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Abstract

Forty two zeolitic rock samples, from the Prefectures of Evros, Rhodope, Samos and
Cyclades, have been investigated for their cation exchange capacity (CEC, in
meg/100g) and the mineralogical composition (wt.%), using the Ammonium Acetate
Saturation method and Powder X-ray Diffraction method, respectively. HEU-type
zeolite (heulandite-clinoptilolite) was found in Petrota area (43-89 wt.%, CEC 101-
217), Samos island (34-91 wt.%, CEC 93-217), Pentalofos area (68-74 wt.%, CEC
124-202), Metaxades area (47-64 wt.%, CEC 119-140) and Thira island (33 wt. %,
CEC 118). Mordenite was found in Samos island (64 wt.%, CEC 130), Polyegos
island (61 wt.%, CEC 136), Thira island (56 wt.%, CEC 130), Milos island (45
wt.%, CEC 97), Kimolos island (30 wt.%, CEC 96) and Feres area (5 wt. %, CEC
22). Analcime was found in Samos island (27-71 wt.%, CEC 104-285) and Darmeni
area (16 wt.%, CEC 62). Chabazite was found in Samos island (66 wt. %, CEC 243).
HEU-type zeolite+mordenite were found in Feres area (45-74 wt.%, CEC 132-209),
Samos island (81 wt.%, CEC 184), Thira island (72 wt.%, CEC 177), Polyegos
island (66 wt.%, CEC 153) and Skaloma area (51-60 wt.%, CEC 126-143). HEU-
type zeolite+phillipsite were found in Samos island (47 wt.%, CEC 170) and HEU-
type zeolite+analcime were found in Samos island (55 wt.%, CEC 129). The CEC of
the zeolitic rocks show positive correlations with the type of zeolite and the
microporous minerals (zeolites+micas+clay minerals) content, mainly affected by
the zeolites and to lesser extent by micas and clay minerals.
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MepiAnyn

Zopdvra dvo delyuara (eolBopopwy metpwudtwy and mepioyéc twv Nouwv Efpov,
Podomng, Zapov kar Kvkdddwv pedetinOnkay w¢ mpog my 10vioavioAlaxtiks 1ong
wavomnra (1AL, meq/100g) xor v opvktoloyiky tovg cbotacy (%6 x.f.) pe g
ueBodove tov ropeouot oe olikd apuvio xoar ™ mEpiOAaoipETpias aktivov-X,
avtiororya. ZeoriBog thmov-HEU (evdavditne-kAwvortiAdAifog) Ppélnxe e mepioyéc
twv Hetpwrdv (43-89 % k.p., IAI 101-217), tne Zéuov (34-91 % x.f., IAl 93-217),
tov [Teviaddpov (68-74 % k.p., 1Al 124-202), twv Metaladwv (47-64 % k.., 141
119-140) xar oty Zavropivy (33 % x.f., IAI 118). Mopvrevitne fpénke oty Zdpo (64
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% .., IAI 150), otqv Holdaiyo (61 % x.f., 1Al 136), oty Zavropivy (56 % k.f., 1Al
130), ot Mrio (45 % x.f., 141 97), oty Kipwio (30 % k.f., 1AI 96) ko aric Pépec
(5 % w.p., 141 22). Avidrkiuoc fpéOnke oe meproyés e Zopov (27-71 % k.f., 141 104-
285) kar oy Aapuévi (16 % k.., IAI 62). Xouralits fpébnxe ot Lauo (66 % k.f,
14T 243). ZeoAibog womov-HEU+uopvrevitne fpébnrov oe mepioyéc twv Depiv (45-
74 % x.f., IAI 132-209), oty Léuo (81 % x.f., 141 184), oty Zavropivy (72 % k.[0.,
1AT 177), otnv HoAbaryo (66 % wk.p., 141 153) kot oto Lxddwpo (51-60 % x.f., 141
126-143). ZeohiBog tomov-HEU+ D1l dwyitng Spélnre oty Zapo (47 % x.fp., 1A 170)
kar {eéliboc tomov-HEU+avddkiuog fpébnre oty Zauo (55 % w.f., [Al 129). H
wvroovtaldaktiky  icavoTra. eugaviler  Betikd  cvoyénion uE TOv TOMO  TOD
mEPIEYOpEvoD (ediifov, GAAG Kal TIC TEPIEKTIKOTHTES TOU TODVOAOD TWYV UIKPO-
Topwddy opuktav ((eblibortuapuapvyiestapyiicd opuktd), exnpealousvy Kopio¢
Gro 10 TOC0oTé TV (E6iBmy Kol 08 uIkpdtepo fabud amd awtd TV uopuepUYIHY
KGI TV GpYVIAKOV OpUKTOV.

Aééaig wletdrg: Duaikol (e6Abor, Efpos, Podorn, Zapos, Koxdddes, Toppor.

1. Introduction

Zeolite occurrences are widespread in Greece and HEU-type zeolites (Heulandite-Clinoptilolite)
are the most common types (Kantiranis ef o/ 2006). Numerous industrial, agricultural and
environmental applications have been proposed for the zeolitic rocks of Greece (eg., Kitsopoulos
and Dunham 1994, 1996, Misaelides et al. 1994, 1995a, 1995b, Symeopoulos ef al. 1996,
Filippidis ef al. 1997, 2006, Fragoulis et a/. 1997, Haiduti 1997, Tserveni-Gousi ef al. 1997,
Sikalidis 1998, Yaunakopoulos ef a/. 1998, 2000, Filippidis and Kassoli-Fournaraki 2000a, 2000b,
2002, Zorpas ef al., 2000a, 2000b, Marantos et al. 2001, Moirou ef al. 2001, Vlessidis et a/. 2001,
Kyriakis ef al. 2002, Papaicannou ef al. 2002a, 2002b, Inglezakis and Grigoropoulou 2003,
Inglezakis et al. 2003, Katranas er a/. 2003, Krestou ef al. 2003, Perraki ¢f al. 2003, Papadopoulos
et al. 2004, Deligiannis et al. 2005, Warchol ez al. 2006). The cation exchange capacity of zeolitic
rocks from Pentalofos area (Arvanitidis 1998, Stamatakis er al. 2001, Christidis ez al. 2003,
Perraki and Orfanoudaki 2004), Metaxades area (Marantos ef al. 1989; Stamatakis ef al. 2001),
Dadia-Lefkimi area (Skarpelis ef al. 1993}, Feres area {Stamatakis ef al. 2001), Polyegos and Thira
islands (Kitsopoulos 1997b) has been reported, but without quantitative values for the zeolite or
the microporous mineral percentage contained in the rocks.

In the present paper the cation exchange capacity is correlated to the zeolite percentage and type,
contained in the Greek zeolitic rocks. In particular, 42 zeolitic samples have been collected from
different locations in the Prefectures of Evros, Rhodope, Samos and Cyclades. Twenty five related
values given by different authors (Marantos and Perdikatsis 1994, Marantos 2004, Kantiranis ef a!.
2004a, Filippidis, 2003, Filippidis and Kantiranis 2005, 2007, Filippidis ef a/. 2005) have been
also used for the above mentioned correlations.

2. Materials and Methods

The geology, geochemistry, mineralogy and genesis of the Greek zeolitic rocks are presented and
discussed by several authors, for Evros Prefecture {eg., Tsirambides ef a/., 1989, 1993, Kirov e/ al.
1990, Tsolis-Katagas and Katagas 1990, Tsirambides 1991, Filippidis 1993, Koutles e al. 1995,
Stamatakis er al. 1998, Hall er al. 2000, Kassoli-Fournaraki er al. 2000, Barhieri ef al. 2001), for
Rhodope Prefecture (Marantos et af. 1997, 2001), for Samos Prefecture (Stamatakis 1989a, 1989b,
Pe-Piper and Tsolis-Katagas 1991, Hall and Stamatakis 1992) and for Cyclades Prefecture (Tsolis-
Katagas and Katagas 1989, Hall er af. 1994, Stamatakis ef al. 1996, Fragoulis et al. 1997,
Kitsopoulos 1997a, Drakoulis ef al. 2005).

The approximate location of the studied zeolitic samples are shown in Figure 1, while the precise
location are given in Tables 1, 2, 3 and 4.
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Figure 1 - Location of the studied Greek zeolitic rock samples

Each representative sample of the collected zeolitic tuffs was separated in two equal parts: the
first, ground in grain-size <63 ugm, was used for the investigation of the mineralogical
composition, while the second, ground in grain-size <125 pm, was used in the experiments for the
determination of their ammonium exchange capacity.

Mineralogical composition was determined using the X-Ray Powder Diffraction method (XRPD).
XRPD was performed using a Philips PW 1710 diffractometer with Ni-filtered CuKa radiation.
The samples were scanned over the 3-63° 26 at a scanning speed of 1.2 °/min. Semi-quantitative
estimates of the abundance of the mineral phases were derived from the XRPD data, using the
intensity of certain reflections, the density and the mass absorption coefficient for CuKa radiation
for the minerals present. Then results were coiTected using standard mixtures of minerals (external
standards) scanned under the same conditions. The semi-quantitative estimation of the percentage
of total amorphous material was achieved by comparing the area of each broad background hump
which represented the amorphous material in each sample with the analogous area of standard
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mixtures of minerals with different contents of natural amorphous material, scanned under the
same conditions (Kantiranis e al. 2004b, Drakoulis et a/. 2005).

The ammonium ion is most commonly used for CEC testing of materials and the results therefore
are referred to as ammonium exchange capacity. The ammonium cation-exchange capacity of the
studied zeolitic tuffs was determined according to the Ammonium Acetate Saturation (AMAS)
method (Kantiranis ef al. 2004a, Drakoulis et al. 2005).

3. Results and Discussion

The mineralogical composition of the studied zeolitic rock samples is presented in Tables 1-4.
Zeolites, micas and clay minerals constitute the microporous minerals of the zeoliferous rocks.
Five types of zeolites were identified: HEU-type, mordenite, analcime, phillipsite and chabazite.
HEU-type (Heulandite-Clinoptilolite) was found in the majority of the studied samples (22 out of
42}, while mordenite and analcime were found in fewer samples (6 and 4 out of 42, respectively).
HEU-type+mordenite were found in 7 samples, while HEU-type+analcime, HEU-type+ phillipsite
and chabazite were found in one sample, respectively. Kantiranis et al. (2006) studying the thermal
characteristics of the Greek HEU-type natural zeolites in relation to their chemical composition,
distinguished their HEU-type species (clinoptilolite, intermediate heulandite and heulandite).

The percentage in HEU-type zeolites varies widely between 18 wt.% and 91 wt.%, whereas the
percentage of mordenite varies between 5 wt.% and 64 wt.%. Analcime varies between 16 wt.%
and 71 wt.%. Phillipsite and chabazite were determined in percentages 29 wt.% and 66 wt.% ,
respectively. In addition, micas, clays, quértz, cristobalite, tridymite, feldspars, calcite and
amphibole were also identified. Also, amorphous material was detected in 14 samples, ranging
between 2 wt.% and 24 wt.%. Several researchers in their individual sampling of zeoliferous rocks
from near-about the same locations and after a plethora of experimental techniques rendered
similar or approximate or different results conceming the mineralogical composition and the CEC
of the zeolitic rocks (Tables 1-4).

The CEC of the zeolitic rocks mainly depends on the type and content of the zeolite, as the most
typical microporous minerals. A very good positive correlation is observed between CEC and the
HEU-type zeolite content (Fig. 2). The same good correlation exists between the CEC and the
mordenite, HEU-type + mordenite and analcime contents (Figs 3-5). A general positive correlation
exists between CEC and the total zeolite content (Fig. 6). The differences in the CEC values
observed in the different zeolitic rocks, depends mainly on their content but also on the type of
zeolite. The ion exchange capacity is a function of the specific crystal structure of each zeolite
species, and its framework and cationic composition. It should be noted, that the typical ion
exchange capacity, calculated from the unit-cell formula for pure minerals, is higher: 454
meq/100g for analcime, 387 meq/100g for phillipsite, 381 meq/I00g for chabazite, 291 meq/100g
for heulandite, 254 meq/100g for clinoptilolite and 229 meq/100g for mordenite (Holmes 1994).

The CEC values are also affected to a lesser extent, by the other microporous minerals (micas +
clays) contained in the zeolitic rocks. A positive correlation between the CEC and the total
microporous minerals (zeolites + micas + clay minerals) is also observed (Fig. 7). The same is also
observed between the CEC and total microporous minerals + amorphous material (Fig. 8), since
amorphous material includes anionic charges that are responsible for the sorption ability of
amorphous materials. It should be noted that the amorphous content ranges from 2 to 29 wt.%
(Tables 1-4) and that the sorption ability of natural amorphous materials depends on their
chemistry (Drakoulis ef al. 2005).

WYnoeiakA BiBAI0BAKN Ogd@paocTog - TuAua MewAoyiag. A.lNM.O.

- 726 -




Table 1= Semi-quantitative mineralogical composition (wt.%) and cation exchange capacity
(CEC, meq/100g) of Evros Prefecture zeolitic rocks.

. Microporous minerals TMM + | Non-microporous miner.

Location Sample 1ol Mo I == | Mij a TMM| A A 0z WI = | 1 AG TNM| CEC| Ref

From Petrota village PETROTA AREA

2.3 km W42N  |PESIO | B6 | - | 86| - 3 89 | - 89 - - 1] - - 111193 | PP

Paleocchorafa PESI8 | 73| - | 73| - 1| &4 - 84 3 -1 - - 16 [ 167} PP
PES4 65 - | 65| 2 3 70 - 70 12 - 16 - 2 30 | 141 | PP

3.2 km W4N MAPI | 80| - | 89| 2 3 94 - 94 2| 2 2 - - 6 |217| PP

Mavri Petra MAPS | 81 - 8l 3 3 87 - 87 2 2 7 - 2 13 } 181 | PP
MAP4 | 80| - | 80| 5 - 85 - 83 51218 - - 15 | 161 | PP

1.5 km E&S PET! 63 - | 63| - 3 66 - 66 7 - | 27 - - 34 | 132 PP

Petrota location

3.1 km W15S LIVI 43 - 43| 11 7 61 - 61 14 -1 23 - 2 39 1101 | PP

Livadakia

1.8 km N42W 89 - | 89 3 92 - 92 2 - 6 - - 8 | 229 1

Palcochorafa-

Kalamos

1.9 km W36N 89 - | 89 3 92 - 92 2 - 6 - - 8 | 226 2

Paleochorafa

Not specified 514 - |51 1 - 52 | 14 66 1 [ 14]19] - - | 34 93 3

Petrota area 27 - | 27| 5 - 32|58 37 9 8 | 42| - 4 | 63 | 63 3

From Pentalofos village PENTALOFOS AREA

1.5 km E31IN KYTI* | 74 - 741 10| 4 88 7 95 E - 5 - - 5 1202| PP

Kyries Toumbes

2.6 km E28S PEN6* | 70 | - 70| 7 9 86 - 86 - - 14 - - 14 {176 | PP

Tymbano PENS5 68| - | e8| 11| 7 86 | - 86 4 2| 8 - - 14 | 124 | PP

Not specified 48 - | 481 2 - 50 7 57 2 14 | 27 ~ - 43 | 93 3

Pentalofos area 32| - |32 5 - 37 2 39 10 10|41 ] - - | 61| 7 3

1.3 kmn E30N T - |77 8] 5] 9% |6 96 - - | 4 - - 4 208 4

Kyries Toumbes

2.8 km E278 31 - |73 6] 6 85 - 85 - - 18] - - 15 | 184 4

Tymbano

From Metaxades village METAXADES AREA

27kmNAIW  [MET23% 64 | - | 64| 9 | 7 80 - 80 5 5110 - - | 20 | 140| PP

[Xerovouni

{2 ke N36W MET21% 47 - [47] 4 | § 56 - 56 26 - {13] 35 - | 44 | 119 PP

Gourounorema

2.6 km N45W 75 - 75| 8 10| 93 - 93 2 3 2 - - 7 1205 4

 Xerovouni

From Dadia village DADIA-LEFKIMI AREA

10.5 km S36W 53 - 330 2 2 57 - 57 -1 36| 7 - - 43 [ 135 4

Synoro

154 km S12W 51 - 5t 2 3 56 - 56 - 3| 5 - - 44 | 130 4

Xephoto

From Feres village FERES AREA

3.4 km NOW KAV] | 48[ 26 | 74| 2 | 12| 88 - 88 ] - |2 - - 12 [209| PP

Kavissos village [KAV2 | 26 [ 19{45]| 2| 8 S5 114 69 311 - - - - | 31 |132] PP

2.9 km N38W FERI - 5 5 3 10 18 - 18 35 - | 47 - - 82 | 22 P

Aspra Chomata

3.4 km NOwW 3212254 2 7 63 12 75 20 - 5 - - 25 | 147 4

Kavissos village

~6.2 km ~N23W 67| 8|75 = 1 76 - 76 7 - 17 - - 24 | 141 5

Lakka

~4.6 km ~NI3E 36| 11| 47| - 3 50 - 50 26 1 [ 23] - - { 30| 89 5

Makrylofos 27 8 | 35| - 9 | 44 |26 70 5] - | 5] - - | 30 [ 70 5

~4.4 kin ~W25N 16| 24 | 40| - - 40 - 40 25 1 34 - - 60 | 134 S

Kapsala 231235 - - 35 | 29 64 20 - 16 - - 36 | 112 5

~13.8 km ~W4N 191 3 (22 -114] 36 | - 36 19 - |45 - -] 64| 69 5

Aetochori

*: Indusuial (> 500kg) samples, H-C: Heulandite-Chnoptilolite, Mo: Mordenite, ZT: Zeolite lotal, Mi: Micas, Cl: Clays,
'TMM: Toral Microporous Minerals, A: Amorphous, Qz: Quartz, Cr: Crislobalite, Fs: Feldspars, Ce: Caleie, AG: Amphibole)
group, TNM: Total Non-Microporous mirerals, PP: Present Paper, 1: Filippidis and Kantiranis (2007}, 2: Filippidts (2005),
3: Marantos and Perd katsis (1994), 4: Filippidis and Kantiranis (2005), 3: Maranlos (2004)
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Table 2 - Semi-quantitative mineralogical composition (wt.%) and cation exchange capacity (CEC, meq/100g)
of Rhodope Prefectnre zeolitic rocks.

Microporous minerals

Non-micropoerous

Location Sample G | R | An | 7T | v | 7 TMM| A [TMM + A Q | Cr | == TNM | CEC | Ref
From Skaloma village SKALOMA AREA

0.6 km N20W [SKAL | 31 20 - 51 17 68 - 68 16 8 8 32 | 126 PP
Avraam SKA2 | 23 37 - 60 2 62 | 16 78 7 - 15 22 1143 PP
0.8 ki N20W 27 33 - 50 2 62 | 16 78 7 - 15 22 | 151 4
Avraam

From Darmeni village DARMENI AREA

0.8 km E25N  |DAR4 - - 16 16 3 19 | 14 33 54 - 13 67 62 PP
Voukefalo

06 km E25N - - 18 18 5 23 15 38 49 - 13 62 98 4
Voukefalo

H-C: Heulandite-Clinopulolile, Mo: Mordenite, An: Analcime,

Kantiranis (2003)

LT Zeolite total, Mi- Micas, Cl: Clays. TMM: Total Mrcroporous Minerals,
A: Amorphous, Qz Quaitz, Cr- Cristobalite. Fs Feldspars, TNM- Total Non-Microporous minerals, PP: Present Paper, 4: Filippidis and

Table 3 - Semi-gnantitative mineralogical eomposition (wt.%) and cation exchange capacity (CEC, meq/100g) of
Samos Prefecture zeolitic rocks.

Lecation Sample e inealle T™MM| & [TV + aRen-microporoust oy cgc | Ref
H-C[Mo[ an | pn[cnzr[Mi[ €1 Qz | Fs

From Marathokambos village KARLOVASS[- MARATHOKAMBOS AREA

s3kmN2SE [sam22 [ o1 | - | - | - o[ a] - Toe |- 95 " 5 5 | 213 ]ep
3.6km E34N  [SAMIT7 | 86 ] - se] a ] 4] oea| - 94 z 6 s | 217 [ pp
2.1 km E32N [SAM21 | 73 NN EEEEEEE 89 4 7 11 | 187 | pP
35km E29N  [SAM23 | 63 - - Tes]we] s st |- §1 - 19 o | 150 [ ep
29kmN2E  [SAm24 | 57| - | - | - | - | sl e | 77 | - 77 = 23 23 | 143 [ pp
46 kmE36N  [SAMIS | 55 s lss ]| - 82 - I8 18 | 135 | pp
46kmE3BN [sami9 | 34 | - | - [ - [ - [aal2a] 4] 62 |8 70 : 30 30 | n2 | ep
S3kmN20E [SAM7 | 34| - | - | -] - a2 11 ]o 80 4 16 20 | 93 | PP
20kmNASE [SAML | 60 | 20 | - | - [ - [si| a] o] oa |- 94 3 3 6 | 184 | pp
4.5 ki E samis | - | éa| - | - | - Jea| - -] 64 | 24 88 : 12 12 | 150 | PP
66kmNISE [SAM4 | - | - || - [ -] s 2] w10 38 4 3 12 | 285 | PP
s0kmN2ZiD |saMid | - | - [3s | - [ - [ 3] 3 [s3] 0 | - 71 : 29 29 | 169 | pp
S3kmN2E [SAM6 | - | - |27 - [ - T2l 21] 64 | 7 71 5 24 29 | 104 | PP
18kmE36N [saMie | 23| - [ 32| - | - [ss| s [w6]| 70 | - 79 s 21 21 [ 129 | pp
S7kmN29E [sam20 | 18 | - | - |20 - [ar| 2 [aa | 93 | - 93 - 7 7 [ 170 | pp
33 km N22E  |SAM25 | - S - Tes e | - [ s es |- 04 3 4 6 | 243 | pp
2.1 km E32N 74| - | - -] -]l 2]s]- %0 6 5 11| 184 | 6
3.5 km E29N 57 -1 - Tsilw] 2] 6 | - 69 3 28 3 14| 6
46 ko E36N as | - - -1 -T4s]al3] e | - 65 1 24 35 [ 137 ] 6
2.9 km N2E | =] - -] -T@lwrel3]e]- 62 3 35 38 | 133 | 6
6.4 ki N14E sl s el 23] & [ - 82 6 12 18 | 34| 7

H-C* Heulandite-Clinopulolite

Total Microporous Minerals, A. Amorphous, (7
& Kanurams et al. (2004a), 7: Filippudis et al. {2003)

. Mo Merdenite, An Analenme, Ph Phillipstie, Ch: Chabazile, ZT Zeolile otal, M1 Micas, Cl. Clays, TMM
PP Present Paper,

Quanz. Fs: Feldspars, TNM:

Tolal Non-Microporous minerais
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Table 4 - Semi-quantitative mineralogieal composition (wt.%) and cation exchange capacity
(CEC, meq/100g) of Cyclades Prefecture zeolitic rocks.

A Microporous minerals TMM + | Non-microporous miner.| "
Locat le TMM| A TNM| CEC| Ref
" Sl e Mo zT | Mi ] I A [Q[r[FslaGc| © ¢
From Kimolos village KIMOLOS ISLAND
40kmwWsN  [xamr | - [3o(30] 5] - 45j - T 45 - ] ssj - I 55 T% PP
From Polyegos village POLYEGOS ISLAND
1.9kmS9W  [POL1 | 22 | 44 | 66 g g [ - 71 3 -l 24 ] - ] 29 is3] pp
17kmsS5w [pOL3 | - [et |6l - | -] 6l 291 83 5 J 6 | 6 -1 17 [136] PP
From Adamas village MILOS ISLAND
b9kmsSisw [MIL2 | - [as]4as] -] 7] 52 [12 64 36 | - -3 97| pp
[Panagia 4'
From Akrotiri village THIRA (SANTORINI) ISLAND |
0.8 km W SANT [ 33 - [33] -J1a] 477 4 3 - T ax] 7] 49 ]n18] PP
1.0kmW26S [SAN2 [ 5715 72 - T1a] 86 | 2 88 - - 8 | a | 12|77 pp
08kmN34W [SaNe | - [s6[se| - [ 4] 60 | 1 7 5 -l 29 o] P

H-C: Heulandite-Clinoptilohite, Mo: Mordenite, ZT: Zeolile total, Mi: Micas, Cl: Clays, TMM: Total Microporous Minerals,
A. Amorphous, Qz: Quartz, Tr: Tridymite, Fs: Feldspars, AG: Amphibole group, TNM: Towal Non-Mieroporous mimerals,
PP: Present Paper.

4. Conclusions

The majority of the Greek zeolitic rock samples contain HEU-type (heulandite-clinoptilolite)
zeolite (22 out of 42), while mordenite and analcime were found in fewer samples (6 and 4,
respectively). HEU-type + mordenite were found in 7 samples, HEU-type + analcime, HEU-type +
phillipsite and chabazite were found in one sample, respectively. The highest contents of HEU-
type zeolite (70-91 wt.%) were mainly found in the areas of Pefrota and Pentalofos (Evros
Prefecture) and Karlovassi basin (Samos island), while the highest values of analcime content (71
wt.”%) were found in the Samos island. The highest content (24 wt.%) of amorphous material was
found in the mordenitie rocks of Samos island.

The cation exchange capacity (CEC) of zeolitic rocks reaches values up to 285 meq/100g for
analcime-rich (71 wt.%) tuffs of Samos island, up to 243 meq/100g tor chabazite-rich (66 wt.%)
tuffs of Samos island, 217 meq/100g for HEU-type rich tuffs of Petrota area (89 wt.%) and Samos
island (86 wt.%), 209 meq/100g for HEU-type (48wt.%) + mordenite (26 wt.%) rich tuffs of Feres
area, 170 meq/100g for HEU-tvpe (18 wt.%) + Phillipsite (29 wt.%) rich tuffs of Samos island,
150 meq/100g for mordenite-rich (64 wl.%) tuffs of Samos island, and 129 meq/100g for HEU-
type (23 wt.%) + analcime (32 wt.%) rich tuffs of Samos island.

The CEC of the zeolitic rocks show positive correlations with the type and the content of zeolites
and the microporous minerals (zeolites + micas + clay minerals) + amorphous material. The CEC
is mainly aftected by the zeolites and to a lesser extenl hy the other micrporous minerals (micas -+
clay minerals). The amorphous material may atfect the CEC values, depending on thewr chemistry
and despite the lack of crystallinity, the chemical structure of the amorphous materials includes
anionic charges, and thus may result to some sorption ability,
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