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AssrRAcr

Chlorapatite, a new @currence at Bob's Lake, southeastern ̂ Ontario, is monoclinic
with spaie group P21/a and unit cel l  dimensions a:19.210 A eZd, D:6.7854,
c : 9 . 6 0 5 4 , p :  1 2 0 ' .  I t i s o p t i c a l l y b i a x i a l , n e g a t i v e , w i t h a : 1 . 6 6 5 , ?  - 0 :  L . 6 6 7 '
2V * lO". D^ : 3.L8I, D' : 3.172. The chemical formula based on 25 cationic charges
is Caa.g6(POa)a.ozClo.erOHo.ooFo.oa. The transitional (hexagonal to monoclinic) composition
probably lies between 0.82 and 0.91 atom of chlorine per formula.

INrnonucrroN

Chlorapatite, in contrast to fluorapatite and hydroxyapatite' is a
relatively rare mineral. It has been reported only from Norway and Japan
and has been found as microgranules in meteorites' (Palache, Berman &
Frondel 1944). An apatite from one of the small skarn deposits on tile
northern end of Bob's Lake, Oso Township, Frontenac County' south-
eastern Ontario has been identified as chlorapatite with a chlorine content
higher than any yet reported. In addition, the Canadian chlorapatite was
found to be monoclinic with a space group P2t/a in agreementwith the
findings on synthetic chlorapatite, (Young & Elliott 1966).

G e otr o g'i. c al, s ett'in g
The area of the chlorapatite occurrence (Fig. 1) is part of the Grenville

tectonic province and consists mainly of granites, granitic gneisses and
gneissic granodiorites with some (usually smaller) anorthositic gabbros.

Interfingering with the granitic rocks are irregular bands of amphibolite
and marble. Most of the skarn deposits in the area are of the phlogopite-
fluorapatite type occasionally with considerable quantities of scapolite
(Spence 1920).

Mrxnnetocv

D es cripti,on and as s o c'i'ation
The chlorapatite at Bob's Lake occurs in calc-silicate marbles as a thin

vein 6-8 inches wide and traceable for 15 feet. The apatite is associated
witl actinolite, diopside and lesser amounts of calcite, quartz and talc.
The vein minerals with the exception of the chlorapatite also occur in the

*Present address-Department of Geology, Idaho StateUniversity, Pocatello, Idaho.
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Frc. l.lVlap showing the locality of the monoclinic chlorapatite occurrence and thegeology of its surroundings. After Hewitt (1964). Redrafted ty J. G. MacDonald.

surrounding marble. Mica and scapolite are noticeably absent. Talc coats
much of the actinolite and occurs as inclusions in the calcite and apatite.
In some cases the calcite has weathered to a rhombohedral framework
of talc.

In general the chlorapatite crystals are pinkish-white and have a
chalky lustre due to the included talc, some crystals observed have a thin
chalky coating and transparent cores. completelv transparent, pale
yellow crystals have also been found but these are not r"rr, 

".r-*o.r.

Chern'i,cal analy s,is and, structural f ormwla
several transparent crystals were crushed and cleaned using conven-

tional methods. The purified sample was dissolved in dilute HCI and
the solution diluted to volume. calcium was determined by titrating with
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Zn-EDTA in a NHrOH/NH4CI buffer (pH 10) using Eriochrome black T
indicator (Cimerman, Alon & Mashall 1958) and phosphorus was deter-
mined spectrophotometrically as molybdivanadophosphoric acid by
measuring the percent transmittance at 470 nm (Kitson & \tlellon L944).
Chlorine was determined by dissolving a separate portion of the sample
in dilute HNOa and almost neutralizing to bromphenol blue indicator and
titrating with mercuric nitrate using diphenyl carbizone indicator
(Roberts 1936). Fluorine and water were determined on separate portions
of the sample by F. J. R. Muysson.

The chemical analysis of the Canadian chlorapatite and a compilation
of other analyses from the literature are shown in Table 1. As the accuracy
of the anion determinations is generally lower than the accuracy of the
cation determinations the structural formulae of the apatites listed were
calculated by a computer on the basis of 25 cationic charges (Foster,
1960). Although substantial cation substitution is possible in apatites it is
assumed that cations other than Ca, Mn and P reported in published
analyses were most likely due to inclusions and consequently these were
not used in the calculation. The results are given in Table 2.

X-ray d.ata
Single crystal photographs were taken using Weissenberg and preces-

sion cameras with filtered CuKa and filtered MoKa radiations respective-
ly. These photographs revealed a superlattice which had the effect of
doubling one of the hexagonal o-axes (Fig. 2). Extinctions occur in zero
040 where fr is odd and also in Z0l where L is odd. The space group thus is
P2t/a.

Cell dimensions (Table 2) were obtained by least squares refinement of
powder diffraction data from photographs taken with CuKa radiation
and a 114.6 mm diameter camera. The measured 2d values were corrected
for film-shrinkage. The d-spacings and relative intensities of the Nor-
wegian, Canadian and synthetic chlorapatites, the latter from ASTM
card L2-263, are listed in Table 3.

Opti,cal, pr opert ies and, d.ensity
Refractive indices were measured using sodium illumination and

standard refractive index liquids. The Canadian chlorapatite was found
to be biaxial negative with a2V of. approximately 10". This is in agreement
with the reported biaxial character of synthetic chlorapatites, (Prener
1967; Young 1967). As 7 was very close to 0 the former was not deter-
mined.

The density was measured by means of a Berman balance, using five
separ4le grains. The refractive indices, observed and calculated densities
are given in Table 2.
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Frc. 2. Precession photograph (Zr filtered Mo Ka radiation) of the Canadian chlora-
patite showing the superlattice reflections along the hexagonal a*-axis, which was
subsequently chosen as the monoclinic o*-axis.

DrscussroN

Apatites N4 and J-3 are low chlorine apatites associated with
chlorapatites from Norway and Japan respectively. Their mode of
occurrence would suggest that they are most likely to be alteration
products of the higher chlorine apatites. This idea is further supported by
the low sum of Cl + F + OH peculiar to these apatites which may also be
evidence that vacancies may exist in this structural site.

The chlorine content per formula of the fresh chlorapatites thus varies



258 THE CANADIAN MINERALOGIST

Tesr-s 3, Cnr-onarerrrs Powoen DrnrnacrroN Dere

hkl'x

Norwegian
Chlorapatite

d l/ro

Canadian
Chlorapatite

Synthetic
Chlorapatite

(ASTM L2-263)

hkl,L d I/Io d. I/Io

100
101
110
20r
002
zLO
2II
300
LLz
202
130
311
302
113
,,,
3L2
320
2L3
32L
410
402
004
322
313
4r2
421,
214
511
034

8.34
5 .23

3. tu
3 .39
3.  14
2.850
2.773
2.626
2.306
2.L82

2 .OM
1.958
I .908

1.834
r .814
r .770
1 .695
1 .661
I  .614
L .594
I .530
1.494
1.458
L.446

8 .34
5 .28

3 .54
3 .39
3 .  15
2.853
2 .770
2.628
2.306
2 .181

2.046
I .960
1  .910

1.838
1 .814
r.772
1 .695
1 .663
1 .616

1 .530
L.494
1 .460

6

/
4
4

18
10

20

4

8
4
4

5
5

l)

40
15

100
100

;)
40
15

o
50
25

50
25
10
10
15
5

5
10
15

200
2LO
20r
410
o20
401
4IL
600 I
22L I
420
203
611
620
23L
422
621 \
602 I
431 I
612 |
801 '
820
040
622
631
82L
812
ML
1 0 . 1 . 1
043

10
10

D

30
5

100
100
15
oo
t 0

15
55
30

55
20
10
L0
5
5
3
,t)

20
20
15

8.32 10

4 .87  4
3 .55  6
3 .39  14
3 .15  10
2.86t 60
2.779 100
2.630

2.  190
2.L45
2 .OM
1 .963
1 .909

1.836

"1 .774
1,.692
1 .663
1  .616

*Indices referred to hexagonal cell. The hexagonal to monoclinic transformation
matrix is 200/0M/010.

rlndices referred to monoclinic cell.

from 0.55 atom for the Japanese material to 0.91 atom for the Canadian
apatite. The fluorine content is highest in tl-re Japanese chlorapatite while
the hydroxyl content is highest in the Norwegian chlorapatite.

Prener (1967) concluded from an optical examination of synthetic
fluor-chlorapatite that the hexagonal form becomes the stable one above
a certain atomic ratio of F/(F + Cl) somewhere between 0.LO and 0.36.
The atomic ratio of (F + OH)/(F * OH a gj for the Canadian
chlorapatite is 0.09 and for the Norwegian chlorapatite is 0.12, however,
the sum of F * OH + Cl for the Norwegian chlorapatite is only 0.g4
atom which, if not due to experimental error, may be due to vacancies in
the halide site in the structure. If these vacancies are real then the sum of
F + OH * vacancies becomes 0.18 indicating that Prener's lower figure
of 0.16 is probably very close to the transitional composition. The data
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indicate a transition from hexagonal to the monoclinic structure between
0.82 and 0.91 atom of chlorine per formula of apatite.
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