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NEW DATA ON IACROIXITE. A RELATIVELY WIDESPREAD MINERAL

ANDRE-MATHIEU FRANSOLET
Institut de Mindralogie, Bdtiment 818, Universitd de Lidge, Sart Tilntan, 84000 Lidge, Belgique

ABSTRAST

Wet-chemical analyses and X-raydiffraction patterns of
minerals of the amblygonite-montebrasite series occurring
in the Gatumba pegmatitE field, Rwanda, show that an
impurity is detectable on tle powder pattern if Na2O
exceeds 0.2 wt.Vo,In a sample from Buranga with 2.05
wt.qo Na2O, 16is imfuriry was identified as lacroixite.
Electron-microprobe and wet-chemical analyses of two
lacroixite samples from Rusororo and one from Buranga
showed them to contain Li and OH in substitution for Na
and F, respectively. The two lacroixite samples from
Rusororo have the following idealized formulas:
(Nae.61Lis.3e)AlPO4(F0.jeOHe.a1) and (Nae.s6lie.1a)
AIPO4(F0.8lOHo.rs). The formula of lacroixite from
Buranga is (Na6.ruLis.22)AlPOa@o.epHo.ls). The unit<ell
parameters of these three samples show that 6 decreases
with increasing Li contents. The petrographic texture of
the Buranga lacroixite $uggests that this mineral is either
a Na-metasomatic product or an exsolved phase in its mon-
tebrasite host, whereas the decreasing Li contents of the
Rusororo lacroixite samples can be tentatively related to
the lowering of ternperature. An X-ray-diffraction exami-
nation of the so-called "Na-rich amblygonite" from Hebron
showed it to be a mixhre of amblygonite and lacroixite.

Keywords: lacroixite, ambiygonite-montebrasite series,
Na-U substitution, composition, X-ray data, Gatumba
pegmatite field, Rwancla.

SoNrN{erns

Des analyses chimiques par voie humide et des clich6s
de diffraction des rayons X, effectuds sur des min6raux de
la s6rie amblygonite - montebrasite provenant du champ
pegmatitique de Gatumba, Rwanda, montrent qu'une
impuretd apparalt sur les diffractogammes de poudre dbs
que Na2O aIbi\t 0.2s/o en poids. Gr6ce d un €chantillon
de Burangp ave{ 2.o5t/o Na2O, cette impuret6 a 6t6 iden-
tilide comme €tant lacroixite. Les resultals des analyses I
la microsonde 6lectronique et par voie humide montrent
que les deux €chantillons de lbcroixite de Rusororo et celui
de Buranga contiennent Li et OH, gui se substituent au Na
et au F, respectivement. Les formules id6alis6es des deux
6chantillons de Rusororo sont (Nas.61Li0ie)AlPO4
(Fo.ssOHo.tr) et (Na0.86Lio.1rAlPOa(Fs.s1OHq.se). Pour
l'dchantillon de Buranga, la formule est
(Naa.76Lie.22)AlPO4(F0.65OH0js). Le paramttre cristallo-
graphique D de ces trois 6chantillons d€croft quand late'neur
en Li augmente. Tandis que les teneurs ddcroissantes en
Li des exemples de Rusororo pouraient eve,trtuellement Ctre
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reli€es i l'abais$ement de la temperature, la texture p61ro-
graphique de la lacroixite de Buranga montre que le min6-
ral est soit un produit de la m€tasomatose sodique, soit une
phase d'exsolution dans les cristaux de montebrasite. Un
examen par diffraction X d'un dchantillon d"'amblygo-
nite riche en Na" de Hebron r6vEle un mdlange d'ambly-
gonite et de lacroixite.

Mots-cl6: laqoixite, sdrie amblygonite-montebrasite, sub-
stitution Na-Li, composition, donndes de diffraction
X, champ pegmatitique de Gatumba, Rwanda'

INTRODUCfiON

Althougb amblygonite was first encountered at the
Buranga pegmatite, Rwanda, in the nineteen-forties
by R. de Dycker @uttgenbach 1947), and although
minerals of the LiAIPO4(F,OH) series were exten-
sively mined before the nineteen-sixties in several peg-
matiles near Buranga, in the Gatumba field, these
minerals are poorly known, and the relatively few
data on their minffalegisal properties are dispersed
in the literature (Polinard 1950, Thoreau & Bastien
1954, von Knoning 1970, Dubois et al. l972,Fnt-
solet & Abraham 1983).

The initial purpose of tlis study was to chemical-
ly determine the fluorine contents of minerals in the
amblygonite-montebrasite series, sollected from
several phosphate-rich lithium-bearing pegmatites of
the Gatumba field. The interpretation of about
twenty chemical analyses, complemented by a sys-
tematic X-ray investigation to check the reliability
of methods proposed to determine values of the
F/OH ratio @ernd et al. 1973, Kallio 1978), subse-
quently led to tle identification of lacroixite from
the Rusororo pegmatite and the Burunga mine.

Recently, Lahti & Pajunen (1985) reviewed the
historicat background of lacroixite NaAlPoaF, pub-
lished new data for this mineral, and determined its
crystal structure. The present study of tbree lacroixite
samples from the Gatumba pegmatites provides evi-
dence of Li and OH substitution for Na and F,
respectively, and warrants further discussions ofthe
chemical composition and crystallographic proper-
ties of lacroixite, as well as the problem of Na-for-
Li substitution in the amblygonite-montebrasite
series.
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dll minglals reported here were identified by X-
ray diffraction, using Debye-Scherrer cameras and
a diffractometer equipped with a Fe target and a
monochromator. The d values of the lacroixite sam-
ples, corqected with a Pb(NO3)2 internal standard (a
7. 8568 A) and recorded with a scanniug speed of
th" N/min, were used to refine the unit-cel
parameters with the program of Appleman & Evans
(1973 ) and the structural data of Lahti & Pajunen
(1985). The space group C2/c, determrried by the lat-
ter authors, was checked by the Weissenberg tech-
nique on the material from the Rusororo pegmatite.

The wet-chemical analyses were performed using
atomic absorption for Al, Fe, Mn, Mg, Ca, Na, K
and Li, colorimetry for P, direct titration with a
specific electrode for F, and the Penfield method for
HrO. Lacroixite was dissolved in concentrated HCI
heated at l90oC in a steel bomb lined with teflon.

The electron-microprobe analyses were done with
CAMEBAX equipment using the ZAF correstion
procedure of Henoc & Tong (L977) and, the follow-
ing standards: synthetic berlinite (P and Al), FqOo
(Fe), metallic Mn, MgO (Mg), albite (Na), wol-
lastonite (Ca), and topaz (F).

MrNBRALocrclr, Dlra

Lacroixite from the Rusororo pegmatite

Near the quarry of Rusororo, briefly described by
Bertossa (1960) and cited as tle "Amblygonite mine
of Rongi" by Yarlamoff (1961,ln3), now deserted
and overgrown since the end of 1tre nining activi-
ties, some boulders of montebrasite displaying com-
plex replacement textures are still visible. Around the
cores of montebrasite is an alteration rim, up to 30
cm wide, that consists mainly of an intimate mix-
ture of abundant berlinite and of faintly bluish
lasroixite. The individual grains of lacroixite (up to
10 mm) display a vitreous to pearly luster on the
cleavages (as in montebrasite). Many of the altera-
tion rims are intemrpted by inegular masses of bluish
white lacroixite in close association with deep blue
scorzalite, easily recognized in the field. Both lacroix-
ite and scorzalite occur as irregular veinlets, pods,
or diffuse specks. Berlinite is seldom present in this
second association.

Thin sections containing the two types of associ-
ation showthat the bluish colorof lacroixite is caused
by minute inclusions of scorzalite (10 to 50 pm) that
look like exsolution products. The lacroixite grains
are generally turbid and are locally stuffed with other
undetermined minute inclusions. In the first assosi-
ation, however, berlinite ocqus as a mosaic, and
lacroixite has a poikiloblastic-like texture and
appears rather transparent at the contact with the

embedded globular grains (200 pm to I mm) of ber-
linite.

The meaa of several microprobe analyses of the
lacroixite (Ru-I) containing embedded berlinite is
given in Table 1. On the basis of I (POf per for-
mula unit (p.f.u.), the main cation numbers show
a distinst nonstoichiometrii ratio, in contrast with
tle results of Lahti & Pajunen (1985). Attempts at
purification did not succeed in complete separation
of berlinite from lacroixite in this assemblage, and
several wet-chemical analyses indeed gave an excess
of Al2O3 and P2O5. These aualyses, however,
showed Li and H2O to be present in the mixtures.
These results allowed me to complete the microprobe
analytical data by calculating the Li2O and HrO
contents to render stoichiometric the formula for
lacroixite Ru-I, as indicated in Table 1. 1ag 3impli-
fied formula of this mir,eral is (Nae.61lie.3e)
AIPO4(Fo.reOHo.4J.

Lacroixite Ru-II, which occurs in the scorzalite-
rich veinlets of the second type of assosiation and
cross-cuts the assosiation rich in berlinite, was puri-
fied by hand-picking under a binocular microscope.
All minute inclusions of scorzalite could not be elimi-
nated, but X-ray examination showed that impuri-
ties otler than scorzalite are absenl. The results of
a wet-chemical analysis of lacroixite Ru-II are given
in Table 2. Because Mg was not detected either in
lacroixite Ru-I Clable 1) or the Buranga lacroixite
(see below), the MgO content of 0.29 wt.Vo is
assigned to scorzalite. The composition of the scor-
zalite inclusions was determined by microprobe anal-
ysis; tle composition of lacroixite Ru-II was deduced
(Table 2) to be (Na0.s6l-i0.rtAlPo4(Fo.srOll0.rg).

TAE,E I. !{XG@ROEE DAIXA C8{ IESOIXIXE I'TOM FWANIA

Rusororo
Ru-I  (n-19)

Buranga
B u . 5 . 2 1  ( a . 7 )

I

Pzos 44,23
A t  203  s2  ' 27
r e u  l . ) o

Mno  0 .37
C a o  0 , 1 2
Na20 '11,27

r i ro '  [s .  as]

Hza' [2. :o]
F  6 . 9 9

Toral t 0-Z;56
0 . F  -  2 . 9 4
Total 

-9tg:62

Na/ (Narti)

4 3 . 0 8  1  . 0 0 0
3 2 . 1 8  1 . 0 4 0
0 . 6 1  0 . 0 1 4
0 . 3 9  0 . 0 0 9

1 4 . 2 5  0 . 7 5 8

[ r . g g ]  o . z t s
fi0-6-d

[ r .oo. l  o . :ez
7  . 5 2  0 , 6 5 2

T;T-d-d'
70T:s2

J . l o
-36.%',

0 . 7 7 6

2
' r  . 000
1 . 0 1 6

0 . 0 0 8
0 . 0 0 3
0 . 5 8 4
0  . 3 7 0
-0-0-0'
0 . 4 1 0
0 . s 9 0
T;I-o-o=

0 . 6 1 2

1. Anatytlcal- results (AnaLyst: Pro6. K. Abrahe)
n - nunbe! of, lpint anaLyses
* - calculated wt. I f,or stoichioretry

2. catl-on nunber on the basls of L(Po4) trEt f,onuLa
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TASE 2. FESUIIF cF' A I{BKEDITG& lO@|'JSIs OF I3(:RoDIIE
T'rcM RI]SOBOFO

SABIA 4. UNIT-CEI,L DIUENSIONS OF I,ACROIXITE

e ( A )  6 . 4 1 4  6 . 4 1 s  ( 1 )  6 . 4 2 0 ( 2 )  6 . 4 2 2 ( 1 )

! . ( R ' )  8 , 2 0 7  8 . 1 e 0 ( ? )  8 . r 8 1 ( 6 )  8 . 1 3 9 ( 2 )

S ( . C )  6 . 8 8 s  6 . 8 7 0 ( 2 )  6 . 8 8 3 ( s )  6 . 8 7 5 ( 1 )

B  1 i s . 2 8 , 1 1 s . 2 9 , ( t ' )  1 1 s . 3 1 , ( 5 ! )  t r 5 0 3 4 r ( 1 , )
y ( t 3 )  s 2 7 . 2  3 2 s . 8 ( i )  s z 6 . 3 C z )  3 2 4 , 2 ( 1 )

N a , / ( N a + L i ) 1 . 0 0 0  0 . 8 5 8  0 . 7 7 6  0 . 6 1 2

F / ( F + o H )  ' , I . 0 0 0  0 . 8 0 5  0 . 6 5 3  0 . 5 9 0

l. eeif,sBteh (I€htl & PaJ@ 1985). 2. &r@ (&FlI); 27 d
ELs @ rEd ln tlE €Lcul.atlq. 3. Berya (815.21), 6 d
c.IE rc used (c !&. f). 4. tu@ (&rr)r 34 d El@
E @d (e Table 3).

Altlough tle X-ray powder-diffraction data
obtained from lacroixite Ru-I are in good agreement
with the results of Lahti & Pajunen (1985), a new
list of indexed diffraction peaks for lacroixite rich
in Li and OH seems in order because several dvalues
have significantly shifted as a result of a noticeable
shortening of the b parameter (Tables 3, 4). For
example, M0 and?A2occtlr as additional peaks, and
the indexiry of a few otler lines has been sljchtlV
modified (e.9., indices for 2.054 and 1.657 A).

Lacroixite from the Buranga pegrnatite

A pale greyish blue sample of montebrasite from
the Buranga pegmatite, replaced by pure white mon-
tebrasite, gave 2,05 wt.9o Na2O Clable 5), rather
similar to thg Na content quoted for Hebron
amblygonite (ernd et at. 1913). However, the X-
ray pattern of the Buranga sample showed 6 readily
discernible diffraction-peaks attributable to lacroixite
(Fig. l). These d values were used to calculate the
unit-cell dimensions of this lacroixite (Table 4),
whose occurrence can be added to the long list of
phosphate minerals known for this famous peg-
matite.

In thin sestions the greyish blue montebrasite lool$
turbid or cloudy from place to place, particularly
along some directions corresponding roughly to the
main cleavages. Obse,rvation at high magnification
clearly shows minute grains (up to l0 x 75 pm) with
a lower birefringence than that of tle host material,
and with uniform optical orientation @ig. 2). As is
evident in Figure 3, the backscattered-electron image
as well as the mapping of Na in such a "turbid zone"
provide evidence for tle existence of minute inclu-
sions of a Na-rich minslsl within a Na-free host.

The analytical results obtained with the electron
microprobe corroborate the presence of lacroixite
witlin montebrasite (Iables 1, 5). The interpretation
of the microprobe analysis of lacroixite Clable 1)
again zuggests the presence of additional Li and OH
to maintain stoichiometry. On the basis of 1@O)3-
p.f.u., the idealized composition for this Buranga
lacroixite is (Nao.?8Lr0.rtAlPO4(Fo.65OH0j5).

A similar heterogeneous distribution of Na within

P z 0 5  4 3 . 2 4  3 . 9 3  4 2 . 9 8

A 1 2 O 5  3 ' t . 6 2  2 . 8 2  3 1 . 4 9

F e o  2 . 9 9  1 , 4 7  1 . 6 6

M n o  0 . 3 7  -  0 . 4 0

M g O  0 . 2 0  0 , 2 9

C a o  0 . 3 5  -  0 . 3 8

N a 2 0  1 3 . 8 8  -  1 5 . 1 8

K z O  0 , 0 2  -  0 . 0 2

r " i z 9 .  1 . 1 1  -  1 . 2 1

H z O '  1 . 5 1  0 . 5 0  1 . 1 0

HzO-  0 .40

F  8 .  7 8  -  9 . 6 0

Total lT-4._56 T0?_.0-Z

O . F -  3 . 6 9  -  4 . 0 3

rotal TTfiT-9 
-!-5;9-9

1 . 0 0 0  1 . 0 0 0
1  . 020  1  . 020

l : i i i)
o .o r ' '  f  

, , . oo ,

3:il?\
0 . 1 3 4  |

o ' ' o '  
l  , . o r u

o . r a o  )

l .  AnaLysis of Lacroixite Ru-II
(Ana lys t :  J . -M.  speet jens) .

2. Inpurity of scorzalite calculated on the
basis of the eLectron nicroprobe analysis:
4 2 . 3 9 9  P 2 O s ,  3 1 , 7 4 $  A L 2 O 3 !  1 6 . 0 2 9  F e o ;  0 . 1 3

t  l4nO;  3 .079 Mgo
(Aaa lys t :  Pro l .  K .  Abrahm) .

3 .  A n a l y s i s  ' r 1 "  r € c a l c u l a t e d  t o  1 0 0 t .  7 _
4 ,  C a t i o n  n u b e r s  o n  t h e  b a s i s  o f  1 ( P 0 , ) -

por  fa rnu la  un i t .

This wet-shemical analysis provides an important
argument to justify tle addition of appropriate
amounts of Li2O and of water to complete the par-
tial microprobe analyses of lacroixite. Moreover, if
it is assumed that Li is derived from a LiAlPO4
(F,OI{) minslal, then the bulk-chemical analysis
Clable 2) indicates about 13 wt.Vo of such a mineral
in tle mixture. Such an amount should be easily
detected by X-ray-diffrastion methods, but no
amblygonite was observed in the present case.

TABLE 3. X-RAY POIiDER-DIFFRACTION DATA I'OR I,ACROIXITE
r.Rotl RusoRoRo

r  dob" .  hk l  d " t l " .  r  dobr .  hk l  d " .1 . .

4 5  4 . 7 2 3
4 0  4 . 6 2 4
1  5  3 .402
2 5  3 , 2 4 6

1 0 0  3 . 1 4 9

1 0  3 . 1 0 0
8 5  2 . 8 9 7
l 0  2 . 8 0 5
t 5  2 . 5 2 0
3 5  2 . 4 6 4

1 0  2 , 3 6 0
1 0  2 . 1 9 8
, E  )  1 l '

5  2 . 1 2 5
1  0  2 , 0 5 4

5  2 . 0 3 4
5  2 , 0 2 8

< 5  1 . 9 8 6
l 0  1 , 9 2 7
1 0  1 . 8 7 9

1 1 0  4 , 7 2 0
i 1  I  4 . 6 2 0
021  3 ,402
1 1 1  3 . 2 4 6
i 1 z  3 . 1 4 9

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

< 5  1 . 6 7 2  3 3 1  1 , 6 7 1
"  . - -  , * z  1 . 6 s 8r u  r ' 0 5 /  1 T l 4  1 . 6 5 6

q

1 0

2 0

< 5
< 5

< 5

< 5

1 0

002
200
2 0 2
22' l
022

2 2 0
i r 3
1 3 1
i32
3 r 1
040
z 1 a

22' l
2zs
3 1 0

3 .  1 0 1
2 ,897
2 . 8 0 5
2 . 5 2 0
2 . 4 6 6

2 .360
2 , 1 9 9
2 , 1 5 3
2 , 1 2 +
2 . O 5 3

2 , 0 3 5
2 .028
1  . 9 8 6
1 . 9 2 7
1  . 8 7 9

1 . 6 4 7  2 4 2  1 . 6 4 7
1 . 6 2 3  2 2 2  1 . 6 2 3
r .sz i  l l l 9  1 ' lZ2. z z 4  t . ) / 5

I  . 5 5 0  0 0 4  I  . 5 5 0' r . s 3 8  3 3 3  I . s 4 o

"  " ^ ^ , 4 2 2  1 . 4 9 st ' + r L  1 Z $  i . 4 9 0
t . 4 z o  7 s z  I  . 4 6 9
1 , 4 4 9  4 0 0  1 , 4 4 8
1 . 4 3 s  i 3 4  i , 4 3 s

Sanplo Ru-I; diffractonetex; nonochtonatized Fe
radietioni load nitrate as internal standardi
i[tensities ostinatsd visuaLly.
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!tsB[iB 5. Gts4lef. 6tF6IrlCN C8' SL@mB ilA]JOr(r,Cg)
UINERAIT'

Montsbraslte
Buranga
( B u . 5 . 2 1 )

Anbl-rgonite
Hebron
(usNM 62s76)

PzOs 47.97
A12O3  33 .90
Fezoj  0.  t  7
Mro 0.04
MgO 0 .02

CaO 0 .03
Nazo  2 .05
L i zo  9 .01

H2o t  s . 7s
Hzo -  0 .0?
F  4 . 5 2

'totat Jill3J
0 - F -  1 . 9 0
totat 

-5!161

4 7 . 7 7  4 8 . 6 3

3 6 . 1 8  3 4 . 0 8

0 . 0 3  0 . 0 8

a . d .  0 . 0 2

n . d .  0 . 0 3

1 0  . 4 9

4  . 3 4

3 . 9 0  4 . 0 0

tui.n7
-  1 . 6 8-33;a!

' I  .000

0 . 9 7 6

0 .  0 0 1

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

0 . 0 0 1  0 . 2 0  0 . 0 0 s
-  3 . 0 3  0 , ' 1 4 7

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

1  . 0 2 6  0  . 9 9 6

0 . 7 0 3  2 . 6 0  0 . 4 5 3

0 . 3 0 7  8 . 9 7  0 , 7 1 2

1  . 0 1 0  1 . 1 4 7

ift:97
-  3 . 7 7-im.is

4 7 , 0 5

3 3 . 4 9

0 . 1  0

0 . 1 2

1  . 0 0 0

0  . 9 9 1

0  . 0 0 2

0  . 0 0 3

J.. b:lk oqeltlo; et-ctstsL m!818 ttr ,t -u. Spesu@.
2. Mlslcfopbe amlysls of tmteb@site bpsdrg f@jdta. ArF

\Et, Prof. K. Ah@has (e Fig. 3). 3. Ocq)ootLio f E1-
abted to 1008 asutry tlat !b l8 derfved oly fr@ l@Ldt9
e g{@ ln hble 1. 4. catlo nnbss m ttF basl€ of L(For)r-
per 6omda 6it. 5. F&lts of ret-cfmlqf. @llEfs ry J.-M.
sp€hjs. 5. catis ruobeF @ tlE bEs18 of l(EC\)r- pe for
urla 6lt.

F:c. l. Selected portions of powder diffractogmms thow-
ing typical laooixite (L) peaks separatd by shading
from those of montebrasite from Buranga (A), and
tlose of amblygonite from Hebrou @). T*o additional
peaks attributed to an undetermioed impurity are
present on diffractogram (B).

Fro. 2. Photomicrograph (oossed nicols) of the Buranga
montebrasite, showing a "cloudy zone" rich in minute
lacroixite grains (white), as well as tle typical polysyn-
thetic twins of montebrasite (upper left).

Frc. 3. Back-scattered el€ctron (a) and sodium dlstribution
(b) pictures of a portion of Buranga montebrasite
invaded by a "cloudy zone" (see Fig. 2). The brigbter
areas on the sodium map sho\Y tie shape of tle lacroix-
ite grains witlin montebrasite.

€eF
$$s€
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montebrasite associated with triplite and griphite was
described in the Buranga pegmatite (Fransolet &
Abraham 1983). Howevei, the presence of lacroix-
ite could not be verified.

Drscussror.l

The new data on lacroixite from two pegmatites
in the Gatumba field invite several comments and
expand our knowledge of this minslal.

From infrared spectral results, Lahti & Pajunen
(1985) considered that only a very limited substitu-
tion of OH for F in lacroixite may be possible. The
wet-chemical and electron-microprobe analytical
data in the present study indicate that Li and OH
may occur in major quantities in lacroixite. In addi-
tion, marked variations of Na/(Na+Li) and
F/(F+OH) have been noted (fable 1), even from
one association to another in the Rusororo pegma-
tite. Although the available data are still too scarce,
it seems ttrat these variations affect the unit-cell
parameters of lacroirite. To test this possibility fur-
ther, the unit-cell dirqensions given in Table 4 have
been plotted against Na/(Na+Li) (Fig. 4). Whereas
the a and cparameters seem relatively unaffected by
the substitution of Li for Na, b decreases significanfly
as Li increases, possibly because of the smaller ionic
radius of Li compared to Na. This conclusion, based
on only four data-points, admittedly is tenuous, espe-
cially as F-for-OH substitution affects the unit-ceU
values in a similar way @ig. 4).

The wet-chemical and tle microprobe analyses
both indicate a persistent presence of Fe, Mn and
Ca, in contrast with the chemical data for lacroixite
from Greifenstein (Lahti & Pajunen 1985). As the
octahedral sites populated byAl are either filled com-
letely, or Al is in excess (possibly because of analy-
tical error), it is reasonable to accept that Ca, Mn
and also Fe occupy the larger alkali positions. Such
a hypothesis implies a coupled substitution to main-
tain the charge balance of the chemical formula, i.e.,
Na+ + (F,On- * R2+ + O'. The anion involved
in this coupled substitution occupies the non-
tetrahedral orygen position of the titanite strusture.
Therefore, the water contents calculated for
stoichiometry Clable 1) are a little too high. In the
case of lacroixite Ru-I, the presence of 0.(X6 diva-
lent cations in the alkali positions irnplies 0.046 oxy-
gen with 0.590 F and 0.364 OH p.f.u. From this OH
content, one deduces 2.M wt.tlo H2O. Following'
the sane argument, the lacroixite from Buranga con-
tains 1.78 wt.9o H2O. The analytical error
associated with a determination of H2O by the Pen-
field method is relatively high, however, so tlat this
argument cannot be corroborated by the results of
the wet-chemical analysis Clable 2).

The fact that lacroixite is characterized by a
titanite-typ€ structure (Lahti & Pajunen 1985), which

is rather flexible in accepting various coupled sub-
stitutions, could explain why lacroixite contains the
highest weight-percentages of FeO of any Al-rich
phosphate minerals occurring in the two pegmatites
(except, of course, the minerals of the scorzalite -
lazulite and the childrenite - eosphorite series).
Whereas 1.5690 FeO was detected in lacroixite Ru-I
Clable 1), the FeO contents determined previously
for thme Al phosphates have nwer exceeded I wt.%0,
e.9., 0.1890 as an upper limit in montebrasite ,0.27t/o
in trolleite, 0.0890 in brazilianite (wet-chemical
procedure), 0,26t/o n augelite, and 0.8590 in bertos-
saite (electron microprobe) (unpublished results).

From a genetic point of view, tle two different
value of the Na/(Na+Li) ratio reported for lacroix-
ite from Rusororo are puzding. Lacroixite Ru-I
associated with berlinite replaced montebrasite, and
was replaced in turn by another association charac-

F/F*ox)

Frc. 4. Unit-cell dimensions of lacroixite plotted against
the Na/(Na+ Li) and F/(F+ OtD ratios (l' 2, 3,4 refer
to Table 4).
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terized by lacroixite Ru-II, with abundant scorza-
lite and a small amount of berlinite. This observa-
tion suggests that the decreasing Li contents perhaps
relate to a lowering of the temperature. However,
more data are required to ascertain whether Li cou-
tents may serve as a geothermometer for lacroixite
formation; interestingly, Li-free lacroixite from
Greifenstein occurs in druses of a lithium-bearing
granite, associated with other phosphate minslals
that are typical of a low-temperature hydrotlermal
environment (Lahti & Pajunen 1985).

The Buranga montebrasite - lasroixite association
raises another problem, critical for both the crystal
chemistry and genesis of the LiAIPO4(F,OH)
minerals. The petrographic texture exhibited by the
lacroixite grains within montebrasite suggests an
analoey with chessboard albite, or exsolution (Figs.
2 , 3 ) .

In the frst case, lacroixite would be taken to
represent a product of Na metasomatism that
affected the amblygonite - montebrasite masses, as
reported by Moore (1973). This evolutionary stage
of Al-rich phosphate associations could be related
to tle same event of Na metasomatism that is known
to transform the Li(Fe,Mn) POa mother-phases into
alluaudite in Fe-Mn phosphate associations (Moore
1971, Fransolet et al. 1985, 198O.

The second alternative is that lacroixite and mon-
tebrasite are the exsolution products of a pre-existing
homogeneous (Li,Na)AlPOa(OH,F) phase, thereby
requiring a miscibilif gap in the binary Li-Na mon-
tebrasite solid-solution series. If natromontebrasite
("fremontite") described by Schaller (1911, l9l4)
and Na-bearing amblygonite from Hebron (terni et
al, 1973) are actually homogeneous, a closure of the
miscibility gap must be inferred to exist at higber
temperatures. All the amblygonite - montebrasite
samples initially studied here, however, were found
to sontain lacroixite impurities if the bulk samples
contain more than 0.2.0 wt.Vo NaeO. Consequently,
a sample of tle Na-bearing amblygonite from
Hebron was re-examined. The wet-chemical results
from a flagment of this sample (U.S.N.M. 62570
accompany those obtained from the Buranga
material (Iable 5). The X-ray powder pattern @ig.
l) clearly demonstrates that the mineral from Hebron
contains lacroixite in amounts roughly similar to
those observed in the Buranga material.

Several occrurences of lacroixite in close associa-
tion with amblygonite from yarious localities in
Czechoslovakia are known (F. bech, written comn.
1987), and lacroixite thus may be much more
widesprad than was considered previously. The pos-
sibility of a miscibility gap in the Na-Li montebra-
site solid solution requires much additional study.
A reinvestigation of the type natromontebrasite of
Schaller (1911) is in progress to arswer the impor-
tant question of its validif s.s I minelal species.
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