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CARLETONITE, KNa,Ca,Sis015(COy)s(F, OH) - H,0, A NEW
MINERAL FROM MOUNT ST. HILAIRE, QUEBEC

G. Y. CrA0, Department of Geology, Carleton University,
Ottawa, Canada

ABSTRACT

Carletonite, KNaCasSisO15(CO;)4(¥,0H)-H,0, occurs in thermally metamorphosed
inclusions in the nepheline syenite at Mount St. Hilaire, Quebec. It is associated mainly
with pectolite, albite, arfvedsonite, calcite, fluorite, and apophyllite.

The mineral is tetragonal, P4/mbm, with a=13.178+.003 A, ¢=16.695+.004 A,
¢/a=1.2669. The strongest X-ray powder diffraction lines and their relative intensities
(visual), are: 8.353(100), 4.171(100), 4.053(50), 2.903(90), 2.384(60). Z=4

Carletonite is pink to pale blue, with vitreous to pearly luster. H=4-43 on {001}.
Density (meas.) =2.45 g/cm3, (calc.) =2.426 g/cm3, Cleavage {001} perfect, {110} good,
fracture conchoidal. Optically uniaxial (—), w=1.521 £0.001, ¢=1.517£0.001, in Na light,
for pink and blue varieties. The blue variety is weakly pleochroic with O =very pale blue
and E=very pale pinkish brown.

Analyses of pink and blue varieties gave, respectively, SiO, 44.9, 44.7, TiO; tr., tr.,
Al03 0.5, 0.6, total Fe n.d., n.d., MgO 0.9, .13, CaO 19.92, 19.97, Na,O 10.23, 10.64,
K:0 3.28, 3.31, CO; —, 15.2, F 0.70, 0.73, H,O~ 0.7C, .63, H.O* —, 3.51, LOI 19.92, —,
sum 100.24,99.42, — (0O =T") 0.29,0.30=99.95, 99.129%,.

DTA shows endothermic peaks at 300°C (vw), 692°C (vs), and 915°C (vw), and an
exothermic peak at 736°C (w). TGA shows .79, weight loss below 430°C and 17.3%, above
430°C with major loss between 650° and 750°C. Infrared spectrum and its interpretation
are given.

INTRODUCTION

In a previous paper, Chao et al. (1967) briefly reported the occurrence
of ten unidentified minerals from the nepheline syenite at Mount St.
Hilaire, Quebec. One of these minerals, UK15, was later named carle-
tonite, after Carleton University where it was first recognized. The name
was approved by the Commission of New Minerals and Mineral Names
of LM.A. in June, 1969. The type specimens are deposited at the Na-
tional Museum of Canada (No. T711).

OCCURRENCE

The geological setting of the Mount St. Hilaire pluton has been given
by Dresser and Denis (1944) and summarized by Chao ef al. (1967).

Carletonite was found in the cores of wall-rock inclusions (shale inter-
bedded with limestone) in the nepheline syenite. The inclusions are
thermally metamorphosed, either td greenish gray and gray hornfels or
to siliceous marble. In one occurrence carletonite was found in the quartz
veins of a greenish gray hornfels, associated with lemon-yellow narsar-
sukite, calcite, purple fluorite, and minor amounts of ancylite, molyb-
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denite, leucosphenite, ramsayite, and galena. In another occurrence,
carletonite was found in the core of an inclusion two feet in diameter.
The outer zone of this inclusion was mainly dark gray hornfels with
large patches of pink and white massive albite. The inner zone consisted
primarily of coarse fibrous pectolite, medium-grained arfvedsonite, small
patches of massive pink albite, fine-grained quartz, apophyllite, purple
fluorite, and carletonite. Massive pink carletonite, constituting approxi-
mately 80 percent of the core (about 8 inches in diameter), was asso-
ciated with euhedral crystals of arfvedsonite, apophyllite, and acicular
leifite. In a third occurrence the outer zone of the inclusion was a coarse-
grained marble and the inner zone was almost pure, fibrous, radiating
pectolite. Pale blue carletonite was found at the core with microcline,
arfvedsonite, and minute euhedral crystals of apophyllite. No crystals of
carletonite were found in any of these occurrences.

X-RAY CRYSTALLOGRAPHY

Weissenberg and precession photographs indicate that carletonite is
tetragonal, with ¢=13.12+.01 A and ¢=16.70+.01 A. Systematic ex-
tinctions are consistent with the space group P4/mbm, except for two
weak reflections, 050 and 070. These reflections may be due to Renninger
effect (multiple reflection) (James, 1958, p. 26) because they were ob-
served only on photographs taken with CuKe radiation, but not on
photographs taken with MoKe radiation. The cell parameters derived
from the single crystal photographs were refined by a least-squares
method, using powder diffraction data obtained from photographs taken
with CuKe radiation and a 114.6 mm camera. Metallic silicon was used
as an internal standard. The refined values are a=13.178+.003 A and
¢=16.695+.004 A, ¢/a=1.2669. X-ray powder diffraction data of carle-
tonite are given in Table 1. The indexing of the lines was made by com-
paring the observed and calculated d-values, using single crystal photo-
graphs as a guide.

Caemical CoOMPOSITION

The pink and the blue varieties were separated by use of heavy liquids
and an isodynamic magnetic separator. The separated fractions were
hand-picked under a microscope. A preliminary semi-quantitative spec-
trographic analysis indicated the presence of Na, Ca, K, Si as major
constituents; Mg and Al as minor constituents; Mn and B as traces only.
These results were used as a guide for the wet-chemical analyses.

Oxides of nine elements were determined for the pink and the blue
varieties according to the procedures described by Hounslow and Moore
(1966). CO; was determined by an acid evolution-gravimetric method.
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X-Ray Powder Diffraction Data of Carletonite

Table 1

I
(Visual)

40
30
100
20
10
25

10
40
30
10
100

50

25
40
10

10
40
25
90

15
40
15
20

40

15
10

60

(CuK, radiatiom, l=1.54183, 114.6 mm camera,

14:9)

dobs

16.705
9.319
8.353
6.583
5.890
5.563

5.173
4.816
4.659
4.250
4,171

4.053

3.573
3.405
3.337
3.236
3.202
3.139

3.109
3.057
2.945
2.903

2.835
2.777
2.750
2.713

2.667
2.604

2.584

2.540
2.466

2.421
2.384

Si standard)

dcal(g)

16.695
9.3185
8.3476
6.5892
5.8935

5.5650
5.5573

5.1720
4.8145
4.6592
4,2516

4,1737
4.1672

4.0683
4.0462

3.5725
3.4061
3.3357
3.2322
3.1962

3.1433
3.1391

3.1088
3.0550
2.9468

2.9051
2.9018

2.8350
2.7787
2.7497

2.7140
2.7122

2.6662

2.6042
2.6034

2.5860
2.5844

2.5376

2.4688
2.4652

2.4212
2.3850

hkl

001
110
002
200
210

003
221

212
220
203

004
310

222
213

223
214
313

410

115
411

224
323
420

215
421

403

324

225
333

116

423
431

404
510

414

512
325

521
007
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Table 1 (continued)

10
5B

10
15
10
10
15B

20

10

10
10
30

15
108

40

<5
10
10B

10

108

30

15
15B

15

2.329
2.265

2.239
2.209
2.165
2.149
2.121

2.086

2.065
2.037
2.022

1.996
1.971
1.912

1.890
1.860

1.836
1.813
1.786
1.766
1.748
1.731

1.710
1.679
1.653

1.636

1.603

1.568
1.553

1.533
1.517

2.3296

2.2742
2.2600

2.2396
2.2094
2.1665
2.1485

2.1240
2,1230

2.0869
2.0836

2.0676
2.0364

2.0231
2.0216

1.9974
1.9738

1.9135
1.9115

1.8917

1.8636
1.8636

1.8340
1.8122
1.7852
1.7672
1.7474

1.7322
1.7304

1.7094
1.6788

1.6538
1.6523

1.6405
1.6361
1.6345

1.6044
1.6036
1.6031

1.5692

1.5544
1.5530

1.5332
1.5177

440

335
530

425
610

602
227

008
620

621
118

426
622

327
525

436
417

337

550
710

605
328
642
553
418

338
730

616
651

652
733

740
537
438

419
617
645

627

448
660

538
00.11

Plus 17 lines

B = Broad line
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H,0 was analysed by direct determination of H (on two 25 mg samples)
by Dr. A. D. Campbell, University of Otago, New Zealand. Results of
the analyses are tabulated in Table 2.

Crystal structure analysis (to be published elsewhere) showed that in
carletonite, the SiO;, tetrahedra share three of their four oxygen atoms to
form sheets consisting of four-membered and eight-membered rings, re-
sembling the sheets in apophyllite (Taylor and Néaray-Szabé, 1931;
Chao, 1971). Two apophyllite-like sheets are cross-linked in carletonite,
by half of the oxygen atoms not shared in the single sheets, to form
“double sheets” of the composition SizOys. Potassium, sodium and cal-
cium atoms occupy distinct positions. These lead to the ideal structural
formula:

KNa4ca4Si301s(C03)4(F, OH) -H,0O

The formula of carletonite was calculated from the average of the two
analvses, on the basis of 8 (Si, Al) atoms per formula, resulting in:

K0.74Nas.56(ca3.74, Mgo.os) (Si7.89; A10.11)018(C03)3.65F0.41'2-05 H,0

Carletonite, thus, is non-stoichiometric, with deficiencies in K, Na, Ca,
CO;, and F. The water contents given in the analyses are much higher
than the structural formula requires, even if one assumes that some of
the water is present in the form of OH in substitution for F. The excess
water may be trapped in the vacated sites of the CO; group; it may have
the function of stabilizing the defect structure.

Carletonite is decomposed by HCI, giving a silica residue; it is at-
tacked by HNO; with gelatinization; it is only slightly attacked by
H,S0,(1:1).

Prysicar aAND OpTicAL PROPERTIES

Carletonite is pink to pale blue; small flakes are colorless. The streak
is white. Carletonite has a vitreous to pearly luster, on long exposures to
air it becomes slightly waxy. Hardness is 4-4% on {001}. Four determina-
tions of density on two grains, using a Berman balance and toluene, gave
density 2.45+0.01 g/cm?, at 24°C, in comparison to the calculated den-
sity 2.426 g/cm?®. Carletonite has perfect {001} cleavage and good {110}
cleavage. The fracture is conchoidal.

Carletonite is optically uniaxial (—). The refractive indices measured
in sodium light at 24°C were w=1.52140.001 and e¢=1.517+0.001.
There is no measurable difference in refractive indices for the pink and
the blue varieties. Only the blue variety shows a weak pleochroism,
however, with O=very pale blue, E = very pale pinkish brown,
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Table 2

Chemical Analyses of Carletonite

(Pink Variety)

MnO
Ca0

Nas0

LOI

less 0 = Fy

Sum

Wt %

44.9
tr.
0.5
n.d.

0.09

19.92
10.23

3.28

0.70

19.92

100.24

=3 01529

99.95

We %

(Blue Variety)

44,7
tr.
0.6
n.d.
0.13
n.d.
19.97
10.64

3.31

99.12

Analyst: D. Mahj CO, and F by C.
Carleton University.

Murray, Department of Geology,
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THERMAL STUDY

The DTA curve of carletonite (Fig. 1) is characterized by the presence
of a very weak endothérimic peak at 300°C, a very strong endothermic
peak at 692°C, a weak exothermic peak at 736°C, and a very weak endo-
thermic peak at 915°C. Up to 430°C the weight loss, according to TGA
(Fig. 1), was 0.7 percent which may ccrrespond to the weak endothermic
reaction at 300°C on the DTA curve. The major weight loss of 17.3 per-
cent took place between 650°C and 750°C, corresponding to the strong
endothermic reaction at 692°C on the DTA curve. The lower-tempera-
ture weight loss may be interpreted as the loss of F and the major weight
loss as escaping of CO; and H,O.

A sample of carletonite quenched from 620°C in the DTA run gave an
X-ray powder diffraction pattern identical to that of the unheated mate-
rial, except that the lines were slightly diffused. A sample quenched from
708°C was amorphous, indicating a complete collapse of the structure
after losing all of its H,O and CO,. The powder diffraction patterns of
samples quenched from 775°C and 1135°C were complex but identical,
except for four lines attributable to albite in the pattern of the sample
quenched from 775°C. The phases identified by X-ray powder diffraction

—_—
10 200 300 400 500 600 Too 800 S00 1000
TEMPERATURE T —
™%
95
B L-ri)

B92

Fic. 1. DTA (A, heating rate=12°C/min , in air) and TGA (B, heating rate=6°C/min,
in air) curves of carletonite,
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Table 3

X-Ray Powder Diffraction Data of Carletonite Quenched at 1135°C

(Cul(u radiation, 114.6 mm camera, visual intensities)

Carletonite NaZCaSi308 NaZCaZSi309 Wollastonite
Quenched &t ymppr  12-671 XRPDF  1-1078 XRPDF  10-487
11350¢
ad 1 a® 1 a®) 1 ak) 1
7.48 30 7.7 40
5.32 5
4.88 15
4.40 40 4.43 10
3.980 5 4.05 10
3.837 10 3.83 80
3.78 30
3.743 50  3.75 25
3.511 10 3.52 80
3.430 5 3.40 5
3.372 40 3.38 40 3.37 50
3.320 80  3.33 50 3.31 80
3.16 5
3.095 10 3.09 30
3.033 5 3.05 8 3.04 5
2.979 40 2.97 100
2.790 5 2.80 108
2.702 5 2.72 10
2.664 100  2.675 100 2.65 100
2,623 100  2.630 85
2.614 10
2.564 10 2.55 30
2.528 10 2.52 5
2.477 15 2.47 60
2.351 20 2.360 16 2.36 10
2.33 40
2.303 10
2.281 10  2.282 6 2.29 40
2.236 10 2.243 8 2.25 5
2.188 15  2.198 6 2.18 60
2.142 20 2.15 5
2.085 10 2.08 5
2.053 10
2.021 10 2.01 20
1.99 10 1.98 20
1.956 10
1.915 5 1.91 20
1.866 70  1.871 75 1.87 60 1.88 20
1.840 5
1.830 5 1.83 60
1.799  15B 1.80 10 1.80 5
1.79 5
1.738 10 1.74 10 175 40
1.717 10 ) 1.72 60
1.695 10
o 673 10 1.701 6 1.69 5
1.646 15
Es E 1.652 14 1.641 10
1.596 5 1.602 40
1.577 5
1.545 20 1,58 20
. 1.531 10
1.515 5 132 * 1.515 5
1.480 10 1.478 20
1.460 5 1.455 30
1.426 5
1.394 20 1.39 10 1.387 5
1.376 20y 389 10
1.361 10 1.358 30
1.331 20
1.33 20 1.332 10
1.310 20 1.318 6 1.312 5
1.293 10 D 20

Plus 16 lines
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were Na,CasSiz0s, Na,CaSizOs, and wollastonite (CaSiOs). No potassium
compound was identified. The absence of albite in the end product at
1135°C strongly suggests that the melting or decomposition of albite is
responsible for the weak endothermic reaction at 915°C on the DTA
curve.

The powder diffraction pattern of carletonite quenched from 1135°C
is given in Table 3 where it is compared with the patterns of the three

identified phases. The thermal study of carletonite is summarized in
Table 4.

INFRARED STUDY

Infrared spectra were obtained with a Perkin Elmer Model 225 double
Table 4

Thermal behavior of Carletonite

Temp Thermal Weight Loss Interpretation Product On
% Reaction % Quenching
300° Endothermic (V.W) 0.7 ° Loss of F Carletonite

below 430°C
620° Carletonite
692° Endothermic (V.S) 17.3 o Escaping of
above 430°C CO2 and H20
708° Amorphous
736° Exothermic (W) Recrystallization
775° Na,CaSi,0
2 3°8
NaZCaZSi309
CaSiO3
NaAlSi308(trace)
915° Endothermic (V.W.) Melting of albite
o .
1135 NaZCa51308
NaZCaZSi309
CaSiO3
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beam spectrometer, using pellets containing 2 mg of sample and 300 mg
of KBr.

The presence of two crystallographically distinct groups of SiO4 and
CO;, and their low site-symmetry, results in a very complicated spec-
trum, shown in Figure 2 and Table 5, where it is compared with the
spectrum of apophyllite. Apophyllite was chosen as a reference because
of its structural similarities to carletonite; both minerals have silicate
layers composed of four-membered and eight-membered rings and not
linked to octahedral cations. Thus both are not influenced by the octa-
hedral cations which prevail in the other common layer silicates (Stubi-
¢an and Roy, 1961a, b). The similarities of the two spectra in the region
from 1200 cm™ to 400 cm™! are striking, despite shifts of the bands and
variations in band intensities. The extra bands in this region for the
carletonite spectra were attributed to COj; vibrations. The assignment of
the bands (Table 5) was based on the results on quartz and other poly-
morphs of silica (Lippincott et al., 1958) and those of aragonite (Adler
and Kerr, 1962). The splitting of »; and » modes of CO; probably results
from the removal of degeneracies of the two crystallographically distinct
groups of CO;, both having C! symmetry (Halford, 1946).
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TABLE 5

Interpretation of the infrared spectrum of carletonite

Carletonite Apophyllite Assignment
Wave x_leber Intensity Wave number Intensity
(em ) (cm 1)
335 m,sh 346 s $i-0-Si distortion
358 s,sh "
370 m,sh u
380 m 404 s "
435 s,sh Si-0-5i bending
428 s 464 s "
445 s 492 s "
472 m "
489 m 525 s "
517 m 545 s,sh g
581 w 592 s "
650 m 0-C-0 planar bending (V4)
685 m J
694 w u
697 w,sh "
720 m 691 w Si-Si stretching
766 m,sh o
776 m 756 s -
800 m 780 m "
860 m,sh 0~C-0 out-of-plane bending (V3)
868 m "
1034 s 1006 8 S$i-0 stretching
1068 s,sh 1043 s,sh "
1140 m,sh 1089 s D
1188 s 1120 s £
1388 s C-0 asymmetric stretching (v3)
1400 m,sh "7
1408 m,sh T
1442 s "
1472 s r
1520 s "
1715 W 1680 m H-0-B bending
1760 W "
2400-2600 Rl 2200~-2300 W Combination bands (?)
3080 m 0-H asymmetric stretching
3580 w 3452 s 0-H symmetric stretching
3640 w "
s = transmission <20%
m = transmission 20-40%
w = transmission 40-60%
vw = transmission >60%
sh = shoulder
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