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Ansrnecr

Gaidonnayite occurs at Mont St. Hilaire, euebeg
in miaroles in nepheline syenite both as c-rystals
on analcime and in cavities in dense natrottL ag-
gregates; it is mainly associated with hilairite, ae-
girine, calcite, and siderite. Gaidonnayite also oc-
cgrg in altered pegmatite dykes mainly with cara-
pleiite, e$idite, hilairite, albite, microcline, chlorite,
aegirine, epididymite, and goethite.

The mineral is orthorhombic, space gratp p2pb,
q7 ! t .71Q b=12.820 and c=6.69 t4" .  Z -4 ,
D(calc) - 2.10, D(meas) - 2.67 gl cma, H :5. i
has conchoidal fracture and no noticeable cleav.
age. The mineral is colourless, white to beige, with
vitreous luster. Crystals are bladed on (010),'elon-
g-ate along [100], bounded by {010}, {120}, and
{100} with striations on {010}-and 1t1Oy'paraitel to
[001]. Twinning by [012]rro" is common.-the min-
eral is optically biaxial lvith a - 1.573, p - l.Sg2,
z = 1 . 5 9 9 , 2 V " : l ) , 1 o ,  X = a ,  Y = b  a n d  Z = c ,
_ Plectlon microprobe analysis gave SiOz 42.51;
79, ?gZt; Nb:Or 3.00; TiO2 0.42; Na,O 13.11;
KzO 2.20; H"O Oy TGA to 1000oC) 9.25: sum
|9O.79V9. The analysis corresponds to (Na1.rrK6.1e)

!{1oo^Nb,o.q!i0.0tt si2.8soo. 10Hro or idealii- tia,.
ZrSiuOro21119.

Dehydration began immediately on thermogravi-
metric,analysis and was complete at about 401"C;
water lost was not re-absorbed on cooling,

The mineral is a dimorph of catapleiite and is
similar in many properties to o-catapieiite.

INTRoDUcrroN

Gaidonnayite, an orthorhombic dimorph of
catapleiite, was first discovered in 1967 from
1 vfC in nepheline syenite at Mont St. Hilaire,
Quebec. Only two small crystals (approximately
0.5 mm) of this mineral were found among
small crystals of siderite and aegirine protrud-
ing from large analcime crystali. Onj o,f the
crystals was kept intact as reference material
and the other was detached and broken up for
qualitative spectrographic analysis, opticaf stu-
dies and powder and single-crystal r-ray diffrac_
tion. Although it was recognized at ihat time
that the mineral was possibly a new species, a
complete description, especially of its cfiemistry,
was not possible and the mineral rras desisnated
VK23. In the summer of l97Z more tlan a

hundred small crystals of the same mineral were
found on a natrolite specimen from a vug.
Quantitative chemical analysis was carried out
and much of the previous work was repeated
with the new material. 'Gaidonnayite is named
after Prof. Gabrielle Donnan McGill Univer"
sity, Montreal. The mineral and its name havc
been approved by the Commission on New Min-
eral Names, I.M.A. The type specimens ff73l
2-L and" T73/2-2) are deposited with the Na-
tional Museum of Canada" Ottawa.

OccunnrNcp

Gaidonnayite occurs in miaroles in nepheline
syenite, Mont St. Hilaire, as small well-formed
crystals on large analcime crystals and in ca-
vities in dense aggregates of natrolite. It is
commonly associated with hilairite (Chao et al,
1974), aegirine, calcite, siderite and minor
amounts of albite, catapleiite, zircon, pyro-
chlote, ancylite and burbankite. The gaidon.
nayite crystals are often partly covered by
sprays of minute brown flakes of an unidenti-
fied, chloritedke mineral. Gaidonnavite was
also found in altered pegmatite dykes which are
characterized by chloritized aegirine and amphi-
bole, goethite and limonite pseudomorphous
after a rhombohedral carbonate (probably side-
rite), and a botryoidal amorphous dark-brown
to black material. In the altered pegmatites
gaidonnayite was found in the interstices of
aggregates of catapleiite as poorly-formed, trans-
lucent to opaqu€ crystals frequently enclosed by
hilairite. Other minerals in the dvkes are micro-
cline, albite, elpidite, aegirine, epididymite, cal-
cite, sphalerite and galena.

Ch.ysrett-ocneprry

Measurements by optical goniometry showed
Ihat a typical crystal of gaidonnayite (Figs. 1
1nd 2) is bounded, in order of prominence, by
t91o), {011}, {r2o}, and {100} forms. An ad-
ditional small {101} form is piesent on some
crystals. The crystals are slightly bladed, flat-
tened on (010) and elongated along [10O],
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Frc. 1. Crystal drawing of gaidonnayite.

Heavy striations parallel to [001] are very com-
nxln on {01O} and less common on {120}.
Twinning by lOl2lreoo is very common (Fig. 3).
In a twinned crystal, one individual appears to be
rotated relative tq the other by 90o about a.
The composition plane is usually irregular.

Weissenberg and precession x-ray photo-
graphs show that gaidonnayite is orthorhombic.
Tho systematic extinctions are consistent with
the space groups P2rnb and Pmnb. The latter
space group was eliminated by crystal structure
analysis (Chao 1973). The preliminary cell pa-
rameters obtained from single-crystal x-ray
photographs were refined by a least-sqnares
method using powder diffraction data (Table
1) <rbtained with C\rKa radiation" using metallic
Si as an internal standard. The refined values
are a = lL.74O(3), b - I2.82O(3) and c =
6.6e1(1)4.

Prrvsrcer, PnoPEntrEs

Gaidonnayite crystals from miaroles are
colourless, transparent with vitreous luster;
some crystals are white to beige and are trans-
lucent to opaque. Some clear transparent crys-
tals have an opaque to translucent core which
was shown by r-ray diffraction to be identical
to the transparent material. Mrxt crystals from
the altered pegmatite dykes are poorly-formed
without well-defined crystal faces. They are
translucent and are pale yellowish-green when
viewed against a white background.

Gaidonnayite is brittle, with a Mohs hardness
of approximately 5. It has conchoidal fracture
and no noticeable cleavage. Determinations of
density by floatation in a heavy liquid for three
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different crystals gave the average value 2.67
(1) g/cm3. All crystals of gaidonnayite tested
have bright green fluorescence in short-wave
ultra-violet light.

Optical properties of gaidonnayite were de-
termined at 24"C using a spindle stage and a
sodium vapor lamp as an illuminator. Colour"

Frc. 2. Scanning eiectron photomicrograph of gai"
donnayite crystals (average 0.5 mm long).

Frc. 3. Scanning electron photomicrograph of a
twinned gaidonnayite crystal (0.5 mm long) on
natrolite aggregate with small clusters of a chlo-
rite-like mineral.

GAIDONNAYITE FROM MONT ST. HILAIRE, QUEBEC

:  t t :
:9 -1:.  ! :  :e *  e l



3 1 8

o20  6 .410  6 .42  30  060  2 .137
0 l l  5 . 931  5 .93  80  160  2 .102
2OO 5.867 ^ aA a^ 441 2.059
I  0 l  5.81 2 213 2.0s7
120 5.625 5.63 50 061 2.035' l l r  

5 . 293  5 .28  t 0  052  2 .035
021 4,628 4.64 l0 260 2.008
220 4.328 ^ a1 ,n 152 2.005
121  4 .305  600  1 .95s
2 1 1  4 . 1 6 6  4 . 1 7  t 5  1 3 3  1 . 9 4 9
221 3.634 4rR 261 1.923
o3 l  3 .601  r ' o rd  zuD  z5z  1 .g23' l 3 l  

3 . 443  3 .441  30  512  1 .900
301  3 .377  3 .376  5  360  I . 875
320  3 .339  3 .337  5  233  1 .873
012 3.236 1 

"A 
F 620 l 87]

o 4 o  3 . 2 0 5  J ' L L +  
"  6 l I  I . 9 5 7

1 1 2  3 . 1 2 0  3 . 1 2 4  1 0 0  4 5 1  1 . 8 5 5
140 3.092 3.094 80 323 1.854
321 2.987 2.990 5 361 1.B06
400 2.934 2.931 40 352 1.805
122  2 .875  2 .873  20  621  1 .801
212 2.834 2.831 30 062 1.801
l 4 l  2 , 8 0 6  4 1 3  1 . 7 s 8
z4o z.g l  3 

z '6uo ru 460 1 .727
331 2.649 2.647
241 2.593 2.594
132 2,570 2.564
3t2 2.494
340 2 .479 z 'c66

?32 2.403 2.403
43r  2 .274 2 .269
251 2.217
5 o l  2 . 2 1 s  ( ' z t I

01  3  2 .197
I 03 z.1g' l  z '  tr '
440 2.164
l l 3  2 . ' l 5 g  z ' t o l

THE CANADIAN MINERALOGIST

less crystals previously oriented on a precession
,-ray camera were used. All Cargille immersion
liquids used were checked by an Abb6 refracto-
meter.

TABLE 
'I 

. T-MY POIdDER DIFFMCTION DATA FOR GAIDONNAYITE

Tho properties of gaidonnayite ane sum-
marized in Table 2 where they are compared
with those of catapleiite, a-catapleiite, and hilai-
rite.

CHrptrcer, Auerysrs

Gaidonnayite was analysed using a Cambridge
MK5 electron microprobe initially at 15 and 20
kv with a beam approximately 2 tm ^ diame-
ter. The analyses sho\ved that the rnajor ele-
ments (with standards used) were K (synthetic
fluorphlogopite), Na and Si (adeite), Zr (syn-
thetic zirconia), Ti (metallic Ti) and Nb (syn-
thetic NaNbOs), and that Al, Ca, F, Mg, Mn,
and Y were less than 4.O1.% by weight. The ma-
jor elements were re-analysed at 12 kv with a
defocused (30 g,m) beam because Na .r-ray
counting rates decreased drastically with time
using the more intense beam. The x-ray dala
were computer-corrected for generation (atomic
number) absorption and fluorescence effects
using the program EMPADR 7 (Rucklidge &
Gasparrini 1969). The results given in Table 3
are averages of 8 to 12 sets of lO-second counts
on each of three grains. The HzO content was
determined separately by thermogravimetric
analysis.

The analysis was recalculated, on the basis
of 9 oxygen atoms per formula, to (Nar.ruKo.rs)
(Zrr.ooNbo.oeTio.or) Sir.r.On' 2.1'QHzO, or ideally
NaZrSisOe'2HrO. With Z:4, this analysis gave
a calculated density of 2.7O g/cm3, which is in
good agreement with the measured density of
2.67 g/cmg.

TABLE 3. CHEI4ICAL ANALYSIS OF GAIDONNAYITE

2 . t 5 ,

2.102
2.056

2.037

2.007
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.637 40
1 . 6 1 7  5
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5

20

t 0

1 0

30
1 0

I O

20
20
5

'10

t 0
5
5

20

6

Data obtained by 114.6 nnn canera at room temperature
using metal l ic  s i l iqon as internal  standard wj th Cu/(o
rad la t j on  ( l = l  . 54 . l 8X ) .  B=b road  I  i ne .

TABLE 2. COMPARI5ON OF PROPERT]ES OF GAIDONNAYITE, CATAPLEIITE,
o.CATAPLEIITE AND HILAIRITE

atoms Dased 0n
oxygens atoms per formula

catapl ej  i  te l

mnocl J nl  c

12/c

12.779(e)
7 .419  (5 )

e0.41 (4)
'r .588(1 )
1 .591  (1  )
1 .624(r  )

40 ( l  )o
340

"(A)b

s ( o )

gaidonnayite

Symetry orthorhomblc
p2vb

1r .740(3)'1 
2.820 (3)
6 .6e1 (  t  )
90

o 1  .573( l  )
B  r . s 9 2 ( 1  )
v  1 . 5 9 e ( 1 )
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1 0 . 5 5 6 ( 1  )

rs .asr  (z l

si  02
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Nb^0.
Ti02
Na20
Kzo
H2o*
Sum

l,i.t.%
42 .51
30.21
3 . 0 0
0 .42

' I 3 .  
I  l

2 . 2 0
9 . 2 5

'I 
00 .70

s i
Zr
Nb
Ti
Na
K
H^0

2.884
'I 

.000
0  . 092
0 .022
1 .724
0 .  1 9 l
2.095

x
v
Z

0..." (s/cnl)
,;;;(s/mr)

1 ' l tbn t  S t .  H i la i re ,  Quebe (Chen & Chao 1973) .  o ther  au thom
(e.g. Brumwsky 1936) reported hexagonal, P63mc.

2. Nassansuk, Greenland (Gordon 1925).
3. ltnt st. Hllaire, Quebec (chao et aL. 1974).

t Determined by TGA to ]oo0oc.

Tnentter, SruDrEs

Thermogravimetric analysis of gaidonnayite
was made in air at a heating rate of l0'C/min
using a 12.70 mg hand-picked sample of the
transparent material. Dehydration began imme-
diately on heating and was complete at about
400'C; the total weight loss was 9.25%. No

a - -

b b
-  7 - - o 4 o

. . o t \ t  )  z . w I t l

2.70 2.79

(e) I  .5e6( l  )

(@) 1 .6oe(r  )

::
2.724(4)
2.739
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further weight loss was detected from 400o to
1000"C. The quenched product (probably
NaZrSigOe) from 1000oC showed signs of melt-
ing but gaye a fairly sharp powder diffraction
pattern which is very similar to that of wadeite
(KZrSi'O,).

Separate TGA runs were made with the
translucent-to-opaque material containing L-ZVo
of the unidentified chlorite-like mineral. In
one run, after heating to 400oC where the de-
hydration curve began to level off, the sample
was allowed to cool slowly to room temperature
and held for 24 hours. No significant rehydra-
tion (weight gain) occurred. The x-ray powder
pattern of this heated material showed only
a few diffuse lines attributable to gaidonnayite,
indicating the collapse of the structure. In other
runs, products quenched from 450" and 90O'C
gave wadeite-like diffraction patterns.

RBr.erso Mrxnner-s

Gaidonnayite is an orthorhombic dimo4fi of
catapleiite. Gaidonnayite has a single-chain
structure (Chao 1973), with the chains of SiOa
tetrahedra parallel to [101] and [101] repeating
at every sixth tetrahedron, whereas catapleiite
has a benitoite structure based on three-mem-
bered rings of SiOa tetrahedra (Brunowsky
1936). Hilairite, NaZrSiaOs.3HrO, which is
closely associated with gaidonnayite, contains
one more HrO molecule per formula than gai-
donnayite. The relationships of the three phases
are not certain. Attempts to synthesize gaidon-
nayite and hilairite hydrothermally in the tem-
perature-pressure range 150' - 600' and 0.5-2.5
kb always produced elpidite at low temperatures
(20O400"C) and catapleiite at high temperatures
(300-500"C). Ilowever, the textural relation-
ships observed in hand specimens indicate that
gaidonnayite was formed earlier than hilairite
and later than catapleiite. Gaidonnayite can be
distinguished easily from catapleiite and hilairite
by its x+ay powder diffraction pattern, crystal
morphologR and other physical properties (Ia-
ble 2).
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Gordon (1925) described a mineral, a-cata-
pleiite, from Narssarssuk, Greenland, which oc-
curred in a small vug in augite-syenite with
naholite, aegirine, minor albite and siderite.
The mineral was thought to be a low-temper-
ature analog of catapleiite but no chemical
analysis was made to confirm its composition
due to scarcity of material. Crystals of a-cata-
pleiite are orthorhombic with t100), {110}
{2O3}, {3O1}, and {O13} forms. Gaidonnayite
and a-qatapleiite are similar in many properties,
including refractive indices, density, colour,
luster, crystal habit and occurrence (Iable 2).
However, the two minerals may be distinguished
from each other by differences in their cell geo-
metry and optical orientation.
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