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Essential to the Use of stable isotopes as natural tracers and geothermometers is
the knowledge of equilibrium isotope partitioning between different phases and species,
which is usually a function of temperature only. The one exception known to date is
oxygen and hydrogen isotope fractionation between liquid water and other phases
(steam, gases, minerals), which changes upon the addition of salts to water, i.e., "the
isotope salt effect." Our knowledge of this effect, the difference between activity and
composition (a-X) of isotopic water molecules in salt solutions, is very limited and
controversial, especially at elevated temperatures. For the last several years,, we have
been conducting a detailed, systematic experimental study at Oak Ridge National
Laboratory to determine the isotope salt effects from room temperature to elevated
temperatures (currently to 500°C). From this effort, a simple, coherent picture of the
isotope salt effect is emerging, that differs markedly from the complex results reported
in the literature. In this communication, we present an overview on the isotope salt
effect, obtained chiefly from our study. Observed isotope salt effects in salt solutions
are significant even at elevated temperatures, as shown below. The importance and
implications of the isotope salt effect for isotopic studies of brine-dominated systems
are also discussed in general terms. ; :. '•-'-; .:;T •'. :-:- ' • '

The isotope effect in salt solutions can be rigorously defined as,
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where a, X, and y denote activity, mole fraction, and activity coefficient of isotopic
water molecules, respectively. The F can be experimentally determined from the
following equation,

* = ttA-MUtJoti/aA-iwfew«et» (*)

where A represents oxygen- and/or hydrogen-bearing substances in isotopic
equilibrium with water, and a the equilibrium fractionation factor. Then, '

lOMnT = - ltflna
Ai)IIiewitef.

(3)
In our experiments, the isotope salt effect was determined in two different

systems: (1) liquid-vapor water equilibration in the system Na-K-Mg-Ca-Cl-SO4-H2O
from 50 to 350°C, and (2) mineral (calcite, strontianite, and brucite)-water isotope
exchange from 200 to 500°C. The former system can provide very precise results, but
its use is limited to the critical temperature of pure water (374.1°C). The latter does
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not suffer this problem. However, because isotope exchange rates are slow for
reactions involving solids, especially at low temperatures, the partial* isotope exchange
method (1) was employed. Our results of liquid-vapor isotope fractionation of pure
water and single salt solutions (NaCl, KC1, MgCl2, CaCl2, Na^SO^ and MgSO4) showed
the values of 103lna(D)|iquid_vapor for the salt solutions studied were always smaller (up to
20%o) than that of pure water at a given temperature (i.e., positive KPlnlXD) values in
eq (3)) (2, 3, and 4). In contrast, values of l O ^ a (18O) iiq0id-v^orfor the salt solutions
were higher than, or very close to, that of pure water except for KC1 solutions near
room temperature (i.e., negative K^lnTC^) values in eq (3)). The results for NaCl
solutions to 350°C are shown in Fig. 1 (4). It is noteworthy that the effect of NaCl on
the oxygen and hydrogen fractionation factors increases with increasing temperature
above about 200°C. Values of 103lnT for mixed salt solutions in the system Na-K-Mg-
Ca-Cl-SO4-H2O, some of which simulate natural geothermal brines (e.g., Salton Sea),
were also determined between 50 and 100°C. The measured isotope salt effects in the
complex mixed salt solutions agree well with values calculated from a simple
summation of the effects of individual salts in the mixed solutions (5),

= 2(103lnrsingleMUsoln) (4)

The following experiments have been conducted to date on mineral-water
systems: (1) CaCO3-H2O±NaCl at 300°C and 1 kb, (2) SrCO3-H2O±NaCl at 300 and
450°C (P=0.1 and lkb), and (3) Mg(OH)2-H2O±NaCl or MgCl2 at 200-500°C (P=21-
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Fig. 1. Effect of dissolved NaCl on the hydrogen (D) and oxygen (18O) isotope partitioning
between liquid water and water vapor to 350°C. CP: critical points for each solution.
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800 b). Despite large errors in some measured values of 103lnaminera,.waler due to
incomplete isotope exchange, results obtained from the mineral-watef experiments are
very similar to those of our liquid-vapor experiments in the same temperature range.
The effect of NaCl on the value of lOMno^D),,^^^ is shown in Fig. 2. The results at
500°C indicate that the isotope salt effect keeps increasing with increasing temperature,
and that its magnitude may not be linear with NaCl concentrations at elevated
temperatures. The effect of MgCl2 on the value of 103lna(D)brucfte.wwer appears to be 2-3
times larger than that of NaCl, as is the case for the liquid-vapor system. Preliminary
results from the system SrCO3-H2O±NaCl at 450°C indicate that the effect of NaCl on
the value of lCPlna(180)stroMianite.wiUer could be as large as -0.35%o/molal. Very consistent
results obtained from the two different experimental systems strongly suggest that the
isotope salt effects are a common feature of the isotope fractionation between brines
and any other coexisting phases (gases, minerals, dissolved species) even at elevated
temperatures.

Rather large isotope salt effects observed in our experiments at elevated
temperatures have to be taken into account in many geochemical processes involving
brines such as boiling/condensation, mineral precipitation, and hydrothermal alteration
of rocks. For example, trajectories of the isotopic composition of brines during
boiling/condensation are significantly affected not only by the style of phase separation
(e.g., open vs. closed), but also by the chemical composition and temperature of
brines. Another important application of isotope partitioning is in estimating the
temperatures of liquid-vapor phase separation and mineral precipitation and/or
alteration at depth. When both steam and water can be collected in geothermal fields,
their oxygen and hydrogen isotope compositions can be used to calculate reservoir
temperatures, using the equations for liquid-vapor isotope partitioning. Additionally,
the ratio of differences in oxygen and hydrogen isotope compositions of water and
steam samples,

A6D/A618O=(8Dwater-6Dsteam)/(618Owattr-5
18Osteim) (5),

can be used as a third water-steam isotope geothermometer. This geothermometer is
less affected by incomplete separation of water and steam, and partial condensation of
steam than those employing oxygen or hydrogen isotope compositions alone (2). Fluid
inclusions in minerals from many sedimentary, metamorphic, and magmatic rocks
attest to die presence of high-temperature hypersaline brines during mineral
precipitation and alteration. Our experimental results show that dissolved salts in brines
have profound effects on isotope partitioning between brine and other phases even at
500°C. Isotope fractionation factors of liquid-vapor and mineral-water such as calcite-
water should be corrected accordingly for the isotope salt effect (Fig. 3). We are
currently developing models for calculating the isotope salt effect on isotopic evolution
of geothermal waters at various physical and chemical conditions.
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Fig. 2 Effect of NaCl on ltflnaCD) between
brucite and water, compared to liquid-vapor
experiments (solid lines). See Eq. (3) for the
definition of KPlnT

Fig. 3 Effect of NaCl on HPlnafO)
between calcite and water
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