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Introduction:  Alkali metals K and Rb have long 

been recognized as a pair of valuable tracers of volatile 

depletion histories of planetary bodies, due to their sim-

ilar geochemical behaviors and their relatively high vol-

atilities [1,2]. The recent improvement in analytical pre-

cisions for both K and Rb isotopes, owing to the fast 

advancement of MC-ICPMS, enables us to resolve their 

small isotopic variations among planetary bodies. For 

example, it has been found that the Moon was enriched 

in the heavy isotopes of the two elements, by 

~0.41±0.07 ‰ for δ41/39K and 0.16 ± 0.04‰ for δ87/85Rb 

compared to the Earth (for reference, the Moon is de-

pleted in both K and Rb compared to the Earth, by a 

factor of ~6) [3-5].  

A quantitative understanding of the origin of K and 

Rb depletions and their isotopic variations in planetary 

bodies requires a better understanding of the evapora-

tion kinetics of the two elements. Laboratory evapora-

tion experiments have been proven as valuable tools to 

constrain the evaporation kinetics and isotope fraction-

ations. The evaporation kinetics of an element can be 

described by Hertz-Knudson equation, from which the 

isotopic fractionation factor α for free evaporation can 

be derived; α = (m1/m2)β, where β = 0.5, and m1 and m2 

are the masses of light and heavy isotopes of the element 

respectively. In reality, however, experimentally deter-

mined β value has always been found to be ≤ 0.5 [6]. 

Evaporation of K from silicate melts in vacuum and 

its isotopic fractionation have been studied in the past 

[7,8]. However, no such data are available for Rb. We 

therefore performed lab experiments on vacuum evapo-

ration of K and Rb from a basaltic glass at 1200°C and 

1400°C. Here we report the results on evaporation ki-

netics of K and Rb and their isotopic fractionations from 

the experiments. 

Experimental and Analytical Methods:  As start-

ing material we used a synthetic mixture with major el-

ement compositions similar to that of mid ocean ridge 

basalts (MORBs), but doped with ~ 2 wt% of Na, K and 

Rb. Spherical silicate glass beads in 2.5 mm Ir-wire 

loops were prepared from the powder following the 

method described in [8,9]. Vacuum evaporation experi-

ments were conducted at 1200°C and 1400°C at total 

pressure 10-6 torr (see [9] for the experimental details). 

Run durations were up to 40 hrs at 1200°C and up to 90 

min at 1400°C. The chemical compositions of evapora-

tion residues were measured using a Tescan Lyra3 

FIB/FE-SEM and a Thermo Scientific Neptune MC-

ICP-MS at the University of Chicago. The K isotopic 

compositions of evaporation residues were measured by 

secondary ion mass spectrometry (SIMS) in multicol-

lection mode at UCLA. The Rb isotopic compositions 

were determined using MC-ICP-MS at the University of 

Chicago, following the method described in [4]. 

Evaporation Kinetics:  Only loss of Na, K, and Rb 

was observed in the experiments. Na evaporation rate 

was much faster than that of K and Rb, which is con-

sistent with previous studies [7,8]. The evaporation rate 

of K was close to that of Rb, suggesting that the two 

elements have similar volatilities under the investigated 

conditions. The relative evaporation rates of Na, K and 

Rb were the same at 1400°C and 1200°C. A thermody-

namic model using elemental activities calculated by 

MELTs software was developed to estimate the equilib-

rium vapor pressures and to calculate the apparent evap-

oration coefficients of Na, K, and Rb. The calculated 

evaporation coefficients appears to be  temperature de-

pendent and increase from γNa = 0.05, γK = 0.08, and 

γRb = 0.1 at 1200°C to γNa = 0.1, γK = 0.17, and γRb 

= 0.2 at 1400°C.  

K and Rb Isotopic Fractionations: Figures 1 and 2 

show the K and Rb isotopic compositions of evapora-

tion residues plotted against –ln (f), where f is the frac-

tion of K or Rb remaining in the residues. The Figures 

show that δ41K and δ87Rb values of residues linearly 

correlate with –ln(f), suggesting evaporation in a Ray-

leigh distillation regime. Using the regression slopes, β 

values for K and Rb were found to be βK = 0.45±0.03 

and βRb = 0.44±0.01, respectively, which are smaller 

than theoretically expected value of 0.5. Our βK value is 

in good agreement with βK= 0.43 reported by Richter et 

al. [8] from similar experiments but using different com-

position melt. We found no temperature dependence of 

βK and βRb on temperature. 

Diffusion-Limited Evaporations: Previous study 

[8] suggested that K evaporation under this experi-

mental conditions was not likely to be diffusion-limited, 

and value of α = (39/41)0.43 was adopted as isotope frac-

tionation factor for free evaporation of K. However, 

small but resolvable K isotopic heterogeneity (up to 

3.5‰) was observed in our evaporation residues. The 

residues showed more fractionated (heavier) δ41K val-

ues near the surface, and less fractionated values to-

wards the core, coupled with lower K contents near the 
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surface and higher contents towards the core (Fig. 3). 

These suggest that diffusion of K in the melt was too 

slow, compared to its evaporation from the melt-gas in-

terface, to homogenize the entire sample. The effects of 

diffusion and evaporation on K concentrations and iso-

topic compositions of evaporation residues were mod-

eled based on previous methods [10,11]. The  model cal-

culations reproduce the concentration and isotopic zon-

ings and suggest that evaporation of K under the exper-

imental conditions is diffusion-limited which reduces 

the K isotopic fractionation (Fig. 3). In other words, the 

βK value could have been or been closer to 0.5 if diffu-

sion had not been a limiting factor. 

Conclusion: 1) Under the investigated experimental 

conditions, K and Rb have similar volatility. 2) Their 

isotopic fractionations during vacuum evaporation fol-

low a  Rayleigh distillation. The βk and βRb were found 

to be 0.45 and 0.44, respectively. The smaller βk and βRb 

values that expected in case of ideal fractionation (β = 

0.5), might be due to the diffusion being the rate-limit-

ing step during evaporation.  
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Fig. 1. K isotopic compositions of evaporation residues 

versus –lnf, where f is the fraction of K remaining in the 

residues, plotted together with literature data from [2,3]. 

The dotted line corresponds to the isotope fractionation 

factor αk = (39/41)0.5. 

 

 
Fig. 2. Rb isotopic composition of evaporation residues 

from our experiments plotted versus –lnf, where f is the 

fraction of Rb remaining in the residues. Error bar is 

smaller than the symbol. The dotted line corresponds to 

the isotope fractionation factor αRb = (85/87)0.5. 

 

 
Fig. 3. Diffusion profile of evaporation residue for 

15-min run at 1400°C. The lines are modeling results. 

A). The measured K isotopic variation of evaporation 

residues from the core to the rim, B). The K concentra-

tion variation from the core the rim in the residue.  
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