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Abstract 

Forty two zeolitic rock samples, from the Prefectures ofEvros, Rhodope, Samos and 
Cyclades, have been investigated for their cation exchange capacity (CEC, in 
meq/100g) and the mineralogical composition (wI. %), 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 WI.%, CEC 
124-202), Metax;ades area (47-64 wt. %, CEC 119-140) and Thira island (33 wt. %, 
CEC 118). Mordenite was found in Samos island (64 wt. %, CEC 150), 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 Danneni 
area (16 wt.%, CEC 62). Chabazite wasfound 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 zeoIite+phillipsite were found in Samos island (47 wt. %, CEC 170) and HEU
type zeolite+analcime werefound in Samos island (55 wt.%, CEC 129). The CEC of 
the zeo!itic 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. 
Key words: Natural zeolites, Evros, Rhodope, Samos, Cyclades, tufft. 

nEpfAIl411l 

Ia.pavra Ova &iYfJara (WAl80rpopwv 7T:GTpwfJarwv a.7T:O 7T:fJplOxf::r;; TWV Now-vv EfJpov, 
PoJ07T:!]r;;, ItifJov KW KVKAa(5wv peA[J!1je!]KaV wr;; npor;; T!]V IOvroavraJ.M.KTlK17 TOUr;; 
lKaVOT!]T.O. (lAf, meq/100g) KW HIV opvKroAoY1K1l rovr;; rTVOTaiTIJ (% K.fJ.) W nr;; 
,Uf:eoJoV( rov lCOPWPOV rTe O(IKO apw-vvlO KW r1K neplW.amfJ,er:pia( aKrivwv-X, 
avrlOTOlxa. Zc'OAZeOr;; rV7T:ov-HEU (WAavr5ir'1(-KAIVOnTIAOAZeO() fJpf::O!]Kf: (Je nf:plOxi:r;; 
rwv Ikrpwrwv (43-89 % K.fJ., fAf 101-217), r"1J( IallOV (34-91 % K.fJ., fAI93-217), 
rov IhvTaJ..orpov (68-74 % K.fJ., fAI 124-202), TOJV Mera.¢,a.Jwv (47-64 % K·fJ·, IAI 
119-140) Kal OT!] Iavropiv!] (33 % K.fJ., 1A1118). Mopvrevlr!]r; fJpte!]Kf: OT!] IallO (64 
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% K·fJ., IAI I50), (J'[!]V [JOAvazyO (61 % K.fJ·, 1AI 136), ar!] Lavropiv!] (56 % K.fJ., IAI 
130), (J'[!] MJj)"o (45 % K.fJ., IA1 97), (J'[!]V KipWAO (30 % K.fJ., 1AI96) KW (frU;; C/>fpEX; 
(5 % K.fJ., IAI22) Av6.AK1POS-fJpf8!]KC ac JrCplOxfr; rlJr; Eapov (27-71 % K.fJ., IAII04
285) KW anl iJopf/fvl/ (I6 % K·fJ·, IAI62) Xaj1Jra(irllC; fJpfBf/KE: (frll Laj10 (66 % K.fJ., 
IAI243). ZCOAI8or; rVJrov-HEU+j1opvrCVlr'K fJpi8f/Ko.V a€ JrcptOxi:r; TOW C/>cpwv (45
74 % K.fJ., IAI 132-209), ar!] Laj10 (81 % K.fJ., IAI184), (fr!] EaVTOpiv!] (72 % K.fJ., 
lAI 177), ar!]v 1l0Avwyo (66 % K.fJ·, IAI 153) KW (frO LK6.lWJ.la (51-60 % !CfJ., IAI 
126-143). Z€OAIBoC; rV71:ov-HEU+C/>I}J,lljJlr!]C; fJpfe!]KC m'7 raJ-tO (47 % K.fJ., lAI 170) 
KW (eoA/Bor; rUJrov-HEU+av6.lKlj10r; fJpHJf/K€ my/ Eapo (55 % K.fJ., IAI 129). H 
LOvTOaVWAAaKTIKJj IKavorllw cwpav[(cl BerlKJj (JVaxfrlaf/ j1C TOV rl171:o TOV 
Jr€plE:XOj1C''-ov (tolIBov, o,)..Aa KW Tlr; Jr€PU::KrIKOTr/rcc; rov (JUvo},ov TeVV j1IKpO
Jr0pwixvv OpVKUfJV ((co),,180/+Jlappapvyics-+apylAIKG. opvKr6J, cJry/pw(OPCV11 laJPiwe; 
aJro TO 71:oaoaro rwv (eo}"BoJv KW ae pIKporcpo fJa8po aJro o.vro rwv j1o.ppo.PVY1WV 
KW rwv apYIAIKWV opvKrwv. 
Ai~EI1<;; K},W)Uj: ifJvalKof (eoA1801, EfJpos-, P060Jr'7, LaJ.lOC;, Kvdac5cs-, Torprpol. 

1. Introduction 

Zeolite occurrences are widespread in Greece and HEU-type zeolites (Heulandite-Clinoptilolite) 
are the most common types (Kantiranis et at. 2006). Numerous industrial, agricultural and 
environmental applications have been proposed for the zeolitic rocks of Greece (eg., Kitsopoulos 
and Dunham 1994, 1996, Misaelides et at. 1994, 1995a, 1995b, Symeopoulos et af. 1996, 
Filippidis et at. 1997,2006, Fragoulis et at. 1997, Haiduti 1997, Tserveni-Gousi et af. 1997, 
Sikalidis 1998, Yaunakopoulos et af. 1998,2000, Filippidis and Kassoli-Foumaraki 2000a, 2000b, 
2002, Zorpas et af., 2000a, 2000b, Marantos et af. 2001, Moirou et af. 2001, Vlessidis et af. 2001, 
Kyriakis et af. 2002, Papaioannou et af. 2002a, 2002b, Inglezakis and Grigoropoulou 2003, 
Inglezakis et af. 2003, Katranas et af. 2003, Krestou et af. 2003, Perraki et af. 2003, Papadopoulos 
et af. 2004, Deligiannis et af. 2005, Warchol et at. 2006). The cation exchange capacity of zeolitic 
rocks from Pentalofos area (Arvanitidis 1998, Stamatakis et af. 2001, Christidis et af. 2003, 
Perraki and Orfanoudaki 2004), Metaxades area (Marantos et at. 1989; Stamatakis et at. 2001), 
Dadia-Lefkimi area (Skarpelis et af. 1993), Feres area (Stamatakis et af. 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 zeoli tic 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 et af. 
2004a, Filippidis, 2005, Filippidis and Kantiranis 2005, 2007, Filippidis et af. 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 et af., 1989, 1993, Kirov el af. 
1990, Tsolis-Katagas and Katagas 1990, TsiralTlbides 1991, Filippidis 1993, Koutles et af. 1995, 
Stamatakis et at. 1998, Hall et at. 2000, Kassoli-Fournaraki et af. 2000, Barhieri et af. 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 et af. 1994, Stamatakis et af. 1996, Fragoulis et af. 1997, 
Kitsopoulos 1997a, Drakoulis et at. 2005). 

The approximate location of the studied zeolitic samples are shown in Figure I, 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 11m, was used for the investigation of the mineralogical 
composition, while the second, ground in grain-size <125 [Jm, was Llsed 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 CuKu radiation. 
The samples were scanned over the 3-63° 28 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 CuKu radiation 
for the minerals present. Then results were conected 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( at. 2004b, Drakoulis et at. 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 et at. 2004a, Drakoulis e( at. 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 micro porous 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 at. (2006) studying the thermal 
characteristics of the Greek HEU-type natural zeolites in relation to their chemical composition, 
distinguished their HEU-type species (c1inoptilolite, 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 percent:<lges 29 wt.% and 66 wt.% , 
respectively. In addition, micas, clays, quartz, 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 concerning 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/lOOg for analcime, 387 meq/lOOg for phillipsite, 381 meq/IOOg for chabazite, 291 meq/lOOg 
for heulandite, 254 meqllOOg for clinoptilolite and 229 meq/lOOg for mordenite (Holmes 1994). 

The CEC values are also affected to a lesser extent, by the other microporous minerals (micas + 
clays) cont:<lined in the zeolitic rocks. A positive correlation between the CEC and the total 
microporous minerals (zeolites + micas -I- clay minerals) is also observed (Fig. 7). The same is also 
observed between the CEC and total microporous minerals -I- 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 at. 2005). 
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Table 1 - Semi-quantitative mineralogical composition (wt. %) and cation exchange capacity 
(CEC, meq/l00g) of Evros Prefecture zeolitic rocks. 

I 

'Location 
Sam Ie I Microporous minerals 

p H-ci Mo I ZT Mi CI 
I
TMM A 

TMM + I Non-microporous miner. I
TNM 

A Qz I Cr I Fs I Cc I AG I 
CEC 

Ref 

From Petrot. village PETROTA AREA 

2.3 km W42N PESIO 86 86 - 3 89 - 89 II - 11 193 PP 

I Paleochorafa PESI8 73 - 73 II 84 - 84 5 - 11 - 16 167 PP 

PES4 65 - 65 2 3 70 70 12 - 16 2 30 141 PP 

3.2km W4N MAPI 89 89 2 3 94 94 2 2 2 - 6 217 PP 
Mavri Petra MAPS 81 81 3 3 87 87 2 2 7 - 2 13 181 PP 

MAN 80 80 5 - 85 85 5 2 8 - 15 161 PP 

I.S km E8S PETI 63 63 3 66 - 66 7 - 27 - 34 132 PP 
Petrota location 
3,1 km W15S LtYl 43 - 43 II 7 61 61 14 23 2 39 101 PP 
Livadakia 
1,8kmN42W 89 89 3 92 - 92 2 6 - 8 229 1 
Palcochorafa-

Kalamos 

11.9 krn W36N 89 - 89 3 92 - 92 2 6 - 8 226 2 
'Paleochorafa 
Not specified 51 51 1 52 14 66 1 14 19 - 34 93 3 
Petrola area 27 27 5 32 5 37 9 8 42 4 63 63 3 

From Pentalofos village PENTALOFOS AREA 

1.5 km E3IN KYTI' 74 74 10 4 88 7 95 - 5 - - 5 202 PP 
Kvnes Toumbes 
2,6 km E28S PEN6* 70 - 70 7 9 86 86 - 14 - l4 176 PP 

jTymbano PENS 68 68 II 7 86 86 4 2 8 l4 124 PP 

i Not spccified 48 - 48 2 - 50 7 57 2 14 27 - 43 93 3 
ilPentalofos area 32 32 5 37 2 39 10 10 41 - 61 79 3 
! 1.3 krn £30N 77 - 77 8 5 90 6 96 4 - 4 208 4 
Kvries Toumbes 
2,8 km £27S 73 73 6 6 85 - 85 - 15 15 184 4 
Tymbano 

,From Metaxades "mage METAXADES AREA 

2,7 km N4lW MET23 64 64 9 7 80 80 5 5 10 - 20 140 PP 
Xerovounl 
2 krn N36W MET21 47 47 4 5 56 - 56 26 13 5 44 119 PP 
Gourounorema 
2,6kmN45W 75 - 75 8 10 93 - 93 2 3 2 7 205 4 
Xerovouni 

From Dadia village DADIA-LEFKTMT AREA 

lO,5kmS36W 53 - 53 2 2 57 - 57 36 7 43 135 4 
Svnoro 
15.4 km S12W 5,1 51 2 3 56 56 39 5 - - 44 130 4 
Xephoto 

From Feres village FERES AREA 

13.4 krn N9W KAYI 48 26 74 2 12 88 88 10 2 - - 12 209 PP 
,Kavissas village KAY2 26 19 45 2 8 55 14 69 31 - - 31 132 PP 

12,9 kmN38W 
I 

FERI - 5 5 3 10 18 18 35 47 - 82 22 PP 
Aspra Chomata 
3.4 km N9W 32 22 54 2 7 63 12 75 20 5 25 147 4 
Kavls,os village 
~6,2 km -N23W 67 8 75 I 76 - 76 7 17 - 24 141 5 
Lakka 
-46 km -Nl3E 36 11 47 3 50 50 26 I 23 50 89 5 
Makrylofos 27 8 35 - 9 44 26 70 15 15 - 30 70 5 

-4.4 km -W25N 16 24 40 - 40 40 25 1 34 60 134 5 
Kapsala 23 12 35 35 29 64 20 . 16 - 36 112 5 
-,13,8 km-W4N 19 3 22 14 36 - 36 19 - 45 - 64 69 5 
Aetachori 

': lndusu'ial (> 500kg) samples, H-C: Heulandlle-C1rnaplilolite, tvIo: Mordenile, ZT: Zeolite talal, Mi: Micas, CI: Clays, 

TMM: Toml Microporau, Mmerals, A: Amorphaus, Qz: Quartz, Cr: Crislobalite, Fs: Feldspars, Cc: Calclle, AG: Amphibole 

group, TNM: TOlal Nan-tvIlcroporous minerals, PP: Present Paper, I.: filiPPldis and Kant.iranrs (2007),2: Filippidls (2005), 
3: Marantas and Perdlkatsis (1994), 4: Filippidls and Kant'ranis (2005),5: Maramos (2004) 
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Table 2 - Semi-quantitative mineralogical composition (wt.%) and cation exchange capacity (CEC, meq/100g) 
of Rhodope PreJ'ectnre zeolHic rocks. 

Locstion Sample 
1\1icroporous minerals 

TM~ A 
I Non-microporous ITNM CEC Ref 

H-C Mo An ZT Mi CI 
TMM +A 

1 Qz I Cr Fs 

From SkaloIDa vill.ge SKALOMA AREA 

0.6 km N20W SKAI 31 20 Sl 17 68 68 16 8 8 32 126 pp 

Avraam SKA2 23 37 60 2 62 16 78 7 15 22 143 PP 

0.8 kIll N20W 27 JJ 60 2 62 16 78 7 IS 22 151 4 

Avraam 

From Darmeni village DARMENI AREA 

0.8 km E2SN DAR4 16 16 3 19 14 33 54 13 67 62 PP 

Youkefalo 
06 km £25N 18 18 5 23 IS 38 49 13 62 98 4 

Voukefalo 

H-C: Heul.ndlte-Clinopttlolile, Mo: Mordenile, An: Anabme, ZT: Zeolite 100al, Mi' Mic.s, CI: Clays. TMM: Tot.1 Mlcroporous Minerals: 
A: Amorphous, Qz Quaflz, CI" CrlStob.lite. Fs Feldspars, TNM' Total Non.Mlcroporous minerals, PP: Present Paper, 4: Filippidls and 

Kantir.nis (2005) I 

Tilble 3 - Semi-qnantitative mineralogical eomposition (wt. %) and cation exchange capacity (CEC, meq/IOOg) of
 
Sa mos Prefecture zeolitic rocks.
 

Microporous minerah INon-microporousl TNM 
CECLociitlon Sample TMM A RcTMM+A Q1. Fs IH-cl MO I An Ph Ch I ZT 1Mi CI 1 

from Marathok.uJlbos village KARLOVASS{- MARATHOKAMBOS AREA 

53 kl11'<2SE, SAM22 91 9591 4 95 5 5 213 PP 

3.6km£34N 4 4 94 94 217 PPSAMI7 86 6 686 

89 4 II PP 

35 kill E29N 

2.1 km D2N SAM21 73 73 12 4 89 1877 

19 IS9SAM23 65 10 6 81 81 19 i'P65 

pr7157 14 772.9 km N2E SAM24 57 23 1436 23 

PP4.6 kill E36N SAMI8 6 21 82 82 18 1855 S5 l35-
rp4.6 kill E38N 34 34 24 4 62 70 30 30 112SAMI9 8 

S.3 km N201:. SAM7 34 34 !O 71 80 4 16 2027 9 93 PP 
pp2.0 kill N45F SAMI 21 81 4 9 '14 '14 18460 3 3 6 

64 244.5 km E, 64 12 12 150 PP 

6.6krn NI~E:. 

SAMI5 64 88 
g71SAM4 71 78 88 4 12 PP 

5.0kmN2iC 

5 2 10 285 

SAMI4 3 J3 71 71 PP 

53kmN20E 

J~ 35 29 29 l69 
.27 27 10 27 64 71 24 29 104 PPSAM6 7 5 

1.8 kill E36N SAMI6 32 79 79 21 2123 55 8 16 129 PP 

IJP5.7 kill N29£ 47 2 44 170SAM20 18 29 93 7 793 
pp94 4 2433.3 km N22E SAM25 28 94 266 66 6 

74 1842.1 kill E32N 74 i 3 2 89 89 II 66 5 

57 10 2 149 6 

4 (} klll F.36N 

3.5 km E29N '57 69 69 3 28 31 

2448 48 4 13 65 65 II 13735 6 

2.9 kill :'<2£ 4/ 47 12 62 35 38 133 63 62 3 

6.4 kill N14E. 72 82 6 12 18 33472 7 3 82 7 

H-C' Heulandile-Clrnoplllo!tle. Mo MQrdelllle, All' A"olellne. Ph Phil1Ipsl\e, CIi: ClinbazIl.e, ZT Zeoille rOl,d, MI MICas, (I. Clay;, TMM 
Tor.1 Mlcroporous Mm..als. A. AmorphOUS, Q, Quanz. Fio: Feldspnl's, TNM: TOlal NOIl-M,croporo\ls mmerals PP Presenl P<3pel> 

G' KaJlllramS er al. (2004a), 7: l'iltppIJ" el 'd. (2005) 
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Table 4 - Semi-quantitative mineralogieal composition (wt.%) and cation exchange capacity 
(CEC, meq/lOOg) of Cyclades Prefecture zcolitic rocks. 

Mieroporoos minerals TMM+ Non-mieroporous miner. TNM CECLoeatioo RefTMM ASample H-C AZT Mi CI Qz Tr Fs AG
 

From Kimolos village KIMOLOS ISLAND
 

Mo 

- - -4.0 km W5N KIMI 30 15 45 45 55 55 96 PP30 

,From Poiyegos village POLYEGOS ISLAND 

- -1.9 km S9W 22 44 5 71 71 24 29 153 PPPOll 66 5 

IJ km SSW POU 61 61 22 17 136 PP61 83 5 6 6- - -

F"om Adlllmas village MiLOS ISLAND 

6,9kmSJ5W -MIL2 45 45 7 52 36 PP 
Panagia 

From Akrotiri village THJRA (SANTORiNI) ISLAND 

12 64 36 97 

0.8 km W SANI 14 47 51 42 733 33 4 49 118 PP-
pp-1.0 kin W26S 15 72 14SAN2 57 86 2 88 4 12 177- 8 
pp710.8 km N34W SAN6 11 II56 56 4 60 5 13 29- 130 

H-C: Ilculandite-ClinoptJlohle, Mo: Mordenite, ZT: Zeolite tOlal, Mi: Micas, CI: Clays, TMM: Total Microporous Minerals, 
A. Amorphous, Qz: Qoartz, TI': Tndymite, Fs: Feldspar" AG: Amphihole group, TNM: TOUll Non-Miel'opol'ous lnlllerals, 
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-lype + 
phillipsite and chabazite were found in one sample, respectively. The bighest contents of HEU
typ~ zeolite (70-91 wt.%) were mainly found in the areas of Petrota 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 bighest content (24 wt.%» of amorphous material was 
found in the mordenitic rocks of Samos island. 

The cation exchange capacity (CEC) of zeolitic rocks reaches values up to 285 meqll OOg for 
analcime-rich (71 wI. %) tuffs of Samos island, up to 243 meq/l OOg for chabazite-rich (66 wt. %) 
tuffs of Samos island, 217 mcqllOOg for HEU-type rich tuffs of Petrota area (89 wt.%) and Samos 
island (86 wt.%), 209 meq/l OOg for HEU-type (48wt.%) + mordenite (26 wt.%) rich tuffs of Feres 
area, 170 meq/lOOg for HEU-type (18 wt.%) + Phillipsite (29 wl%) rich tuffs of Samos island, 
ISO meq/lOOg for mordenite-ricb (64 wl.%) tutfs of Samos island, and 129 meq/IOOg for HEU
type (23 wt.%) + analcime (32 wt.%) rich tuffs of Samos island. 

The erc of the zeal itic rocks show positive correlations with the type and the content of zeolites 
and the micro porous minerals (zeolites + micas + clay minerals) + amorphous material. The CEC 
is mainly affected by the zeolites and to a lesser extent hy the other rnicrporous minerals (micas + 
clay minerals). The amorphous material may affect the CEC values, depending on their 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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