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Introduction

The successiul application of a K-Na~Ca chemical goothermometor has
been fraught with post caleulation subjective intorpretation,  This is
duc, in part, to deviations trom ideality., One line of rescarch deals
with pf values., An expression for neutrality over low to moderate
taporatures le developed and an additional term added to the empirical
cxpression of Truesdell (1975).

Discussion

The K-Na-Ca geolhermometer of Trucsdell (1975) takes Lhe form:

SEL A — 273.15
LPC = log (Na/K) -+@T0;§ (Ca®/Na)+2,24

i

whore may be 4/3 or 1/3 depending on the Ca” /Na ratio or the calculatoed
tempaerature,  All geothermometor calculations must boe lempered with an
understandingg of: (1) minoraiogy of Lhe imuediate systom; (2) water
chomistry, ospocially in torms of solubility and chemical cquilibrium,
and {(3) the physical constraints that are placed on the systan, We
lnewy, Tor example, that it iz hoproper to apply the K-xo-Ch goothermo-
meter to acidic waters boeeause these elements would probably be oul of
couilibrivm with thoe common rock-lomning Pfeldspar minerals.  The gquestion
of when this geothermonctor can be used must ho addressed in view of the
low Lo nodorate tomperature range and under non-ncutral pil conditions,

The equliibrium constant [{W Fove Lhe lonlzation of wotor is
cotablished as fol lows:
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Tranpersturoe donendency of J{m dxromhowin in Table Ioand Fioweo
Tit linene cquation [or tonperatures above 30°C 1s approxinatoly:
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This approximation would establish the II+ and  GH activi bty of
pure water al various elevated temperatures, As o Tirst spproximation,
the neutral pH can be set by dividing tho appropriate K by two. Thusg
the degrec of alkalinity or acidity of woavrm-witor ;springr-; or wells can
bo bettor cvaluatod,

Numerous other considerstions should also be included in tho
assessmoent of the activity of an agueons solution, Tor cxuample, the
activity is lowored by the addition of small quantities of diC;.c;o]de
solutes,  Such adjustments would nocessitate a roovalenilon of the
Len1perm,a_u’c::~—l(w oguation.

Another approach (o the problen of e iibriusn cevaluation may bo
Laken from o therodypamic point ol viay, For the reaction:

H

Lt + : o
H0 = i+ OH ALY = 13,8 keal/imle

where Al is the standard heat (enthalpy) of reaction., ‘Fhe guantilative
exprossion of the effect of tanporature upon the cguilibrium congtuant
of such a roaction ig given as:

Lo AU/

Adjustments for activity coefficients, lonic strongth, cte, could atso
he incorporated into the overall consideration of nor-ncotral pll
conditions,

Keoping in wind the mineralogical parameters that constitute the
basis for chemical geothorrometer calculations, the Lhroe most conton
pitfalls associnted with -ha-Ca temperaturcs ave:r (1) high GO,
concentrations in dilute, hi J}1~L<np<u ture wators, (2) acid watdrs in
which the conmon L'OL‘K—JOIET]]II{_I minoerals have not achicved oguilibaium,
ancd {3) mixing of ground witor wi L,il goothetnn] wator,

Cne possible modification of Lhe B=Na-Ca enperion! goothormmomoeton
exprossion comes about by ovaluating tho dismcquilibriom doe Lt the
ey lci.T,_Lo}l Crom neutrelivy. A D eorrection can be added to the E-Na--Ta
crpression such that:
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Tuble 1 Vurlations of K wilh tenperature.
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TABILE 2  Temperature values from various chemnical geothermometers

- N I = . s
0 jes pH Molality x 107F T T T

el cbs cale 2 E - Ca lSiO:; Ma—~-K-Ca. pH corr,
49 8.2 7.3 5.48 .04 0.02 120.8 81.2 122.9
3 67 35,8 7.6 21.75 1.15 1.10 143.0 130.7 14G.6
2 40 6.8 7.2 21,78 G.77 C.45 159.1 120.2 161.4
4 77 5.3 7.7 21,73 0.82 0.75 158.1 133.1 162.9
L 43 7.2 7.3 0.435 0.143 0.998 81. 220, 66.9
|+ 72 6.5 7.6 1.914 0,358 1.397 116, 212, 144.9
>4 6.6 7.4 10,004  1.483 1.322 115. 233, >4, %
t 72 6.3 7.6 §.682 0.921  1.073 123. 210, 144.0
b 45 6.6 7.3 2.044  0.332 1.207 91, 205. 128.6

nigh sodium relative To caleium; suspecied mixed waters

wt )

Izio Tonglorgi (ed.), {1970}, p. 987-983, 1380.
o, RUE, Mariner, J5.B. Rapp, L.M. Willey, and T.S. Presser, (1874), p. 11-i3,



