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THE AH.LFEI.DITE-CO,BALTOMENITE SERIES
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AssrR-acr

St_udy of synthetic ahlfeldite (NiSeO".2H"O) and
synthetic cobaltomenite (Co.SeOr.2HrO) gave tle
following data:
Ah$elditet Qolour green, density (calc.) 3.51. Crys-
tals long, pfismatic elongared piralbf rio t00ll witn
forms {110} and {lOt}. Unit cell dimensions cat
culated from r-ray powder diffraction data: a =
7 . 5 1 9 ,  b - 8 . , 7 5 1 ,  . c - 6 . 4 4 8 A ,  p - 9 9 . 0 0 , .  T h esx srrongest lines in the r_ray powder diffraction

99Jt.n:_. 5.66(100) (ilo), 3.4rs(70) ero), 2,989
!g:l tgl?), 3.77(so) (r20), 2.71s(so)ill,tj;, 2.r88
(45) (040). Optical data: a - 1.703,'p-1.144, t -
1J86, optically negative, 2V - 87": c/rt _'-i2..
Weak pleochroism, z=green, F-pale gr..o, o-
v_ery pale green with absorption t)g)".
Cobaltomenite: Colour red, density (calc.) 3.42.
Crystals eitler long prismatic elongited pu.ull"] to
[001] or tabular flattened pa.rallel to GOt]. Unit
cell dimensions calculated from *-ray powder Oit_
fraction data: a-7.615, b=8.814, c=6.qggA- p-
98"51'. The six strongest lines iri tn.-"oun-Lo*_
der_ diffractiotr pattern: 5.72(lOO) (tl}), i.46(7O)
Qro), 3.017(55X012), 3.S0(i0) (tio)," 2.:r,8asi
(l3o), 2.379(4ol 6ttl Optical data: a-1.681. 6-
1J28, t = 1J69. Optically negative, ZV - A]",
cA? = -13'- Weak pleochroism, ? - red, p _ pink,
a=pale pink, absorption z)F)c.

The composition of intermediate members of the
spries can be estimated by measurement of selected
d-spacings.

h.trnopucttoN
An excellent review of the historical back-

ground of ahlfeldite and cobaltomenite was
giyel by Aristarain & Hurlbut (196.9). A very
brie_f ,summary is as follows. Ahlieldite (NiSeOr
12H"O) and cobaltomenite (CoSeOr.ZH,Ol are
isostructural (spac-e group p\r/n1, a"A apfurentty
rorrn an rsomorpbous series. The x_ray powder
patterns are considered essentially identical and
the only practical means of distinguishing mem_
bers in the series is by chemical analysii.

Tho present study was undertaken to deter_
mine.-the-practicality of other techniques for
identification. Through the kindness of prof.
Dr. G. Gattbw of the Universtiit G6ttinsen.
samples of synthetic ahlfeldite and svntf,etic
cobaltomenite were made ava.ilable. From these
sa,mples, optical, crystallographic, and chemical

data were obtained. These data were applied to
tho identification of two natural specimens.

Cor,oun AND DENsrry

The colour of synthetic ahlfeldite is pale green
and the streak is very pale green. Synthetic co-
baltomenite is pink with a pale pink streak. In
natural specimeris, only a small amount of co-
balt need be present to give a dominant pink
colour.

The densities of the synthetic material used
in this study were not measurd because of tle
very small sample size and grain size. All known
densities (calculated and measured) for the two
compounds are given in Table 1.

TABLE 
'I. 

CELL PARAI'IETES AND DENST1IES OF AflLFE.DITE AND @BALMfiENTIE
substance aA bA al B p(reas) p(ca.lc) Ref.
Ahlfeldtte 7.55 8.75 6.46 99o 3.416 3,493 I
(syntlletlc)

Ah l fe td , t te  7 .53  8 .75  6 .43  99005,3 .37 i0 .02  3 .51  2
Pa6Jake, Bollvla
(tl lo.90CoO.l0 )Se03.2H20

Ahlfeldlte 3.4 3
PacaJake, Bollyla

4h l fe td i te  7 .519 8 .751 6 .448 99o00,  3 .5 t  4(synthetlc)

coba l to ren l te  7 .640 8 .8  6 .515 98o36,3 .410 3 .42  1
(syntl|etlc)

cobaltmnlte 7.615 8.S14 6.499 ggosl' 3.42 4
(syntietl c )
1. Lleder & Gattry (1967), wlti a and o reveFed fm orlalml datr,

l le cell data of Lleder & catte for ahlfeldit€ ard co6altmnlte
listed by StruE (1970) are ln errcr. Those 

llsted for ahlfeldlte
are really for cobaltonenlte atlj ti@ ,eq.

-2. tulstdraln & Hurlbut (1969).
3 .  Gon l  &  Gu l l l s ln  (1953) .
4. Ihls !t!dy (cell dlneElo6 salculated fmn r-ray porder data).

Cnysrer-rocnerHrc Dete

Crystals of both synthetic selenites were very
small, averaging 0.O02 mm by 0.005 mm. Typi-
cal crystals of either synthetic cobaltomenite or
synthetic ahlfeldite have only the forms {l1O}
and {iOt}. Most of the crystals are elongated
parallel to [001J although an occasional crystal
of synthetic cobaltomenite is found as a tabular
crystal flattened parallel to {I01}.

X-ray powder diffraction patteins of the two
materials were obtained using Debye-scherrer
cameras (1 14.6mm diameter) and Mn-filtered
Fe radiation. The programme written by Evans
et al. (1963) was used to index the patterns and
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to calculate the unit cell parameters from the
measured d-spacings. These data are compared
to those obtained by Lieder & Gattow (1967)
and Aristarain & Hurlbut (1969) in Table 1.
The present writers have followed the orienta-
tion of Aristarain & Hurlbut (1969) where c is
taken as the axis of elongation.

Superficially, the powder patterns of synthe-
tic ahlfeldite and synthetic cobaltomenite are
identical with respect to d-spacings and intensi-
ties. Measurements, however, show that there
are slight differences in d-spacings due to the
slightly different unit cell parameters. The r-
ray powder diffraction data for synthetic ahl-
feldite and for synthetic cobaltomenite are listed
in Table 2.

T''BLE 2. '.RAY OIFFRACTIOI{ OATA FOR SYI{TRfiIC ATILFELDITE AND SYMHflIC
C0BALmIENITE (C@rc dl@t€r 114.6 @, Fe{s).

T' onern

100 5.66
r  5  5 .25
'10 

4.49
20 4.38
3t 4.00
fi 3.77
70 3.41 5
l0  3 .214
7 3.137

65 2 .98
7 2.927

'10 2.651
10 2.630't0 

2.534
30 2.481
7 2.44

35 2.349
1 2.AO
2 2.247
5 2.228

2.189 2.188
2.151 2 .151
)  1 r7  t2 .1n'2.127

' 1nec" acalc^

100 5.70 5,722
l0  5 .$  5 .304
r 5 4.55 ,X:!il
m 4.q 4.407
30 4.04 4.044
50 3.80 3.€03
70 3.46 3.460'10 3.246 3.244

55 3 .017 3 .017
10 2.951 2.951
45 2.79 2.737

b 15  2 .68  2 .672

l 0
30
7

40
I

5

m

I

2.552 2.553
2.509 2.*1
2.469 2.465
2.378 2.377
2.314 2 .315

,2 .276'2 .272
2,246 2.247
2.222 2.223
2.m6 ? .m3

dcak!. tn<L

5.662 100
5.257 I0l

,4.507 Tll.4.499 I0l
4.375 0m
4 . 0 0 1  l l l
3.170 120
3.418 210
3 . 2 1 1  a l
3.137 121
2.992 012
2.9A n2
2.715 tg )
2.652 031
2.6A a2
2.533 T22
2.480 221
2.440 nl
2.350 3lr
2,44 230

,2.?53 
'&2

,2.2* m2
z.zn 731

1 1 0
T0l
l 0 l
Trr
om
i l l
1 m
210
ar
1 n
012
nz
130
03t

T22
221
ar
3ll
zn
m2
722
Ar
sl
040

3ll
T2l
13z

Frc. 1, Stereogram (upper hemisphere) of synthetic
ahlfeldite and synthetic cobaltomenite showing
crystallographic and optical elements.

Oprrcer Dere

The orientation of the principal vibration
directions, optic axes, and crystal faces of both
synthetic compounds were determined with a
four-axis universal stage. The average grain size
of the samples was 0.002mm by 0.005mm with
an occasional grain reaching a length of
C.02mm. This small grain size coupled with the
tendency of the crystals to lie on prism faces
hampered the determination of the optical con-
stants. The orientation of the indicatrix is shown
in Figure 1, which serves equally well for both
compounds.

The principal indices 7 and a were deter-
mined from grains which were supported or
tilted by other grains so that they were not ly-
ing on crystal faces. The principal index B was
calculated from 7, q and 2V. On several crystals
of cobaltomenite flattened on (iot) it was pos-
sible to measute B directly. Such flattened crys-
tals were not found in synthetic ahlfeldite.

Finally, on crystals lying on (1 1O), indices y'
ar'd q.' were determined. It was then possible to
calculate B from these values by the method out-
lined by Sturman (L973). For synthetic cobalt-
omeni.te the measured value of B is 1.727; the
value calculated from T, d, and 2V is 1.7281'
and the value calculated from yt and a' is
1.728. For synthetic' ahlfeldite, where p could
not be measured directly, the two calculated
values are, respectivd, 1.745 and L.743.

Table 3 lists all the optical data obtained in
this study.

45

l 0

040
032
3 l l
T32 2.158

2.144
2.096

2.014
I .9960
1.92@
I .8018
I .7859
1.7694
I .7340
I . 7 t 6 0

1 .5957
I .5650
I .s440
I  .540
1.5148

,2 .156.2.1 54
2.143

5 2.062
5 2.017
5 2.006

l0 2.000
l 0  1 . 9 6 1 8

b 5 I .9105
l0 1.7880
7 1.7669

10 1 .7508
35 1 .7141
5 1.6962

15 1 .6808
r5  1 .6285

7 1.5480'r0 1.5326

'I .l 749
t.1380'1 .n26'I .0280
1.0093
I .0020
0.9865
0.9756

5 1 .230
7 1.22fi

b 5

1
2
5

5'10

l 0

l 5
5

b 7

l 5

l0
5

l 0

l 0
I
7

5

l 9
b  1 5

1 0
7

l0
l0

15 1 .4950
5 t.4684

l0 1.4340
7 1 .3810

l0 1.359)
I 1.3390
5 1 .2963
2 t.28;o
5  1 .2594

l0 't.1500
b I0  1 .1244

5 1.03!,4
7  I .0184
7  J . 0 l l o
2 0.99&

l0 0.9839



TABLE 3. OPTICAL DATA FOR SYMHFI-IC AHLFELDITE AND SYITTHETIC
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o 1.703 1 .681
B  1 . 7 M  1 . 7 8
1 I  .786 1 .769
2ro (reas . ) 87o 83o
2ya (ca lc . )  88o B3o
Dlspenion !<u mt observed
o^.1 -12o -13o
B^( l l0 )  47o 5 lo
a^(Iol ) 330 350

9lschmisn (weak)
; green rd
; pale green plnk- Yery pale green pale plnk

absorptlon'y>6>o Y>8r

DnrrnlalNarroN oF INrsnMeorarE MEMBERs

In any isomorphous series it is desirable to
have a physical method for determination of
the chemical composition of intermediate mem-
bers. In the series ahlfeldite-cobaltomenite, be-
cause of the difficulties of analysis due to the
small grain size, several possibilities present
themselves, namely, refractive indices, density,
unit cell parameters, colour and d-spacings.

Of these, colour is most unreliable, as illus-
trated by the ahlfeldite of Pacajake, Bolivia.
Although Aristarain & Hurlbut (1969) found
that the formula for this mineral is (Nio.soCoo.ro)
SeO;'2HzO, the mineral is brownish-pink to
red rather than the expected green.

The use of density and refractive indices is
ruled out by the grain size of most specimens.
For the same reason (plus the time involved) de-
termination of unit cell parameters by r-ray
single-crystal methods does not provide a prac-
tical means of identification. Directly related to
the unit cell parameters are the d-spacings of the
powder diffraction data.

Unit cell parameters can be calculated most
accurately from the back reflections. IJnfor-
tunately., the back reflections are very weak
for cobaltomenite and ahlfeldite and cannot be
indexed because of the monoclinic symmetry
and relatively large cell dimensions of the crys-
tals. Thus, 9 lines were chosen with as small d-
spacings as possible but where corresponding
lines can still be easily recognized in powder

pattems of cobaltomenite and ahlfeldite. The
differences in d-spacings for these particular
lines range from 0.'020 to 0.011 A CfaUte +).
Any intermediate member of the series should
have d-spacings within this range. The composi-
tion of such an intermediate member is deter-
mined by a simple proportion assuming a linear
relationship between d-spacings and composi-
tion. For example using Line 4, on Table 4,
synthetic cobaltomenite has a d-spacing of
1.6436 and synthetic ahlfeldite has a d-spacing
of, I.6285. This difference is 0.0151. An inter-
mediate member with a d-spacing of 1.6416 for
this line would have a composition of (Nio.ra
Coo.az)SeOa'2HzO. The value of 0.13 is deter-
mined from the ratio 0.0020/0.0151 where
0.0020 is the difference between the d-spacing
of the intermediate member and that of co-
baltomenite.

Ideally, all nine d-spacings should give the
same composition for an intermediate member,
but because of the error in measurement of
2e, the results will be different. Using a large
diameter camera (1 14.6mm) and FeKa radia-
tion, an error of -FO.05o 2A will result in an
error of +5% in the composition.

To indicate the accuracy which can be ob-
tained, two sets of measurements were made on
a specimen of cobaltomenite (ROM No. M280-
49). These are given in Table 4. The /6 of
the nickel end-member calculated from the in-
dividual measurements ranges from 8/e to 26/6.
Tho mean is 16% with a standard deviation of
5%. Table 4 also includes data for another
cobaltomenite specimen (ROM No. INd27654)
which results in a /6 of the Ni end-mem;ber of
16%. Using the data of Aristarain & Hurlbut
(1969) for ahlfeldite, the method gives a compo-
sition of (Nio.arCoo.r')SeOu"2Hro which agrees
favorably with their empirical formula (Nio.oo
Coo.ro)SeOb'2HzO.

X-ray fluorescence analyses were carried out
in an attempt to check the calculated composi-
tions of specimens M28M9 and M27654. Both
specimens consisted of very small grains of co-
baltomenite scattered on fracture surfaces in
sandstone. Sections could not be prepared for

ah l fel di te

ilmetrlcal qti rctlon

IAELE 4. DFTER'IIMTION OF l}IE NI-CONTEITT OF T}tE AHLF&DITE-COBAL.TOMENITE SERIES BY IIEASUREIIEI,IT OF SELECTED d.SPACINGS (5€ tqt)
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d d ^ 4
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t l  aeaolnq'2oFa-.--------J-Nl

Nd A Ld conp

.7 t60

.69 50

.6436

.5u50

.54!fi

.4950

.4340

.6962 0 .0 t rs

.6808 0 .011?

.628s  0 .Cr51

.5825 0 .0 t32

.5480 0.Cl i0

.5326 0.01 1 1
,4776 0.0 t 74
.4196 0.0144

b9.78

74.41
75.59
77 .81
80.9 1
85.18

,7112 0 .0048 24
.6934 0.00',16 1l
.6416 0 .0020 13
,594; 0.001 1 8
.5631 0 .0019 1 l
,5423 0 .0017 15
.49& 0.002't 12
.4317 0.0023 l6

l 4

6S.10
63.90
69.80
72.34
7q.82
76.71
77 .49
B1 .00
85.20

.71  23  0 .1 t37  t9

.6930 0 . i02J  t4

. r41  3  0 .0023 I !

.5944 0 .0013 t0
,5610 0.0040 24
.5410 0.0030 26
.4915 0.0035 20
.4310 0.0020 l4

l 8

.7121 0 .0039

.69.11 0.C009

.64i3 0.0023

.5939 0.0018

.5624 0.4026

.5418 0.0022

.4913 0.0037

.4316 0.0024

?0
'15
t 4
t 5
l 9
21
1 7

t " 1 6

1.682 0 .C130 92
I  .629 C.0 t46  97
1 .5e4 0.01 1 7 89'I .549 0 .0 1 41 83'1 .533 0.01 10 95'| .479 0.0t60 92
1.422 0.01?, 83

o  " 6
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electron probe analysis because of the planar
arrangement and scattered distribution of the
very small grains of weakly-adhering cobaltome-
nite. A microscopically pure sample of cobalt-
omenite was obtained from M28M9, but the
only sample obtainable from M27654 contained
other (unidentified) phases. X-ray fluorescence
analysis on M28M9 gave L7/o of the Ni end-
member compared to the calculated figure of
L6%. Analysis of three impure fractions from
M27654 gavo 28/o, 3O/s, and 38/, Ni end-
member compared to the calculated figure of
l6/a. The writers feel that the discrepancy in
M.27654 is due to admixed impurities in the
analyzed samples rather than any real difference
in composition.

In conclusion, it is proposed that careful
measurement of the powder diffraction pattern
provides the most practical means of identifi-
cation of intermediate members. In the case of
larger crystals, optical constanG could be used
but the accuracy would be no greater.

It is important to point out that linear varia-
tion of the optical and crystallographic con-
stants with respect to composition is assumed.
This is supported by the data for the two end-
members and the cobaltomenite (M28O49) with
L7% of the Ni end-member and the ahlfeldite
with 9O% of the Ni end-member. Howevero it
cannot be proved until data from other interme-
diate members are available.
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