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TRAVIFRTINDG DEPOSTTS

Introduction

Travertine is a calcium carbonate deposit which forns by
precipitation Jran ground waler and mineral springs. The travertine
rock commonly fonns in wide open spaces, such as limestonce cavos,
producing slalactites and stalagnites.  Such deposits are assumed to
he due to supersasturation of slow-{orming droplots brought about by
pariial evaporation. The gromud water from which these deposits form
is assuned to be cool,

Of more mmediate interest are those travertine deposits found in
velins or associlated with warm spring deposits.  These deposits may be
asgociated with silicious sinter or opaline guartz. The sinter or
opaline quartz should also have a geochemical signature that is
amenalyle o chemical geothemomeiry.

Practical application of a travertine Ba-Sr peothermometer

Travertine, sinter and opaline quartz are common rock/mineral
manifestations of near-surface geothermal systans. They are formed
a5 a resultl of reduced solubility brought about by decreases in either
pressure or Lemperature of the thermal system.  The precipation of cai-
cite, the major comsliluent of travertine, results in the selective
ramwval of cations which are chemically gimilar to calceiwm. The
guantity of trace elunents ranoved Trom solution should refiect Lhe
composition of the thermal waters at the time of deposition,

Deposi tion of precipitates from thermal walers tonds to block the
conduils and restrict fiow from the source to the eurface.  Comploetae
blockage will resulf in either a capped thermal systom or the develop-
ment of new conduites,  Nov conduits will provide inmedinte sites for
direct evaluation ol the geothormal systan whereus capped systans do
not.

A second cose in which Leavertine deposite are found withoul
assoclited hol spring activily comes abhout when cltaogos in the oround
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Since surface traveriine deposits are geologically shori-lived
phenomena, any evaluation teclhnminue which provides paleogootihermal
tanperatures should alse provide an approximation ol present-day geo—
thermal temperatures, A procedure for evaluating the potential of such
a chemical geothernometer is prescinted,

Theoretical considerations in support of a Ba-Sr geothormometer

Flevated temperatures and prossures such as those associated with
magmatic evonts promote free substitution among different sized ions
{or atoms) in crystal lattices, Tor example, a reaction involving
NaCl and KC1 at 800°C forms a continuous series of mixed crystals,
Lowu reactive temperatures decrease this solid misciblility., The sawe

eactants at 20°C form discreet NaCl and KCI crystals with practically
o golid miscibility between dissimilar cations,

Another example of this decrense in miscibility with decrease in
temperature is found in the stiuwdy of barium and strontiun.  Pribmary
minerals of these elemenis are never fomed from magmatic melts boe-
cauge the two elements in quesiion enter inlo crystal lattices of
caleiun-bearing and potassium-Dearing mincerals at the tine of crystoal—
Tization, DPiscreet mineral forms of barium and strontium separate
Trom agqueous solutions at low tenperatures because of the decrease in
possibility of foming mixed crystals,

Foliowing the rolationship between mixed crystal formation and
ahpoerature one step further, one can rowdily envision an analogous
situation in which the relative concentrations of cations in an aqueous
solution will change with decrease in temperature. Such is the busis
tor development of the cwpirical geothermometers involving relaftive
concentrations of potassium, caleium and sodium,

The success of a chemical geothermometer depends upon the change
in concentration, or relative concenlrations, with temperature. The
clanent or elanents employed in the thermal calceuiations should be of
the common variety and easily analized, Conpllcating side reactions
and extrancous variables with poorly defined parwneters are other
features which must be evaluated prior to the selection of a chamieal
goonthermometoer,

OF prime Tmpovtance in developing a chondeal geothorromoetor is
thea aoleoction of elemenrs with chavacteristios amenaby Lo 1o this Ly
o cotenlations,  Such chorogetoristicos wondd incheto: (1) oroag 1
(Fig 1y (25 full substitntion: (3) high solubi ity Cemperature
gradient; () umlt\ analized; (5) nacurally sbuoconu; {(6) Tow
solubility of finad miners) product,
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All elanents my be divided into three groups: (1) those which
ranin in ionic solution over o wide range of pH values; (2) those
witich precipitate by hydrolysis; and (3) those which form complex
anions contain oxygen which usually produce ionic solulions,  The ionic
potential of an elonent is the prime value which determines the groun
to which it Delongs,  Table 1 lists o fav of tho nore comon elementls
and thedr ionic potential while Figure I is a praphic iliustration of
the groupling of these elawnis. AlL of the metals thus far used in
chanieal geothoermometry calculations fall into group T as do the two
proposed Tor this gtudy.

Methods of evaluating the travertine Ba-Sr geothornometor

I. Scarch the Hierature for background information on the behavior
ol Boa and Sr in onvironments of clevated tomperature,  Thermo-
chanical values need Lo he obtained prior to construction of a
theorotical relationship,

L, Dovelop a theoretical model based on the thermodynsmic informa-
tion from step I, Check the mdel against published travoertine
chita,

111, DEvalusnle the proposed nodel peaingt firvst-hand field dala from
modern trawvertine deposits associated with measurable geotheral

sSprings,
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Table 1 Comon elaments and their Tonic Potontials

Ionie DPotentials *

s 0.61  smT 2.7 i 4t 6.3
ot 0.67 Y 2.3 Nt 7.3
o 0.71 T 3.0 el 9.7
N 1.0 5ot 3.6 g1t 10
p 1.3 1Rt 3,7 p o 15
Bt 1.4 oot 3.9 p F 15
sy 1.6 o 1.6 g O 20
Cat e Al .3 ot o7
Mot 0.6 pot 5.9 N o a5

donic charge
iomic racdiusg

* Tonic Potentinl
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FIGURE . Distribution of selected chemical elements by ionic radius
and charge.



