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A new occurrence of the rare mineral species, samuelsonite, is reported from
the Buranga pegmatite, Rwanda, in close association with gatumbaite and burangaite,
as aggregates of bladed crystals imbedded in trolleite and in bertossaite.

Its crystallographic properties, determined both by the rotation and Weissen-
berg techniques and by the powder method, are: a=18.621(3), b=6.842(1), c=
14.066(2)A, B=112°30"(1"), C2/m, Z=2.Gpes. = 3.24(5) and G, =3.22. A wet
chemical analysis gives: 43.79 P,Os, 6.18 Al,O;, 0.07 Fe,0;, 7.92 FeO, 8.91 MnO,
0.07 MgO, 28.41 CaO, 2.31 BaO, 0.43 Li,O, 0.35 Na,O, 1.85 H,O+, total
100,29%. Because of some structural similarities with the apatite structure, a few
assigments of the infrared absorption bands are tentatively proposed.

A discussion on the crystal chemistry shows that Li resides in the octahedral
M sites, whereas Na is sequestred with the excess of Mn and Ca in the X sites of
the structure.
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Introduction

A re-examination of the phosphate minerals
from the Buranga pegmatite, Rwanda (von Knor-
ring 1972) showed that one of the major consti-
tuents of the Al-rich phosphate masses is trolleite,
the common associated minerals being montebra-
site, scorzalite, bertossaite, brazilianite, and apa-
tite s5./.. In that paper, von Knorring also record-
ed a new barium mineral, which has been identi-
fied as bjarebyite (von Knorring and Fransolet
1975), and gave the d-spacings for two undeter-
mined fibrous phosphates. One of them, occur-
ring as white rosettes, has been described as

gatumbaite (von Knorring and Fransolet 1977).
The purpose of the present paper is to discuss the
results of the mineralogical investigation of the
second one, tentatively thought to be another Ba-
bearing greenish phosphate (von Knorring and
Fransolet 1977) and finally identified as samuel-
sonite.

Physical and optical properties
In the trolleite masses from Buranga, samuel-

sonite occurs as fan-like aggregates of bladed
crystals. They have irregular contours and can
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Table 1: Optical properties.
Buranga Palermo No. 1
(Moore et al. 1975)
Sign + +
af 1.648(2) 1.645(2)
B 1.655(2) 1.650(2)
% 1.667(2) 1.655(2)
2V s, 80—85° large (70—80°)
zvcalc. 75° Eo
XA trace
of {001} 31(2)° —
Extinction — 22°

1 The indices were measured for Ay, =589nm.

reach up to 2 cm, particularly in the specimen
R.G.M. 9979 provided by the Musée royal de
I’Afrique centrale in Tervuren, Belgium. Al-
though the aggregates appear yellow green to pale
green in colour, fragments of the pure mineral
are colourless and transparent. Some altered
grains are partly turbid. It must be noted that the
greenish colour is caused by a very thin coating
of undetermined olive green impurities in the
cleavages and fractures of the mineral. The luster
is vitreous on the perfect {001} cleavage, and vitre-
ous to resinous on the irregular fractures. The
specific gravity=3.24(5) was obtained on six
selected grains using a Berman balance.

Isolated crystals are tabular on {001} and elon-
gated along [010]. As initially observed on the
type mineral from the Palermo No. 1 pegmatite
(Moore et al. 1975), all the crystals are finely stri-
ated parallel to » on {001}. No forms were ob-
served, and no twinning was found.

The optical properties, determined both on iso-
lated grains and in thin sections, are compared
in Table 1 with the data of Moore ef al. (1975).
The value for 2V = (+)80—85° has been estimat-
ed on the frequent sections perpendicular to the
optical axis, as previously noted by Moore ef al.
(1975). In thin section, laths with the trace of the
{001} cleavage show a negative elongation and,
in the optic axial plane, the angle between X and
the [001] cleavage is 31(2°). The dispersion r<v,

is weak but distinct. The optical orientation is:
Y//b and O.A.P.//(010).

Description of the association

Under the polarizing microscope, the materi-
al availabe for this study shows samuelsonite oc-
curring as bundles of bladed crystals, colourless
in thin section. Samuelsonite clearly corrodes
trolleite, bertossaite, and scorzalite. It is accom-
panied by late apatite with an interstitial texture.
Rosettes of gatumbaite, sometimes intimately in-
tergrown with thin laths, or even with small
sheafs, of burangaite intensely pleochroic in blue
hues (von Knorring et al. 1977) appear at the con-
tact of samuelsonite with trolleite. As gatumbaite
also occurs within the aggregates of samuelsonite,
cross-cutting its bladed crystals it seems justified
to propose the following transformation, samuel-
sonite — apatite — gatumbaite — burangaite, as
a step of the late evolution stage observed so far
for the Al-rich phosphate associations in the
Buranga mine. No bjarebyite has been recognized
in this material.

Crystallographic properties

The X-ray diffractometer data obtained on the
amount of handpicked samuelsonite selected for
the wet chemical analysis are listed in Table 2.
Although they are similar to those given by
Moore ef al. (1975), our data, however, show d-
values which are systematically a little larger.
Moreover, a few d-values recorded by these
authors are missing in our data, while we meas-
ured some additional d-spacings, for instance,
8.59 A (200) and 3.419 A (020). These differences
do not seem to be attributable to the diffractom-
eter technique used, which certainly gave reliable
resolution of the d-values between 3.100 and
3.030 A.

The cell parameters preliminarily measured on
single crystal patterns using the rotation and
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1/1o oy (A) hkl dege(A) 1/1o oy (A) hkl degie (A)
10 13.01 001 12.995 5 2.507 421 2.507
30 8.59 200 8.602 5 2.439 515 2.438
10 6.172 201 6.168 713 2.437

5 6.059 111 6.059 40b 2.316 602 2.316
15 4.648 401 4.648 714 2.320
15 4.455 402 4.456 710 2.313
20 4.396 310 4.395 5 2.217 404 2.216
10 4.299 400 4.301 316 2.218

5 3.882 303 3.884 10b 2.141 331 2.140
10 3.840 311 3.836 5 2.105 332 2.104

113 3.841 10 2.070 025 2.069

10 3.685 401 3.684 621 2.069

55 3.419 020 3.421 10b 2.001 801 2.002
25 3.382 203 3.384 15 1.991
15 3.306 021 3.308 10 1.977
35 3.259 404 3.261 10 1.937
20 3.176 220 3.179 10 1.921
40 3.100 602 3.097 10 1.902
100 3.078 314 3.080 10 1.895
40 3.053 601 3.057 10 1.886
20 3.030 222 3.029 10 1.854

5 2.971 603 2.971 10 1.842
20 2.870 600 2.867 15 1.820
50 2.803 205 2.802 20 1.711
40 2.754 321 2.755

223 2.755

40 2.709 222 2.708
65 2.677 420 2.677
50 2.595 403 2.596
315 2.595

5 2.568 23 2.567

b: broad. Diffractometer; monochromatized Fe radiation; @ values corrected with an internal standard Pb(NO;), (¢=

7.8568A).

Table 3. Unit-cell data.

Buranga Palermo No. 1
(Moore and Araki, 1977)
a(A) 18.621(3) 18.495(10)
b(A) 6.842(1) 6.805(4)
c(A) 14.066(2) 14.000(8)
] 112°30'(1") 112.75(6)°
V(AY) 1655.6(3) 1624.9
a:b:eh 2.722:1:2.056  2.718:1:2.057
Space group C2/m C2/m
z 2 2
D, eae. 3.24(5) 3.353
D, 3.22 3.355

(1) calculated from the unit-cell parameters.

Weissenberg methods were refined from the pow-
der data. These calculated cell dimensions, com-
pared with the data of Moore and Araki (1977)
in Table 3, show that the unit-cell of the Buran-
ga samuelsonite is decidedly larger than that of
the type samuelsonite from the Palermo No. 1
pegmatite. The interpretation of the Weissenberg
patterns results in the determination of the space
group C2/m, C2 or Cm and we adopt C2/m in
Table 3, in accordance with Moore and Araki
(1977) who solved the crystal structure.
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Fig. 1. Infrared spectra of the Buranga samuelsonite.

la) 200—1300 ¢cm™! domain (2.5 mg of material diluted in
0.6 gr KBr).

1b) 1500—4000 cm'! domain (6 mg diluted in 0.6 gr KBr).

Infrared absorption spectrum

An infrared spectrum has been recorded be-
tween 200 cm™ and 4000 cm™ with a Beckman
IR 4250 spectrophotometer following the conven-
tional pressed-pellet technique. A 2.5 mg sam-
ple of samuelsonite was carefully ground and
mixed with 0.6 g KBr, and the mixture pressed
as to give a disc of 20 mm diameter for the do-
main between 200 cm™ and 1400 cm! (Fig. 1a).
For the range 1500—4000 cm™, 6 mg were
mixed with the same amount of KBr (Fig. 1b).
The observed absorption band frequencies are
directly indicated on the spectra.

In the complex part of the spectrum shown in
Figure la, there is little doubt about the assign-
ment of the strong absorption bands between 950
cm™ and 1100 cm™! to the antisymmetric vibra-
tions of the PO, anion. It seems also reasonable
to attribute the band at 975 cm™ to the v, vibra-
tion, and those at 1015 cm!, 1050 cm™! and 1097
cm’! to the v, vibrations of PO,, respectively.
The shape of these bands in a relatively narrow
domain suggests that the PO, tetrahedra are
moderately distorted, what is in agreement with
the P-O distances measured by Moore and Araki
(1977). Additionally, if we take the similarities
between particular sections of the samuelsonite
atomic arrangement and the apatite structure into
account, as reported by these authors, it appears
that the four frequencies measured on the
samuelsonite spectrum are very close to the ones
already known for the v,—uv, vibrations of the
PO, anion in the minerals with an apatite struc-
ture (Table 17 in Ross, 1974). By extending fur-
ther our comparison, we are inclined to consider
the strong absorption bands occurring at 567
cm’, 598 cm and 618 cm! as the v, PO, bend-
ing, again with both their frequencies and rela-
tive intensities quite similar to that of apatite. Al-
though both the PO, bending and AlOjy stretch-
ing vibrations contribute to the absorption in this
650—500 cm™ region (Povarennykh, 1978), we
speculate that the doublet at 662—683 cm'
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could be due to the stretching vibrations of the
octahedral Al.

From the 1500—4000 cm! region (Fig. 2b), it
is virtually impossible to identify of O-H stretch-
ing vibration of the hydroxyl groups because they
are certainly screened by the stretching vibrations
of H,O. This strong and large absorption band
seems to indicate by its frequency at 3240 cm,
that H,O is rather strongly bonded in the struc-

Table 4: Chemical analyses of samuelsonite

Wet-chemical analysis performed by J.-M. Speetjens.

u-.pw!\).—

(Moore and Araki, 1977).
tr. :traces; n.d.: not determined.
R =Mn/(Mn + Fe2+),

ture. However, the weak shoulder observed to-
wards the higher frequencies, around 3400 cm™,
is probably caused by a second type of H,O,
less strongly bonded. The two other bands at
1630 cm™! and 2350 cm™! can be attributed to the
bending vibration of the water molecules, and to
an harmonic or a combination vibration, respec-
tively.

Wet-chemical analysis performed by O.v.K.; (*) the sum includes 0.28 wt.% insoluble.

»Find 1»: electron microprobe analysis by A.J. Irving (Moore ef al. 1975).
»Find 2»; wet chemical analysis by J. Ito (Moore et al. 1975).
Theoretical composition for the charge balanced formula (Bag s, 5)(Cag 5[y 5),(Mny 4sFeg 10Nag 25),CagA1,(PO,),(OH),

Buranga Palermo No. 1

1 2 3 4 S
P,0; 42.76 43.79 44.0 43.10 42.86
Al1,0, 6.37 6.18 6.2 4.80 6.16
Fe,O, 1.48 0.07 — nil —
FeO 7.26 7.92 6.5 11.30 5.21
MnO 8.81 8.91 7.9 7.20 771
MgO —_ 0.07 — 0.12 —
CaO 26.96 28.41 29.6 28.30 30.48
SrO — — 0.3 0.44 —
BaO 2.65 231 4.8 2.04 4.63
Li,O 0.42 0.43 — — —
Na,O 0.44 0.35 1.4 0.21 1.87
K,O 0.07 tr — 0.02 —-
H,0~ 1.88 1.85 n.d 3.00 1.09
H,O 0.03 — — —
Total 99.41* 100.29 100.7 100.53 100.01
Cation numbers calculated on the basis of 20.00 PO, per unit cell.
Al 4.15 3.93 3.92 3.10 4.00
Fe3+ 0.62 0.03 — — —
Fe2+ 3.35 3.57 2.92 5.18 2.40
Mn2+ 4.12 4.07 3.59 3.34 3.60
Mg?+ — 0.06 — 0.10 —
Ca?+ 15.96 16.42 17.03 16.62 18.00
Srx — — 0.09 0.14 —
Ba2+ 0.57 0.49 1.01 0.44 1.00
Lt 0.93 0.93 — — —
Na~ 0.47 0.36 1.46 0.22 2.00
K* 0.05 — — 0.01 —
Hx 6.93 6.66 ? 10.97 4.00
R 0.55 0.53 0.55 0.39 0.60
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Chemical composition

In 1973 one of us (O.v.K.) performed a wet
chemical analysis on this yellow green mineral but
the results were never published. They are shown
in Table 4, column 1.

Although the physical and optical features, as
well as the crystallographic properties of the
mineral described in this paper (Tables 1, 2 and
3), corroborate the identification of samuel-
sonite, some discrepancies arise between the
chemical results of O.v.K. and those given by
Moore et al. (1975), i.e. the electron microprobe
data, and a wet chemical analysis of Jun Ito (see
Table 4). On the contrary of the samuelsonite
from the Palermo pegmatite, the mineral from
Buranga seems to contain significant amounts of
Fe,0,, and of Li,O; its H,O content in wt% is
also different from the result obtained by J. Ito.

As the material available at the outset of our
reinvestigation only displayed small amounts of
samuelsonite dispersed within trolleite, and inti-
mately associated with scorzalite, and burangaite,
a purification of the mineral of handpicking was
unsuccessful. Moreover, as ferric iron and lithi-
um could not be checked with the electron micro-
probe, a wet-chemical analysis still appears as the
best way to solve the problem.

In the meantime, specimens from the mineral
collection of the Museum at Tervuren provided

us with new fresh material. A qualitative spec-
trographical analysis confirm P, Ca, Al, Fe, and
Mn as major elements, Ba, Li, Na and Mg as
minor elements, Pb, Ga, Ti, Cu and Ag as trace
elements. A wet-chemical analysis was performed
on 25 mg of selected transparent grains, and the
Fe content was determined on another separat-
ed amount of 25 mg following the method by
Wilson (1960). The Penfield method served to de-
termine the water content on 50 mg.

The new results are also given in Table 4,
column 2 and are very similar to those obtained
some years before. Both the Li,O and H,O con-
tents are virtually identical in the two analyses.
The new data also show Fe,0; is not constant;
the Fe,O, content obtained by O.v.K. was like-
ly caused by undetermined impurities or altera-
tion products coating the cleavages and fractures
of the mineral (see before).

Nevertheless, in order to compare our data
with those of Moore ef al. (1975), a small trans-
parent fragment of the fresh material was
polished for electron microprobe analyses, using
the full automated equipment Camebax SXS50
(operating conditions: accelerating voltage 15 kV,
sample current 20 nA). The following standards
were used: graftonite from Kabira for P, Fe, Mn
and Ca; albite for Al, and Na; barite for Ba. The
results of these partial analyses are given in Ta-
ble 5.

Table 5: Electron microprobe analyses of the Buranga samuelsonite.
1 to 5: The five point-analysis on one crystal performed by F. Autefage with the Camebax SXS50.

6: Mean values, X in wt%, and the standard deviation of X, s, given in parentheses.
y &2 Relative standard derivation of X, s/X, multiplied by 100.
1 2 3 4 5 6 7

P,0, 42.19 41.86 40.87 40.87 41.12 41.38(0.61) 1.47
Al1,0, 5.97 6.02 5.93 5.93 5.81 5.93(0.08) 1.35
FeO 71.57 7.36 7.63 7.84 7.79 7.64(0.19) 2.49
MnO 8.75 8.72 8.82 8.19 7.59 8.41(0.52) 6.18
CaO 25.67 25.60 24.98 25.09 24.72 25.21(0.41) 1.62
BaO 0.89 1.16 2.03 3.75 4.85 2.54(1.71) 67.32
Na,O 0.48 0.49 0.28 0.20 0.10 0.31(0.17) 55.84

Cation numbers on the basis of 20.00 PO, per unit cell (for column 6): A1=3.99; Fe2* =3.65; Mn=4.07; Ca=15.42;

Ba=0.57; Na=0.34; Mn/(Mn + Fe)=0.53.
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Discussion of the results

The new wet-chemical analysis (Table 4) allows
to calculate the cation numbers on the basis of
20 [PO,)* in the unit-cell, and the distribution
of the cations, as proposed by Moore et al.
(1975), results in the following structural formula
for the mineral from Buranga:

While the Mn/(Mn + Fe) ratio in the Buranga
samuelsonite averages 0.53, and is virtually iden-
tical to the ratio obtained for the mineral of the
Palermo mine (»Find 1»), it becomes 0.39 for the
mineral called »Find 2» in the same mine (Moore
et al. 1975). Marked variations of this ratio are
known to occur in other phosphate minerals oc-
curring as late products in granitic pegmatites.

PO, :20.00

Ca :16.00

Al :3.93 A1+0.03 Fe’* ~4.00

M(1)+M(2) :3.57 Fe?** +0.93 Li+0.06 Mg+ 3.44 Mn?* =8.00
X(?2) :0.63 Mn2?* +0.42 Ca+0.36 Na+2.59 [1=4.00
X(1) :0.49 Ba+1.51 (J=2.00

OH :2.30 OH-+1.70 H,0=4.00

+0,48H,0

With Z=2, this formula gives a calculated
specific gravity of 3.26 g/cm® in good agreement
with the measured specific gravity. By using the
revised constant published by Mandarino (1981)
for the Gladstone-Dale relationship, we calculat-
ed n=1.635 and a compatibility index
(1-K,/K,)=-0.034, which ranges the category
»excellent» (Mandarino, 1981).

The relevant fragments of the samuelsonite
structure, as defined by Moore and Araki (1977),
are: the double column [Ca,(PO,),,], which is
the common element with the apatite structure
permitting some reasonable assignments of the
complex infrared spectrum, and the cluster
[Ca,A1,(OH),] constituted by Ca(l), Ca(2), and
the [A1(OH)O,] octahedral chain. Consequent-
ly, the available amounts of Al and Ca atoms
on the basis of 20(PO,) in the cell must reach at
least 4 and 16, respectively, to build up a valid
formula. A comparison with the results obtained
by Moore et al. (1975) effectively shows that the
Al, Ca and P contents are varying in a short
range only.

On the other hand, the cationic contents in the
other sites of the structure display very distinct
variations.

The variations of the Li, Ba and H,O con-
tents are more puzzling.

In the proposed formula for the Buranga
mineral, the small amount of Li (0.93 atom per
cell) is reasonally located in the octahedral
M(1) + M(2) sites. Subsequently, the excess of
Mn?* and the amount of Na reside in the X(2)
site, normally populated by Ca. Nevertheless, it
can be seen that the large amount of vacant X(2)
positions (2.59), as well as the 1.51 empty X(1)
positions, are in agreement with the description
of Moore and Araki (1977, who reported that
X(1) and X(2) must be at most half-filled for ster-
ic grounds.

A tiny crystal of samuelsonite from Palermo
mine (U.S.N.M. 128.071) and labelled »Find 1»,
being thus considered as type material by Moore
et al. (1975), was sacrificed for a qualitative check
of Li by atomic absorption spectroscopy. Al-
though the rather small available amount of the
mineral prevents from obtaining accurate results,
the presence of Li was detected, and its content
was roughly estimated to be around 0.5 wt.%.
This observation forces us to conclude that the
presence of a significant content of Li was not
previously reported for the type mineral from
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Palermo.

The Ba variations were already mentioned in
the two occurrences in the Palermo pegmatite
(Table 4). In the case of Buranga, marked varia-
tions in the Ba contents were also detected thanks
to the electron microprobe analyses, however, no
zoning was seen. Although the microprobe results
were obtained from five point-analyses only (Ta-
ble 5), the average contents of the analysed ele-
ments are in fair agreement with the wet-chemi-
cal data. However, the CaO contents are rather
low and one of the MnO values appears to be an
analytical error. If the relative standard devia-
tion of X, s/X, is taken into account (Table 5), the
values indicated for Xp,o5, Xa1,055 Xpeo» and even
for X.,0, may be considered as the normal ana-
lytical uncertainties of these element determina-
tions by electron microprobe. The values of s/X
noticed for X,o and Xy,,0, higher than the above
analytical uncertainty (Table 5), reflect the non-
uniform distribution of both these components
within the analysed fragment of samuelsonite. As
it can be seen from Table 5, the variations of the
Ba contents are very sensitive. The range 0.89—
4.85 wt.% BaO gives an upper value, correspond-
ing to 1.09 atom Ba in the unit-cell, which is vir-
tually identical to the theoretical value considered
by Moore and Araki (1977) for the ideal formu-
la (Table 4). Additionally, from the few chemi-
cal data obtained, the increase of Ba appears to
be accompanied by a decrease of Na (Table 5).

Although our interpretation of the chemical
results is constructed on cation numbers calcu-
lated on the basis of 20(PO,) per unit cell and
that Moore ef al. (1975) computed the cell con-
tents based on 84 oxygen, we cannot agree with
the limited and, however, plausible replacement
of [PO,] tetrahedra by [H,O,] as suggested by
these authors to explain a relatively high water
content for samuelsonite »Find 2» in Palermo
(Table IV). However Moore and Araki (1977) did
not envisage the role of H,O molecules in the
crystal structure determination. They only specify
the position of the OH groups in the shared corn-
ers of the Al octahedra. In order to balance the

charges in our chemical formula, we are forced
to consider 1.70 H,O occurring in the sites theo-
retically populated by the 4 OH, and acting thus
far as ligands of the Al-centered octahedra.
Nevertheless, an excess of about 0.5 H,0O per
unit cell subsists. Although it could be reasona-
bly suggested that these additional water
molecules could stabilize the structure of samuel-
sonite, in which the large X(1) and X(2) sites are
partly vacant, the infrared analysis, however, did
not provide us with valid arguments to locate
H,0 — or H;O* — in these particular sites.

As a conclusion, the comparison of our data,
with those given for the two occurrences of
samuelsonite in the Palermo mine, does not pro-
vide us with anything relevant. The discrepancy
between the physical properties, which clearly ap-
pears from the Tables 1 and 3, cannot be reasona-
bly justified so far. The chemical composition of
this mineral is complex, and very flexible, as we
have reported it here.

According to our chemical data, it seems that
the role of Na* in the octahedral sites has been
over-estimated by Moore and Araki (1977). We
are of the opinion that the too low electron den-
sity distribution for M(1) and M(2), observed by
these authors, is caused by Li*. Consequently,
Na* must reside in the X(2) site with Ca. More-
over, the calculation of the site occupancy for the
Buranga samuelsonite leads us to consider a small
amount of Mn?*, which must also populate the
X(2) sites. It must be pointed out that similarly
an excess of Mn?* is also known to coexist with
Na* and a low amount of Ca?* in the X(1) sites
of the alluaudites occurring in the lithium-rich
pegmatite of Buranga (Moore, 1971; Fransolet,
1975).
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