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Abctract

Museum specimens of lacroixite from the type locality (near Greifenstein, German Demo-
cratic Republic) were restudied. The mineral occurs in druses of a lithium-bearing granite in
close association with viitaniemiite. Being similar in appearance it is dillicult to dlstinguish
between these two minerals, and therefore physical pioperties measured from viitaniemiite
have been cited for lacroixite in the literature.

Lacroixite, NaAIFPO, is monoclinic, space group C2f c, a : 6.414, b = g.2O7, c : 6.gg5A,
0:115.47" andz:4. The strongest peaks in ttre x-ray diffractogiam are 3.155(100[112),2.895(98X200), 2.47qsr(022,r30), 4.73(slx110), 2.r6614i)lr3t), 4.6t712\rr1). The specinc
gravity is 3.29 and hardness 4-5.

The mineral is colorless or gray, biaxial with a : 1.546, f : 1.563, y = 1.5g0, _2V
99^ t : 89', -2v (calc.) : 89.1' and r < u. The characteristic bands in the IR spectrum are
3388, 2924, 2854, 107 5, 567, 47 4, 396, 325 and 304 crn - 1.

The structure of lacroixite has been solved by Patterson and Fourier methods. After the
least-square refinement the final R is 0.034 for 468 (2o observed) reflections collected on a
computer-controlled four-circle diffractometer. The structure contains chains of corner-
sharing AlO4Fz octahedra crossJinked by POn tetrahedra. The resulting large cavities in the
framework are filled with Na atoms in 7-fold coordination. The octahedial chains, which are
p-arallel to the c-axis, are_kinked, the.Al-F-Al angle being 142.7". Bond distance averages aretTtNa-1o,F; 2.356, r6rAHo,F) 1.864, rorp-o t.s+3i

- .l-.acroixite is the phosphate analog of durangite, NaAlFAsOn; both are isostructural witb
high temperature (A2la) titanite, CaTiOSiOn.

Part I. Occurrence, physical properties
and chemical composition

Introduction
The rare phosphate mineral lacroixite was originally de-

scribed by Slavik (1914, 1915) from druses of a lithium_
bearing granite near Greifenstein, German Democratic Re_
public. Only three other localities have been reported since
then by Mrose (1971). Because many of the prolerties were
unknown or uncertain due to the paucity of the mineral,
Mrose (1971) studied the type samples and redefined la_
croixite. She has given the space group, unit cell data, the
six main X-ray powder reflections, and proposed the for_
m03 001x/85/0708_{849$02.00

mula NaAIFPO. for the mineral. The description is, how_
ever, a short abstract without any detailed information of
the chemistry and optical properties of the mineral.

Because the chemical data given by Slavik (lgl4, lgLs)
are not in good agreement with the formula of Mrose
(1971), and because the properties and structure oflacroix_
ite are not fully known, the present authors restudied la_
croixite samples from the type locality. Several small min_
eral fragments designated as lacroixite, and one piece of a
druse wall were at the authors' disposal. These were from
the Staatliches Museum fiir Mineralogie und petrologie zu
Dresden, the Mineralogical Museum of Harvard Univer-
sity and the U.S. National Museum of Natural Historv
(Washington, D.C.).
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850 LAHTI AND PAJUNEN: LACROIXITE

Occurrence

According to the original description of Slavik (1914)

lacroixite occurs in druses ofa lithium-bearing granite near

Greifenstein, Saxony, German Democratic Republic. The

associated minerals are quartz, potassium feldspar' tourma-

line and dark Li-bearing mica. Smaller amounts of

childrenite, jeZekite, apatite, and roscherite were en-

countered as euhedral crystals in cavities. Lacroixite ap-
pears to have formed at an early to intermediate stage in

the sequence of cavity mineralization. The mineral occurs

as small crystal aggregates or rarely as subhedral crystals

between the cavity minerals.
The studies carried out by the present authors confirmed

Slavik's observations except that many of the specimens
labelled lacroixite contain viitaniemiite in close association'
A piece of rock from a cavity wall (specimen HMM 86746

from the Harvard Mineralogical Museum) exhibits subhe-

dral to euhedral crystals of feldspar, quartz, and tourma-

line. Two small gray grains containing both viitaniemiite
and lacroixite were detected between the quartz and feld-

spar crystals. Thin section studies revealed that lacroixite

occurs as small crystals between very thin (less than 0'02

mm), altered viitaniemiite crystal plates. A small prismatic

crystal of dark green tourmaline was found as in inclusion

in one sample. The Greifenstein viitaniemiite is in ap-
pearance very like that from Viitaniemi (see Lahti' 1981)'

Lacroixite and viitaniemiite are similar in color and difli-

cult to recognize with the naked eye.

PhYsical ProPerties

Lacroixite is gray or colorless and its luster vitreous'

Some of the crystal fragments studied are t{ansparent and

exhibit a few faces. The refractive indices of the mineral are

a:  1.546+0.001,  f  :  1 .563+0.001,  v :  1 '580+0'001'
y - a:0.034. They were measured with the immersion

method in Na light. The indices of refraction of the liquids

were tested on an Abbe refractometer. The optic axial

angle is -2Iz (meas'):89'*1o and r < u' They were de-

termined with a universal stage from a thin section con-

taining small fragments of lacroixite. The measured optic

axial angle agrees well with the calculated value, -2V

l:1.565, -2V near 90';unfortunately they did not study

their material in detail. Because these values differ slightly

from those measured by us, we also determined the refrac-

tive indices of viitaniemiite associated with lacroixite' Frag-

ments from the same specimen that Larsen and Berman

The specific gravity of lacroixite was determined using

3.126 given by Slavik (1914) is too low for lacroixite, but

may represent the specific gravity of altered viitaniemiite'

Chemical cornPosition

Lacroixite was analyzed at the Geological Survey of Fin-

land using the electron microanalyser technique' The

analyses given in Table I were obtained using a Jeol Super-

probe at an operating voltagc of 15 kV, a sample.current of

20 nA and a beam diameter of 20 nm. The standards were

albite for Na, spodumene for Al, apatite for P and synthetic

MgF, (and CeFr) for F. The chemical formula calculated

on-tlre basis of 10 (O + F) and wirhZ:4 is Nao.nAlFPOn,

which is very near to the ideal formula of lacroixite,

NaAIFPO4. The paucity of material precluded the analysis

of water. The IR-spectrum and the structure determination

indicates, however, that there are no water of crys-

gave the following results (wt.%): Na2O lL'7,, CaO 12'6,

FeO 6.2, MnO 3.7, A12O322.7,PzOs27.7 and F 11'9' The

composition varies, however, between different samples but

it reiembles closely the composition of Finnish viitanie-

miite (Lahti, 1981).
The analytical data indicate that the sample analyzed by

Slavik (1914) was probably a mixture of minerals consisting

mainly of viitaniemiite. Slavik (1915) reported that a re-

Table 1. The chemical composition of lacroixite

A r 2 0 3  3 ? . 1  3 1 . 1

N a 2 0  1 6 . 4  1 8 . 9

P z O s  4 4 . ?  4 3 . 3

F  1 2 . 3  1 1 . 6

l  n q  t

A1

Na

P

o

1 . 0

0 . 9

1 . 0

l l . 0

-0 ) .  |  |
1 0 0 . 3

1 .  L a c r o l x l t e '  G r e i f e n s t e i n .
M tc rop robe  ana l ys l s  bY
Tuu la  Hau ta l a .

2 ,  Theo re t i ca l  compos l t l on  o f
NaA lFP0 ' . .

3,  AtorDs i f r  the fornula conputed
on  t he  bas l s  o f  5  ( 0+F )  f r on
the  chen l ca l  ana lYs l s .
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analysis of lacroixite did not show any calcium. At this
time his sample probabty consisted largely of lacroixite (ac_
cording to the definition of Mrose); unfortunately the re_
sults are only qualitative. In her short abstract Mrose
(1971) does not give any chemical analyses, although she
does present th€ correct chemical formula for lacroixite
!Td.- on its crystallographic relation to durangite,
NaAlFAsOn.

Crysrallography

obtained with the diffractometer method using Ni_filtered
Cu radiation with a quartz standard are given in Table 2.
The cell dimensions are consistent with those obtained
with four-circle diffractometer during the crystal structure
alalysis (see Table 5) and wirh those given by Mrose (1971)
although her determinations indicate a somewhat greater
cell volume for the mineral.

Table 2. X-ray powder diflraction data on lacroixite, Greifenstein.
Saxony. Diffractometer, Ni-filtered Cu radiation (CuKa :

1.5417SA), quartz as an internal standard

Before the redefinition of lacroixite (Mrose, lgTl) the
mineral described on JcpDs-card 13-587 (specimen from
Greifenstein) was called lacroixite: afterwards the name
was changed to "unknown mineral". The first of the pres_
ent authors (S.L.) showed that the mineral described could
be viitaniemiite and therefore the card was renamed viita-
niemiite. During this study we confirmed that the X_ray
powder diffraction pattern of the Greilenstein viitaniemiite
is identical to that of Viitaniemi and Francon viitaniemiite
(Lahti, 1981, and Ramik et al., 1983) and the unit cell data
given for viitaniemiite by Mrose (1971) and pajunen and
Lahti (1984) are close to each other.

Infrared spectrum
The infrared spectrum was recorded with a perkin_Elmer

983 spectrophotometer fitted with the Data Station 36
computer at the Technical Research Center of Finland. The
spectrum was recorded with two methods: (1) The conven_
tional pressed disc technique, in which I mg of the lacroix_
ite powder was ground with 300 mg KBr. The spectra
obtained are given in Figure l(a).e) The nujol technique,
whereby the spectrum was recorded using nujol-mineral
emulsion to prevent the bands caused by the humidity ab_
sorbed from the air during grinding of the sample. The
spectrum is given in Figure 1(b). Even the nujol causes
some additional bands, i.e.,3000-28fi), 1460, l3g0 and72O
cm- 1.

The following bands were recorded for lacroixite using
the conventional pressed disc technique: 3434, 2924,2EV.,
1630, 1075, 80E, 567, 474,396,325, and 3M cm- r. Because
the spectrum shows bands characteristic of water and OH
vibrations (3434, 1630 and 808 crn-t), the nujol technique
was also used. Strong OH stretching vibrations are as_
signed to the high frequency region between 3400 and 3550
crn-l in many phosphates and silicates including titanite
(Plyusina and Zajtseva, l97l), which is structurally similar
to lacroixite.

Figure 1(b) shows that the two bands at 1630 and g0g

Fig. l. The infrared spectrum of lacroixite recorded using a)
conventional pressed KBr-disc technique b) nujol technique. The
bands marked with N are derived from nujol.
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cm- 1 are lacking and that only a weak broad band at 3388

cm-l is visible in the spectrum recorded using the nujol

pure KBr discs.
Lacroixite has a broad absorption band at 1200-950

cm-1. This may be attributed to the stretching vibrations

of POn tetrahedra or to 2vAl-F and 2vAl-O overtones as

Part II. CrYstal structure

Experimental

For the structure analysis a transparent crystal fragment

of lacroixite measuring about 0.5 x 0.5 x 0.8 mm was sep-

arated from the tYPe material.
The unit cell dimensions (298" K) given in Table 5 were

obtained by least-squares refinement of angular settings of

15 reflections centered on a Nicolet P3 automatic four-

circle diffractometer using graphite monochromated MoKa

radiation (r. : 0.7107A). The intensity data were measured

using the o-scan method with variable scan speed' Two

standard reflections measured for every 50 reflections

showed no systematic variation. Of the 554 reflections with

3" <2e < 60', 468 were regarded as observed (I >2o(I))'

The intensities were corrected for Lorentz and polarlzation

effects, but no corrections for absorption were applied

11t: 16J cm- t).

Although lacroixite was suspected to be isostructural

with durangite, the structure was determined independently

using Patterson and Fourier methods. The structure was

refinid with the full-matrix, least-squares method using an-

isotropic temperature factors' The function minimized was

EwllFol - lF"ll' with unit weights. The atomic..scattering

factors used were those of Cromer and Mann (1968)' The

refinement converged to an R factor of 0'034, R. :0'M2

and S : (EwAF2/(m - n))o't : lO'2' On-the difference map

the electron density was largest 0.28 eA3, in the vicinity of

the phosphorus atom. The calculations were performed on

a uNIvAc 1100 computer using programs of the XRAY76

system (Stewart, 1976). The final atomic parameters are

listed in Table 3 and the interatomic distances and bond

angles are given in Table 4. Observed and calculated struc-

ture factorsl are on dePosit.

Discussion of the structure

The structure of lacroixite contains chains of corner-

sharing AIO4F2 octahedra crosslinked by POn tetrahedra'

The resulting large cavities in the framework are filled by

Na atoms in seven-fold coordination. Figwe 2 shows a

stereoscopic view of the structure- The octahedral chains,

which are parallel to the c axis of the mineral, are kinked,

(space group,42/c).''TabG 
5 fresents the unit cell data and the mean cation-

1 To receive a copy of the structure factors, order Document
AM-85-270 from the business Offrce, Mineralogical Society of
America 2000 Florida Avenue, N.W., Washington, D'C' 20009'
Please remite $5.00 in advance for the microfiche.

Table3.Atomiccoordinatesandanisotropictherma|vibrationparametersforlacroixite

u ^ -u t 3u , ^u - -
J J

u 2 zu t lAtom x

N a  0 . 0

P  0 . 0

o ( 1 )  0 . 0 9 3 9  ( 4 )

o Q )  0 . 1 9 1 5  ( 4 )

0 . 0

0 . 6 6 8 5  ( 2 )

0 . 3 I 7 8  ( I )

0 . 2 0 9 5 ( 3 )

o . 4 3 r o  ( 3 )
- 0 . 0 7 0 8  ( 3 )

0 . 0 0 0 7  ( 4 )

0 . 0 0 2 5 ( 8 )

0 . 0 0 0 8  ( 3 )

0 .  0 0 1 8  (  7 )

0 . 0 0 1 7  ( 7 )

0 . 0 0 3 2  ( 8 )

- 0 . 0 0 0 4  ( 4 )

0 . 0
0 . 0

- 0 . 0 0 0 7 ( 7 )

- 0 . 0 o l r  ( 7 )

0 . 0

0 . 0 o .  o  o . 0 0 3 7  ( 5 )  0 . 0 0 4 3  ( 5 )

o - 2 s  0 . 0 1 4 7  ( 9 )  0 . 0 0 8 3  ( 9 )

o - 2 5  O . O O 3 5 ( 4 )  0 . 0 0 4 2 ( 4 )

0 . 1 2 r 8 ( 3 )  O . o o 6 o ( 9 )  0 . 0 0 s 5 ( 9 )

0 . 4 0 3 2  ( 3 )  0 . 0 0 5 2  ( 9 )  0 . 0 0 7 7  ( 9 )

0 . 2 5  o . o o 9 9 ( 1 1 )  0 . 0 0 5 5 ( 1 0 )

0 . 0 0 3 5  ( 5 )  o . 0 o o 2  ( 4  )

0 . 0 2 9 7  ( 1 1 )  0 . 0

0 . 0 0 4 6 ( 4 )  o . o

o . o o 7 2 1 9 )  - 0 . 0 0 0 8 ( 7 )

o .  o o 8 9  ( 9 )  - o . 0 o o 6  ( 7 )

0 . 0 0 4 9  ( 1 0 )  0 . 0
0 . 0

The va l -ues  o f  x ,  y ,  z  a re  g iven in  f rac t iona l  coord ina tes ,  the  an iso t rop ic  tempera ture  fac to r  i s  o f  the

t " r ^ " . ; ; i - r ; ; , , u ' r r ^ ; ' n '  *  u ' r r b + 2 k 2  *  u r r " * 2 r 2  +  2 u t r a * b x h k  +  2 u 1 3 a x c x h 1  +  2 u 2 3 b i c * k r ) ) '  E s t i m a t e d

s tandard  dev ia t ions  in  paren theses  re fe r  to  the  las t  d ig i ts '
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Table 4. Interatomic distances and angles for lacroixite

853

A1

A 1

A 1

-  o ( 1 )

-  o ( 2 )

r .  s 4 6  ( 3 )

1 . s 4 0  ( 2 )

o ( r )

o ( I )

o ( 2 ) 1

o ( 1 ) r r

o ( 1 ) r r

o ( 1 ) 4 1

o  ( l )  r r

o  ( 1 )  a r

o  ( 1 )  a l l

o ( 1 ) a a 1

o  ( 1 )  l a a

o  ( 2 )

o ( 1 )

o  ( r )

o  ( 1 )

o  ( 2 )

o  ( 1 )

o  ( 1 )

o ( 2 ) 1

o ( L ) a r

o  ( 1 )  a r

o  ( 1 )  1 1

o  ( l )  r I

o ( t ) 1 r

o ( 1 ) 1 r a

o 0 - ) a r a

o  ( r )  r r r

o ( 2 )

o  ( 1 )

o  ( 1 )

o ( r )

o  ( 2 )

o ( r )  1 . 8 9 s ( 2 )

o ( 2 ) a  1 . 8 8 2 ( 2 )

F  r . 8 1 6 ( 1 )

o  ( r )  1 1  2 . 3 8 i  ( 2 \

o  ( l )  r r l  2 . 5 6 i  ( 2 )

o ( 2 )  2 . 3 0 4 ( 3 )

F t t  2 . 1 4 r ( 3 )

o ( 2 ) r  9 1 . 8 ( 1 )

F  9 0 . 0  ( 1 )

F  8 9 . 8  ( 1 )

o ( 1 ) 4 1 1  7 g . g ' 1 )

o ( r )  r v  9 3 - 7  ( r )

o  ( 2 )  1 2 4 . 8  ( r )

o ( 2 ) v  7 0 . 6 ( r )

F r t  8 r . 9 ( 1 )

F v r  G 7 . o ( 1 )

o ( 2 )  r 2 9 . 6  ( 1 )

o ( 2 ) v  9 r . 4 ( 1 )

o ( 2 ) v  6 4 . 4 ( l )

o ( 1 ) v  r c 9 . 7  ( 2 )

o ( 2 )  r r 0 . 3 ( 1 )

o ( 2 ) v  r 1 0 . 4  ( 1 )

o ( 2 ) v  1 0 5 . 8  ( 2 )

o ( 2 ) a  2 . ' 1 L 2 ( 3 )

F  2 . 6 2 6  ( 3 )

F  2 . 6 1 0 ( 3 )

o  ( 1 )  r r r  3 . 1 8 5  ( 4 )

o ( 1 ) r v  3 . 6 1 7 ( 3 )

o ( 2 )  4 . r 5 7 ( 3 )

o ( 2 ) v  2 . 1 1 2 ( 3 J

F t t  2 . g i 3  1 3 )

F t t  2 . 6 2 4  ( 3 )

o ( 2 )  4 . 4 0 9 ( 3 )

o ( 2 ) v  3 . 4 9 0 ( 3 )

o ( 2 ) v  2 . 4 5 5 \ 3 )

o ( 1 ) v  2 . 5 2 8 ( 4 )

o ( 2 )  2 . 5 3 1 ( 3 )

o ( 2 ) v  2 . 5 3 3 ( 3 )

o ( 2 ) v  2 . 4 5 5 ( 3 )

- A 1

- A 1

- A 1

N a

N a

N a

N a

ltra

P

S!&retry code ( i )
(iv)

= l/2 - x, -I/2 + ,!, I/2 - z
= x , f - y , I / 2 + z

Iti) = -L/2 +
(v )  =  -x ,  y ,

x ,  I / 2 + y , z
I / 2 - z

- -  I  - . ,  - -

x ,  I  +  y ,  z

anion distances of lacroixite, durangite, titanite and three
other structurally similar minerals. Detailed discussion of
the titanite and other derivative structures have been pre-
sented by several authors e.g., Mongiorni and Sanseverino
(1968), Taylor and Brown (1976), Speer and Gibbs (1926),
and Higgins and Ribbe (1977). Table 5 shows that SiOo
groups in the titanite structure may be replaced by AsOo
and POn groups. Lacroixite, isokite and panasqueiraite are
the three known phosphates structurally similar to titanite,
although detailed crystal structure analyses of the two last
mentioned minerals are lacking (Isaacs and Peacor, 1981).
In lacroixite and durangite the seven coordinated Ca atoms
of titanite are replac€d by Na atoms, and the octahedral Ti
atoms by Al atoms. Fluorine occupies the same site in
lacroixite and in other isostructural minerals as does the
non-tetrahedral oxygen in titanite. The OH groups replace
this site in panasqueiraite and may also partly replace it in

titanite (Sahama 1946, Higgins and Ribbe, 1976).
The unit cell volume of lacroixite is much smaller than

that of the other minerals isostructural with it due to the
small size of the Al octahedra and P tetrahedra. The large
octahedral Mg, Ti and Sn atoms cause lengthening of es-
pecially the b- and c-axes in the structure. The chemical
analyses of the Greifenstein lacroixite do not show any
marked replacement and the chemical and structural data
are therefore consistent with each other.

Lacroixite occurs closely associated with viitaniemiite as
a hydrothermal cavity mineral. The structure of each min-
eral exhibits kinked chains ofAl octahedra with a period of
ZA tinkeO by P tetrahedra (cf. pajunen and taliti tlA+1.
This kind of chain structure is especially characteristic of
many low-temperature phosphate minerals that occur, like
lacroixite and viitaniemiite, in granitic pegmatites and their
cavities (Moore, 1970). -

Fig. 2. Stereoscopic view of the lacroixite structure. The origin is at the lower left hand corner, a is horizontal, b is vertical and c
towards viewer.
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Table 5. Comparisons between the unit cell data and structure of lacroixite (the present study), isokite (Deans et al., 1955)'

panasqueiraite (Isaacs and Peacor, 1981), durangite (Kokkoros, 1938), tilasite (Bladh et al., 1972), titanite (Mongiorni and
Sanseverino, 1968) and malayaite (Higgins and Ribbe, 1977).

Lacro ix i te  Isok i te  Panasque i ra i te  Durang i te  T i tas i te  T i tan i te  Ma laya i te

NaAIFPO4 CaM9FPO4 caMg (OH) PO4 NaAtFAsOA CaMgFAsO4 CaTiOSiO4 CaSnOSiO4

a  ( A )

b  ( A )

c  ( A )

p  ( o )

v ( A 3 )

4  c o o r d .  c a t i o n
c - a  d i s t a n c e ( A ) *

6  coord .  ca t ion, . . *
c - a  d r s t a n c e  t A r '

7  coord .  ca t ion
c - a  d i s t a n c e  ( A ) x

6  . 4 1  1  ( 2 )

8 . 2 1 O  t 2 l

6 . 8 8 3 ( 2 )

1 1 5 . 4 5  ( 3 )

3 2 7 . 1 3

P

AI
1  . 8 6 4

Na
2 . 3 5 6

b .  ) ) )  o .  o o  /

8 . 7 1 8  8 . 9 0 6

7  . 0 7 3  7  - 1 4 9

1 1 3 . 9 7  1 1 3 . 3

3 6 9  . 3 4  3 8 9 . 8 6

s i  s i
1  . 6 6 3  1  . 6 4 1

r l  C h

1  . 9 3 0  2 . 0 4 2

2 . 4 3 6  2 . 4 8 3

6 . 5 3 5

8 . 7 5 3

6  - 9 1 9

1 1 2 . 3 3

3 6 6 . 0 9

6 . 5 2

8  - 7 5

1 0 9 . 5

3 8 5 . 0 5

6 . 5 3

8 . 4 6

7 . 3 0

1 ' t 9 . 3 7

3 5 1  . 4 5

As
1  . 6 8

AI
1  . 8 4

Na
2  . 4 4

6 . 6 8 8

8 . 9 4 4
' 1  

. 5 7 0

1 2 1 . 1 7

3 9 7 . 4 5

AS
1  . 6 8 4

Mg
2  . 0 6 0

2 . 4 6 6

P

14gMg

*  the  mean d is tance be tween ca t ion  and an ions .

- not known
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