
npOllflll6 6o. [uv!6piou M6'io~ 1992 

6ellt. E1I1I. rew1l. ErOlp. AS"vooe1l.To~. 

1993575-586XXVIII/2 
Athenspag.Vol.Bull. Geol. Soc. Greece 

CLAY MINERALOGY OF THE O.2pm ROCK FRACTION IN
 
THE MI-l DRILL HOLE OF THE GEOTHERMAL FIELD OF
 

MILOS (GREECE)
 

P.PAPAPANAGIOTOU·, D.BEAUFORr·, P.PATRIEW·,
 
H.TRAINEAU·
 

ABSTRACT 

Vety fioe grained mineral fractions «O.2p.m) of cUltin&" coming from three drill·holes of the active 
ge()(hermal field of Milos (Greece) have been investigated by X·uy diffraC1ioo in order to determine tbe 

vertical dislriootion of boch dioctllhedral and trioctahedral hydrothermal phyllosilicates. Among the day 
minerals so identifoed. lhe sequence of trioctahedral phyllosilicatts dom;natc§ and shQWl; 11 vertical 
disl.ribution whieb distinguis.hs two major zones: (I) the 1I1tered formations overlying tbe reservoir (with low 
permeability) witb a das.~ical saponile 10 cblorite conversion sequence as the function of increasing 
temperatures; (2) Ihe resermir (with high permeability) in which coexi.,t expandable clays (saponite and 

saponite/lale random mi~ed layers). adinolite and tale. The coexistance of these inferred incompalible 
minerals at temperatures higher than 300"C is interpreted ~ tbe ruult of the kinetic cootrol on lhe mineral 
~tioos which presenlly occur in lhe gCOlhermll1 reservoir. Saponite is considered as a discharge product of 

ovcrsalUred s-ea water in boiling wnes which rapidly ,eacts to be InnsfOfmed in more stable phases at the 
presenl temperature (tale, actinolite) via various metaSlable saponite/lale mixed layers. At Milos, the 

pr~nce of these mixed layers saponite/lalc appears as a good indicatOr" of tbe high fradure permeabililY 
7Alnes which constitute the geOl:hermal reservoir. 

INTRODUCTION. 

Alteration assemblages received a considerable attention during lbe lasl lwenty yeau lIS mllCh in 

diagenetic environments as in geOlhermal ~ystem.s. From Ihis great number of studies, il appeared that both 
mineralogy and chemistry of alteration phll5e$, especially day minerals. represented a f"OWCrfull potential 
for the delermination of pelrogenelic guides and for a beller knowledge of water-rock interactions at the 

field 5Cale. In this way. lhe sequences of clay assemblage observed in gcothcrmal fields have been used in 
lerm of geOl:hermometry and SC:\l:ral mineral geothermometers based on chemistty at thermodynamical 

equilibrium havc been proposed (Walshe. 1986, Giggenbach, 1981). 

In fact the apply of clay minerals in geothermal r.eld exploration is often dramatically complicated 
by several factors: 
·The eXlraet.ion of the clay mal'Ue ano the identification of ils differenl clay components is no so easy 

because of the common Il'CSoCnce of inherited phyllosilicates (micas. chlorite) in CIlllings from drill holes. 
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-The ~uI><;,im"""iti"n "I d ..y ,,~wmhl,'ge~ i~ a general (e ... u,e in ..ui'·e geolhcrm .. l· ~ys.l("u. T1hs 
phen""'e""" .Jq><;n,h "n .he '':1111"",01 "v"luli"u "f Ih" h)·... ..,llk:.mal .,("Il"ly in .he differenl pall of the: 

sr-t"n". 
-Chy min",.. l~ arc highly re;,c,iv" in hyd,,~hern,al c"n"'it;.",s an<! Ihei, 'ran.~f'''Ulali"n .. re conl.oI1cd b) 

kineli(" factors: in (Khcr wmJ, ~I given 1', T, X conditions Ihe nalure of Ihe cby phase in a convcrsion 
""''lucnce is stilllimc dCflc",ling. 

In this sludy.......e prc".,;nl a tlet",ilcd {h",r"cleti~.;llion of the day mineral ."Cquenccs in the MI-I drill 
h,,1e "f the aClive gcnthnmalfichl uf Mile ... «iteeee). Wc haVl: focused our invcstiga.ion on lhe <O.2,..m day 

fraclion eollecled in nu.:tam"rphic host ltlcks presenlly altered al lemperalUrel; .anging from J30" to 32O"C. 
We haVl: vcrified lhe .q""ductiv;ty uf Ihe results obtained in Ihe r"-'leIV"i. by addiliol",;d !oludies of s..mples 
frum two 'llhcr drill holes (MI·2, MI-3). The vcrlical diSlrihullun of lhese clay minerals is di~cus~d in order 
I" 1)I"inl oul the ;n/lucncc uf hml rock permeabilily and reaction kinel;o; on Ihe presen( cr'Yslalli~..tion oi 
cl,,~ in Iligll cntllalpy genl her",al _y,lems. 

(iEOLO(jICAL SEn·rN(;. 

The geolherm,,1 rlCld,-,( Milfflo in Greece i~ localed in the cenlral part of the w-called South Aegean 

AClive h.~ (fig.I). Thi~ a.c. prcscntly extended from Ihe Saronic golf in the west 10 Nisyros islaod in the 

east, was formed during the Plioccne as a consequence of the norlhwa,d ~uhduetion of the African platt 
beneath the Ac~an onc (Smith, 1971). 

In 1975-76 t....o Uploralory wells were drilled in the island of Mil~; Ihey proved the eJcistcnce of a 

high lemperalure geOlhcrmal re~ervoir. 

In 19l1O·811hree other I'roouctive wells were drilled in Zcphyria plain, on Ihe central part of Milos. 
Thcirlolraligraphic column~ and lhe temperatures measured during the exploralion arc given in fig. 2. 

The well Mt-I crossed alluml dqoosit~ (l).20m), polygenic formalion (20.(,()m) ..od lhe 

melllmorphic ba~ernent down to a depth of 118Om. 
The well MI-2 crossed alluvia dcposiu (o-I5m), volcanoo.edimentary deposits (15-2Sm), a polygenic 

formation (2S-145m), ncogene lime.\.lOncs (145-150m), and finally the mclamorphic basemenl down to a 

depth of 138lm. 
The well MI-3 crossed a polygenic formal ion (O·2Om), altered pyr()cla~tilcs (20-125m), neogene 

limestones (12S-173m) and Ihe melamorphie basement down 10 a depth of lOl7m (Fylika~, 1989). 

In lhese ....ells Ihe rescrvoir is hosled in the fractured melamorphic basement, which is CMCnlially 
composed of sehisteous roch conlaining abundant micas (muscovite, biotite) chlorite and locally laic. 

The thermal gradient is high (near 45-SSC/lOm) in the volcanosedirnentary cover of MI·l and 
MI-2, whereas it is lower O.77.().79"C/IOm in lhe deeper pari. 

10 the well MI-I the rC$C,.,oir was idenlified from 897m 10 lhe hottom hole. The measured 

temperature ranged from )Ore to 323"C lhe depths of belween \100 and 1lOOm. 
In MI-2 the reservoir is loc.aled from 930m 10 the well-botlom. The temperature of 28re was 

measured at DOOm. 
In MI-J.he reservoir ....as identified from the depth of900m 10 the boUom of lhe drill hole. 
The Ouid collecled in the re~ervoir consists of near boiling water and a sleam phase (Report PPC). 
According 10 Liakol.oulns (1987) the reservoir is fed by sea-waler which has uudergone a 

distillation IlC<Ir 250-JJO"C, which are Ihe temperatures presently measured in the reservoir. The fOl"med 
steam~ can released of Ihe system along Ihe fractu.ed zones. 

METHODOWGY. 

Considering the fact Ihal must of ,he hosl roch of lhe geOlhermal f>eld of Milos are schists which 
contain micas, chlO>'"ites and sometimes talc, Ihe delermination of the clay minerals of hydrothermal origin 

nceded a specifie methodology which consisted in the: cxtrllClion of lhe very fine grained (raelion of lhe rocks 
in o.der 10 minimiu: the inOuence of the inheriled metamOl"phic phyllo!;.ilicates. 
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Figure 1: MHos i.'iland: geographic location and drill ~les. 
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I 'amllling. 
4X ""nl,I~, \O.u~ 'lull,~1l ,n Ih.~(. ho,.~h"k,. 1\11 c"n"<.I~d of cuuing~ cnUcdc:1l al diITe"'nl depihs. 

'1 he,. 1'0<.011"'" ~nd Ih~ 4'......,~I~d t~ml' •.:raIU.~' .Ir..: rostcd lit lahle 1_ 

2. S:.ml"lc!o p..:paralion. 
I\pp....imalcJy 2.'ig ur e..ch rkImple (cullmgs) Wl,:r", gflnJ..:d to ..-.'iOj.<m f'\.wdcr f,:,clion in automatic 

.-...:..U".tlO" 1\ ,u,pcn"oll "r < 5,..." cl..y fritdion (!oO ullcd coarse: clay f'iKtion) wa, wllecled aftc. ultra!oOllic 
t.ealment ofth" r',wJer in Ji,lIllcd ....ater and r.edimcntation during 4 hou.s. The <O.2,.m clay frKlion n 

"~lraCled f.om the CO,:"loC cby fracti"n by continll(lus uluacenlrifug.ation. The hulk iUspension a.!> 

inlroduced wilhin Ihe mwr at 15bnl/min Ikt.... ralC and the rotor speed ....as 5OCX) rpm. In sucll condiliom 
panicles larger lhan 0.2,.m werc sedimented in the mlor ....helCas smaller p.mick:s remained in su,pension 

leaving the nJlor. 
allY orienled preparation, were realired on gla!>li slides follO'>O'ing the method oUllined by Dish and 

Reynolds (1989)...hich produC"C5 preparations ha,ing f:;ir U)'SIallite orienlation and giving IICCUflltc 
intcn.~ity. 

l. X-Ray DiITrKlion. 

X-RlIY diffraction ....as carried on air-dried and ethylenc glycol saturated oriented preparations using 
a I}hili~ I'W 1730 diffn.ctOOlel" "';th Fe-liIlered Co-Ka(1 t 2) radiation. Motor and intensify acquisition 
....ere dfeeled using a DI\CO MP compUler sys.tem. 

The diffnctog.lIfflS of ai.·dried oriented clay prepllflltions have been acquired "';th a SlCp si~e of 

0.U25"29 between T and 3S"'29 , ....hereas thc preparations saturated ..ilh ethyten gl)'Col were analysed 
between T and 15"'20. Counting time per step was \'llrying rroin 4 to 10 sr::c in order to olllain XRD palterns 
of high quality. 

The distinction belwcen the dioclahedral and the triOdahedral cl:ay minerals hlls been made 011 the 
basu. or the poIiition of their (060) renecliorl ol.andomly oriented po....der$. DiITraction paltcrns oblained 
rOf elhylen.glycol saturaled day preparations wcre decomposed using lhe methods oullincd by Lanson 
(19'.lO) (fig. 3c). This method al~ tbe subilraaion 01 the background and the decomposition or the 
superimposed peaks into elementary ones or glIu,uian or IorenfUan shape. 

RESULTS. 

All the XRD paUetns obtained from the coarse clay fraclion the mineralogy is urongly obliterated 
by the presence of great amounts of inherited ehlori!C and micas.. 

1. Mineralogy of the finc fraaicn. 

Clay minerals have been identified according to the recognition works of Brindley and Drown 
(1980), and Reynolds (1980, 1985). They are delermi~d by the position ollheir diffraction bands after 
ethylcn glycol saturation. 

a. Trioctahedral phyilosilieate$. 

Saponitc (trioctahedral smectite): X-RIIY diffl1lClion pauerns of orienled preparations show basal 
spacing.~close to 17,8.5 and 5.5A.ln this study. W1ponite i.o; \lSCd iIli a generaltetm for trioctahedral smedites 

(fig. la.d). 
Corrcnsitc is a regula. ehlorite/smooite mixed la)"I;;' (SO/SO). This mineral is characteti~ed by 

dirfraetiOll peaks at approxlmati..dy ll, 15.5.7.6, 4.n and 3.56.0\ (fig. la). 

Ch[orite i~ a non swelling m'neral. eharaeteril'.ed by ba.sal spacings about 14,1,4.7 ..nd 3.5lA (lig. 
3a,b,d). 

Tak is a non ~l1ing mineral with basal spacings at 9.34 and 4.M. (fig- la). 
Saponite(falc Mi.1ed Layers are charaCleriad by XRD rclkclions ....hich differ from Ih05C of 

saponitc by a second order rencelion at inlermediate spacing values between the second order reflections or 
saponite (85A) and the firM order reflection of talc (9.34..\.) (fig. 3b,c). Considering the lI\l(;rage position of 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



Depth 

l. ) 

Te"perature 
(QC) 

'0 
<00 00 

'"0 '"0 
200 <70 

350 '" 300 210 

350 220 
400 ." 

4'0 24' 

'00 .., 
"0 2'0 

600 280 

MI-Z
 

-5~(l-

MI-1
 

Depth 

C. ) 
,"0 

?QO 

?4' 
804 

843 

903 

9O' 
1002 

1049 

109'5 

1152 

1180 

TeMperature 

(oC) 

,.,
 
290 

''"
 300 

300 

300 

"0 

"2 
,,8 

320 

MI-3 

Depth Tc"perature 

(. ) (Qc> 

• 00 2•• 

8'0 300 

900 30' 
,"0 304 

1680 306 

11)45 308 

1100 3<, 
USO 3<, 
1200 30' 
1255 300 

1'300 

1350 

1'380 

Depth TeMperature 

l. ) (oC) 

6" 
?OO 

'" 80. 204 .,. 236 

.00 230 

." 2<0 

1000 200 
101-5 

Table 1. Estimated temperatures correspondlno to the depths 
of selected samples according to the temperature-depth 
diaoram (Fi.Q. 2) 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



••

•• • 

• • • 

w. 

• 

;, . 
" 

•_..."•
-ill;: 

..-:";! 
"h 

-~ .. ".... 
-•o

r---=-----": ~ 
,•.,..••-~;;;;:::::~~=~":':'":H _N r;~ ~ 

"::::=="-_."..
n_... a::-..... _... 

:::==-"===-----~ ~. '. • 

•• -.o 

" •-..-.
" --. 

;::0=_:' -;" ~ 
" ". .-.-••. " 

Figure 3: X-Ray difTraction pallerns after clhyll;:n gl)'(ol salUration, Cu-Ka radiation: 
3a: corrcnsitc (corr), measured in lhe range 2"·15"29, 350111 dcplh. 
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their rencelion and ilS .'cry large widrh, il secms reasonable ro con~ider Ihl'l il rcpresent tile sum of seve,al 
types of r.;ndomly inlcrSltalified ~ponite/tllle. From a gencral point of view, the ~ponite componenl 
p.edominalcs in thcse inteu.natified minerals. 

A "li.tcd Layer phase wnh a hroad XRD renection near t2l\ (fig. 3d) have been observed in 5 
eonseeutivc Silmplcs, this renecliun (lid nul shifl afler elhykn.glyool SIlll,nalion. This fael suggests Ihc 
inlerwalificalffin of two IHlexpandable layers as mica/chlnrile (loA/14.\) Of lak/ehlorite 193A/14A). 

b. DiOClahcd,al phyllosilicates. 
Montmoril1onite (dioctahedral smcetitc) gives spa.cing;5 vcoy ~mil:1r to uponitc. Its identilication i~ 

IIO.~sible on the basis of the (01:00) .eneelion .....hich .anges rrom 1.4910 1.5OJ\ instead of 1.52A to I.54A fo, 
sapnnilc. . 

Mic<l~, ll1i,e and Illite ,ich I/S mittd layers are characterized hy strong reneetions near 10. 5 and 
3.33A (fig. Ja,b,c,d. The ptesence of minor quanrities of illite/smcctitc mixed layers containing ml)fC tkan 
90% or ill;le may I'C- suspected in a few shallow sample~ They generatc an enla.gement of the ne;" lOA 
ref1cclionlowards Ihc small angular values in the elhylen glycol saturaled samplcs. 

e. Olher minerals. 
Actinolite is e:har:aclerized by a peak near 8.45A (fig.k). 
Calcile: is charaClerizcd by a peak about 3.MA and another one more inlCn.<oe abouI :U)4A. 
Anhydrite is charaClerized by a peak about JA9A. 

2. Ve.lical distribUlion of vcry fine grained minerals. 
The verlical disllibulion of lhe <0.2,.m minerals identified by XRD in the well Ml-l is illustrated 

fig. 4. Two main clay sequences may be diffe,entiated. 
The djoclgbedul SCUMell". III MI·I drill hole the dioctahedral 5Cquence i~ not clearly 

distinguishable becausc of jt~ small pl'opo.tion in lhe clay malrix. The main variation is characterized by lhe 
prCSCl"I(e of ilIire in the uppe' part of Ihe drill hole (down 10 IOO.I50m), illitc rich liS mixed layers minerals 
arc observable belwecn ISO·lOOm llnd Wite is clearly identified down to 4OOm. At !Veate, depth Ihe small 
peak observed near 10). in almosl all SIImplcs may be atlribuled 10 relics of inherited miea.s. 

The trtoctahcdralscQucnce, A very tomplele sequence of trioclllhedral day minerals is observable 
in the MI·1 drill holc. 

SAPQNITE is ohscTVed between of deplhs lOO and GOOm, howeve, ih p.opo'lion in lhe clay matrix 
decreases below 250m. 

CORRENSITE al)l'cars in as5QC;alion with SllponilC near 250m and Ilfcdnminale down to 35Om. 
INTERSTRATIFIED PHASE at 12A appears wilh Sllponile near 400m and is clearly identifiable 

down hi 6lXlm. 
CHLORITE ~trunsly p.edominalCS belwccn 5SO and 850m. The traces of chloritcs observed as 

much al lower deplh~ as al greale, del»!h probably represent a background of nlellllll0'llhie chlOlile$ 
inherited in the <0.2,.01 clay rraclion. 

SAPONITErrALC RANDOMLY INTERSTRATIFIED MINERA'-~ have been identified at 
dCllih between 74501 and the bottom of Ihe well (ll!lOm) howner these minerals arc Sllongly repreKnlcd in 
lhe .escrvoir (at depth below 903m). This pardcullll occurellce of such clay phases ha~ heen cunfi,med in 
samples from wells MI-2 and MI-3. Sap<H\irc/lalc randomly inlerslralificd minerals may be aswciated 10 
discrele sapon;tc and discrcle talc in SOUle sa,,'plc.o.. They constitule the major clay phase and all: always 
associaled to abundant and very line grHined actinolile n~als in tbe .escrvoir. 

TALC is cssenlially observed ahove lhe reservoir. Con~idering lhe presence of laic IoChislS in the 
metamorphic hosr rocks il seems probable that Ihis mine.al is oflen an inhe,ited phasc in the clay fraction. 
lIydrOlhcrmalt~r1c has ocen deteClcd in several nmplc.~ or Ihc rcsc....,oir. The hydrothermal origin of this 
mineral is suggesled by Ihe faclthatlhis mim:ral is only p,esenl in lhc <O.2;1m day matrix of ~aml'lcs ....hich 
contains abundant ll1uloCovilc and chlu..-ilC of metamo.phic vrigin in their coarse grained day fraction. 

ACTINOLITE is rClolrictcd 10 the leservoi., in ....hich il cocllists ....ith the saponitc/talc mixed laycr~. 

ANHYDRITE is essentially present ill the .eservoir. 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



• • • • 

CH
•• •• •• •• 

SIT T "'"-•••••

-5~] -

Tcmpcraturc ("C) 

300200100 

I 
MT
 

SA
 

200 lea 
: I 
• 

ML 
400 •
 

•
 
~ 

El 
~ 600 
.c •-0. 
<J 

0 
800 

'000 

• 
MT - Montrnorillonite SA· Saponite CO - Corrensite
 

ML - Mixed layer Phase at lzA. CH - Chlorile
 
T/S - Talc/Saponite T· Talc AC - Actinolite
 

Figure 4. 
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CALCITE;\ abu~l13~1 in the main pari of lhe 1\111·1 ~Il. ho"'ever its propu'liun~ Sl,ongly dccrea..,~ 

in lhe rC!>l:rV(llr and il Sl,;C"" 11) dcsap""ar~ helm.' 11(Xlnl. 

3.lmcrp'e!,,"'on. 
The mineralogical study of lhe <0.2"01 fraction of lhc Ml-l drill hok of the geOlhcrmal field or 

Milns characterizcs a '1:ry intercsling !lCqueoce or !-'c-Mg minerals in ....t.ich days arc present in ~eat 

am"u"I~. The follO\l.;ng .uqcncc ha>e becn established: 
.Sapon;te al deplh.~ bclWttO 100 and 25001 and lemperatures belween 130· and ISS·C. 
-Corren.~te .. sal,o"ile /x,lwccn 250 3nd 40001 and lemperatures bctwcen 185' and 230"c. 
-12A mu.ed Jay<:r ~ chlorile :1 saponite bet ...'CCI 4lXhnd rOOm and !e"'peralures belwecn 2JO" ~nd 2i'.O'C. 
-Chlnrile ~ Saponitcjtalc mi~cd layer, bClwccn (,IX) .nd <X:Onl and lempcra1ures belwcen 280 ·and 3OO"C. 
-Acrillolile • sapooitejtale mi~cd layer 1 saponile ~ laic belween 900 and 118001 and temperatures 
belween 300 and 32.1·C. 

The verlical dislrihution of lhe a",~emb13gc~ prc~nred abo>e clearly d,stinguished 1"'0 oonlluted 
7.ones: 
-The allered fOf"mat;ons ()\Ic.l)ing t'he rcservoir (weak fraclure pcrmubility lone). 
-the reservoir (high permcabilllY mne) 

The sequence rJ Mg·Fc cl.y n,inculs obscwed in tne (onTllltion~ ....hich overlies the reservoir ha~ 

been rCplN"led in many geothermal fields. The lransitioft Sllponite-cl)l'"ren5ill:-chlorite ....hil:h .ppear~ with 
increa~;ng dtplh and temperature ha5 been in(erp.eted by 5Cvenl aUlhors as ~ converl-ion sequence 0( 

uponite to rhlurile in nalUrll 5)'Stcm5 (lnoue, 1987, Betlison and Schirrmnn, 1988 among otbers).ln this 
rUpect, the interstralified mineral ",ilh a basal spacing al 12A i<Jentified at ~lilo5 u a transilional phase 
bet"'l:cn COffcnsite and chlnrite. 

Much leM da!.5ical is the a5.WCialion of Mg-Fe day minerals whidl appears in the teoervoir. 
EffeClively. the a»tx.illlion o( actinolite wirh saponite. mixed tayers saponitejtale and sometimes tale at 
lemperalurb higher lhan 300'C is diHicutt 10 inlerprel in lerm of thermodynamical equilibrium. I( aClinolile 
aod tak .,e common mineral~ at ~lKh Ihermal conditions in nalural s)'Stems, saponile and saponite/lalc 
mi~ed layers are well known to be Formed at much lo-..er ternperlllure (Reynolds, 1988) How uplain tile 
as.sodition of thes.e "inCOrtlpalible· rni.culs in llle reloCrvoir of t~e geothermal rlChJ of Milos? It seCI1lS 
,aisonable tQ eOMider lhal. in active geothermal S)'J.I.cms, lhe (,ne grained day fraClion contains lhe youngest 
H)'SI:<1linc phases produced during the gcolhermal his.tory and elln be sati~faetQrily used fa, delcrmine lheir 
reeenl geOlherrnal hisCOty (fatrier an<J all, 19n). MOSI of these mine'nls are still gro"";ng and their relations 
Ire probably hiiVo.ly innuenced by kinelic f'lClors. Several uperimcnral sludics Qr the hydrolhermll.1 
Iransformatinn c:i Mg·Fe phyl10silieates .nay be invoked for uplain the mineralogical aswcialion observed 

in the reservoir of MHos. Saponite has been hydrothermaly synlhclhised at lemperalures as high &.'i 8$O"C 
(liyama and Ray. 1%3). however in Ihi.~ Clue, Ih~ mincr,,1 .. a m=I"Slable phMe ....hich evolYl:s oc.r morc 
~"ble I'hau:s (lOnlhnllhyllilc) after a few days of uperiments.. The hydrothe.mal rcacti\lly of S3por1ilC has 
been CJlperiOlcnl~lIyinvc:sli,atcd by Wllitlley (1979). This author de'''OJ'>l,,'le.d rhat (he .elldivily of \a(J(lniIC 
highly ;ncrcaM;tl "";(h inctCllsing rCOlroeralure alld lhal at lemperaturc of 400"C, .\iIponite is nol .\l8ble for 
running times ll1an ;D") days: all cr. il transformed in10 va,iou.~ mi.xe<l layers saponi'cjtak. At MilOf; lhe 
associtition of MS-!-'c mine,ah ..:ll'0n'rc. rni~cd lll.)crs SlI(lOnilcjtak. lak: and actinolile observed al 
lempettilUreS higher th:," 300'C in the rcr.crvuir includes all lhc minerals c~perimelltally synlhclhi~ed lJy 
hydrolherm:i1 lransform,dlon or S<tponile. All (he..e considtr,."on~ \C,.d ns to interpret lhc imporlanl 

occur"nce nr saponile. mi.ed IJyer~ saflOnitcj'alc. talc and actinolitc in tke reservoir as rhe result of D 
continuous ntineralngicallransformalion ~till in l'rogrC!lS. Ir thb b true, SlIro"ite a"tl upnnileftalc rcprescnt 
metll.~talJlc- I'ha>es whie" "'e V<:ry youn!: and are probably still forming. This "kinctic· interprctarion for the 
presence of CJlpandablc clay pt.a~ in Ihe reservoir or Milos also CAplain~ (he arr'mg dixrep;lncy ...·hich 
appears belween (he miuL"t"IOKY of (he v<:r)' fine grained fraction and the pluses u.'hich haV<: hecn prediclcd 
from lhcfmod}namic cak"lalioR assumillS lhc allainment c:i equilibriunl (Liakopoul~ and all. 1991). In the: 
prCM:nl ease, the abundant precipitalion of saponite••aponitejlalc mixed layers, lalc and aclinoJilC in 
mu<cnvitc bearing hOSI-so::hist5 is not cODlpalible with lhe altainmenl of chemical equilibrium and the 
chemical control of Ihese reaClions must be search III Ihe nuid co'''I'_"tion of the ,c:.crvoir 
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According In the """,k nr Li"k"poul<Y,; (1981) Ihe.<oe fluids arc essc,";;,lly sea "'lller which is 
prc;scnlly strongly heated then Jemixcd in ";'I>I'Ir and in a highly ci)ncentralcd liquid IIhllsc. The prceipillllion 
of 5.1ponite flOm sea waler is CCllIlmon in hyJwlhermal allention (Kri.>l n,annsdoui" 1915. 1919, l'rilchard 

anJ 1111, 1979. Scarfe, 19M, rert~'· ;lIlJ Ru.~irllJv, 1980) ;md the abundance or lhis smcCtilC in thc preStO( 
reservoir ,nay be cxplainC'd by Ji.sch"rge proccss,cs "t "versalutllted liqurd in resl'0n'\C In the change o( ~tatc 

of the incoming sea water. 

CONCLUDING REMARKS. 

The miot:ralll8K:al st uJy of Ihe <O.2p'n (raclion orthe altered rocks of lhe gel)(hcrmal field of MilO!'i 
poin15 out $e\ICnl "cry inlereSli,,& ,c.~ults which Cfm be summarilc;d liS follo"'1o: 

II is pos5ible, using an approprialc mcChod, 10 slrongly minimized tire ohscuring effect due 10 llle 
inherited phyllosiliclIles of hosl·roch un the a"elalion mineralogy. 

At Milos Ihe ahcralkln mineralogy llf the reservoir hi&h1y differs from lhose, more ebssiClll, of the 
ovcllying weakly permeable lOCks by the prc;senee of c13y phases l~apOnitc, saponitc/u,lc mi~ed layers) 
which arc generally ineOnlp<llible with the tcmflCratures presently mC3SU,cJ in Ihe S1udied wells (300· 

32O"C). 
The presence of lhesc minerals c...n be I'Jrlllaincd as lhe resull of the discharge of ovcreoncenl'ated 

5Ca waler which have been purtly \'allOri~ed al the conlaCt of the \'t:ry hI)( hosl'rock of Ihe reservoir of the 

geolhermal field. This process is still oper"ting and thc precipitation of expandahle phasc:s rqllc;senl Ihe 
youngest kinelic.ally coni rolled phases ....hich ,apidely evolve to.... ards morc S1able aClinolile Of talc. 

The clay mineralogy of the very grained rraction or the geothermal field of Milos cmphllsil.es che 
limits of the mineral geothermomelry and reveals a close relation helwt:en anumalou~ clay minera15 
($3ponilc. uponite/tale mixed layers) and lhe high fra<:lI,lre permeabilily rones or the reservoir which can be 
an interesting guide for the exploration of aClive gCOlhermal fields in similal volcanic arc enviwnments. 
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