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This dataset article contains mineralogical and chemical
data of some natural zeolites such as analcime, natro-
lite, phillipsite and harmotome. These minerals were found
as secondary phases within vesicles and veins in the
basaltic rocks of the Lessini Mounts, Northern Italy. Meth-
ods for obtaining the datasets include optical microscopy,
X-ray diffraction, scanning electron microscopy and elec-
tron probe microanalysis. Analcime forms well-developed,
transparent to milky crystals with a typical icositetrahe-
dron habit. The average composition of analcime is calcu-
lated as Najz.79Cag.01Ko03Ba0.03[Al1428Si3382096] 16H20, with
all of the extra-framework sites occupied by sodium. Na-
trolite usually forms hemispherical aggregates with glassy,
colourless to white thin prismatic crystals, which generally
radiate from a central point. The average chemical compo-
sition of natrolite is N314A23C30A14K0.01 [A1154605124A59080] 16H20
Crystals of phillipsite-harmotome serie occur in a variety
of forms and display a highly variable chemical composi-
tion, from almost pure compositions to intermediate values.
Phillipsite is more common and its average chemical com-
position is Caj40Nag29K108Bag27[AlsssSitn28032] 12H,0, while
harmotome is rare and has an average chemical composition
of C80.97N80‘20K0A36B30A91[A14A605i1146032] ]ZHQO The obtained
dataset can be used for various purposes: it can be used by
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other authors to compare morphological features and chem-
ical compositions of similar zeolites crystals discovered in
other parts of the world, it can be compared with those ob-
tained from similar geologic environments encouraging stud-
ies on hydrothermal processes, and it could represent the
starting point for a potential exploration of zeolites from an
industrial point of view.
© 2020 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND
license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Specifications Table

Subject

Specific subject area
Type of data

How data were acquired

Data format
Parameters for data collection

Description of data collection

Earth and Planetary Sciences

Geology, mineralogy, zeolites

Tables, images, graphics

Optical microscope: stereo binocular Zeiss KL1500 LCD.

Powder X-ray powder diffraction (XRD): Philips X’Change PW1830 powder
diffractometer.

Scanning Electron Microscopes (SEM): Philips 515 equipped with EDAX 9900,
and Jeol 6400 with an Oxford Link Isis.

Electron Micro Probe (EMP): four wavelength dispersion spectrometers Cameca
Camebax Microbeam 799.

Raw, analyzed

.

About 300 samples of mineralized cavities were collected in the field,
forty-four of which were selected and analysed.

Each cavity was studied using a binocular microscope.

Pure crystals were separated from each sample, disaggregated and
carefully pulverized in an agate mortar for detailed, long exposures (up to
24 h) XRD analysis; analytical conditions were 35kV accelerating potential,
30 mA filament current, Bragg-Brentano geometry, 2-70° 2 6, step size
0.01° 2 6 and 2.5s counting time/step.

Representative fragments of mineralized cavities and isolated crystals were
mounted in aluminum stub for SEM observations and analysis; operating
conditions were a 15kV accelerating potential and a 2 to 15 nA beam
current.

Selected crystals were incorporated in epoxy resin in order to obtain
polished thin sections for EMP analysis; analyzes performed with an
electronic beam diameter of about 5-7 pm, an acceleration potential of
15kV and a beam current of 10 nA.

The electron beam was defocused, with a shortened accumulation time
(from 100s down to 505s) to minimizes volatile migration and loss. The
standards used were natural minerals and synthetic phases. The analyses
were selected on the basis of their low chemical balance (E%): zeolites
with an E% > 10 were rejected.

.

.

.

.

The secondary minerals were identified from their physical properties and
extracted from cavities using a binocular microscope.

Powder X-ray diffraction (XRD) was used to confirm and identify the
selected crystals, to evaluate their quality and to exclude the presence of
impurities.

Scanning Electron Microscopy (SEM) and Energy Dispersion Spectroscopy
(EDS) was used to define their morphology and verify the
semi-quantitative elemental composition.

Chemical composition of selected minerals was finally determined using
wavelength dispersive spectroscopy on an EMP.

.

(continued on next page)
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Data source location Alpone Valley, Lessini Mounts, Veneto Region, Northern Italy
45°31" 0" N, 11° 14/ 0" E
Data accessibility With the article
Related Research Article M. Mattioli, M. Cenni, E. Passaglia, Secondary mineral assemblages as

indicators of multistage alteration processes in basaltic lava flows: Evidence
from the Lessini Mountains, Veneto Volcanic Province, Northern Italy, Periodico
di Mineralogia 85 (2016) 1-24 [1].

Value of the Data

+ Analcime, natrolite, phillipsite and harmotome zeolite crystals from Lessini Mounts, Northern
Italy, have been detected and chemically characterized for both local and global comparisons.

 These zeolites could potentially be exploitable from an industrial point of view for their pe-
culiar physical properties.

» The data presented here may be used by other authors to compare morphological features
and chemical compositions of other similar zeolite crystals discovered in other parts of the
world.

+ The data can be compared with those obtained from similar geologic environments and mo-
tivate studies on hydrothermal mineralizations in the future.

1. Data description

This data article contains mineralogical and chemical data of some natural zeolites from the
Lessini Mounts in Veneto Region, Northern Italy (Fig. 1) [1]. This area has recently been the
subject of interest for the discovery of potentially toxic fibrous zeolites, such as erionite [2-4]. In
this dataset further natural zeolites which crystallize in association with erionite, e.g., analcime,
natrolite, phillipsite and harmotome, were identified and characterized by optical microscopy,
X-ray diffraction, scanning electron microscopy and electron probe microanalysis. Morphology
and other physical properties of the investigated zeolites are shown in Figs. 2 and 3, while their
chemical composition obtained from electron probe microanalysis is reported in Tables 1-4, and
illustrated in Fig. 4.

Analcime forms well-developed, transparent to milky crystals up to 5mm in diameter with
a typical icositetrahedron {211} habit (Fig. 2a). It is generally colourless, but white, gray, pink,
pale yellow, greenish and reddish crystals can also be found. It can occur either as indi-
vidual crystals or as clusters in veins and cavities. The average composition of analcime is
Na13.79Cag.01 Ko .03Bag.03[Al14.28Si33.820096] 16H,0 and has a homogeneous chemical composition,
with all of the extra-framework sites occupied by sodium (Table 1). The Si/(Si+Al) ratio varies
from 0.70 to 0.71, which are slightly higher values than those observed in the literature for anal-
cime from amygdales in basalts (~0.67) [5]. The Na/(Na+Ca) ratio is always ~1, as are the mono-
and bivalent cation ratios. Analcime from vesicles and cavities has no differences in composition
to that analyzed from fractures and veins.

Natrolite can usually be found as hemispherical aggregates, up to 5mm in diameter, with
glassy, colourless to white thin prismatic crystals, which commonly radiate from a central
point (Fig. 2b). The crystals (up to 2mm) are dominated by a prism with a well-formed
tetragonal section, truncated by pyramids. Many of the prism faces have a very thin coat-
ing of clay minerals as botryoidal aggregates. The average chemical composition of natrolite is
Na14V28Ca0'14K0_01 [A1]5_605i24'59030] 16H20 (Table 2), which is very close to the stoichiometric for-
mula [5]. The Si/(Si+Al) ratio varies from 0.59 to 0.62, while sodium is in the range 13.61 -
14.98 apfu and calcium is always < 1 apfu.

Phillipsite-harmotomes occur in a variety of forms (Fig. 3). They can typically be found as
lustrous, glassy, short prismatic crystals of 0.5-2 mm in size, often forming dense, interpenetrat-
ing crystal aggregates. In places, these crystals are parallel-aligned contact twins consisting of
three individual fourling twins. Phillipsite-harmotome can also occur as linings of densely mat-
ted tiny crystals that completely line vesicles and vugs, or as spherules and botryoidal radial
aggregates (up to 5mm) of closely matted, glassy, prismatic crystals that completely coat vesicle



Table 1

Representative EMP chemical compositions of analcime from the Lessini Mounts. E% (balance error) = [(Al-Alipeor )/Altneor] X 100, where Alypeor = (Na+K) + 2(Ca+Mg+Sr+Ba), according

to [9]; R=Si/(Si+Al); M/(M+B) = (Na+K)/(Na+K+Ca+Mg+Sr+Ba); - =analysed but below detection limit.

ANA1 ANA2 ANA3 ANA4 ANA5 ANAG6 ANA7 ANAS ANA9 ANA10 ANAT1 ANA12
Si02 59.12 58.69 59.29 58.55 58.94 58.51 58.77 57.94 58.52 58.75 59.12 58.88
Al203 20.91 20.97 21.31 20.96 21.28 20.86 20.78 2118 21.23 20.72 21.23 20.74
Fe203 - - - - - 0.1 0.05 0.05 0.04 - -
MgO - - - - 0.03 0.01 0.06 - - 0.02 - 0.01
MnO - - - - - - - - - - -
BaO 0.3 0.37 - 0.15 0.26 0.18 - - - - - 0.25
SrO - - - - - - - - - - -
Ca0 0.02 - 0.01 - 0.01 - 0.09 0.04 - - - 0.01
Na20 12.23 12.45 12.59 12.74 12.38 12.41 12.27 11.89 12.03 12.48 12.55 12.26
K20 0.05 0.04 0.04 0.01 0.01 - 0.07 0.01 0.08 0.05 0.06 0.02
H20 7.37 7.49 6.76 7.58 7.09 7.92 7.9 8.89 8.1 7.98 7.04 7.83
Total 100 100 100 100 100 100 100 100 100 100 100 100
apfu based on 96 oxygens
Si 33.94 33.81 33.79 33.75 33.75 33.82 339 33.72 33.78 33.88 33.74 33.91
Al 14.15 14.24 14.31 14.24 14.36 14.21 14.13 14.53 14.45 14.21 14.35 14.23
Fe - - - - - - - - - - - -
Mg - - - - 0.03 0.01 0.52 - - 0.01 - 0.01
Ba 0.07 0.08 - 0.03 0.06 0.04 - - - - - 0.08
Sr - - - - - - - - - - - -
Ca 0.01 - 0.01 - 0.01 - 0.06 0.03 - - - 0.01
Na 13.61 13.9 13.91 14.24 13.75 13.91 13.72 13.42 13.46 13.95 13.88 13.72
K 0.04 0.03 0.03 0.01 0.01 - 0.05 0.01 0.06 0.02 0.02 0.05
E% 247 0.97 2.6 -0.5 31 175 116 8.00 6.95 177 2.85 415
R 0.71 0.7 0.7 0.7 0.7 0.7 0.71 0.7 0.7 0.7 0.7 0.7
M/(M+B) 0.99 0.99 1.00 1.00 0.99 1.00 0.96 1.00 1.00 1.00 1.00 0.99
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Table 2

Representative EMP chemical compositions of natrolite from the Lessini Mounts. E% (balance error) = [(Al-Aleor )/Altheor] x 100, where Alypeor = (Na+K) + 2(Ca+Mg+Sr+Ba), according to

[9]; R=Si/(Si+Al); M/(M+B) = (Na+K)/(Na+K+Ca+Mg+Sr+Ba); - =analysed but below detection limit.

NAT1 NAT2 NAT3 NAT4 NATS NAT6 NAT7 NAT8 NAT9 NAT10 NAT11 NAT12
Si02 49.45 49.21 50.46 47.7 48.71 48.51 49.00 49.95 49.22 47.98 49.11 49.15
Al203 25.92 25.98 25.82 26.02 25.95 28.27 28.11 25.88 25.94 26.01 2713 26.05
Fe203 0.01 - - 0.01 0.01 - - - - 0.01 - -
MgO - - - 0.01 - - - - - - - -
BaO 0.29 0.07 0.22 0.07 - 0.22 0.29 0.11 0.25 0.15 - 0.05
SrO - - - - - - - - - - - -
Ca0 0.17 0.1 0.01 0.85 0.05 0.74 0.15 0.12 0.05 0.23 0.1 0.64
Na20 13.99 15.33 14.06 14.19 14.85 14.36 15.22 14.55 14.74 14.22 15.44 14.88
K20 - 0.04 - - - 0.01 - - 0.03 - - -
H20 10.17 9.27 9.43 1114 1043 7.89 7.23 9.39 9.77 114 8.22 9.23
Total 100 100 100 100 100 100 100 100 100 100 100 100
apfu based on 80 oxygens
Si 24.95 24.71 25.19 24.46 24.71 23.99 24.09 24.98 24.68 24.55 24.14 24.66
Al 15.42 15.38 15.19 15.72 15.51 16.48 16.29 15.44 15.31 15.26 15.24 16.01
Fe - - - - - - - - - - - -
Mg - - - 0.01 - - - - - - - -
Ba 0.06 0.01 0.04 0.01 - 0.04 0.06 0.02 0.05 0.03 - 0.01
Sr - - - - - - - - - - - -
Ca 0.09 0.05 0.01 0.47 0.03 0.39 0.08 0.06 0.03 0.07 0.05 0.31
Na 13.69 14.92 13.61 14.1 14.6 13.77 14.51 14.2 14.45 13.98 14.98 14.52
K - 0.03 - - - 0.01 - - 0.02 - - -
E% 10.26 113 10.86 4.28 5.87 12.53 10.24 5.54 6.65 4.55 8.97 133
R 0.62 0.62 0.62 0.61 0.61 0.59 0.6 0.62 0.62 0.62 0.61 0.61
M/(M+B) 0.99 1.00 1.00 0.97 1.00 0.97 0.99 0.99 0.99 0.99 1.00 0.98
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Table 3
Representative EMP chemical compositions of phillipsite from the Lessini Mounts. E% (balance error) = [(Al-Alipeor )/Altheor | x 100, where Alyeor = (Na+K) + 2(Ca+Mg+Sr+Ba), according to
[9]; R=Si/(Si+Al); M/(M+B) = (Na-+K)/(Na+K+Ca+Mg+Sr+Ba); - =analysed but below detection limit.

PHI1 PHI2 PHI3 PHI4 PHI5 PHI6 PHI7 PHI8 PHI9 PHI10 PHI11 PHI12 PHI13 PHI14 PHI15 PHI16 PHI17 PHI18 PHI19 PHI20 PHI21 PHI22 PHI23 PHI24

Sio2 50.7 56.28 55.11 54.57 55.53 54.83 54.13 54.49 5438 54.95 55.34 53.88 52.07 54.61 5722 52.28 50.18 54.38 50.76 46.76 54.12 5332 46.15 58.12
AlI203 20.65 16.98 18.77 19.16 18.55 18.27 19.11 19.00 18.62 18.7 18.85 18.69 20.01 1785 18.89 20.24 18.36 1834 18.21 1756 2033 2019 20.7 17.55
Fe203 0.04 - 002 - - - - 006 - - 0.05 001 006 011 - 004 - 036 0.02 007 02 01 005 -
MgO 0.01 0.01 002 - 0.04 0.03 - - - - - 0.05 - - 083 - 015 0.01 016 0.04 - 0.08 0.03 0.05
BaO 529 887 446 457 443 374 475 496 564 432 435 64 363 998 007 03 044 093 011 037 022 019 035 0.11
SrO - - - - - 0.09 - - - - - 012 - - 071 - - - - - - - - -
Cao 722 358 595 614 6.00 6.04 618 594 596 6.09 618 591 701 412 805 658 503 705 493 629 689 71 6.55 8.13
Na20 049 065 072 09 091 058 041 064 104 06 085 012 054 106 065 053 16 037 133 097 024 041 115 045
K20 312 321 313 317 293 286 239 31 371 332 341 287 335 302 15 67 59 400 742 51 559 731 786 312
H20 12.47 1041 11.82 1149 11.62 13.57 13.03 11.79 10.65 12.03 10.97 11.94 13.32 9.25 12.07 13.33 1834 14.55 1705 22.84 124 113 1706 1247
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
apfu based

on 32

oxygens

Si 108 1181 1143 11.34 1148 11.52 1136 11.36 1133 1143 114 1136 11.02 1149 1147 1098 1116 1142 1118 11.02 1113 1099 10.74 11.54
Al 519 42 459 4.69 452 452 473 467 457 459 458 465 499 443 446 501 481 454 473 488 493 49 475 442
Fe 0.01 - - - - - - 0.01 - - 0.01 - 0.01 0.02 - 0.01 - 0.06 - 001 003 002 001 -
Mg - - 001 - - 0.01 - - - - - 0.02 - - 025 - 005 - 005 0.01 - 0.03 001 025
Ba 044 073 036 037 036 031 039 041 046 035 035 053 03 082 001 003 004 0.08 001 0.03 002 002 003 001
Sr - - - - - 0.01 - - - - - 0.02 - - 0.08 - - - - - - - - -
Ca 165 081 132 137 133 136 139 133 133 136 136 134 159 093 173 148 12 159 116 159 152 157 158 1.68
Na 02 026 029 024 037 024 017 026 042 024 034 005 022 043 025 022 069 015 057 044 01 016 045 024
K 085 086 083 0.84 0.77 0.77 064 082 099 088 09 077 091 081 038 18 167 107 209 153 147 192 166 0.58
E% -0.84 0.04 206 291 -038 334 825 289 -832 096 -173 081 192 -635 -635 -0.09 -2.51 0.74 -73 -6.84 702 -718 118 455
K/(K+Ba) 066 054 0.7 069 068 071 062 067 068 072 072 059 075 05 097 098 098 093 1 098 099 099 098 0.98
R 068 074 071 071 0.72 0.72 071 071 071 071 071 071 069 072 072 069 07 072 07 069 069 069 069 0.72

M/(M+B) 033 042 04 038 04 037 031 038 044 04 042 03 037 04 023 057 065 042 069 055 05 056 057 03

162501 (020Z) IE fo1g ui pIpg /1uua) W pup HOMID ‘W



Table 4
Representative EMP chemical compositions of harmotome from the Lessini Mounts. E% (balance error)=[(Al-Alieor)/Altheor] x 100, where Alyeor = (Na-+K) + 2(Ca+Mg+Sr+Ba), according
to [9]; R=Si/(Si+Al); M/(M+B)=(Na+K)/(Na+K+Ca+Mg+Sr+Ba); -=analysed but below detection limit.

HAR1 HAR2 HAR3 HAR4 HAR5 HARG HAR7 HAR8 HAR9 HAR10 HAR11 HAR12 HAR13 HAR14 HAR15 HAR16 HAR17 HAR18 HAR19 HAR20 HAR21 HAR22 HAR23 HAR24

Si02 50.41 56.94 56.12 54.56 53.53 52.29 53.69 52.67 53.77 5413 53.51 53.08 54.38 49.62 53.24 54.07 53.68 54.39 53.8 53.06 53.89 52.85 49.55 56.98
Al203 16.62 1749 17.74 19.00 18.21 17.72 19.03 18.88 18.17 18.89 18.87 19.08 18.17 1731 19.24 18.68 18.36 18.29 1825 17.6 183 19.04 1782 1756
Fe203 - 011 - - - 0.03 - 0.07 0.01 - 002 - 0.07 - 0.11 001 - - - 002 0.01 0.09 - -
MgO 0.02 004 - - - - 0.01 - - - 0.1 - - 0.01 0.03 005 004 - 0.03 009 0.02 - 0.01 -
BaO 204 1179 10.09 831 1032 893 8.03 931 10.08 946 8.05 8.09 941 1938 6.97 1037 996 919 1065 1243 10.78 497 19.87 10.84
SrO - - 0.03 - - 015 - 021 - 0.06 012 012 - 018 - - - - - 012 - - 015 -
Ca0 037 411 362 594 411 46 554 52 428 515 494 524 481 058 6.04 4.7 489 494 454 3.06 424 658 055 425
Na20 021 007 05 078 088 100 053 033 0.69 05 062 031 055 015 015 084 019 072 013 044 119 029 012 0.05
K20 014 176 264 133 174 195 144 104 163 133 136 129 139 013 182 156 093 14 1.06 1.07 184 142 011 123
H20 11.83 769 9.26 10.08 11.22 13.33 11.74 12.3 1138 1048 124 1279 1123 12,65 1241 972 1194 11.08 1154 1211 9.72 1477 1182 9.09
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
apfu based

on 32

oxygens

Si 11.61 11.74 11.69 1134 1145 1141 1134 11.3 1148 1138 1138 1134 1151 1147 1127 1137 115 1148 115 11.57 114 113 1142 1178
Al 451 425 436 466 459 456 4.74 478 457 468 473 48 453 462 48 463 462 455 46 453 456 48 468 426
Fe - - - - - 0.01 - 0.01 - - - - 0.01 - 0.02 - - - - - - 0.01 - -
Mg 0.01 0.01 - - - - 0.03 - - - 0.03 - - - 0.01 002 0.01 - 0.01 003 0.01 - - -

Ba 1.84 095 082 0.68 0.87 0.76 0.66 0.78 084 0.78 067 068 078 176 058 08 083 076 089 106 089 042 184 094
Sr - - - - - 0.02 - 0.03 - 0.01 002 0.02 - 0.02 - - - - - 0.02 - - 0.02 -

Ca 0.09 091 081 132 094 108 125 12 098 116 113 1.2 109 014 137 106 112 112 1.04 072 096 151 015 09
Na 0.09 003 02 031 037 042 022 014 029 02 026 013 023 0.7 0.06 034 008 03 005 019 049 012 006 0.03
K 0.04 046 0.7 035 048 054 039 029 044 036 037 035 038 004 049 042 025 038 029 03 0.5 039 004 045
E% 1244 0.75 437 -0.24298 -2546.52 8.04 458 511 982 1271 463 1015 784 028 844 282 883 972 -3.01 1052 997 125
K/(K+Ba) 0.02 033 046 034 036 042 037 027 034 032 036 034 033 002 046 033 023 033 025 022 036 048 0.02 032
R 0.72 073 073 071 071 071 071 0.7 0.72 071 071 0.7 072 071 0.7 071 071 072 071 072 071 071 071 073

M/(M+B) 0.06 021 036 025 032 034 024 018 029 022 025 0.2 025 005 022 028 014 027 015 021 035 021 005 0.21
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8 M. Mattioli and M. Cenni/Data in Brief 31 (2020) 105791

{ Adriatic
\.

~_y sea
/

@ Lessini
0 Mounts %

\o(
o
0
_ 0
Adlge River
Verona -
Alluvial Sampling
deposits ﬁ sites
Volcanic rocks ,7 Main
(Tertiary) ,° faults
I:I Sedimentary rocks Euganean

(Mesozoic and Tertiary) —— Hills

Fig. 1. Simplified geological map of the Veneto Volcanic Province showing the Lessini Mounts and location of the studied
samples (modified from [1]).

Fig. 2. Photomicrographs showing the morphology of analcime and natrolite from the Lessini Mounts (modified from
[1]). (A) Well-developed, transparent crystals of analcime with the typical icositetrahedron {211} habit. (B) Sub-spherical
form of glassy, colourless, thin prismatic crystals of natrolite radiating from a central point.

walls. Phillipsite is much more common than harmotome, and its average chemical composition
is Ca1‘40Na0.29K]‘08Ba0.27[A14.535i11.23032] 12H,0 (Table 3) The Sl/(sH—Al) ratio ranges from 0.68
to 0.74, whereas the Na/(Na+Ca) and K/(K+Ba) ratios are in the range of 0.06-0.33 and 0.5-1
apfu, respectively. The dominant extra-framework cations are potassium and calcium, which vary
from 0.38 to 2.09 and from 0.81 to 1.73, respectively (Fig. 4). Other cations are absent or very



Fig. 3. Photomicrographs (A-C-D) and scanning electron microscopy images (B) showing the morphology of phillipsite-harmotome from the Lessini Mounts (modified from [1]). (A)
Lustrous, whitish to reddish, short prismatic crystals of phillipsite. (B) (C) Well-shaped, transparent phillipsite crystal consisting of two sets of penetration twins. (D) Radial aggregate of
closely matted, glassy, prismatic crystals forming a sub-spherical shape.
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Fig. 4. (Ca+Mg-+Sr+Ba)-Na-K composition plot of the phillipsite-harmotome from the Lessini basalts, showing the dis-
tribution of extra-framework cations.

low. Harmotome has an average chemical composition of Cagq7Nag20Ko36Bago1[AlssoSii1460321
12H,0 (Table 4), with a Si/(Si+Al) ratio ranging from 0.70 to 0.73, a K/(K+Ba) ratio between 0.02
and 0.48, and a Na/(Na+Ca) ratio from 0.03 to 0.50. Barium and calcium are the dominant extra-
framework cations (average 0.91 and 0.97 apfu, respectively), whereas potassium is low (average
0.36 apfu) and other cations are always < 1 apfu (Fig. 4). The different chemical compositions
of phillipsite and harmotome do not generally correspond to particular differences in morphol-
ogy and other physical properties. However, spherules and botryoidal radial aggregates usually
correspond to barium-rich compositions, whereas transparent, colourless individual crystals fre-
quently match the phillipsite pure member

2. Experimental design, materials, and methods
2.1. Study area description

The studied samples come from several localities along the Alpone Valley, in the Lessini
Mounts, Northern Italy (Fig. 1). Here, the Tertiary basalts of the Veneto Volcanic Province [6,7,8]
are often deeply weathered and show a wealth of cavities and vugs filled with secondary min-
erals. A large number of samples (~300) were collected in the field from veins and cavities,
forty-four of which were analysed in detail. The secondary phases are mainly zeolites and clay
minerals, which represent ~90vol.% of the total secondary minerals [1].

2.2. Optical microscopy

Specimens were investigated using a stereo binocular Zeiss KL1500 LCD, and images of the
zeolite crystals were acquired using a digital camera AXIO CAM MRc.
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2.3. X-ray diffraction (XRD)

Powder X-ray diffraction (XRD) was used to identify the studied crystals, to evaluate their
quality and to exclude the presence of impurities. The XRPD patterns were recorded us-
ing a Philips X'Change PW 1830 X-ray diffractometer (Cu Ko radiation, A =1.54056A) at
the University of Urbino (Italy). The samples were run between 2° and 70° 26. The ana-
lytical conditions were 35KV accelerating potential and 30mA filament current. Data were
collected in Bragg-Brentano geometry from 2 to 70° 2 6, with a step size of 0.01° 2 6
and 2.5s counting time for each step. The following software packages were used for the
measurements and subsequent analysis: X'Pert Quantify 3.0 for data collection and instru-
ment control, and X'Pert HighScore 3.0 for semiquantitative phase analysis. All of the pow-
der samples were prepared by side-loading an aluminum holder to obtain a quasi-random
orientation.

2.4. Scanning electron microscopy (SEM)

In order to define their morphology and verify the semi-quantitative elemental composition,
the studied zeolites were examined by Scanning Electron Microscopy (SEM) and Energy Dis-
persion Spectroscopy (EDS) using a Philips 515 equipped with EDAX 9900 at the University of
Urbino (Italy), and a Jeol 6400 with an Oxford Link Isis at the University of Parma (Italy). The op-
erating conditions were 15KV accelerating potential and 2 to 15 nA beam current. The electron
beam was defocused, which is associated with a shortened accumulation time (from 100s down
to 10s) and minimizes volatile migration and loss. The standards used were natural minerals
and synthetic phases. With these optimized experimental conditions, no significant differences
between the SEM-EDS and EMPA data sets were observed, indicating the reliability of the col-
lected data.

2.5. Electron microprobe (EMP)

Selected crystals of the examined zolites were separated under a binocular microscope, tak-
ing care to isolate only crystals free of inclusions or alterations. Subsequently, these crystals
were incorporated in epoxy resin in order to obtain thin sections. After polishing and met-
allization, the sections were analyzed for the chemical composition with an electron micro-
probe equipped with four wavelength dispersion spectrometers Cameca Camebax Microbeam
799, of the CNR Center of Geosciences and Georesources, installed at the Department of Min-
eralogy and Petrology of the University of Padua. The analyzes were performed with an elec-
tronic beam diameter of about 5-7 pum, an acceleration potential of 15kV and a beam current
of 10 nA. Chemical data, reported in Tables 1-4, were collected from several individual point
analyses for each sample, depending on the number of crystals available. In elongated crys-
tals or crystal aggregates, several point analyses were performed along the prisms to check for
chemical homogeneity. The point analyses of each sample were highly consistent, showing a
variation of major elements within 2-3% of the estimated instrumental errors and indicating
a high degree of chemical homogeneity within each sample. The final chemical formula is the
result of the average of 12 to 24 analysis points selected on the basis of their low chemical
balance (E%). The charge balance of zeolite formulas is a reliable measure for the quality of
the analysis. It correlates with the extent of thermal decomposition of zeolites during micro-
probe analysis. A useful test is based on the charge balance between the non-framework cations
and the amount of tetrahedral Al [9]. Analyses are considered acceptable if the balance er-
ror E%=[(Al(+Fe3*)-Aleor )/ Aliheor] X 100, where Alyeor=(Na+K)+2(Ca+Mg+Sr+Ba), is less than
+10% [9].
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