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CAPAKTHPIETIKA TON T'EQOEPMIKON PEYETQN THE IEPIO-
' 'XHE ©EPMOHHTHE - LIAHPOKALTPOY
. (AEKANH ETPYMONA, MAKEAONIA)

A APBANITHE', M. ®YTIRAL', ©. KABOYPIAHL', I. KAPYAAKHY'

IYNOWH

yewbeound vepd (T=>29°C) me meproypic Oepuomyris-Zwdnpoxdorpov eivar Na(Ca)-HCO, eved ta
a(Mg)-HCO,. Nepd yapnhoteng Bepporpaociag €xouv ynpopd rapdpoto pe a yewbeguxd. Ta
vepd eiva ephovniopéva oe SO, xaw oe F evad 1o SiO, xupaiveter 28-75 mg/l. To Ca™ gaiveta
Ol JE TO PAppaoa %an e Toug ToUPeQTives. AEV TapamEeitan ®apd oxfon petall v huugopmy
v jie m Begponpaoia. Ta yewbeound vepd meguéxowy CO, zar elval LS OPEOUEYE (g P0G
. AT TV EQUONOYY TWV YNHLKOV YEW-BEQUONETOWY EXTINATAL OTL 1) BEQUOXQUOIU TV PEVOTHV TTO
oL g dEng twy 100°C.

A ABSTRACT

eothermal waters (T>29°C) in the Thermopigi-Sidirokastro area are classified in Na(Ca)-HCO, type and
ersin Ca(Mg)-HCO, type. The lower temperature waters have a similar chemical type with the geothermal
geothermal waters have high concentrations in SO,” and F ions. The SiO, contents range from 28 to 75 mg/
resence of Ca®* seems to be related with the marbles and travertines. There is no relationship between compo-
temperature. The geothermal waters contain CO, and they are slightly saturated in calcite. By using chemi-
ometers it is found that the deep temperature is estimated in 100 °C.

E KAEIAIA: niedio, Zidnodxaotpo, toafeptivig, vdooynueia, yewbeouopetou
'ORDS: field, Sidirokastro, travertines, hydrochemistry, geothermometers

TOI'H

0y} Oeppomyric Zidnpordotpou gival Yvmot yia 1o af1dhoyo yewlepuno eviagé pov, apol Exel
oL yvwoTég Oeppég e twv Aovtpwv Zidnpoxaatpou. Mia oot tpoondbeia pekéme Ty ve-
v YoV autd €ywve and Toug Mavaywim & Xenorov (1990). H wepopi Pelonetat o8 andotaon aepinov
A Tov Zeppddv, mpog ta ERlpvofoukyapuxd ouvood, ata BA mepibvpia mg Aexdyng tov Zrpvpdva.
a1 yewBeppnn épevva mpayparoronifnxe and to LILMLE. myv nepiodo 1979-1983 pe my extéieon
AL TOQUYWYLAWY YEWTONOEWY el EQYATIV HEQUONETONOEWY, DELYUCTOAMPLOV ROl YNMRGY -
. Kard ta ém 1995-99, éva npdofeto epevvnuns npdypoappa tov ITME evicmoe yewbeopund pevotd
oiag 75°C oe pabog 150 m.

MPOUoN QYOI AEIOAOYOUVICL TH AMOTEAEORAT TWV Y(NIKWOY EVaADOEWY VEQUY ad TV TEQLOY,
VTCL JLE TIS TOTIHES YEWAOYLRES ouvBnxeg xau aSto-hoyotvial Beguoduvopd xo YewDeppopetownd, yu
Y1 ZOMOWHOY CUPTERU-OPATWY ®al TV ®UAUTEEY XATAVONON TG AELTOUQY(OS TOU YEWHEQUROU Ted(-

OIIKEL LYNOHKEL THE IIEPIOXHE

oy avirel yewhoywd om pata mg Podommg xay Boioxetar ®ovid omy textovix emagn pe mmy
edovuai Lodvn, ov eltvau eroBnudvn mave o autiv mg Podémme.

VIAREY YYEVOUDV KL TV OVOITERT TWV PAOUADMY - DLPAQ-HUQUYLOROY YVEVSIWY - OY1otoAiBuy - outo-

CHARACTERISTICS OF GEOTHERMAL FLUIDS IN THERMOPIGI - SIDIROKASTRO AREA {STRYMON
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s Tlpeg A emuoatovy YVEVOLOL - GLotdhibol, eve) pog A Tapameeita otaduany petdfaon and avtols,
ﬁfg:;l oafieoreMBndV oyoTOABWY Aal SLToAVWY, TROC Ta pdppae. Metd ™ orodiax avmi petdfaon, me:
paThoeiTan oMPEVILOY KAXOUS CERA avORURMBY TETEWRATWY. ARG EQEV-VITUXES YEWTQNOEIS TQOERVYE
toYEwloyins 1GBaBoo g REQLOYNS CUVIOTaTIL GG PAQPGQW, SYIXQRAEUYLROUS YVETGIOUS ROt TYWOTOM-
Boue. Zmv eeeivi] udta Tou.Ayrigroou, B xaw BBA tou yemBepuixot nedlov, agBovorv evdudivra Berovya
| A et ok toAhid ooukoiu. Mpdxewa (@) yia Bowtoyew Beovro ghefuni petah-hogopic (apoevo-
|, TUOITE; TLIMEOTIEITYE ROl LayWTOTUEIMGS e CURPETOXI (UAXOTU-DITN, YaANViTY, Opaiepim)), Tov eviomile-
Fa OF pdpfada, yvevolovg, oyiotohiBorg wan myparites, (B) yur pEtadhogopia Tinov orapy (eQuox Ztevé-
Roerog ) wad () yiod oBewdiipem fietadrogopia (Kanottoyiov w.d. 1994).
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Zy.1. Fewdoyixos ydoms mepioyrjc Ocouomnyric - Zidnpoxdorpov ue tig Ocoes deryparolqyios.
Fig.1. Geological map of the Thermopigi - Sidirokastro area with the sampling sites.

Ta Neoyew) (Djpata mg mepwoyic tepthapfavory 1o Autunonayés-rponahonay€s faone xal pia agytho-
poppmun] oepd. To Aatomonaygg paong, mdyovg 50-100 m, anotekeitan and hatineg xal XOORARES YVEVOLA-
AEQ ®Kal pappdomy (BA #upLapyotv o YYEVOLARES £vi) A OL TV POOUAOWY ) RUL ATOTEAEL TOV XUPW0 yEWBEQXG
TOULEVTHOU DEVOTMY. Zuyva EPpaviCETUL KUTUXEQROTIONEVO NE crobEcels petuv Belotywy mov ouvddovral
L€ TV RuAOQopie Ty YEwBEQUX®Y pevatdiv. H apythopaputi o1 mov aroiovBel eltval pvalag - mota-
HOYERGOOLUS TTROEAEVONE RUL OTOTEAEITUL (G EvarAayEs yahaliaxny dupwy, apyiuy UVUERELYNEVLY IE
xporatumonayr. 'Exel ma-yog amo Alye m (ota A) peyor =350 m (ota A). Katd Béoeig ouvaviovrar Ayviti-
HEC EVOTRUOELS, 1S KoL NEaoTeoitnparoyevels anobéoes,

Zrovg TETUQTOYEVELS OYNUATLONOVUE TEQIAQUPavOVTaL T¢ NEeuotelard (proiburc

OUOTaONS UE XOACLIC, pO-0OBITY, OE-QLXIT Kol XOOMVITI-WHEVOUS (-0Tpiovs) Tou Zijrot Kapev (Mapdrog
1966) peTc-mAELoRavirtg nariog abuig #a ATURORa-YE(S OynRam-Opol He TERA-YT) pappdpoy wo Tpafepn-
vixég amobé-oeg. Or tpa-Bepuvizéc amobéoelg ov-vavidvrar B xal A me Oeppomnic, €xovy éxtaon 3 km? wou
TA-Y0S (1o PERI-2G M Pyt 35-40 m. El-val o1 VED-Tep01 INne-ToYEVETS Oym-paniapol nd-va ané ug Miewro-

rauvi-nég ammofé-oelg, ahho B?%hﬁ@#@%‘?ﬂﬂ%’hﬁﬁ?ﬂ’%ﬂ&%éEH?%%-“M‘%B‘E&@ \%L EVTIOVIL ONYUOTWHEVOL
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4 And mexto-visnic TAEVDES Smnot@voveon pifypara A-A, BANA xat BA-NA, pe vedtepa avrd mg A-A
oLeu-Buvome.

3. AHOTEAEEMATA XHMIKQN ANAAYEEQN

[ StEQeivnon ToU YEWYMIKOU Yapaxrmipa Tmv veQov Tou YemBepuxol mediov Beopommyrs-Zidnoo-
wagTpon YoM aUomOn{BTETy Ta @oTe Méoflura yafliwny avakioswy tov ITME i didgogeg Oéoeig devypato-
hpic, Aplng YewmBEQUIKES ®al EQEUVIITILES ®au apaywyixés yewrnoels tov LIM.E. ko minyes ™mg nepio-
vl ¢
Te cmdte A OpaTe TV XNULHOY avaiioeny tapovadievrarotoy [Tiv.1.

4. FTEQXHMIKH KAI TEQOEPMOMETPIKH IIPOZEITIZH - EYZHTHIH - LEYMIIEPALMATA

AN/ AVAVA A
[ AVAVAVAVAVAVAY
5747 VAVAVAVAVAVAW
L v aVAVAVAVAVAVAVA
INNNNNNN YN

% €1 vou guvbAou meg/l
O wuxpéd vepd ® @eppd - yndbeppa vepd

Xy.2. Hapovaiaon Tov anoTeltoudtov TV Yoy avalvoswy ot Tprypaiixe didypauua Piper.
Fig.2. Presentation of the values of chemical analyses on a trilinear diagram, according to Piper.

ATG TN LETAQORA TV TIUIV TAVW 08 TOUy@vired Oudypappa (Zy. 2) wat v taSivdunon xord Davis & De
Wiest (1966) (mpoxntnrel 6n 1o yewbepuna pevotd eivar tov tomov Na(Ca)-HCO,, drov i auppeto-yi tov
Ca’" 0To 2aTovixs gopTio ival OF 0pLaxd OM-UELD, HE TOTEAEON Ta VEQQ VUL BOIOXROVTQL OTO OOLO PETUED TV
Na-HCO, #a Ca,Na-HCO, ninwy vepod. And-un xaw vepad Bepuorgaoiag 17-23°C apofdirovial oty idua
avty eproyr 6mme ®aw 1o yewBeppund, Nepd tov ninov Na-HCO, eivar autd tov devypdrov Sd-1, ZA-9, TA-
13, ZA-14 %o £A-17, e ovppe-toxf tov Ca®* sard 24-32% wat tov Na* xard 54-62% 71 Tov 0hxol #amovixol
gop-tiov. Trov Ca.Na-HCO, timo avijrovy ta delypara Sd-2a, Sd-3a, Sd-5, §d-7, Sd-8, Sd-14a, ZA-§, ZA-11,
TA-12, ZA-15, ZA-16, ZA-18, £A-19, EA-20, ZA-21, pe ovppetoyp] tov Na® ard 38-55% waw tov Ca®* ward 30-
45%. Tho Eendbapa eiven ta mpdypoata yue to defypa EA-8, tov aviixer otov CaNa-HCO, wino (ovppetox
Ca™ 45.7%). Téhog, 10 #abBapd Yuyed PETEnOIXG vEES EA-4 (15°C) elvan Ca(Mg)-HCO, tinov.

Tt yewBeQUIXA VEOG TapovoLdloty Zivoko Alchupévov Ahdtwv, TDS, ueteld 1421-1989 mg/l wou au-
VETIG Hot WToQoUoay va Yapaxkmowbony me vepa “yhurd” pe Koy emfdouvon o dhato, ot n T o
TDS elvou okt xovid onyy optaxy Ty oy 1000 mg/l. Mdvov 1o yrrgpd delypa TA-4 nagovaaler TDS mohd
sapnio (391 mg/l) nou Egxwpller and to yewBeouind.

To pH xupaivetat 6.4-7.5. H wxgy oftmpa (pH<7) ogethetan mbaviétata omy vrapsn dwhupévow CO,
OF JHEES TOOGTNTEG 0T VEQX TNS TEPLOYNE.

O1 ovyrevipwoeis Na® ota yewBeppuad vepd sivin avEnpéves. H nagovoia tov propel va anodobel amy
udpdhuon Na-otywv mhayoxhaotwy ko 1ding tov aifim (NaAlSi0,), Oependoug 0purtot Twy YYEUOLERoY
ROUL YOUVITIROV TETOWRATWV.

WYneiakr BiBAI06nkn "OebéppacTog” - Tunua Mewloyiag. A.M.O.
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VEp6 ZA-4. H mapovdia ray teviwviCall uaropel va anodobel £ite ot dudivon tou CaCO, v tpafepuveiv xat
ttwy hdrumonaydv faong péoa oToug 0moloug KUKAOPOQOTV XRAmOIL 0ITd T VEQH autd, eite om Stakutomoinom
1G0Tt poopdowy. Tov tofdfoou xav am opvéxeyoe amdlewa pEpous Tov apyxol Ca*t Ty yewbep-
vepay c€ autlag wa@lyoms CaCO, xawt mv dvodo twv yEwbepundv gevotiv Adyw anwiewas CO,. H
T exdo)-ompiletar omy tnepy dto yewmBepundy vdpopdpuv optldviny, evic Babitepov (mpwtevo-
55 Ilvm_c) oe fabn 250-400 m ovo harvmomay€g faong (opogr] Tou vioPdbpou) xa evog emupavetaxol oe fdabn 20-
50 m péoa otoug TRAREQTIVES, ANd TOV DAOIOV TAOPOHOTOVVTIL KL OL TEQLOTO-TEPES YEWTOOELS ®ou yés. H
dettgon congym PaoiCerar ompy ida My tapovoia twy toaPegmviiv, dMi. ta yewBeguuxd veod, £xoviag vypnheg
" Deppoxpae(ss xan SEVO yaparmipa, spmhovtiofnray oe Ca’’ amd ta pdopapa tov vrofdbpov. Katd myv €Eo-
86 7ovg petd v rdom mieons, amwkewas CO, xay ehdrtwons s Beppoxpaciag wrébeoay Ca™ pe ) popgr
'CaCO, dnprovpyuivias Toug ToaPepTives. Axdun xat onpe-go., pxpés moodmres CaCO, anotiBevron and ta
vepd mc meproync. H devtepn exdoy| Bewpeiton wg n mbavdtepn, evo ewndletal ot 1 apyixrj ouyrévipwon
tov Ca** eivan peyehitepn avmic mov epgaviCovy Ta YemPepuXd VEQQ, yivoviag éva pépos Aoym xabilnong
CaCO,. To 6 T Selyporra Ty epevvTRGY yemrprioemv Sd-5 xaw Sd-8, mov poépyovial and 1o xpoxahomna-
¥éc Baome, napovodlovy 142.3 xau 169.3 mg/l Ca’* guvnyopei mpog Ty »atevBuvon av,

Téo0 e yewBeQuxA vEQRE 600 %a Ta vBeppa elvan epthovtiopéva oe SO *, yeyovig nov amodidetar om)
didhvon sudidivTov Belolyov ahdToy Xo TOAPETA- MKV COUAPLOImY Tov apBovoty atov 00evd Gyxo 1o
Ayxiorpov. O MMASTEQES OV-YHEVIDWOELS OVVAVIWVIOL OTa dElypata TA-8 war TA-20, nov foloxovrar whn-
ofotepe oy epLoy TS Belovyou petakhogopiag. EEdiiov, onig yewtproelg Sd-3, Sd-6, Sd-8, Sd-9 »au Sd-
11 eppavitoviar ghefnéc anobéoeig wxtvv Betotywy ogurtwy oTo kporahonayes Pdome nout ev pépet (Sd-8)
oro vrofabpo.

Ta CI mapovotdLovy ouyxEVIDMHOELS EA@EMS avENnEveS (41-71 mg/l) o povo ato Yypd vepod TA-4 (33.7
mg/l) elval TUPOUOLL LE CQUTES TWY HOWDY VEQWV.

To Si0, nogovowdler tpég 28 - 75 mg/l. Ta vrobeppa vepa (17-22°C) mg me-proys, Taed T xupnhr Bep-
PORQOOIT TOVG, TAQOUMATOUY tmAin TEQLerTIOTTN, (0 pe vt Twy yewbepuixwy. Avtifeta, vIdoyovy Yew-
Bepund vepd mov napovaudlovy yaunies ouyrevipwoels (27-28 mg/l) Si0,. Avté mbavitora ogelfheton oy
UnapEn Svo dragogeTinuiv yewheopnwy vdpoqiowy. O SlagopeTHES TLES Tou dukvugvou SiO, odnyouv om)
oagn dudxnguan S0 xamyoQuiv: ZTV QTN ®amyoia evidooeTal 1) mhetoymgia tov derypdrav pe SiO,,
peTaEy 58 wat 76 mg/l, xat ta omoie avijrouy otov emigaveLard YewBepurd opitovia wa evronifovial péoa
oTovg TRUBEQTIVES. T SEUTEQN RATYOQIT AVIjXOUY Tt VEQA TwV EQEUVIITLUIV Yewtooewy Sd-5 »ar Sd-8 (27-
28 mg/1), mou mEOEpyovTalL oo 10 kporahomayeg Paong. Eival npxetd dioxokn 1 epunvein auton 1ou YEYOVO-
1o¢. [Toht mbavig, n avEnuéyn ovyxévipwon SiO, oTa vEEd TOU eTUpavelon yemBeppxot 1dEoQopo ogei-
LeTaL 08 OLAAVOT] TUOITLLWDY OQU-RTWY OO T¢ VEQH, KUTA TV KURAOPOQIL TOUE XOVIX OTNV EMUPAVELL.

Ta HCO, eival 1o xvpiapyo avidy twy vepdv g egroyrg (tocootd 70-80%).

H mepuentixdmra oe Li* Bolonetol péoa ota mhaiow Tov TGV TOU rapououd-ouy ta xowvd vaéyela
veQd.

XapaxmoLotinn elval 1) oxetrd avEnuévn ovyrévrpwon F. Extog and my mpw-toyevi) mpoghevon tov F
OV OYETLETOL pE T vOHPOBEQIRG drahipaTa OV Edwoay ®ar ™Y TEWTOYEVY] DEWOyo HETaAAOQOQIC, GAAES
TYES TROEAEVOTIE TOU OTC VEQC ATOTEAOTY 0L appiBoot (ReQOOTIAPN), 0 anatimg, 0 pHoplmg ®at o1 peouagu-
vieg (Karképyns 1986). Idwaitepa n vdodivom tov gbopoanarim (Stumm & Morgan 1970) xm tov gbogit
ehevBepavel F. H diahutomra tov @bopim oto vepd empedletal amo TS OUYKEVIDMOELS TOV GAGTIV Xl TV
napovoio $i0, (Ellis & Mahon 1977). Tevird to F dakvetal oy einoha xat yoryopu amtd o netpwpate and
e xurhogo-porvia Beopd vepd (Ellis 1970) evd) gQyaompLaxa TepGuate €detEay 0Tl VoA mOMAEVETUL
#aL and myv groitBun xioamen (Ellis & Mahon 1977).

Ta yewBeQUIRGE VEQG EXOUV KUHAOPONTEL HETK OTO MIYRCTC TS TEQLOXNG ®atL OL %ot BEoelg avEnuéveg
OUYHEVIOWOELS 08 (HOpLOTY e 0pURTd OTO yvELOLU®S udfabgo €xouv epmiovtioel o F ta vepd. [TiBavotata
ot m Pabeid wan poaxovi} xuerho@o-pla Tovg ta YemPEQUIRG VEQQ Exouy MEABEL xul and amogicELs TOU
mhovtwvitn ™mc Bpoviovg npoxaiuviag vdpcivon twv ghoplovyxwy opuxrtuw (augfoloy, pagpaouyiey, o-
natit), agot o mokid yemBepund nedia  nagovoia F ota Bepud vepd oyetile-Tau pe mv napovoia yoavt-
TRV TETPWRATLY. Aev anoxhieietal mdviwg 1o F va gu-vBE€eTan wat pe v nagovoic oivOpopmy opuXTHY g
Belotyov petarlrogopiog [av val, exTog TV apgBohwy, dev €xovy dwmotwiel (Kanprldyhov x.a. 1994) ala
phoprotiye opurtd e napayEveons] | ardun xat pe ta puokBixnd tov Zrto-Kdpey.

To Béoro (B), orovyefo evdeintnd me yemBeomxg TOOEAEVONS TV VEQWV, EN-(avilETOUL OF OUYREVIQW-
oetg (L9-6.5 mg/l, mou eichtjtn&%&%'%%%a QQ?&C’ %%90 r:'c’SSY%?IH’\P;“gL‘%W"°V'°9 K’hé
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H awknpévn mapovoia NO.” otig Tnyés mg reployic twviAovtouy (ZA-11, -12, TA-13, ZA-14) propel va
frodobel oe avbpamivn beqmpndnna.

H oyéon Mg/Ca yia 1o eEetalpeva yemBeppnd vepd diver tpég 0.25-0.35, vodeviovrag my
ota aoheorolBuxa RETRWROTA X TOUS TQafegrives, O-hdyes Na/Cl yia 1a yewbeguund vepd xupaiveta
£ 49 wan12.2, dnh. eive okt peyekaitepog tou 1, Yeyovis mov vrodewvier vepd mpoegydpuevo umé vdpo-
@Spovg o8 el Rokind oy panrd 1 peTapoggopéva retpipata. O Aéyog Na/K naipvel yiés 8.9-35.5 mov avi-
TTOVYOTV OF MEQLOYES EPUTAOUTLONOY UdRORApMY, LETG atd peydhn oyeTivd vdyelwa ruxhogopia.

Zro dudypaipa 1ot Ey.3 @uiveum n Géon duupdpwy oroyeimv xal tov TDS pe m Begponpaoia (T). Me
eEcipeon TarPuypo deiypa TA-4, Sev undoyel xad oxEon pe m T, agot ta vepd TapovoLGiouy THQGUOLES
ovyxevepwoeig eite n T eival vymay (50°C) eive xapnhdreon. (19-20°C). Aev npoximter oagrig dudnolom tou
veWHED UKD T6hov. Me eEaipeon 10 ZA-4, oL Eival aVITPOOMNEVTIHG TWV YUYWV VEQUV, SAa Ta LTGRO

vep@ mapovotdlovy onuavii| SlaoTopd Twv ONUEInY TOUE, WS WTIOTEAEONA TS TAPOHOLAS XMUIKNS OUoTaomS

petabl yewbeguxav xar YuypoTEpLV-URGHEQUWY VEQWV TG TEQLOYXS. Autd mbavohoyel du ta vrobepua
vEQQ €xouv TV (Sua TEOEAELOT PE Tar BEQUE TOV EMMPUVELKOT VOPOPOQEOV UAkd AOYW TWY EXTETAPE VWY UDPO-
nEQUTWY TRAPepTIVIKY atoBEéoewy €xovy duavioel peyahitepn andataan, yavoviag onuavuro pépog g Bep-
HOXPCLOIIS TOVE KOl OLUTNOWVIAS TOV YNULOPS TOUS.
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Zx. 3. Zvoyetionds diapopov aroieioy ue Ty Beguoxpaocia.
Fig.3. Relationship between different components and ions with temperature.

H egappoyn tov Beppoduvapxot poviehor WATEQ-F twv Truesdell & Jones(1974) fortoe otov mpoo-
OLOPLOPG TG pCO, xat Twy dEHTWIV XOPEPOT WG P0G TOV ofle- OTITN, ARayLIVIT, sohalic, Tahun ®.d. oourTd,

Ta yEu}BEmeu vepd g peremBeioag meployic tapovordlovy upués pCO, petall 107 o 107 pég
EAQUPOUIC VYNAGTEQES QUTWY OV TPOEQYOVTUL ard To €8apog 1) T Prokoyixn dpacmoidoa (1077 - 10°7). To
YEYOVOS auTS ouvBEsTaL xat pE TV tapovoic dukvpévor CO,. To Yu-x006 vepd ZA-4 éxel pCO, =10"", eva
yevia €lval 1) duamiotwon 6L T Yu-xedtepa vepd Exory uxpd-tepes tpég pCo, and au-Tég Twv HEQ-UGTEQWY.
H vdpdkvon tov CaCO, twy pappdpwy g Podomng gai-veta va a-rotehel Ty mbavetepn aurie mg dnpuovg-
ylog tou CO, tov YEWDEQULKGIV VEQGV.

Ta vepd mg meQuoyic. e EEAipEDT) To delypa TA-4, £ivirl ROQEOPEVE OF QOPEOTITY, YEYO-VOC EVORIRTIRG TN
wavonrag andbeong CaCO, and e yewbeg-puuxd avtd vepd. Avtd dbhwote enainbedero za and ) Beta
T Tov deixv Lange]leWrwmm Bighiobikn 3Oe6ppdovogtis TuAuo FEwkoyiagrA M. @ovid oty opLaxn Tt g
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s minerals.
Is Is Is
TAARNG Avu- Iojocg
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i 0.282 -1.660 2l 3BT
B -3.,737 -1.328 -1.263
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Fig. 4. A plot of the waters on the stability diagrams of silica minerals.
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Iivasas 3, Exviunon Tov Geguoxoaoiy (“C) Tov fadvtepon rauvmioa ue ty yorjon ynuxdv
| Table 3. Estimation of temperature (°C) mdmwwhmdmm

) o iq i W AN 04y D i At ]

“I. o . Ca 5
L iy 5d-1 19.0 |485.9 | 130.3 84.8 64.0 | 69.7 | 55.1
| P s ' 15c72a | ar ol ai3F 286,z | 194.0 [114.7| 88.3 | 65.0
: d Sd-3a | 55.0 | 109.6 | 246.1 | 192.8»| 119.4 | 89.4 | 68.2
; Sy sdgs |[P42.000075.1 | 214.0 | 18245 | 81.6 | B6.4 57.6
. sd=7H 730%™ 88.3 [ 258.9 [ 1g6ls )] B4.7 | 86.7 | 51.1
5d-8 | 48.0 | J6.6 | 248.9 | 185.,7 | 90.3 | 91.3 58,6
Sd-14a | 43.0 | 109.6 | 242.1 | 192.1 | 118.0| 90.4 | 67.2
ZA-4 15.0 | 56.8 | 171.2| 11.6 —m 26.5 -
TA-8 19.5 | 121.7 | 265.9 | 99.5 - 83.8 -
TA-9 17.0 [121.7 | 247.7 | 201.5 - 95.4 =
Ta-11 | 42.5 | 122.4 | 262.2 | 202.6 | 116.1 | 95.0 | 6B.9
ta-12 | 38.0 [122.4 [ 262.2 | 202.6 | 116.1| 94.3 | 68.3
EA-13 34.5 121.7 | 262.2 204.3 116 T 95.2 69.1
£A-14 | 33.0 | 121.7 | 262.2 | 203.0 | 116.1 | 95.1 | 8.8
TA-15 | 50.0 | 121.7 | 265.4 | 204.8 | 114.1 | 93.8 | 66.7
$A-16 | 23.0 | 121.4 | 245.0 | 193.8 - 89.5 -
EA-17 | 18.0 | 120.7 | 247.4 | 197.8 - 90.6 =
£A-18 | 34.0 | 121.7 | 85.8 53.1 | 115.5| 48.4 | 68.1
£A-19 | 18.0 | 117.8 | 257.5| 199.8 — 93.7 -
$A-20 | 20.0 |112.9 [ 271.6| 205.1 | 114.6| 65.1 | 66.6
TA-21 22.0 121.7 | 260.0 201.8 117.3 93.7 6B.6

Na/1000

Zy.5. Ameixovion Tev veQay oTo To1yw-vixd didygaupua Giggenbach (1988).
Fig.5. Classification of the waters on the trilinear diagram according to Giggenbach (1988).

‘Ohat Ta delypora Eppavi-Coviar LIEQROPECUEVT 1S TROE Tov Yahalie, vEyovos Tou vIo-Seixviel 6T Ty
tou Si0O, EEQTaTUL TEQIOTGTEQO (I T SUEAVON TUOITLHGY OQURTWIV, Tapd wrno T Bepuoxpaoia.

Tt Tt OQUXTA TOV YUPoU %ot avudElTn, Sha Ta VEQG delixvouy amuavtind Pabpd vToXopEouon, yEyovas o
EVOOUOVILETAL PE TO REUOTOAMAUS YEWAOYLXO TEQL-Pdilovy,

Me ™ forjfeict Tov Beppo-duvauxot povichov WATEO-F npoobdopiotnxay or koyamBpow mg evepydm)-
tag tov H SIO . K/H, Na/H, Mg/(HY', Ca/(H)* xar toroBemjinxay mave ote duwrypdupata otabe-pdmtag wy
ooty opuztiv. [TpotYIRIEKRBIBNRBNKRPed0pacTog TG 8wV AT ovran oto me-dio arade-
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s ToU koA (3 4) ¢ v teerelowi oto me-dio otafepdmrag Tov povrpogu-hovim. Auvtd v-todet-
;rrrt"’ Evﬁegépsm fiuﬁm rtgoaﬁeuan mrm]v O TI) REYARN H0OVIHT] OLEORELX TAQUPOVIS #Al E-TAg|S TOV

ﬁmﬁsgpduewa 8iO, (Foumier 1981), Na/K (Amorrson et al. 1983), Na-K-Ca (Fournier &

‘ 11973), Na-Ei-(Fouillac & Mlchard 1981), K-Mg (Giggenbach et al. 1988) xav Li-Mg (Kharaka &

hhnn;l 1989) mov eqappdothray mpo-teivouy oav apyirés Bepporpaoies twv vepuy avtég tov [liv. 3.

1t ¥iFo yewleondpEToo Si0; diver Peppo-kodaieg wy 100-120 °C. Av pépog tov S0, dev €xeL YEwBeQurT

r hoéke'uoq ARG Elveil wmtfl.sopu OLERYQaL0)Y SLA-AUONC ®OVTA TNV EMUGPAVE LT, TOTE OL TLUES TUTES TPEMEL VU

e 5 pivan ek(:quwc QUENUEVES OTIGTIC TPUYRATIRES.

-Ig yewbeppopétpo Na/K diver vaep-fohund vymAiés wal papua and my Ta-yranxdén| e Tuég agot 1a
eivon ehagpws GEWa; pe nepiooele CO, nar anobétouy avbparnind Ghata, eve) mapdh-inha 1 petafoir

10u Adyov Na/K pe ™) Beppoxpacio dev eivan unsgﬁol’n #aut ouvenmg dev exgpdlel T faliud wopponia petall

~ Beppdiv vepuiv wan aotpiwy. Aev hapfdvetal yi' aurtd cofapd vadym oy TEQITTWoT Tow ZIdneordaToon.

~ H yoijon tov yewBepupopgtpor Na-K-Ca pe oxond m di68won tov mponyoupevou, Oivel ipég 85-207°C

Epsyalmgn ouyvoéna rpay 190-200°C), o omoleg Bewpov-vian exiong vymiés, agol 1a Ve Elval EAQgug

GEwa xaw vTdEyEL ERLENT) L00P-poTtiag DEQIOV VERUWV Haw ctYIOTUOITLAWGY 0puxTwv. [oyieL wu £d6) To TEON-

YOUUEVO CUNTEQUONQL.

 To epneind yewBeppopetpo Na-Li divel Beppoxpuoies 64-119°C, pe peyahUtepn ougvoma pgavions

yipw orovg 110°C.

ARG myv rotdraln tov yE@BEQRIR@Y vERGY oTo Torymvird dudypappa tov Giggen-bach (1988) mponvmter
O Ta yemBeQuIka vepd elval “avmpua vepd” (Zy. 5), yua ta onola 1 xojon tov yemBeppopgtpov K-Mg emi-
ToémeTan RarL Sivel Tuég Ty 95 °C.

To epmeipnd yewbepuduetpo Li-Mg divel Oeppoxpaoieg 55-70°C, pe ovvnBéore-pec nipée 60-70°C, mov
Bewpovvrar Ehagpos vrofifaopgves (npdopam yewtenon tov ITME foerjre vepa Beppoxpaoiag 75 °C).

T mv e@appoyr] Twv ynuxov yemBeppopétomy hapfdvovral v’ Gym SLagopolL TUOAYOVIES OV CVipE-
QOVTaL TAPATAVE Kot ®aOLoTovY pEQXA and autd avaElomota xul ouyrexppéva avtd twv Na/K, Na-K-Ca
#an Li-Mg. A6 ) ouvextipnon twv ey mov divouy Ta unidhouta YewOE QUOPETRO TRORUTTEL e bavotepn
feppoxpaocia tov fathot yewBepuirov pevoton yipw otoug 100°C. ' avtd ouvnyopel wat 1) mapovoia exXTeta-
pévav anobéoemv tpafeotivov, ototyelo evOERTIG Gyl MmAy Beppoxpaoudy, extos ®al av oSvavBpaxixd
VEQA, petd v YiEn toug, épyovial o emagr pe aofeotoiibous.

1
=1
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