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ABSTRACT

The new mineral hochelagaite occurs as white globules,
150 pm across, in wgs of a dawsonite-bearing sill in the
Francon limestone quarry, Montreal, Quebec. The clob-
ules consist predominantly of radiating bladed crystals with
a vitreous lustre, white streak, hardness 4. Optically, we
measure na 1.72(l), nP 1.8 l(l), n1 1.82(l), (-)2V 35(5)' ;
Z is parallel to the elongation (c) and a (D) is perpendicu-
lar to the blades. Mcroprobe analyses of four globules gave,
in wt.Yo, CaO 6.3-7,7, SrO 0.0-1.2, Na2O 0.0-1.3, M2O5
71.7-78,3, TiO2 1.2-1.5, Al2O3 0.0-0.8, SiO2 0.4-1,5,
HzO (by difference) 10.3-18.9; the results correspond to
(Ca,Na,Sr) (Nb,Ti,Si,Al)4O 1;.nHzO, where n is probably
8. Indexing of the X-r&y powder pattern gave a 19.88(1),
b 12.83(l), c 6.44(l) A, B 93.20(3)'. Measured densiti.es
range from 2.85 to2.94 e/d, and calculated values range
from 2.82 to 2.88 g/ cm3 assuming 8H2O and Z : 4. The
strongest lines of tie X-ray pattern are 10.0(10), 5.39(5),
4.96(5),3.208(D, 3.I I5(8), 2.799(4). Many of the proper-
ties of hochelagaite are similar to those of franconite; on
heating, howwer, hochelagaite decomposes to CaNb4O11,
whereas franconite goes to Na2MoOtt. The new name is
derived from Hochelaga, the original name for Montreal.
UK-50 from Mont St-Hilaire is hochelagaite.

Keywords:hochelagaite, new mineral species, Ca-M oxide
hydrate, Francon quarry, Montreal, Quebec, uK-50,
Mont St-Hilaire, Quebec.

Soutrtarnn

La nouvelle es@ min6rale hochelagaite se pr€sente sous
forme de globules blancs, d'environ 150 r.m de diamdtre,
dans les vacuoles d'un sill i dawsonite de la carribre de cal-
caire Francon, sur l'fle de Montr6al (Qu6bec). Les globu-
les sont constitu6 de oistaux rayonnant du centre, en lames
d'aspect vitreux, i rayure blanche et de duretd 4. Optique-
ment, on a lac 1.72(l), nF l.8l(l), nr 1.82(l), (-) 2235(5)";
l parallble d l'allongement (c) et a (b) normal au plan des
lames. Les analyses d la microsonde de quatre de ces glo-
bules indiquent: CaO 6.3-7.7, SrO 0-1.2, Na2O 0-1.3,
M2O5 71.7-78.3, TiO2 1.2-1.5, Al2O3 0-0.8, SiO2
0.4-1.5, H2O (par diffdrence) 10.3-18.990 en foids, ce qui
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correspond d (Ca,Na,Sr) (Nb,Ti,Si,Al)4O11.nH2O, otr n
est probablement 6Cal a 8. Les dimsnsisns ds la maille, obte-
nues d partir du clichd de pou$re aux rayons X, sont d
19.88(l), b 12.83(r), c 6.44(t) A, P 93.20(3)". En suppo-
sant 8H2O et Z = 4, on calcule D*6 = 2.82 d 2.88; Dms
: 2.85 d2.94, Les raies les plus intenses du clich6 de pou-
dre sonr: 10.0(10), 5.39(5), 4.96(5), 3.208Q),3.115(8),
2,799(4). En nombre de propri6tes, I'hochelagaite ressem-
ble i la franconite; au chauffage, I'hochelagaite se ddcom-
pose en CaNb4Oll, tandis que la franconite se d€com"pose
en Na2M4O11. Le nom adopt6 est ddriv€ d'Hochelaga,
nom orieinel de Montr6al. L'dchantillon UK-50 du mont
St-Hilaire est identifid comme hochelagaite.

Mots-cl4s: hochelagaite, nouvelle espbce min6rale, oryde
hydrat6 de Ca-M, Montrdal, Qu6bec, UK-50, mont St-
Hilaire, Qu€bec.

INTRoDUcTIoN

Dawsonite-bearing sills in the Francon limestone
quarry at Montreal, Quebec, have been the source
of several new minerals (Sabina 1979), of which the
most recently described is franconite
(Na,Ca)r(Nb,Ti)aO11.n!lrQ (Jambor et ol. 1984).
The new mineral hochelagaite, described herein, is
intimately associated with franconite; the two miner-
als are related in composition and X-ray properties
but may not qe isostrugtural. The new name
hochelagaite (IOSHE. IA-GAWAIT) is derived
from Hochelaga, tle original appelation forthe City
of Montreal and for the county that encompassed
most of Montreal Island, including the site of the
Francon quarry. The new mineral and its name were
approved by the Commission on New Minerals and
Mineral Names, I.M.A. Holotype specimens are in
the National Mineral Collection at the Geological
Survey of Canada (&285-9288) and at the Royal
Ontario Museum M37547, M37548).

PHYSICAL AND OPTICAL PnopSnuES

Hochelagaite occtus as polycrystalline white glob-
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ules that average about 150 p. in diameter. Individu-
al globules consist of radiating blades, each about
0.03 x 0.005 x 0.@l mm, or of a finer-grained
compact core ofrandom grains gradational to a radi-
ating, bladed rim. Hochelagaite has a white streak,
vitreous lustre, is nonfluorescent, brittle, and is un-
reactive in l:l HCI at room temperature. No cleavage
was observed. The hardness, determined by abrasion
of Clobules against micromounts of standard miner-
als, is about 4.

Hochelagaite is biaxial negative, with o 1.12(l),
P.a1" 1.81(l), 1 1.82(1), and with 2Z = 35(5)o meas-
ured by universal stage. Extinction of the blades is
parallel (a5o), with Z along the elongation and X
perpendicular to the plane ofthe blades. Except for
the higher indices of refraction, the optical proper-
ties and crystal shapes of hochelagaite are similar to
those of fransonite.

Hochelagaite is megascopically indistingdshable
from franconite, and both occur predominantly on
crystals of weloganite, calcite and quartz. Individu-
al globules commonly contain both hochelagaite and
franconite, and in some cases the compositions vary
from blade to blade. Usually, howwer, there is segre-
gation into areas in which the blades are of similar
composition, and therefore reliable analyses can be
obtained; heterogeneity in the globules diminishes
and, in rare cases, is absent when compositions ap-
proach those of end-member frarisonite or hochela-
gaite. The stability of polished areas of sodium-poor
hochelagaite distinguishes this mineral from fran-
conite: franconite is extremely sensitive to moisture,

and polished areas of the mineral characteristically
swell even after a mere wipe with a damp tissue.

CHEMICAL CoMPoSITIoN

Microprobe analyses of hochelagaite were
obtained at the Geological Survey of Canada and at
CANMET, using standards of synthetic NaNbO3,
synthetic TiO2, titanite, celestite, orthoclase, kaer-
sutite and halite. Operating conditions varied from
16to?.0 kV and 0.038 to 0.027 micoamperes. The
results of the analyses of four globules of Francon
hochelagaite are given in Table l. Two of the glob-
ules were checked with another microprobe capable
of detecting fluorine and carbon, but these elements
were not found. The water content of hochelagaite
could not be determined because of the minute
amount of pure material available, but based on the
similarity ef flanconite and hochelagaite, the appar-
ent absence of other anions in hochelagaite, and the
breakdown of the mineral to caNb4ou on heating;
the low analytical totals in Table I are attributed to
the presence of H2O. The substantial differences in
calculated HrO contents among the various sets of
analytical data are considered to reflect variations
in HrO rather than analytical errors.

The analytical formula of hochelagaite cor-
responds approximately to (Ca,Sr'Na)
(Nb,Ti,Si,Al)4Orr.nHg, and the simplified theoret-
ical formula is CaNbaoll'zH2o' X-ray-diffraction
and microbeam studies have indicated that the per-
sistent presence of the minor elements does not

TABLE I. COIIPOSITION OF HOCHELAGAITE

Francon quarry

NMC Nl,lC Nl'lC
64286 64287 64288

7 .7  7 .O  6 .3
0 .2  0 .5  0 .0
0 .0  0 .3  1 .3

12.0 71.7 78.3
l . b  L .2  1 .5
0 .0  0 .0  0 .8
0 .6  0 .4  1 .5

18.0 18.9 10.3

Mont  S t -H l la i re

M37547 M37548 average
dark t  l  igh t r  dark*  l igh t r  (8  ana l . )

Nl'{C
64285

Yt.tr Cao 6.7
Sr0  L .z
Na20 0.7
Nb;06 73 .8
Tt02-  1 .3
A l r 0 r  0 . 0
s t  02-  1  .1
Hz0- 75.2

8 .3  7 .6  7 .8
0 .0  0 .0  0 .0
o .1  0 .7  0 .8

78.5 75.5 19.7
2 .0  0 .5  0 .7
0 .9  0 .4  0 .6
r . 7  1 .5  2 .8
7 .9  13 .8  1 .6

0 .0
t o

2 .5
u .o
0 .9

14.0

0 . 3
0 . 8

7 5 . 3
1 . 4
0 . 4

L3.2

fomula  ra t los  fo r  ( [b .T i ,S i ,A l ) .4

Ca 0.810 0.963 0.890
Sr  0 .079 0 .014 0 .034
Na 0 .153 0 .000 0 .069

T:E(Z 0:E77 4.393

Nb 3 .766 3 .798 3 .845 3 .634
T l  0 .110 0 .132 0 .107 0 .116
Al 0.000 0.000 0.000 0.097
s i  0 .124 0 .070 0 .048 0 .153

0.770 0.895
0.00u 0.000
0.401 0.137
IJI7T T;03z

3.620 3.571 3.743 3.597 3.697
0.205 0 .151 0 .041 .0 .053 0 .114
0.077 0 .107 0 .052 0 .071 0 .051
0.098 0 .171 0 .164 0 ;279 0 .138

0.693
0.000
0.259
T.5A

0.893 0.834 0.844
0.000 0 .000 0 .016
0.149 0 .155 0 .165
I:042 d:98c T:025

2 .7  5 .0  2 .5

Analytlcal data by electron probe, H20 by dlfference frm 100 It.S. Ta not detected.

,App€arance in backscattered electron lmagei dark area iS the princlPal- phase-. All four
ar i i l yses  a lso  have 0 .1  wt .% Cl  (c lose  to  t im i t  o f  de tec t ibn  and no t  lnc luded in  to ta ls ) .

5 .47Hzo
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originate from discrete contaminant phases, but
nothing else is known about the nature or role of
these elements; possibly their presence is essential in
maintaining a hydrated structure, but this seems
unlikely in view of the reported syntheses of vari-
ous hydrated sodium niobates (Muller 1970), as well
as the synthesis of compounds such as
K2TaaOls.JflrO (Marshall & Laudise 1967). All
compositions in Table I show a slight excess in the
Nb position if ll orygen atoms are assumed, or a
corresponding deficiency in O if the Nb position is
adjusted to 4. Only minor substitution of OH is
necessary to attain the shemical formula
CaNb4(O,OH)11; for the average composition in
Table 1 the cation charges are balanced by Oro.r, or
(o10.42oH0.58)En.

Thermal decomposition

Globules of hochelagaite from hand specimeh
NMC 64286, heated in air to 150'C and 250oC, gave
the same, rrnidentified X-ray patterns as were
obtained from franconite heated to these tempera-
tures (Jambor et al. 1984); hochelagaite heated to
350oC seems to be similar, but the material is largely
amorphous and diffrasts poorly. At 500oC and at
highsl lsmpslatures, the product formed cor-
responds to CaNbaOl, as is indicated by the similar-
iE of the X-ray powder pattern to that of CaTaaOll
(PDF 15-679).

X.RAY DATA

The fine grain-size of Francon hochelagaite
precluded single-crystal X-ray studies; the powder
pattern was indexed on the basis of lts similarity to
that of franconite. Although the measured values in
Table2 were obtained from a hochelagaite globule
of unspecified composition, the data are represen-
tative and were chosen because of the zuperior sharp-
nss of the X-ray pattern. Cell parameters calculated
from thepowder data (Table 2) give a cell volume
of 1640 A3. X-ray patterns of grains NMC 64286
and64287, of nearly end-member composition, have
the inferior sharpness characteristic of most
lochelagaite films; cell volumes of both are 1656
A3, based on calculatqd dimensions of a 19.98(2),
D r2.88(l), c 6.446(6)4,8 93.41(8)".

4 gample of UK-50 from Mont St-Hilaire, Que-
bec, kindly provided by G.Y. Chao of Carleton
University, Ottawa, gave an X-ray pattern identical
to that of hochelagaite. A qualitative energy-
dispersion analysis confirmed that Ca and Nb are
the only major detectable elements, and no con-
taminants or heterogeneity were evident. A long-
exposure X-ray oscillation photograph o^f a blade
mounted along the elongation gave 6.4 A for this
axis, but additional unil-cell information could not
be obtained. The 6.4 A axis corresponds to the c

TABTE 2. X-RAY POI'IDER DATA FOR HOCHELAGAITE

X est

l 0 2.6e3 t3:23i
2.606 2.609

2.s41 ti:?rl
2.4s2 tllX?i
2.276 2 .?75
2.?3? 2.232

z.rsl {i:13;
2.085 2.086
2.020 2,0L9
L.979 1.979
1.890 1.890
1.863
1.810

1.708
1.690
1.666

Carera dlaqEter 114.6 m. Co(s radlatlon (r 1.7902 l), lntensitles
es t lna ted  v lsua l l y .  Indexed w l th  a  19 .882(6) ,  b  12 .431(4) .
c  6 .438(2)  A ,  B  93 .20(3) ' .  B  re fe6  to  b road l lnes .

value obtained from indexing of the powder pattern
of Francon hochelagaite.

Venr.rroNs rN CoMPoSITIoN

Mont St-Hilaire

Two additional samples of UK-50 from Mont St-
Hilaire were obtained from the Royal Ontario
Museum M37547, M37548). Several X-ray powder
mounts of grains selected under a binocular micro-
scope gave patterns suggestive of mixtures contain-
ing abundant hochelagaite, and none ofthe results
could be duplicated. Nevertheless, part of a globule
from each sample was mounted in a polished sec-
tion, and each appeared to be largely homogeneous.
Backscattered electron-imaging showed that the opti-
cally homogeneous axeas of each globule contain a
moderate-sized irregular patch having an average
atomic number higher than that of the principal por-
tion of each globule. Microprobe data for the prin-
cipal and minel plasss are given in Table 1.
Although X-ray patterns of the analyzed areas are
of poor quality, mainly because of the small amount
of material available, the diffraction lines of the prin-

'cipal phase (lower average atomic number) cor-
respond well with the dvalues and intensities of all
of the main diffraction lines of hochelagaite. Data
for the minor phass Oighel average atomic number)
are too poor to be conclusive; it might be relevant,
however, that in all of the X-ray patterns gbtained
from megascopic grains, the strong l0 A line is
accompanied by another whose dvalue is so slightly
higher that the pair app€ars as a single broad line
or a barely resolved doublet. This feature suggests
that hochelagaite with a variation in composition is
present. As it is known that the principal phase in
Table I approximates normal hochelagaite, the
higher d values could represent the minor phase.

dneas dcalc hhx

10.0  9 .93  200
6.18 6.22 r-Ot
5.61 5.60 Iu
5.39 5.39 220
4.96 4.96 400
4.61 4.61 320
4.48 4.49 301
4.24 5.24 3u

13.93 23or.Yr 1 t.gg 420
3.61 3.59 330
3.50 3.49 l3l
3.208 3.208 040
3.161 3,167 140
3.115 3.118 012
3.059 3.055 7L2
2.936 2.936 fur
2,854 2.852 431
2,799 2,'r9a Zzz

Iest dueas dcalc hhL

440

341
701
4zz
540
7LL
522
7.42
64r
242
920
Eo2252
46r

1 1 2
LI28

<1 12
I
2

< 1 n

2g
2
3B
2B

<!12
1 l2B
28
I
1
T E

2
<U2

5B
<tl2

1
28

2B
1 t 2
I
1

L /2
8
2

<Ll2
<u2
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Comparison of the four St-Hilaire analyses (Table
l) shows that the higher average atomic number of
the minor phase mainly reflects its lower HrO con-
tent; as the d-value shift indicates an enlargement
in the cell despite the lower H2O, presumably the
enlargement reflects a variation in Na and Ca rather
than in H2O.

Francon quarry

Numerous microprobe analyses of the core yer-
$rs the rim of globules of Francon hochelagaite com-
monly show variationi of 2 to 3 wt.qo in the analyt-
ical totals, but no systematic spatial trends in the
totals, nor in the direction of cation variation, could
be found. The only clearly defined, consistent trend
is that Na increases as Ca decreases, thus indicating
that at least partial mutual substitution occurs
between these elements.

To determine the range of solid solution, about
50 globules of hochelagaite and franconite were
mounted in polished sections and checked by energy-
dispersion analysis; more than half of the globules
were quantitatively analyzed and examinsd by X-ray
powder-diffraction patterns. Without referring to the
analyses, the powder patterns were grouped into 5
categories: types A and B were subsequently found
to correspond to franconite and calcian franconite
Q.6 wt.t/o Ca), and type E matches end-member
hochelagaite. Intermediate types C and D correlate
well with compositions rich in both Na+ Ca, but all
of these X-ray patterns ghow ling breadsning as well
as two lines in the l0 A - ll A position. The dis-
placement of the two lines from their normal posi-
tions in hochelagaite and franconite suggests that
both franconite and hochelagaite of intermediate
compositions are present, but the invariable appear-
ance of two phases at these compositions suggests
that the minerals are not isostructural.

The limit of sodium substitution in hochelagaite
could not be determined because of the difficulty in
precisely correlating X-ray powder-diffraction pat-
terns with areas that were analyzed, and because of
the apparent absence of homogen@us areas of suita-
ble compositions. The microprobe and X-ray results
suggest that increases in the Na content of
hochelagaite are accompanied by increased heter-
ogeneity in the samples. Thus, analyses of Na-rich
hochelagaite commonly yield inconsistent alkali
values; this inconsistency, which is not present for
the other elements, is evident from pronounced rises
in the homogeneity index for Na and Ca microprobe
data (Boyd et al. 1967). Therefore, extreme caution
is necessary in interpreting the analytical results; at
this stage the Ca:Na ratio in the hochelagaite for-
mula cannot be extended with confidence beyond
66:34. Although hochelagaite and franconite are
closely related, an i$ostructural series seems unlikely

in view of the necessity of substituting 2Na+ for
each Ca2+ to maintain charge balance. Incomplete
solid-solution is also suggested from the increase in
heterogeneity that accompanies sodium-rich
hochelagaite.

Density and woter content

The density of Francon hochelagaite was deter-
mined by suspension of globules in heaVy liquids.
Careful selection and checking of the material were
necessary because globules from a hand specimen
usually vary considerably in composition, and
because individual globules rarely contain
hochelagaite of a single, uniform composition.
Nevertheless, density determinations of globules
from four different samples all fell in the range
2.8-2.9 g/crf , requiring that nH2O be 8 or 9,
which is similar to the H2O contents suggested for
franconite (Jambor et al. 1984). For NMC 64285,
which contains numerous sodium-rich areas, the
measured density is 2.89(l) g/cm3 and the calcu-
lated density is 2.883 g/cm3,4ssuming 8HrO in the
analytical formula (V 1656 43, Z:4). For NMC
64286 the calculated densities assuming 8H2O and
gHrO are 2.883 and 2.955 g/cm3, respectively, and
the measured density is 2.94(l) g/cm3.

The discrepancies between the H2O contents
inferred from the microprobe analyses versasthose
necessary to obtain satisfactory calculated densities
imply that hochelagaite, despite its much gxeater sta-
bility relative to franconite, is also susceptible to par-
tial dehydration. Among the Francon quarry sam-
ples, the discrepancy is especially evident for NMC
64288, which has an apparent water content of only
3.5 H2O per formula unit. The measured density of
this globule was found to be 2.847(5) g,/cm3. The
globule was subsequently mounted in a polished sec-
tion, analyzed Clable 1) and confirmed by X-ray
powder pattern to be hochelagaite with a slightly
reduced cell-volume of 1640 A3. Whether the
smaller cell-volume reflects the low content of water
is not known, but the calculated densities assuming
SHrO and 9HrO are 2.823 and 2.896 g/cm3, The
implications from these results are that hochelagaite
undergoes a partial dehydration in the microprobe,
and that the water loss does not change the basic
structure of the mineral. In other words, there is no
evidence that the various HrO levels in Table I sig-
nify the presence of structurally different hydrates;
all compositions apparently are representative of
hochelagaite. It is also noteworthy that the Francon
quarry samples, which have provided the most relia-
ble data, show a good correlation between increas-
ing Na and decreasing H2O, thereby suggesting that
sodium-rich hochelagaite is susceptible to fluctua-
tions in H2O content and thus has the instability
noted for franconite (Jambor et al. 1984).



If the average analytical composition in Table I
is recalculated assuming 8HrO in the formula, the
chemical molar refractivity K. is 0.2786. The three
globules for which measuied densities have been
obtained similarly yield K" values of 0.2778 to
0.n%. The physical molar refractivity is 0.2708 if
the average of the measured densities is used, and
is 0.2736 using the calculated densities and 8H,Q in
the formulae; the respective Kr/K, vaiues are
0.9720 and 0.9821. Similar calculations showed that
the formulae; the re$pective Kr/K" values are
0.9720 and 0.9821. Similar calculations showed thbt
of Mandarino (1979\.
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