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Ansrnect

Silinaite, ideally NaLiSi2Os.2HzO, is a new mineral spe-
cies from the Poudrette quany, Mont Saint-Hilaire, Que-
bec. It occurs as clear tabular cryslals up to 2 mm, fibrous
clusters, poorly formed prismatic crystals, and chalky to
earthy or powdery patches in sodalite syenite xenoliths in
the nepheline syenite. It is associated with many r:ue spe-
cies such as erdite, kogarkoite, tugtupite, vitusite-(Ce),
makatite, thalcusite, chkalovite, sazhinite-(Ce), sidorenkite,
revdite, rasvumite, natrophosphate and many unidentified
minerals. The mineral is brittle, colorless to white with a
white streak, opaque to translucent or transparent with
vitreous to earthy luster. Cleavages [001] perfect, [010] good
and [10] distinct; fracture conchoidal; Mohs hardness 4.5;
D(meas.) 2.24(1), D(calc.) 2.22 and 2.23 s/cm3; non-
fluorescent in ultraviolet light. Optically biaxial positive,
o 1.515(1), B 1.516(l),  .y 1.518(l),  2V (meas.) 64(l)o,
2V(calc.) 7l' O 589 nm). Orientation: X = b, Y ltc =
16' in the acute B angle. Nonpleochroic; strong r > v,
inclined. Silinaite is^monoclinic, A2/n, a 5.061(l), b
8.334Q), c 14.383(3) L, p 96.67Q)., Z = 4.^The srrongest
eight X-ray Gandolfi diffraction lines [d in A @@k|] are:
7 .14(100x011,002) ,  4 .24(80Xl l l ) ,  4 .14(100) (013) ,
4.02(80)(ul),  2.847(t00)(r22L, 2.698(50X015),
I .6 I 0(40)(3 I l, 137, 240), l. 5 57 (N)(322). The ideal chemi-
cal formula is derived from a crystal-structure analysis.
Electron-microprobe analyses gave: SiO2 58.54, 58.72:
AI2O3 0.01, 0.00; CaO 0.14, 0.42; Na2O 14.96, 13.66;
Li2O(calc.) 7.28, 7.251' H2o(calc.) 17.56, 17.47; sums
98.49, 97 .52 wt.E0, corresponding to (Na0.ecae.e1)LiSi2.6
Os.2HzO and (Nae.e1Cq.6)LiSi2.e2O5.2H2O. The name is
derived from the composition.

revdite, rasvumite et natrophosphate, ainsi que plusieurs
espbces non identifides. La silinaile est cassante, incolore
d blanc, d rayure blanc, opaque i translucide ou transpa-
rente, avec un 6clat vitreux ou terreux. Parmi les clivages,
[001] est parfait, {0101 est bon, et [l10], distinct. La frac-
ture est conchoidale. La duret6 de Mohs est 4y2; la densit6
est 2.24(l) (mesur6e), 2.22 et 2.23 (calcul6e). Elle est non
fluorescente en lumidre ultra-violette. Optiquement biaxe
posit ive, a l .5ls(1), B 1.516(l),  1 1.518(l),  2V 64 ( l)"
(mesur6), 7l' (calcul6) O 589 nm). Orientation: X = b,
Y lt c = 160 dans I'angle B aigu, Non pldochroique, forte
dispersion r > v, inclin6e. La silinaite estlnonoclinique,
42/n, a 5.061(l),  b8.334Q), c 14.383(3) A, gx.6t1z1',
Z = 4. Les huit raies les plus intenses du^clich6 de diffrac-
tion (m6thode de Gandolfi) t{ en A (0(/,k01 sonr:
7. l  4( l  00)(0 1 l ,  002), 4.24(80)(l  l  1), 4. 14(l  00)(01 3),
4.02(80)(111), 2.847(r00)(r22), _2.698(50)(015),
1.610(40)(311,137, 240) et 1.557$QQ22). La formule
chimique id6ale est d6riv6e d'une dbauche de la struclure
cristalline. Les analyses d la microsonde 6lectronique ont
donnd (en 90, poids): SiO2 58.54, 58.72; N2O3 0.01, 0.@;
CaO 0.14, 0.42; Na2O 14.96, 13.66:' LizO (calcul6) 7.28,
1 .25; H2O (calcul6) 17 .56, l7 .47 , pour un total de 98.49,
97.520/0, respectivement, ce qui correspond d
(Nae.eeCae.6l)LiSi2.sgO5.2HrQ et (Nfu.elCa0.orLiSi2.0z
Os.2HzO, Le nom rappelle la composition.

(Traduit par la R6daction)

Mots-clds: sihnatte, silicate hydrat6 de sodium et de lithium,
nouvelle espbce mindrale, propri6t€s, donn6es de dif-
fraction, composition chimique, mont Saint-Hilaire,
Qu6bec.

Keyword;: silinaite, sodium lithium silicate hydrate, new INrnooucrroN
mineral species, Mont Saint-Hilaire, Quebec, occur-
rence, properties, x-rav data, chemical composition. The unidentified mineral UKgl (Chao et al, lgg))

S.MMATRE 
from the Poudrette quarry, Mont Saint-Hilaire, Que-
bec, has been shown by electron-microprobe

La s'inaite, de composition id€are Nalisi2osl2Hzo, 9s1 #fJ,"'i; "*h3'3'li t1?*J1H:*: tr* ffi*une nouvelle espbce mindrale d6couverte dans la carri€re ;i;;;il": ;'} il; composition (Si_Li_Na_ite). ThePoudrette,aumontSaint-Hilaire,Qudbec.Elleseprdsente ---,--___,'_--,,--!,-_--_r
en tablettes jusqu'd 2 mm en tongueur, en amas ae ruresl mineral and mineral name have been approved by
en cristaux irismatiques difform-s, et en amas c.uy.u" ou the Commission on New Minerals and Mineral
pulv6rulents dans des enclaves de sy6nite d sodahie dans Names, IMA. The type specimens are deposited at
la sy6nite n6phdlinique. Lui sont associ€s plusieurs espb- the Canadian Museum of Nature (CMN #56467 and
ces rares, dont erdite, kogarkoile, tugtupite, virusite-(Ce), #56/!68), and the Royal Ontario Museum (isd4y',516
makatite, thalcusite, chkalovite, sazhinite-(Ce), sidorenkite, and M44517),
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TABIE I. X-RAY POWDER-DIT!'RACTION DATA
FOR STTINAITE

OCcURRENcE

Silinaite, ideally NaLiSi2Or.2H2O, occurs in
sodalite syenite xenoliths in nepheline syenite at the
Poudrette euilry, Mont Saint-Hilaire, Quebec. The
xenolith that contained the cotype specimens is esti-
mated to be 1-2 m in diameter and is mainly (over
8090 by volume) composed of coarse-grained soda-
lite with minor microcline, natrolite and analcime;
it is locally enriched in ussingite. At least 72 minerals
have been found in this single xenolith, including
unidentified minerals UK38, UK53, UK53A, UK63,
UK74, UK82, UK83 (Chao et ol. 1990) and rare
minerals such as erdite, kogarkoite, tugtupite,
vitusite-(Ce), makatite, thalcusite, chkalovite,
sazhinite-(Ce), and sidorenkite. Silinaite occurs as
clear tabular crystals (up to 2 mm across), in cavi-
ties in ussingite, closely associated with a mixture of
dark green terskite and yellow UK38, pseudomor-
phous after an unknown dodecahedral mineral. In
one case, it is associated with serandite, vuonnemite
with a surface alteration to halite and an unidenti-
fied sodium sulfate.

In another xenolith, silinaite was found as small
white fibrous clusters, as white, poorly formed, pris-

' matic crystals, and as chalky to earthy or powdery
patches in cavities in villiaumite or aegirine. Ther-
monatrite is ubiquitous in the xenoliths as a secon-
dary efflorescence but, although rare, it was also
observed as a primary mineral in the matrix. Other
minerals of interest are revdite, chkalovite,
sidorenkite, rasvumite, natrophosphate, vitusite-
(Ce), UK38, UK53, UK55 group, UK63, and UK74.

The mineral is probably either a late-stage mineral
formed during the emplacement of the sodalite
syenite or a contact metamorphic or metasomatic
mineral formed during the emplacement of the
nepheline syenite.

PHYSICAL AND OPTICAL PNOPENTIES

Silinaite is white to colorless, with a white streak,
opaque to translucent or lransparent, with a vitre-
ous to earthy luster, The Mohs hardnss is about 4.5.
The mineral is brittle. It has a conchoidal fracture,
perfect {@1}, good [010J and distinct {110} cleavages.
The only recognizable form on the tabular crystals
is [001]. The density, measured by flotation in
bromoform diluted with acetone, is 2,24(l) E/cm3.
Silinaite does not fluoresce in ultraviolet light. The
mineral dissolves slowly in concentrated HCI and
HNO3, and more slowly in H2SO4, leaving a
gelatinous residue.

The optical study of silinaite was carried out in
sodium light (X 589 nm) on a spindle stage using crys-
tals previously oriented by X-ray goniometry.
Silinaite is biaxial positive, with cu 1.515(l), B
1.516(1), r 1.518(1), 2V(mas.) &(l) ',zv(calc.) 71o.

011 19
002 38
f1x  4s
0 1 3  1 0 0
1 l r  3 7
022 9
0 0 4  9
frs 4
L20 18
t l 3  2 6
izz s7

2 0 0  1 6
124 8

Vrr 1t
131 5

L24 10

f:: I
Zoa e
220 0
a l s  J

0 4 0  1 0

042 5
035 3

0L7 10
f17 9
r 5 5  5

iqz 10
ltt 16

t l 5  z

044 3
0 0 8  2
Z L J  '

f:r 19
240 3
fsr l
053  4

226  2
137 2
ZaA s
0010  3

5s: 2
T55 2
Ztg 4
55L 6
060  1
204 7

frg 3

315 2
fzro e

3:s 1
225 2
253 I
L62 4

7  . 1 9 8 6
1.1428
4.2395
4 . 1 3 4 6
4.0L26
3 . 5 9 9 3
3 . 5 7 1 4
3 . 3 6 4 0
3 . 2 0 8 1
3 . 0 4 6 0

2  . 8 4 8 6

2,5L34
2 . 4 7 9 1
2.462r
2 . 4 1 7 1

2.2508
2.2L65

2 . L L 7 S
2 . 0 8 3 5

2  . 0 0 0 1
t . 9 9 1 7
1 . 9 8 3 6
r .9822
1  . 9 1 9 4
1  . 9 0 5 3
1 . 8 7 9 6
1  . 8 6 8 9
1 .8475
t .4024

1 . 7 8 5 7
J . . 7 4 7 3
1 . 6 1 1 3
1 . 5 0 8 3
r . 6 0 4 0
1 . 5 7 8 8

1 . 5 5 4 2
1 . 5 2 3 0
I  .5216

r .4286
1  . 4 1 3 7
r  . 4 1 3 1
1  . 4 0 6 0
1 . 3 9 8 4

1 . 3 8 9 0
r . 3 8 1 9
L . 3 7  8 2
L.3647
1 . 3 6 3 5
r . 3 5 8 8
r .3425
1 . 3 3 7 5
1 . 3 3 6 6
1 . 3 1 1 6

1  . 3 0 8 6

4 . 2 4
4 . L 4
4 . 0 2
3  . 5 9 9
3 . 5 7  4
3  . 3 6 6
3 . 2 0 8
3 .  0 4 6
3 . 0 1 4
2 . e 4 7
2 . 6 9 A
2.s r4
2 . 4 8 4
2 . 4 6 4
2 . 4 L 7
2 . 3 8 1
2.332

2.255
2 . 2 L 4
2 . 1 8 0
2 . r 5 4
2 . 1 1 8
2 . 0 8 6

2 . 0 0 4

1 . 9 8 0

1 . 9 1 8

1 . 8 7 3

1 . 8 4 6
1 . 8 0 4

1 . 7 8 5
L . 7 4 6

L . 5 2 5

1 . 5 0 9
L . 4 2 8
1 . 4 1 5

1 . 3 8 0

I  . 3 6 6

L . 3 4 2

1 . 3 1 1

1 0 0

8 0
1 0 0

8 0
2 0
2 0
1 0
2 0
2 0
2 0

1 0 0

2 0
2 0
2 0
2 0

2 0

1 0

5
l 0
1 0

5

1 0

5

1 0

2 0
5

4 0

4 0
l 0

xo
1 5

l 0

10
1 0
t 0

114.6 m cadolfl cera, cu-Kc radtatLon
(l f.SareA), I".r vlsuatly estl@ted,
,rodo frm crystal-atnctca analyEle
(c r ice  L99 l ) .



SILINAITE FROM MONT SAINT-HILAIRE, QUEBEC 361

The optical orientation is X = b, Y Lc : 16o in
the acute 0 angle. The mineral is nonpleochroic and
displays strong inclined dispersion, with r > v. The
fibrous variety displays both positive and negative
elongation, which suggests that the fiber axis is c.

X-RAY CnvsteLLocnapuv

An X-ray precession study of single crystals of
silinaite showed the mineral to be monoclinic. The
cell parameters obtained from single-crystal diffrac-
tometer data and refined by a least-squares^method
are: a 5.061(l), b 8.334Q), c 14.383(3) A and 0
96,67Q)". The extinctions are consistent with the
space groups r42/n or An. However, A2/r? is the cor-
rect space group, as determined by crystal-structure
analysis (Grice l99l). The.4 cell was chosen, accord-
ing to the common practice for layer silicates, so that
the perfect cleavage is described as [001J.

X-ray powder photographs were prepared using
a I14.6-mm Gandolfi camera and Ni-filtered Cu(cv
radiation. The observed Gandolfi diffraction pattern
is compared in Table I with the powder pattern cal-
culated from the crystal structure (Grice l99l).
Despite some discrepancies between the observed and
calculated intensities, the agreement in general is very
good. In addition to the inaccuracy of visual esti-
mation of intensities, the discrepancies probably also
reflect the fact that the recording geometry of the
Gandolfi cnmera does not provide equal opportu-
nity for all lattice planes to satisfy the Bragg
equation.

Twinning in silinaite has been observed both under
the polarizing microscope and on the precession pho-
tographs. The composition plane of the twin is
parallel to (001). The twin law may be described
either by (001) as a twin plane or by [10]13s. as a
twin axis. The former may be eliminated by struc-
tural considerations (Grice l99l).

Cugutcal CoMPoSITIoN

Silinaite was analyzed using wavelength dispersion
on a Cambridge Microscan MK5 electron
microprobe, with an operating voltage of 20 kV and
a beam current of 20 nA. A defocused 10-pm beam
was used to minimize volatilization. A series of short
counts was used for Na to maximizeX-ray counts.
Albite (NaKo, SiKa) and Kakanui hornblende
(CaKa, AIKa) were used as standards. K, Fe, Mg,
Mn, Ti and F were sought but not detected. The aver-
aged analytical results from eight spots on two crys-
tals are shown in column 1, Table 2. A grain of
silinaite from a different specimen was analyzed on
a JEOL 733 Superprobe with Tracor-Northern 5600
automation, housed at the Canadian Museum of
Nature. The operating voltage was 15 kV with a
beam current of 15 nA. A scanning beam over an

TABLE 2. COMPOSITION OF SII.INAITE

sio2
A12o3
cao
Na2O
LiaO
8rO

TotaI

w t . g  5 8 . 5 4
0 . 0 1
0 . 1 4

L4 .96
(7  . 28 )

( 1 7 . 5 5 )

58 .72
0 . 0 0
0 . 4 2

1 3  . 6 6
17.25',,

l L 7  . 4 7  '

5 9  . 4 5

1 5  . 3 3
7  . 3 9

1 7 . 8 3

98 .49 97 .52 1 0 0 .  0 0

1. MK5 electron rnicroprober carletoD
uDivelsity. AnaLyEt3 Peter C. .toneE.
Li2o and E2o agsumed stoichiotnetric.

2. ,tEoL 733 superprob€' catradial Museun of
Nature. AnaIyEt: R. A. GauLt.
Li2o and E2o assuned gtoichiometric.

3. Theoretical composltioo for NalLsl2os' 2Ero.

area of approximately 100 pm was used to minimize
damage to the sample. B, N, Al, and Fe scans were
performed, but these elements were not detected.
Albite (SiKa, NaKa) and diopside (CaKa) were used
as standards. The results are given in column 2, Table
2. The two sets of data are in excellent agreement,
except that the total of the second set of data is
slightly low, perhaps owing to a poorer polish of the
sample.

The electron-microprobe analyses of silinaite show
a deficiency of 26-27 wt.Vo, which must be due to
the presence of light elements or water not detected
by the microprobe. As the amount of material avail-
able is insufficient for analysis of light elements by
conventional wet-chemical methods, a crystal-
structure analysis was carried out (Grice 1991) using
792 unique observed reflections. The structure wa$
refined to R = 3.0 and Rn : 2.6t/0. The missing
components were found to be Li and H2O. Li was
identified from its electron density (scattering
power), cation-to-oxygen interatomic distances
it.sso(:l and 1.997(3) Al in tetrahedral coordina-
tion, and its valence sum (0.93 v.u.). The H2O
molecules were recognized by their valence sum (0.35
v.u.), oxygen-hydrogen configurations, and hydro-
gen bonding to adjacent oxygen atoms. The struc-
ture analysis shows that silinaite is a phyllosilicate
rvith the structural formula NaLiSi2Or.2HrO and
Z = 4. On this basis (O : 1),the empirical formulas
calculated from data sets I and 2 in Table 2 are
(Na6.eeCan.e1)LiSi2.00Oj.2HrO and (Na6.etCae.e2)
LiSi2.02O5.2H2O, respectively; Li and H2O are taken
to be present in stoichiometric proportions. Density
values calculated from these empirical formulas are
2.23 ard 2.22 g/qrf . That calculated from the ideal
formula is 2.23 E/cm3, in excellent agreement with
the measured density value of 2.24(l) g/cm3.

DIScUSSIoN

The chemical formula of silinaite, derived from
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the crystal-structure analysis, is well supported by
the agreement between partial electron-microprobe
analyses and the calculated composition, measured
and calculated densities, and the excellent compati-
bility of chemical and physical data shown by
Gladstone-Dale calculations (Mandarino l98l).
These gave l-(Kp/Kc) = 0.025. A member of the
CNMMN, IMA pointed out to us that silinaite is
probably isoinorphous with searlesite, NaBSirO,
(OH)2. Although both silinaite and searlesite are
single-layer silicates, they differ in the topology of
the layers (Grice l99l). Thus silinaite is unique in
both chemical composition and structure.
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