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Intnlcluction 

Travertine is a ('.a.l eium car\)ona tP dClX)si t which fonns by 
pn-oc:ipitaLioll f'l'Olil [::l'ound waLer and mineral spl'"illgS. T'J:"k traVPl'ti.llo 
nwic COmrr.llliy l'onm::i in wi.de oven SP,).cr:s, s11ch as Umc:::.;lonc eaves, 
prociuci ng ~3 Lal (lCi i U:~S and 8 ttl lagmi. t,es. Such d(~rx)si.ts are HSE3UITlcd to 
be due to supnr-i:3aturaiion of slow-Lonning dropl(~ts brought about by 
p;u L.ial C'vaporation. The gl"mmd water "from whi.ch these ciqx)si.t.s fon1l 
:i,~ ~tE:3sumcd to be CDO J • 

Of rrDYC i.mllcdiatc interest arc those travertine deposi.ts found tn 
vf-dn:::; or associated with wann spring; clep:JsiLs. These clcp:x::,..i t.s may be 
W;E!ocj;ti..C'd with silie-iou ... s slnter or opaline quartz. The sinter or 
opalinL' quartz should also have a gcoehHnjcal sih'11ature that is 
wll(;j)ub] Co tu ch(-,mlea I gc'OthenmrneLry. 

Travurt-i.nC', si..ntcr and opaline quartz are corrmon rock/mincr,),l 
rnallifc,..-:;tations oJ near-·surface gEothermal systen.s. '111ey are fOl1nexl 
u.s a rC:Bul t of redueect .'3o.l.\Ibj 1 i ty brought about by deere-ases in o2i tiler 
pl..'CSSUn0 or temperature of [:he thprmal systeln. The precipation of cal..-­
e1 to, Lhe nnjOt· ("DIlS L.L Lut:,nt of travertine, rr~sul ts j n Lhe selective 
t'omvaJ. of' cations which arc ehcmic...o;;tlly ~:dmiJ..ar to cn.lci..ulll. The 
quantity oJ tl'Qc(' C1Ul)(~nts 1'8flOvccl from soLution should reflect Ule 
C£Jlllp:'x:;;ition of the tlwnnal watr:Ts nt the time of dc:r-:ositioll. 

])eIX}S,j Lion or prec:lp:ltat(~~_; [!'Om thcl1l1al waters tends to bloc);- Li}p 
i'onduiU: (lild )y,:;LrieL tlow Jrcm the; ~,ource to the nrf'faec. Comp""Jc'tn 
bloekag(; vdll l'(-:c~ull, in eithu' :l c~Lpped thcrrnal system or UH; ti_c'V('·](Jp·­

went 01' nC=-Vi ('()nduil~;" New conchlit;3 wl11 provhlc, inlllccLi..ate ,;i.tc,s fOl' 
di..rect cvaluai:iull o[ tile; i';uoLLcnna"l system whereas capped f>y~;l'---T(J.S do 
not. 

:\ ~,,;('(_',ol1(1 '-.~;l.'·;l' in wll_kh fY;l\.'cI'Lin(' dc)_)()sJ i..s nl'(' ('()lmd wi,tllUl]L 
:-l,';,'~I)c;iatr-'(l hoi.. :,;jll'illg a.:U_viiy CC;f)K''''_; :d)uuL whc'n cl!:_Ul~'P" in lill""' <nHule! 

'.'.:-,_I..('/' I.."lll(--:' l~I' t"J(J\f j-'C=-',;ll'!"Il(; jllLcl_'r'~lil'l I-he illtc't';wLinf: lJ( [J'/cen llc~d 
~;~,ill'(~l, alld g!'(Jlliid ii,:,;\.C'l..'. 
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Since surface traverttne dcposHs arc, gL'I)log_kally sl1ort-,"j ivcd 
phenomena, any evaluation teclmir)ue whjch provjdes palE:XlgTXJf.llf.mnal 
tunperatures should also provide an approximation of present-clay gl2O-­
thermal tEmperature!:;, A procedure for evaluating the potentlal of such 
a chEmical geothernDmeter is pre.scntcu. 

Elevated temperatures and pressures such as those 1Lssociated wUh 
fnagmatic events proIlDte free sub.stituTion wrung different stzecl -ions 
(or atOlne;) in erystal latticps. For (:,xmnple, a reaetton involving 
NaCl and KCl Qt 800~C forms fl continuous series of mix8d crystals. 
L()l,\lcl.' reactive temperatures decrc,Jse tilts sol icl mjsc:LbUHy. The SUhlEj 

reactants at 20"C form discreet NaCI, and KCl crystals with practically 
llU solid miscibility between c1is'_:dmllar eations. 

Another example of this deeT'c(l.':Je In misc.ibil i. ty w-j tb dCC1'8RSC' tll 
lC:l:llperatUl'u is l"oulld in the study- of lmrilUn and strontiwn. Prlmcu'y 

nl.l nerals of theSE''! cla~lcnts are nt:~ver f0n11ed from m8.gmiottic me] t.s be-­
cause the L\vo elc-;'fnents In 'lllfOSlioll enter into cl,\-',stal lattices o[ 
calcium-bcal'ing [wd potasc-;L\u]}-br,aring !nincn, I:-=;: at tl1e tiM;:; oC crystaJ-
1 Lea tion. Discreet mineral fOlTI1s ot' bad LUll and strontium SE'}jXll';J te 
from aqueOl1..9 solutions at loiV tUlll)(-:'l'U Cures bCC<'Ul"'P of Uk, dccrca:-x-'! jJ1 
F).s~_;jbtLity of ['ol1:1ing mixed crysLals. 

Following tile J'clatiol1,-ship between mixed crystal formation and 
1.L1npt:raLure OIl(; ,..,t(;P further, one can readily cllvL-;iUll an ,lJ1Hlugnw3 
sitlt.:'ltion in whieh the relative concPlltratiol1!3 of eatiow..; in an aqueous 
,':}olutjon will change wtth dec:rease tn tcmporat.m'e. Such is thc hasts 
tor neveJ opmcnt 0 f tile cmpirica 1. gcothemnme tel's l nvo] vi ng l'elat i VI~ 
concpntrations of potasl:::>lnm, calcitu-n and sodiLUTI. 

Tile success of a ehenlical geothernr:)lnc~tnr dep(-,nd"-) upon t.bA ebang~_' 

"in conc,entrat i on, Ill' relat.Lve coneen tratlollH, wi til te:Clp(;ratlll'(-~. 'l'l1e 
clunent or elOllent.s emyloyed tn the thenu 1. cn..! cu I u tton:-': shou 1 cl be 0 f 
tlw C(lrmnn vari_nt.y and easi.ly anal.Lzed. O_lmpl icatinl--'; ,~ide reactions 
and (;'xtrane(lll'-" 'llU'ialJJ Ci'; wi th poorly delj ll(-:,d panUl;2 leI'S :ten other 
fcal:ures wbich nlll-st be c;vnluatf.xl prtm' to the :;;l~lcctiOll of ,:I. ch(11l1',:,!1 
w.\)thenTl()mf~tcr . 

or ])Y'i.m_--, irnportuJl(,(o ill dcv(;loping a dlC'IlL1elll go::yLllnniOlw'tC)' 1S 
Ule ~x'l('l'tiJll! \)f' ('I.'~liil--'nl,'-; wit:l (:h,lr':lci.eri,-;ti(',c; C1tllc'n:1hL,' in t:hi'-; I:;T(' 
Dr C,(,k,lll:ll i(Ij)'--;, Sql:l) dl,-II-':I('C('j'i,~:ti(::; \\''\lilld inl'ili~l« (1) !_';IH,I:; L 

(F.LL. I); (2) i'ul-j ;~lJl)::;t:-i U;LllJri: (:-l) I\ig)-\ r;olubi lity--I:unpcrnLuT'I: 
;:;'L':ldi,-,):t; (/1) e,I,sUy 'lllctLi'/'cd, (iii Il<iCllI'ally H1Jlw(",1n:, (C) [o\'.' 
:;(ljulJi I it)' ')1' : !]iitl r;lin('I':~l FI-()~h:r·t, 



All c LU:icnr::; !lny be eli vhlnl into three geoups; (1) tllu,·:e wll i ell 
l'H:nain in ionic :-=-;0 I uti 011 over H wiele rHuge-} of pH values; (2) lllusc 
I\il iell prE;cipi tatc~ by hydrolysi s; ;:wd (::3) those \vhich ['onll CU'lp! PX 
an lUllS COil La i 11 oXJ''1-!}?l1 wh i eh USlla 1 J Y produce ion ie sol u L iOBS. The ionic: 
rotcntia] 0[' all C'll.~r,:ent .is thE-" jll'irnc:~ v,tlue which r1pt.pnniner; till', ;,;r'ouEJ 
to which i L \WIUllf';::>. Table I I i::-;ts a flw of tl1c Ilni'f-" ('():!,~Ylll pl{"il){'llL~ 

awl LilCil' iUlljC: rX1Lential WlLilt-! Figllrc; I i,.--! a graphic il'just.rati()u of 
the l:!,Touping of the""'(-: p.lcHKmt.,-~. A.1 1 of Lhe metaL; U1U,:> far used in 
dlunlea 1 gf-:'othcTIlornc:try call:u 1 aLi on::; fa Ll int.o gT()UP I a:-:; do the Lwo 
jli'C,po:=;c:d for rhj_s study. 

1. St.~acch tlle Ii U-:l'atUl'C for bn.ckgTolllld i nfor!,nt:.lon eJll the beh,\\' i or 
oC Do. and Sc .in cnvirollr)](.:nts oJ elevated tcm)l~~t':I.tun,. 'l'lleTTiKl-' 
chanical vaIlles ne(-:d Lo he o/)Lainud prior to eonstruetloll of il 

UWuH,ti.(:al relat.ionsilip. 

[L. Develop a t.lwo]'('?Li.eal nndel based on the LherlIndynamic j_nJ()T!ll8.­
Lion fr()Jll S'Lq) 1. Check the nodel aga'jllc·~i. publi~::lIPd travtTtinc 
data. 

1.11. 1:,'V1\ I u:'ll.e thc ])('o\xlsnl m:xie] <Jg'ainst .fj rst.-hand flc,lcl cia La i'roYll 
Hucle'l'n t.,.;lvertinc dc:posi ts as,sod at.cd wi tll rne;L'~llrab I e gf~n LhCI1!'lal 
spl'inf-',~;. 

:; 
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FIGURE I. Distribution of selected chemical elements by ionic radius 

and charge. 
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