 /r0o

r00/rrr
100/111
tOo/tlll
100 /1111
r00/1111

100

L 4r-r 43
1 406

- 1 . 4 0 5
- l  4 l

1  3 8  1 . 3 9
t . 3 7 - 1 . 3 9
|  . 3 7  r . 3 9
- l  37

I 111 mostly as minor faces.
2 The lattice constant has been determined using a Guinier camera with monochro-

matized Cu-radiation.

always with the result that they were not to be distinguished from rarlston-
ite. The ralstonite character of the cubic minerals in general was there-
fore what was expected by us, but in connection with the samples thor-
oughly chemicaill- anall'zed, it was of course essential to continue such
examinations. In an attempt to get an adequate basis for these examina-
tions a series of different cubic minerals was established according to the
crystal habit. Hand pieces containing cr.vstals of definitely octahedral
habit, such containing crystals with cubic habit, and variations between
these two types were chosen. The refractive indices were determined
within the l imits of accuraclr which the nature of the material allowed.

Six samples thus established together with material from the two erna-
Iyzed samples from Ivigtut were examined b-n- Mrs. M. Danl of the
Mineralogical Museum of Copenhagen using a Guinier camera.

In Table III are given the typical crystal form, the refractive index, the
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Telr,n IVa. X-Rev PomnR Drlrnecrron Dere lon RersroNrrns
eNo B,rsrc Al-Fr,uonrons

1 859

Anal : ELM S & M 1 Pabst

IV

Ivigtut

Ferguson
(cubic) S & M

VII
Basic

Al-fluoride

C & S

1 1 1
200
3 1 1
222
400

422
5 1 1
333
440

620
5-33
622
444
711
5.s1

553
800
t-33
822
660
662
840
9 1 1
7 5 3
664
931

10

1 0
1 0
3
J

7

9

10
+
4
5
7
3

8

9

o

7
1
1

b4

1

3

1 0

9
8
1
3
4

7

8
2
2
2
5
1

4

3

2
1

I

1

10

1 0
1 0
4
5
8

10

1 0
4
6
8
8
3

9

9

5
1

9

7
7

3

3

9

8
1
4
1

7

10
2
2

4

3
2

1

2
2

460

220
100
2 6
21,
44

92

1 1 0
33
26
40
42

5 1

45

1 3
2

3 1

1.7
I +
10

dr*r

5 . 7 4
4 . 9 8
3 0 1
2 . 8 8
2 . 4 9
2 . 2 9
2 . O 4

I
i  |  .e23

1 . 7 6 5
1 .689
1 581
1  . 5 2 5
1 .508
1 443

I
)1 .400)
I'(L 302
l

1 250

5 6 8

2 9 7
2 8 5
2 . 4 6
2 2 7
2 0 1

1 897

1 . 7  4 5
1 . 6 7 7
1  . 5 6 4
1 512
| 494
1 . 4 2 6

1 . 3 8 7

2 1 2
29

160
29
68
5 8

8 1

183
20
32

84
1 2

49

29

30
2 l

5  . 6 8

2 . 9 7
2 8 4

2 2 6
2 . O t

1 . 8 9 7

1 . 7 4 0
1 .664
1  5 5 3

i 1 .48s
1 421

1, .379

5 . 7 0

2 . 9 9
2 . 8 6
2 . 4 7
2 2 7
2 . O 3

1.909

1 . 7 5 0
1 . 6 7 9
1 . 5 6 8

1 497
1  . 4 3 5

1  . 3 9 1

5  / l

2 . 9 7
2 . 8 6
2 4 8
2 2 7
2 0 2

1 . 9 0 5

1 750
|  6 7 7
1 567
1 . 5 1 4
1 .495
1 . 4 3 1

1  . 3 8 8

1 290

1 . 2 1 3

1 .  1 6 8

1 .  1 3 8
1 .  1 0 8

1 .088

1  . 0 5 8
| 042

5  . 6 8

3 0 0
2 . 8 6
2 . 4 5
2 2 i
2 . O 1

1 897

1 . 7 4 5
1 . 6 7 7
| 5',12

1 .498
1 .433

1  . 3 8 7

5 . 7 0

2 . 9 7 9
2 . 8 4 1
2 460
2 258
2 009

1 .893

1 . 7 3 7
1  . 6 6 1
1 . 5 5 3
1 .498
1 480
1 . 4 t 7

1 . 2 7 7

1  2 2 7
1 . 2 0 1

1 .  1 5 8

t .  r27
1 099
1 .O79

-n, 9
20

t Stepanov & Moleva
6:broad.

latt ice constant a, a\d for the two analysed samples also the value X,
indicating the number of Mg and Na atoms in the formula.

It was verified that the mentioned cubic minerals have identical crystal
structures, as their powder diagrams are all of the pyrochlore type with
small variations in the @-values and the intensity distribution.

A diffractometer recording has been made of sample 11 using Cu K"
radiation. In Table IVa the intensities of the powder l ines are compared
with corresponding values given by Stepanov and Moleva, Ferguson,
Pabst, and Cowley and Scott. The intensities are scaled together by
giving the strongest reflection (111) the intensity 100 for all samples in
Table IVb.

V V I

Kazakhstan lKamtchatka
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Tarr,n IVb. CoulemsoN on INrr'Nsrrrns on Sp,tcrNcs GtvBN

rN  Tas rp  IVa  - ( 111 ) : 100

Kazakhstan

1 1 1
200
J l l

222
400
331
422
5 1 1
333
440
531
620
533
622
44+
711
551
731
553
800
/ J J

822
660
662
840
9 1 1
753
664
931

b: broad.

The first and the last column show that some of the lines have intensi-

ties very sensitive to changes in composition-provided the basic Al-

fluoride is of the ralstonite type. To confirm this, the intensities for ral-

stonite with X:0.34 and X:0.88 were calculated using the structure

proposed by Pabst, with all water positions occupied (Table V).

In the first part of Table V are given the calculated intensities for the

two ralstonites together with the measured intensities for sample 11 and

the basic fluoride; no scaling has been done in order not to lose accuracy.

It is seen that the reflection 111 changes very much with composition and

VI

Kamtchatka

VII
Basic

Al-fluoride

100

48
22

o

5
10

20

24
7
6
o
o

1 1

10

J

.l
2

7

4
3
2

2
4

100

100
89
1 1
44
44

78b

1 1 1
22
22

560
1 1

44

56

1 1

44

33
22

1 1

22
22

100

100
100
40
50
80

100

100
40
60
80
80
30

90

90

5U
10

90

70
70

30

40
30

100

80
70
10
20
40

60

70
10
10

b40

10

30

30

10

30

20
10

5

5
10

14

20

16

14
10

90

50
10

90

70
70

30

40
90b



TasIE V. Clr,cuurro AND OBSERVED InrnwstrrE's ron R.rtLstoltrrrs eNn
Basrc Ar*Fluonrnr

Intensities

Recalculated to 422 : l0o

7 l

523

1002
50

147
157
346

< t

9

181
1 5

l o o

0
110
35

103

C&S

92

1 1 0
33
26
40
42

CalculatedCalculated

1 Ralstonite with Nao.:a
2 Ralstonite with Nao.as

0 .34

722

0
363
263

43

100

14

252

212
29
0

29
68
58

345
49
6 l
85

r02

183
20
32
34
84

4

20
40
22

0

30
2 I

r219

0
s93
919

M
132
77

733

0
87r
630

103
r79
240

34

604

829
1 1 8
147
203
245

34
20

2to
t . )

212

n

90
35

103

87

10

48
94
52

1 1 1
200
220

3 1 1
222

400
J J I

422

5 1 1

333

4+O
531
620
s33
622

44
7tl

551
642
731

553
800
733
822

660

/ J I

555
662
840

1 A

8

88
6

88

2
38
15
43

36

12

49

0

29

43
0

J+

o

5 1

45

t3
2

. t l

0 8 8 ELM C&S

365 1046
50

195 s00
276 227

508

0
n A 1

383

18
123
100

30

218

50
t t l

2 l

84

0

50

74
0

59

59
48

100

209

418
2 l
61
65

144

23
I

75
o

69

0
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therefore we have p\t (422) instead of (111) equal to 100. ((422) is the

strongest reflection which does not change with composition.) The second
part of the table shorvs the results of this scaling process.

The agreement between the measured and the calculated intensities is

as good as could be expected using as a basis for the calculation the ap-
proximate structure which was the best estimate that could be made with

data then available to Pabst. The measured intensities of the basic alu-

minum fluorides fits into the pattern as was expected.
In Table V the (200) reflection which is forbidden in the space group

Fd3m is given with a not negligible intensity. Pabst mentions the appear-

ance of this and other forbidden reflection s tn heated samples of ralstonite.

We have not been able to see other of the mentioned reflections on the

diffractometer recording, except perhaps (600).
The Guinier f i lms of the samples 7,8, 9 and 11 shorv (200) too, but the

f i lms of  1,5,6 and 12 do not .  These two sets show another  d i f ference,
namelv the ratio between the intensities of (311) and (222). For the last
group it is near 1, whereas it is much smaller for the first group in good

agreement with the calculations as the X-values for species in the two
groups are 0.88 and 0.34 respectively (Table III).

It has been shown that the atomic arr:rngement proposed b.v Pabst
gives a good picture of the structure of the ralstonites, but some adjust-
ments of the positions of the atoms in the unit cell are needed, and the

s1,-mmetry imposed bv the space group is not quite fulfilled. The depar-

ture from the high symmetry seems to increase as the 16-fold positions
(d) are fi l led with ){a, in other words as the X-value is increasing. This
problem demands single crystal examination in order to be solved. Diff i-

culties may, however, be encountered in such examination due to the
nature of the crystals.

As pointed out b1' Blggild (1953) and Stepanov and Sokalova (1963),

ralstonite crystals, in spite of their well developed outer shape, can be

seen to be composed of zones with differences in optical properties. This is

also indicated by the spread in refractive indices observed in powder
preparations made from single crystals. This might be taken as an indica-

tion of structural variability ivithin the single cr1'stal, but it ma1'- also
indicate compositioneri variations.

CoNcr-usroN

The mineral ralstonite shows rather wide variations in most of its
properties, but, in spite of this, the present examination indicates cer-
tain regularit ies in the variations of these properties, and moreover
there appears an interesting coherence between the different properties.

Samples with high densities have low refractive indices as a common
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Tanrn VI. Paystcar, PnopeRrros eNn Colu,osrrroN ol RelsroNtrBs

llabit

100

1O0 /t1r
1O0 /111
1OO/111
r0o/111
too/r1l
ro0 /111
111 /100

Specific

gravi ty

\rumber of
u ^ l

rur" fu'-t

0 4 7
0 . 3 5

0 3 4

0 3 4

Refractive

index

Ralstonite No. 11
found as powder

1 cubic mineral
of O B. Blggild

Ralstonite No. 8
Ralstonite No g

Ralstonite No. 7
Ralstonite No. 5
Ralstonite No. 6
Ralstonite No 1
1. cubic mineral

of Blgvad No. 12
Penfield and Harper
Ralstonite, Ivigtut,

Stepanov and Moleva
Kazakhstan, Stepanov

and t\{oleva
Kaakhstan, Stepanov

and Moleva
Pabst, 1939
2 cubic mineral

of O B. Bdgsild
Kamtchatka, Stepanov

and Moleva
Basic Al-fluoride,

Cowley and Scott

2 . 6 t '

2  676
1 < 2  6 6
r -2  .61
r -2 .64
1-2 60
r -2  59
1-2  58

2 . 6 1
2 5 6

2 5 6

2 5 1

2 5 0

2  3 7 i

2 2 +

2 . 2 5

1 3852
1 37-1 39
1 . 3 7  1  3 9
1 .38-1  39
-1  405

1 . , + l  1  4 3

1 419

| 429
1 . 4 3

1 1421

1 386

1 0  0 1

10 02
1 0  0 1
10 00
9 9 4
9 9 5
9 9 2

9 S 3

9 . 9 0

9 9 1

9 8 8
9 8 7

9 9 1

9 .85-9  .77

1 0 9

3 2 8
1  . 8 4

1 9 6

2  . 0 5

2 0 1

0  1 5 - 2 . 2 5

0 8 8

r These values may vary t 0 02, but the successiou: 7 > 5 > 6 > 1 was established by testing the samples
two and two in the same heavy liquids

feature, and their cell dimensions are Iarge. It seems that the dominating
crystal form in this group is the cube. Ralstonites with low densities have
high indices of refraction and small cell dimensions and their crystal
forms are dominated by the octahedron.

Data for ralstonites are compiled in Table VI, and it can be seen that
the variation in chemical composition may be interpreted in accordance
with the variations of the physical properties.

X-ra1' saaminations also indicate that the material examined belongs
either to a group with cell dimension close to 10.01 or to a group where
a-9.93. The space grorp Fd3m to which ralstonite is ascribed mali not be
quite in accordance with the results, as at least one reflection-(200)-
forbidden in this group, definitely appears in material from the group of
ralstonite having cell dimensions near 10.01. Pabst in his publication
indicated the presence of this l ine-and others-in ralstonite that had
been heated.
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