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AssrRAcr

Niocalite is monoclinic with a:10.83, b: L0.42, c:7.334, and p - 109o40'.
On the basis of two chemical analyses, the generalized formula is (Ca, Nb)roSi(O,
OH, Fho. The similarity of niocalite to woehlerite, hiortdahlite, and ltvenite is dis-
cussed.

Introil,ucti,on

Some time ago, the mineral niocalite was introduced in a brief note
(Nickel, 1956), which included a partial chemical analysis and a des-
cription of the optical properties. Since that time, complete chemical
analyses have been performed, and further optical and x-ray determina-
tions have been made. A paper on tJre crystallography of niocalite was
presented at the first Annual Meeting of the Mineralogical Association
of Canada, and was subsequently published in the Journal of the Cana-
dian Institute of Mining and Metallurgy (Rowland et al,,Ig57).

Accurrence

Niocalite was first identified in diamond drill core from the Oka,
Quebec, property of Quebec Columbium, Limited. Surface rock con-
taining this mineral was subsequently found in an open pit made on
the upward extension of the deposit.

The rock in which the niocalite occurs is essentially a coarse, crystalline
strontian calcite containing niocalite, magnetite, and apatite. Other
niobium-bearing minerals, notably pyrochlore and niobian perovskite,
although occurring in the area, are characteristically absent in the
niocalite rock itself. The niocalite occurs as randomly oriented, coarse,
prismatic crystals up to one centimetre in length, and occasionally even
longer, embedded in the calcite. fn some of the higher grade sections,
niocalite constitutes about LU%o of. the rock.

rPublished by permission of the Director, Mines Branch, and the Director, Geological
Survey of Canada.
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Ottawa.
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Morphol,o gy and, Tainning

Practically all the niocalite observed occurs as prismatic crystals with
a nearly square cross section (Fig. 1a). on close examination, it is seen
that most of the crystal faces are uneven and curved, and that the larger
crystals tend to be tapered at both ends (Fig. lb). It is therefore very
difficult to obtain accurate goniometric measurements on t.he external
crystal faces. The prism faces of the best crystals available cannot be
indexed satisfactorily, possibly because the external faces are composite
due to twinning and/or parallel growth. The prism faces correspond
fairly closely (within 1") to (5M) of the pseudo-orthorhombic cell deter-
mined by x-ray studies of twinned crystals, and to (254) of the true
monoclinic cell.

All the niocalite crystals observed so far exhibit twinning. Most of the
twins are intimately intergrown (Fig. lb) and consist of irregular domains
which have one of two orientations. observations on the universal stage
show that the twinned members have in common the optical direction
X, which corresponds to the crystallographic b-axis.

Some of the small crystals consist simply of contact twins (Fig. 2)
also_having the b-axis in common. The relationship of the twinning to
E$
DF

- Frc.,l. Niocalite crystals in thin-section. x35. (o) Basal section of niocalite crystal
in calcite. (D) Longitudinal section of crystal between crossed nicols, showing intricate
flnnnrng.
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Frc. 2. Niocalite crystal exhibiting simple contact twinning, with the b-axis normal
to the plane of the paper. x140. (a) In plane polarized light. (6) Same crystal between
crossed nicols, with one of the twins in position of extinction.

the optical and crystallographic directions is illustrated in Fig. 3a, show-

ing that the twin axis, which is normal to the composition plane in the

contact twinning, is approximately parallel to the crystallographic c-

axis. X-ray diffraction data enabled the composition plane to be identi-

fied as (I0Z), and the normal to this plane (the twinning axis) makes an

angle of 15 minutes with the crystallographic c-axis (Fig. 3b).

X -r ay Cry stall,o graPhy

Single crystal photographs were made using both Weissenberg and

precession cameras. The crystals used were "half twins" produced

from the contact twins by grinding away one member, leaving the

other for the r-ray determinations.
Niocalite is monoclinic, space group Ci ea) or Cf,u (P2/a), with

a :10 .83 ,  b :10 .42 ,  c :7 .38A ,  and  9 :109"40 ' .  Tw inned  c rys ta l s

show a pseudo-orthorhombic symmetry_ with apparent cell dimensions

of a : L0.42, b : 20.39, and 6 : 7.3S A. Precession photographs (Fig'

4) show projeciions of the true monoclinic cell of niocalite and the

pseudo-orthorhombic cell of a twinned crystal.

The relationship of these lattices is shown diagrammatically in Fig.

3b. The points in reciprocal space are so related that the twinning can
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Ftc. 3. (a) Orientation diagrams of niocalite: (d) section normal to prism axis; (dd)
section parallel to prism axis. (D) (&,01) projection showing relationship between recri-
procal lattices of niocalite twin members.

be adequately explained by the following twin law: composition plane
: (I02), twin plane (T02).

The axial ratio of niocalite is a;b: c : 1.038: L:0.708, and the cell
volume is 784 A3. The measured specific gravity is 3.32, and the calcula-
ted molecular weight is 1568.

Niocalite is crystallographically and chemically similar to woehlerite,
hiortdahlite, and l5venite, which are considered to be members of the
woehlerite group (Gossner & Kraus, 1934). The cell dimensions and

Tesln 1. CBr.r. DruoNsr.". 
#Lff;1^ffftt*n#oEul-ERrrE, 
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Fro. 4. Niocalite recriprocal lattice,0-level projection, precession on [Dl, Mo/.radiation.
(o) Half twin showing true monoclinic cell. (D) Twinned grain showing pseudo-ortho-
rhombic cell.

axial angles of these minerals are shown in Table 1. The data for hiort-

dahlite and l8venite are from Gossner & Kraus, with the axial lengths
converted to Angstroms from their published values, which are assumed
to be in &X units. The woehlerite data were derived from our r-ray study
of crystals from Langesfiord, Norway, kindly supplied by Dr. R. M.
Thompson of the University of British Columbia.

Of these four minerals, all are monoclinic except hiortdahlite, which
is triclinic, with a and 7 quite close to 90". Niocalite, with space group
C2, (Pa) or Cln (P2/a), is distinguished from the other two monoclinic

Fra. 5. Reciprocal lattice, Olevel projection, precession on [b], Co,/-radiation." (a)

Niocalite, (hol) h : 2n. (Extra diffractions due to twinning are circled). (b) Woehlerite,
(D0l) all present.



NIOCALITE 269

minerals woehlerite and l&venite, which belong to the space group
Cie2L) or Cf,u (P%/m). A comparison of the 0level precession photo-
graphs of niocalite and woehlerite, precessing on b, are shown in Fig. 5.

The *-ray powder data for niocalite and woehlerite, obtained from
114.6 mm. diameter Debye-Scherrer photographs, are given in Table 2.
The intensities were measured by densitometer.

Tesls 2. X-RAy DrFFRAcrroN Powopn Dera non Nrocer.rtB exn Worm.Entrp
(Co/Fe radiation, )t : 1.78890A, indexed on basis of unit cell dimensions given in

Table l)
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O ptical, and, P hy si,cal, Propert ies
Niocalite has a clear lemon-yellow colour and a vitreous lustre. It

shows essentially no cleavage and the crystals break with a conchoidal
fracture. The hardness is about 6, and the specific gravity, as noted above,
is 3.32. The specific gravity was determined by means of a pycnometer
on several grams of pure material which was later analyzed, and is in
agreement with results obtained by heavy liquid determinations.

The refractive indices of niocalite were determined in sodium light by
the immersion of oriented grains in calibrated refractive index liquids.
The optical character ard 2V were established by universal stage
measurements on niocalite in thin sections. The values for the bire-
fringence and the refractive indices differ slightly from those reported
in the preliminary note (Nickel, 1956), due to improvements in the
method of determining tJre indices. The optical properties of niocalite
are:

a :  1.701; g :  I .714;t  :  1.720
ZVt : 56"
Birefringence r - a : 0.019
Optical orientation: X : b; Z A c : !2"

Compos,i,ti,on
Niocalite was concentrated from a diamond drill core and from a rock

sample taken from the open pit, crushed to -65 mesh. The concen-
tration was effected by repeated heavy liquid separation using liquids
with specific gravities of 3.31 and 3.33, which eliminated the associated
minerals, as well as niocalite grains combined with lighter or freavier
minerals.'Examination of the resulting concentrates under a petrographic

,microscope revealed them to be essentially free from other minerals.
The results of the two chemical analyses are given in Table 3.

The two niocalite samples are quite similar in composition. The prin-
ciple differences are that number II contains more NbsOo and MgO,
and less ALOg and PzOr. If the PzOa can be attributed to apatite im-
purities in the sample, then sample II can be considered to be the purer,
since its PrOr content is extremely low.

The cell content of niocalite, as shown in Table 4, is based on both
chemical analyses (weighted to assume that II is twice as good as I) with
the apatite extracteld. Using the determined specific gravity of 3.32
and the cell volume of 784A3, a cell containing 60.37 atoms and having
a molecular weight of 1567.8 was obtained. The total number of atoms
was reduced to 60, and the proportions recalculated. This gives a unit
cell weight oi 1558.5 instead of 1567.8, and a calculated density of
3.300.
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Tagr-s 3. Cspurcar, ANer.vsrs oF NIocALrrE
(J. A. Maxwell, Analyst)

27L

CaO"
SiOz
NbrOob
AIrOso
FezOsd
TiOz
PrOo
Mso
MnO
NarO
KrO
HrO
F

O = F

I
Niocalite from

diamond drill core

4.60
n.70
16.66
1 .31
0.64
0.22
0 .60
0.28
t .28
0 .78
0.02
0 . 1 6
L . 7

I I
Niocalite from

open pit

416.96
29.94
18.86
0 .  16
0.64
0.26
0.07
0.70
0.99
0.55
0.00
0 .  18
t .73

100.90
0.73

100.17

100.65
0 .71

99.94

"Includes some SrO.
blncludes a small amount of TaOo.
olncludes rare earths and zirconium.
aTotal Fe as FezOa.

In order to compare the niocalite cell content with those of woehlerite,
hiortdahlite, and l6.venite, the cell contents of these minerals are also
included in Table 4. The cell contents have been recalculated to total
60 atoms from the atomic proportions given by Gossner & Kraus (1934).
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It is evident from Table 4 that the chief chemical similarity between
the four minerals is in the number of (Si, Al) and (O, OH, F) atoms,
which are close to 8 and 36, respectively. There does not appear to be a
consistent ratio between the alkalis and other ions, nor between ions
of similar size. The generalized formula for this group of minerals, there-
fore, is ,46-16Si6(O, OH, F)36, with .4 representing all the cations except
silicon and possibly aluminum. This suggests a relatively rigid Si8(O,
OH, F)so network with the ot-her ions in the structure arranged to main-
tain electrical neutrality and according to their availability. That the
cations are distributed differently in some of the members of this mineral
group is shown by the different space groups represented.

The generalized formula of niocalite, on t-he basis of the above dis-
cussion, can be written (Ca, Nb, etc.)16Sfu(O, OH, F)a6 or, more simply,
4[(Ca, Nb)4Sir(O, OH, F)o].
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