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Introduction:  The idea that hand-size Australasian 
and other tektites lost volatile elements as a result of 
vapor fractionation [1] recently suffered another blow 
(see [2-5]) when [6] reported that tektites contain 
isotopically normal potassium. If the tektite melts 
were a) well stirred for b) long enough at high 
temperatures and c) low ambient pressures, then the 
lighter K isotopes should have evaporated 
preferentially, contrary to observation.   

Still, doubt remains. If all the conditions (a-c) 
listed above were not met, then isotopic (and 
elemental) fractionation could have been disguised 
by re-condensation or limited to areas not yet 
systematically investigated (flanges). Humayun and 
Koeberl [6] specifically left the door ajar for K 
isotope fractionation in microtektites, whose small 
sizes compared to those of normal tektites, might 
allow mixing or K diffusion throughout the melt 
volume. Although microtektites and the flanges on 
Australite buttons contain isotopically normal Mg 
[4], Mg is fairly refractory and typically fractionates 
little in either cosmic spherules [7] or lunar fines [8], 
wherein more volatile elements such as K and S 
routinely do fractionate [7,9,10]. More positively, 
bottle-green Australasian microtektites, which have 
high Mg concentrations (3.48≤Mg(wt%)≤6.48), 
contain isotopically heavy Li and B [11]. Glass et al. 
[12] proposed that these objects formed by vapor 
fractionation of normal microtektites.  

We decided to measure K isotope abundances in 
Australasian microtektites, partly out of curiosity, but 
also for two more substantial reasons.  First, 
microtektites probably constitute over 90% of the 
total mass of the Australasian field [13].  Thus it is 
important to know whether vapor fractionation 
influenced their compositions in relation to the 
compositions of normal tektites.  Second, estimates 
of the extent of heating of the source material may 
shed light on the quantities of volatile substances, 
including CO2 and SO2, injected into 
the atmosphere [2].   
Experimental methods:  All the 
samples analyzed were from the 
collection of Billy Glass.  Elemental 
compositions were determined at the 
Rutgers University Microanalysis 
Facility by using the JEOL JXA-8600 
microprobe.  Results for microtektites 
(but not for tektites) were normalized 
upward by a factor of 1.07 based on 
multiple analyses of B.P. Glass’s 

standard 12.  To determine the isotope abundances of 
potassium, we used the Carnegie Cameca 6f ion 
microprobe as described in [9] but with 28Si as the 
reference isotope.  We measured δ41K both in the 
center and at the edge in 8 of the microtektites.  As a 
check of the results we also analyzed the elemental 
composition and K isotope abundances of several 
Australasian tektites.  
Results:  Tektites - Elemental compositions 
determined for 7 Australasian tektites (Table 1) are 
comparable to literature values [see 12].  Values of 
δ41K (‰) for 12 tektites range from  -0.38 to +0.89; 
all are within 2.1 σ of zero; ten are within 1 σ of zero 
(Figure 2).  The average is -0.01±0.10 (std. dev. 
mean).   

Microtektites - Elemental compositions for a set 
of 30 Australasian microtektites, which includes the 
13 microtektites for which we also determined δ41K, 
are comparable to literature values (e.g., Fig. 1)[12].  
Relative to the tektites, the values of δ41K (‰) for the 
microtektites span a much wider range, from -
10.2±0.5 to +14.1±0.5 (Fig. 2).  Although the average 
of 1.1±1.7 is statistically indistinguishable from zero, 
the distribution differs markedly from the one for 
tektites. Specifically, values of δ41K plot within 2-σ 
of zero for only 4 of 13 microtektites.  Edge values of 
δ41K agree with central values in 4 microtektites, 
including the ones with the most positive or negative 
δ41K.  Edge values are lower by about 5‰ in four 
others (Fig. 3).   
Discussion:  On average, the tektites analyzed 
contain 39K and 41K in the normal isotope ratio.  We 
therefore confirm the results of [6], who set an upper 
limit of 2% on the extent of K loss through free 
evaporation.  This conclusion implies that elements 
thought to be less volatile than K - i.e., Fe, Si, Mg, 
Ca, Ti, and Al - underwent little or no net mass-
dependent fractionation of their isotopes.  Based on 
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Table 1.  Elemental composition (wt%) of Australasian tektites. 
Sample SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Cr2O3 Total
CNC-1 75.49 0.59 11.34 4.14 0.10 1.78 1.89 1.13 2.44 0.01 98.92
MP-26 77.42 0.73 11.71 4.05 0.05 1.79 1.22 0.60 2.36 0.02 99.95
TK-26 81.65 0.59 10.59 4.19 0.09 1.48 1.13 0.72 2.49 102.94
TK-27 78.04 0.75 11.93 4.44 0.09 1.78 1.84 0.89 2.50 0.01 102.27
TU-2 78.21 0.69 11.21 4.16 0.09 1.72 1.64 0.83 2.44 0.01 101.01
TU-3 78.91 0.71 10.83 4.03 0.04 1.70 1.66 0.77 2.45 0.01 101.10
VC-9 79.04 0.72 11.57 4.03 0.08 1.46 1.15 0.92 2.68 0.01 101.66



trends observed in laboratory experiments and in 
stony cosmic spherules [see 9], we extend their 
conclusion to Cr (but not to Na and Mn because they 
are monoisotopic), but draw no conclusions about the 
retention of elements potentially more volatile than 
K, such as S.  It should be understood that a small 
degree of isotope fractionation is consistent with a 
small degree of evaporation but also allows 
significant evaporation (e.g., [14,15]).   

In microtektites as in tektites, on average, the 
39K:41K ratio is terrestrial.  In microtektites, however, 
the average conceals significant excursions both 
above and below the terrestrial 41K:39K ratio.  We 
propose that these excursions were created in the 
plume that carried the microtektites away from the 
source crater.  Droplets that initially contained 
isotopically normal K underwent some evaporation 
that left them enriched in 41K. Most of the vaporized 
K subsequently re-condensed nearby thereby 
conserving, on average, the initial 41K/39K ratio. 
Droplets on which extra K vapor re-condensed 
became isotopically light, as is seen for S, Cu, Zn, 
and Cd in lunar glass [16,17,18].  The preservation of 
light isotope enrichments in the peripheries of four 
microtektites suggests that re-condensation took 
place while temperatures fell rapidly through a 
temperature range that included values low enough to 
prevent efficient mixing.  When plotted against K or 
K/Mg, the data for δ41K scatter but consistently lie 
below a Rayleigh curve (not shown), a result 
consistent with the with picture sketched above  
Conclusion: We confirm the finding of [6] that bulk 
Australasian tektites contain isotopically normal K 
This result argues against selective loss of K and is 
consistent with but does not prove small net 
evaporative loss of K.  A similar absence of isotope 
fractionation effects is to be expected in all the major 
elements in tektites, which are less volatile than K, 
and in the minor one Cr. This conclusion need not 
apply to elements more volatile than K such as S. 

Large variations of the isotopic composition of K 
in individual Australasian microtektites - variations 
that are not correlated with bulk composition - 
suggest that the microtektites experienced both 
evaporative losses and re-condensation under 
circumstances that left the average K isotope 
composition unchanged.  We propose that these 
processes took place in a hot, rapidly cooling plume 
associated with the tektite-forming event.  
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Figure 2 

   y=(1.03±0.14)x-(1.7±1.0)

Figure 3 
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