
The crystal chemistry of cowlesite

GIOVANNA VEZZALlNI, GILBERTO ARTlOLl AND SIMONA QUARTlERI

Istituto di Mineralogia e Petrologia, Universita di Modena Via S. Eufemia 19,41100 Modena, Italy

AND

HARRY Foy

19 Wynard Park, Belfast BT5 6NS. Northern Ireland

Abstract

Cowlesite specimens from nine new occurrences in Northern Ireland and from eight localities
previously reported in the literature, were crystal-chemically characterised. The chemical data for a
total of 25 samples indicate a composition close to the stoichiometric formula for cowlesite and a very
limited compositional range. X-ray powder diffraction spectra were performed on 8 samples. The
crystallographic unit cell pcrmit a proper indexing of the X-ray powder diffraction patterns as
orthorhombic, unit cell constants close to a 23.3, h 30.6, c 25.0 A and doubled with respect to those
originally reported in literature. The powder pattern and the TG curve are reported for an unidentified
mineral species associatcd with cowlesite in one of the samples from Northern Ireland.

KEYWORDS: zeolite, cowlesite, electron microprobe analysis, thermal analysis, powder pattern,
lattice constants.

Introduction

COWLESlTE (ideally Ca"AII2SilS060.36H20) is a
calcium-rich zeolite with unknown structure, first
described by Wise and Tschernich (1975) from
several localities in North America. Other occur-
rences were reported from Japan (Matsubara
et al., 1978; Fujimoto et al., 1990), Iceland and
Faeroes (Betz, 1981), Northern Ireland (Nawaz,
1984), Scotland (Gottardi and Galli, 1985), and
Australia (Birch, 1988, 1989).

In the literature there is a good agreement as
far as the chemical formula unit of cowlesite is
concerned, although there is considerable confu-
sion in the definition of the crystallographic cell
parameters. All authors agree on the choice of a
primitive lattice type and on the orthorhombic
unit cell; however, Wise and Tschernich (1975)
and Matsubara et al. (1978) originally reported a
cell with approximately a 11.28, b 15.24, c 12.64
A, while Nawaz (1984) and Artioli et al. (1988)
found the lattice constants of a sample from
Ballyclare Quarry (Co. Antrim, Northern Ire-
land) to be doubled in all directions.

The small size of the crystals and their struc-
tural imperfections prevented single crystal data
collection with conventional X-ray sources; the
determination of the cowlesite structure is at
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present being attempted on the basis of the X-ray
synchrotron data collected by Artioli et al. (1988).

One of us (H. F.) recently found new cowlesite
occurrences at several localities in Northern
Ireland, and the availability of the specimens
prompted the present study with the following
aims:

(a) the crystal-chemical characterisation of the
new samples;
(b) the comparison with the literature data of
other cowlcsites and the definition of the chemical
variability of the species;
(c) the conclusive definition of the lattice par-
ameters of the zeolite, to establish whether the
cell doubling is common to all samples;
(d) the determination of possible correlation
among chemical and crystallographic parameters.

Samples studied

The 25 samples studied in the present work are
listed in Table I and grouped by locality; the new
occurrences are numbered from 1 to 17 and the
previously reported occurrences with correspond-
ing literature reference are nos. 18 to 25.

The habit of the cowlesites from the new
occurrences is very similar to the one described
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Table 1. Sample localities ard references to literature.

1,2 Gall:xJly, Garron fuint, Co. Antrim, Northem Ireland.
Parkgate Quarry, Co. Antrim, Northern Ireland.
unknown locality, Northern Irelard.

G Near Tardree, Co. Antrim, Northern Ireland.
7,8,9 Kime's Quarry, Bcghill, Glengonnley, Newtownabbey,

Co. Antrim, Northern Ireland.
10 Glover'sQuarry, MOI1e:yI1X)re, Co. Lorrlonderry,

Northern Irelan::1-
11,17 MagheramoITle Quany, Co. Antrim, Northern Ireland.
13 Unknown locality, Northern lrelarxi.

17 Green Road Quarry, Ballyclare, NortheITl Ireland.
I:A.mseverick, Co. Antrim, Northern Ireland (Nawaz, 1984).

19 Kuniga tunnel, Nishi-no-shima, fuzen, aki islands, Japan
(Matsubara et 031., 1978).
Goble, Columbia County, Oregon. Museum of the university
of Mo::iena, specbren No 2 (Wisearrl Tschernich, 1975).

n Monte Lake, Brithish Col1..nnbia, Museum of the University

of Mcdena, specbren No J (Wise and Tschernich I
1975).

Spray, WeelerCounty, oregon, Museum of the University

of Mcd.ena, specimen No 11 (Wise ard Tschernich, 1975).
23 eaiITlS B3y, Flirrlers, Australia, MuselIDl of Victoria,

specimen M36688 (Birch, 1988, 1989).
74 Quarry near Jirrlivick, Australia, Museum of Victoria,

specimen M39526 (Birch, 1988, 1989).
75 Island of Skye, Scotlarrl (Gottardi and Galli, 1985).

for the other studied specimens. The zeolite
always occurs in white, soft globular linings inside
vesicles and fractures of basaltic rocks. Broken
hemispheres of the globes show the cowIe site
crystals to be very thin radiating plates with pearly
lustre. The zeolite is often overgrown on thin
saponite film alteration of the vesicle walls and is
sometimes associated with analcime or chabazite.

Experimental

All cowlesite samples were initially identified
by X-ray diffraction using a Gandolfi camera.

Electron probe microanalyses were carried out
in the wavelength-dispersive mode on an ARL-
SEMQ instrument operated at 15 kV, 0.20 flA
beam current and a defocused beam (spot size
-10 flm). Natural and synthetic silicates were
used as standards. On-line data reduction was
based on the Ziebold and Ogilvie (1964) method
using the Albee and Ray (I (70) correction
factors.

For nine samples (nos. 1,5,6,7,10,11,12,14
and 19 in Table 2) the water content was
determined by thermogravimetric analysis, using
about 8 mg of pure material and a Du Pont
thermal analyser, operated in air at a heating rate
of 10°C/min.

The chemical analyses of these nine cowlesites
were normalised to 100% using the water content
derived by thermal curves. For the other samples,
chemical analysis normalisation to 100% was
performed using a mean water content averaged
on the basis of our results and literature data (see
Table 2).

Eight samples for which abundant material was
available were also characterised by X-ray

powder diffraction using an automated Philips
goniometer equipped with a pyrolitic graphite
analyser crystal. Cu-KG: radiation was used in a
step scan mode with 0.02° steps and 15 s counting
time for each step. Extraction of the angular
values for diffraction peaks from the digital
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FIG. I. Observed powder diffraction patterns of (a)
eowlcsite sample no. 2 and (b) sample no. 6 containing
eowlesite and an unidentified phase. Pattern (c) is the
diffraction pattern of the unidentified mineral obtained

as difference of (b) and (a).
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Table 2. Chemicalanalysis, atomic ratios (on the basis 60 oxygens) and crystallcgraphic cell parameters of c:owlesites.

N.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

N.

1
2
3
4
5
6
7
S
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Na20

0.95
0.56
0.63
0.55
0.90
0.68
0.51
0.61
0.46
0.94
0.62
0.80
1.03
0.62
0.83
0.66
0.27
1.56
0.62
1.00
0.48
0.79
0.91
0.80
0.38

Na

0.79
0.47
0.53
0.45
0.75
0.56
0.42
0.51
0.38
0.79
0.52
0.67
0.86
0.52
0.69
0.55
0.23
1.31
0.52
0.83
0.40
0.66
0.76
0.67
0.32

K20

0.09
0.19
0.02
0.09
0.11
0.70
0.30
0.09
0.32
0.07
0.07
0.31
0.20
0.10
0.0]
0.05
0.15
0.45
0.07
O.]1
0.41
0.07
0.12
0.10
0.29

K

0.05
0.10
0.01
0.05
0.06
O.]8
0.16
0.05
0.17
0.04
0.04
0.17
0.11
0.06
0.02
0.0]
0.08
0.25
0.04
0.17
0.22
0.04
0.07
0.06
0.16

0.24
0.04
0.15
0.13
0.20
0.0]
0.0]
0.02
0.02
0.18
0.11
0.08
0.17
0.13
0.06
0.09
0.11
0.32
0.23
0.10
0.09
0.08
0.28
0.22
0.08

Cao srO

10.65 0.05
11.790.01
12.41 0.02
12.]2 0.05
11.]7 0.03

10.84 0.04
12.09 0.0]
12.57 0.02
11.25 0.03

11.750.02
12.04 0.01
11.69 0.01
11.4] 0.05

11.40 0.02
11.5] 0.02
12.2] 0.00

12.40 0.02
10.66 0.04
11.69 0.02

11.06 0.02
11.66 0.00
11.81 0.04
10.47 0.06
11.59 0.02
11.46 0.01

Sr

0.01
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.01
0.01
0.01
0.00

BaO

0.0]
0.01
0.02
0.03
0.01
0.03
0.04
0.02
0.02
0.00
0.02
0.01
0.07
0.01
0.00
0.01
0.02
0.02
0.02
0.03
0.03
0.01
0.05
0.04
0.01

Ba

0.01
0.00
0.00
0.01
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00

FeO

0.01
0.05
0.01
0.0]
0.10
0.02
0.09
0.02
0.02
0.04
0.00
0.03
0.06
0.01
0.05
0.0]
0.02
0.02
0.0]
0.02
0.02
0.0]
0.14
0.08
0.0]

Fe

0.00
0.02
0.00
0.00
0.0]
0.01
0.0]
0.01
0.01
0.01
0.00
0.01
0.02
0.00
0.02
0.01
0.00
0.01
0.01
0.01
0.01
0.01
0.05
0.03
0.01

Al203

23.55
23.46
22.64
22.62
2].44
2].12
23.59
22.75
2].27
22.00
22.84
2].10
22.34
22.86
2].]0
22.92
23.52
2].30
22.34
22.86
22.50
22.34
22.91
22.25
22.74

AI

11.96
11.92
11.52
11.51
11.92
11.65
11.90
11.59
11.77
11.28
11.68
11.70
11.36
11.72
11.82
11.66
11.97
11.87
11.]0
11.60
11.42
11.]4
11.58
11.29
11.51

Si02

42.43
42.19
42.40
42.48
42.04
43.]4
42.]2
42.20
42.96
42.60
42.09
42.57
42.95
42.25
42.48
42.]1
41.79
41.93
4].38
42.90
43.11
43.13
4].32
43.21
4].]0

H2O

22.00
21.70
21.70
21.70
21.80
21.20
21.00
21.70
21.70
22.40
22.20
21.40
21.70
22.60
21.70
21.70
21.70
21.70
21.60
21.70
21.70
21.70
21.70
21.70
21.70

Ca

0.15
0.03
0.10
0.08
0.13
0.02
0.02
0.01
0.01
0.12
0.07
0.05
0.11
0.08
0.04
0.06
0.07
0.21
0.15
0.06
0.06
0.05
0.18
0.14
0.05

4.92
5.44
5.74
5.70
5.26
4.96
5.55
5.82
5.17
5.48
5.60
5.38
5.28
5.]1
5.]1
5.65
5.7]
4.94
5.]7
5.10
5.]8
5.45
4.81
5.]4
5.27

Si H2O

18.28
18.18
18.30
18.34
18.14
18.5]
18.12
18.24
18.4]
18.5]
18.26
18.29
18.52
18.]7
18.27
18.25
18.04
18.13
18.62
18.46
18.56
18.57
18.57
18.59
18.59

31.
61'

31.18"
31. 24"
31.24/'
31. 37'
30.22'
29.98'
31.29"
31. 06"
32.49'
32.13'
30.67'
31.21"
32.771
31.13"
31.22'

,

31.24
"31. 29"

30.92'
31.15"
]1.16"
]1.15

"31. 03"]1.14
"31.07'
,

z*~ ~ ~W{sir;;;r~~M
(M+20)}x100 ; whereM ~ Na+K and 0 ~ M:j+Ca+Sr+Ba

,
water content from 'IGanalysis, I mean valuebasedon thisworkresultsarrl literature data

diffraction patterns was obtained using the cen-
troid of the second derivative function. Table 3
lists the unambiguous reflections identified in the
cowlesite pattern up to 40° 28 and the diffrac-
tion-peaks of an unknown phase present In
sample no. -6. Fig. I shows the characteristic
spectrum of cowlesite (sample no. 2) compared
with the pattern of sample no. 6. The TG curve of
this sample, performed on the same powder used
for the X-ray diffraction, shows a small shift of the
first endothermal peak to lower temperature and
an additional peak at about 2000C.

Discussion and conclusions

On the basis of the chemical data of cowlesites
we can deduce that:

- the tetrahedral cations have nearly constant
ratio, with Si/(Si + AI + Fe) values ranging from
0.603 to 0.622;
-the extra-framework cations are represented

E* b
R**

a c

+8.6
+].6
-5.8
-4.9
+3.0
+6.5
+1.6
-5.]
+7.5
-6.1
-1.9

0.0
-3.6
+].0
+3.6
-2.8
+0.3
+0.1
-2.6
+2.2
-0.7
-3.2
+7.2
-3.4
+3.5

0.604
0.604
0.614
0.614
0.603
0.614
0.603
0.611
0.610
0.621
0.610
0.610
0.619
0.611
0.607
0.610
0.601
0.604
0.622
0.614
0.619
0.621
0.615
0.622
0.617

23.27(1) 30.62(1) 25.00(1)

23.26 i2 ~

30.61

~

2j 25.02

~

l j23.21 2 ]0.68 2 25.02 1
23.30 1 30.66 1 25.04 1

]0.60 [l j30.63 1
30.64 1

30.62 (1)

24.98 i1j25.01 2
25.02 1

25.00(2)

23.28 [1)2].23 1
2].25 1

23.26(1)

mainly by Ca; Na is present as a minor component
and K and Mg are always less than 8% of the total
cation content;
-Fe, Sr and Ba are present in trace level;
-the water content found by TG analysis is quite
constant, ranging from 30.22 to 32.77 water
molecules p.f.u., and significantly less than the
value usually reported for cowlesite (36.0 water
molecules pJ.u.).

The results complement the few analyses
reported in the literature and indicate a chemical
composition close to the stoichiometric formula
with a very narrow compositional range. More-
over, no evidence for statistically significant
correlation between the chemical parameters was
found by multivariate analysis of the compo-
sitional data (SPSS-X Statistical Algorithms,
1983).

On the basis of the Si/ Al ratio (very near to 3/2)
and the presence of Ca as the main extra-
framework cation, it is plausible to predict an
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Table 3. Observed arrl calculatedX-ray pa...tler patternfor CChJlesite (sample
N.2), an:! observed pattern of the unknown phase present in saJf!Jle N.6.

CCMlesite UnknCMl1 phase

h k d(obs) d(calc) 1/10 d(obs} 1/10

0* 15.239 15.309 100
13.341 100

2*
12.506 12.501 2

1* 11.435 11. 387 2

2* 8.489 8.518 7

0* 7.637 7.655 15
6.674 57
5.822 30

0* 5.726 5.716 <1

3*
5.574 5.583 <1

0* 5.101 5.103 1

2* 4.724 4.725 <1

1* 4.534 4.526 <1
4.449 lJ
4.335 7

4.172 4.167 <1
4.164

3.947
6 3.935 3.923 1

0* 3.826 3.827 12

1* J.738 3.734 8
3.723 34

2*
3.658 3.660

3.536 2
3.393 20
3.337 27

3.279 3.277
3.277

3.225 28
3.168 11

0 a
8*

3.123 3.125 5
o 10 a 3.062 3.062 10
a 2 8 3.062
o 10 2 2.975 2.974 13

2.945 20

0* 2.938 2.937 14
2.897 32

2*
2.831 2.834

2.808
o 10 4* 2.750 2.750 <1

2.672 <1
2.613 4
2.548 I

8*
2.508 2.511 <1

2.480

6*
2.383 2.386 <1

9*
2.327 2.323 2

2.307
1 12 2.262 2.262
611 2.262

*
Reflections used in the refine1tent of the cell pal:'aIOOters.

ordered (Si,AI) distribution in the tetrahedral
framework of eowlesite (Alberti, 1991), probably
controlled by the 'extended Loewenstein's rule'
(Merlino, 1984), because of the low Si/(Si + AI)
ratio. It is worth noting that the cowlesite formula
unit resembles that of scolecite, apart from the
water content.

As far as the cell parameters are concerned,
careful analysis of the powder pattern using
computer graphics and profile fitting showed that
about 30 diffraction peaks below 40° 28 are well
resolved and characteristic of all cowlesite
samples. The intensities of all these peaks are in
agreement with those derived from the single-
crystal study of the Ballyclare sample (Artioli
etal., 1988).

The diffraction peaks common to all analysed

samples were indexed taking into account their
angular dispersion and index probability par-
ameter derived from the calculation of the
multiplicity of the reflection with the structure
factors available from the single crystal study.
The same 20 unambiguously indexed diffraction
peaks for all samples were used to determine the
cell constants by least-squares refinement.

The diffraction peaks of the unknown species
present in sample no. 6, obtained after digital
subtraction of the resealed cowlesite diffraction
pattern (Fig. 1 and Table 3) clearly shows at least
10 to 20 peaks not related to any reported mineral
phase in sets 1-40 of the PDF-2 Data base. The
difficulty in distinguishing the unknown phase
from cowlesite by optical observation made its
chemical characterisation impossible.
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