
POTASSIUM ISOTOPIC COMPOSITION OF SOME AUSTRALASIAN TEKTITES; 
Munir Humayunl, Robert N. ~ l a y t o n l 3 ,  and Christian ~ o e b e r l ~ ,  l ~ e p t .  of the Geophysical 
Sciences, 2Enrico Fermi Institute and Dept. of Chemistry, Univ. of Chicago, Chicago, IL 60637, 
USA; 3~nstitute of Geochemistry, Univ. of Vienna, Dr.-Karl-Lueger-Ring 1, A-1010 Vienna, 
Austria. 

We have analyzed the potassium isotopic composition of four tektites from the Australasian 
strewn field, spanning a wide diversity of thermal histories, inferred from textures and volatile 
contents. Our results indicate no isotopic differences between tektites and terrestrial rocks, 
placing stringent limits of s 2 % loss of potassium during the brief duration of high temperature 
experienced by these samples. This indicates that the chemical composition of tektites is entirely 
a reflection of source rocks and has not been modified by the tektite-forming process for 
elements less volatile then potassium. Losses of more volatile components, e.g. halogens and 
water, are not precluded-by the present data. 

Tektites are natural glasses occurring in four large strewn fields on Earth [1,2]. It is generally 
agreed that these are associated with large impact events on Earth, and that chemical composition 
indicates derivation from surface sedimentary rocks. Tektites have experienced severe heating, 
with temperatures in excess of 2000°C, but the role of selective chemical changes due to 
volatility has been contentious. This can be evaluated by comparing the isotopic composition of 
various elements with their source rocks, and data are available for 6180, @Si, and A25Mg 
[3,4,3. A ~ ~ M ~  indicates less than 20% vaporization of tektite material [5]. The more sensitive 
elements ( 0 ,  Si) show variations that cannot unambiguously be assigned to volatilization, 
because of variability in source rock composition. The @0Si effects are small [4], but 6180 data 
have a large range, generally lighter than source rock sediments by several permil [3]. The 
lowering of 6180 correlated with Si@ can be understood in terms of meteoric porewaters 
present in sandy sedimentary rocks at the time of impact melting [6], which provides a better 
explanation than vapor fractionation [7J. 

We have applied potassium isotopic techniques to investigate the role of volatilization in 
determining the composition of Australasian tektites. Potassium is determined with precision and 
accuracy sufficient to recognize even a few percent losses of K, and terrestrial rocks of every 
kind thus far determined have identical 641K, eliminating the uncertainties of source rock 
isotopic values [8]. This allows us to determine the existence of kinetic isotope effects produced 
by the partial loss of potassium by distillation during high temperature processes, e.g. impact 
melting. Fresh interior chips were dissolved in HF-HCl-HN@, dried, taken up in 0.1 M oxalic 
acid, and added to an ion exchange column (ID= 11 mm) filled with 12 ml of AG SOW-X8 resin. 
The potassium was eluted with 0.5 N HN@, quantitatively recovered in the 80-250 ml fraction, 
with adequate separation from Na, Mg, Ca, and other potential interferences. The separated K 
was converted to 2% K Ba borate glass and analyzed against our in-house standard, Merck 
sup rapup  KNQ, using the Chicago AEI IM-20 ion microprobe [8]. Analyses of the tektites, 
several terrestrial rocks and lunar soils, and the terrestrial mean, are given in Table 1. None of the 
tektite analyses deviate from the terrestrial composition within errors. We can calculate the 
maximum degree of loss permitted by the errors, assuming Rayleigh distillation of single K 
atoms (the dominant species observed experimentally), and these are tabulated as well. This sets 
stringent limits to the permissible losses of potassium, and taken in conjunction with isotopic 
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data on other elements, implies that selective distillation is small to non-existent for all major 
elements, and for trace elements more refractory than potassium. Taylor [I] and Blum et al. [9] 
present convincing arguments against the significant loss of more volatile alkalis, Rb and Cs. 
Certain elements, e.g. water and halogens, do show marked depletions relative to sedimentary 
rocks [lo], but such elements may have been lost at temperatures even below the glass transition. 

There are two consequences of our observation that tektites are not chemically modified by 
the impact melting process. From studies of lunar soils, we observe large 641K enrichments for 
less than 15% chemical depletions of WU ratios, e.g. 14163 is chemically indistinguishable from 
KREEP but has ti41K= 7.8 i 0.8 %. Thus, the absence of isotopic enrichments in potassium 
indicates chemical modifications too small to affect any discussion of the geochemistry of 
tektites, which must entirely reflect source composition (exceptions previously noted). The 
absence of significant losses of volatiles from hot, molten spheres, exposed to vacuum (or very 
low pressures) places constraints on the cooling rates of these liquid spheres. The net loss, for a 
given surface area, is a function of vapor pressure and cooling rate, and is determined from the 
isotopic constraints given to be, &.t = 0.003 atrn. seconds, where 6 is the vapor pressure of 
potassium (in atm) over a melt of tektite composition, and t is the cooling time from peak 
temperature to the glass transition temperature. We note that for such brief heating events very 
viscous glasses such as tektites are not likely to be well mixed, and that chemical losses may be 
restricted to an external rind, which may not be well represented in our analyses. That will not 
affect our conclusions regarding the absence of a distillation effect on the bulk composition of 
tektite glasses. 

TABLE 1. Potassium isotopic composition of Australasian tektites. 

Sample # points ti41K * 2 om (in %a) 9% K volatilized 

MN X- 103, Muong Nong 22 -0.1 i 0 . 6 %  5 2.0 % 

AUS 9301, Australite 27 + 0.0 * 0.5 5 2.0 % 

T 9201, Thailandite 14 + 0.4 k 0.8 960 5 4.6 % 

P 920 1, Philippinite 26 - 0.1 * 0.5 %O 5 1.6 % 

USGS G-2, Westerly granite 20 -0.1 i 0 . 7 %  

USGS BCR-1 82 + 0.0 * 0.3 %o 

Average Terrestrial (n= 17) 414 + 0.3 * 0.2 7& 
14163, lunar soil 14 + 7.8 * 0.8 = 10% 
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