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WATER IN AN INDOCHINITE: IMPLICATIONS FOR THE THERMAL HISTORY OF 
TEKTITES; S. Newman, J. Beckett, N. Bashir, and E. Stolper, Division of Geological and 
Planetary Sciences, California Institute of Technology, Pasadena, CA 91 125. 

Introduction. Tektites are naturally-occurring, aerodynamically shaped silicate glasses 
generally thought to have been produced by supercooling of impact melts ejected at high 
temperature into the earth's atmosphere [I]. Tektites can be chemically heterogeneous [2] and 
the preservation of these variations may provide constraints on thermal histories. Water is of 
particular interest in this regard because its diffusivity in rhyolitic melts is high and reasonably 
well-known as a function of temperature [3]. Bulk measurements of water in tektites [4-61 
indicate 70-500 ppm but detailed spatial distributions necessary for kinetic modeling have not 
been previously available. 

Analvtical Techni~ues. We obtained precise in situ measurements of water contents by 
FTIR and major elements by EMPA for a tear-drop shaped indochinite -6.5 cm long and 2x1.3 
cm at the largest diameter. The surface is pitted and there are vesicles (i.e., bubbles) in the 
interior as large as 3 mm in diameter, including some that intersect the surface. Vesicles 
intersecting the surface contain a clay-like filling which, when removed, leaves a very smooth, 
unpitted interior. 

The tektite was sectioned perpendicular to the long axis near its head and <ail. The 
sections were doubly polished to -740 and 850 pm, respectively. Water contents were 
determined along five major profiles on the section from the head of the tektite, three of which 
trend radially away from a 2x3 rnrn bubble that was intersected by the analyzed section (profiles 
1-3 in Fig. I); the other two are not close to the bubble (profiles 4 and 5 in Fig. 1). Additional 
shorter profiles on a finer spatial scale were made along traverses extending radially away from 
the bubble. EPMA measurements were also made along several traverses (Fig. 1). Two profiles 
of water contents but no EPMA measurements were made across the tail section. 

Results and Discussion. The total range in observed water concentration is 38-92 ppm, 
overlapping previous bulk measurements [4-61 and very similar to the range of water contents 
found by IR for three indochinites by Gilchrist and coworkers (40-100 ppm; 143). Profiles of H20 
contents in the section from the head of the indochinite show no significant perturbations near 
the surface of the tektite. Generally, however, there are decreases in the concentration of H20 
(all dissolved as hydroxyl groups) in the vicinity of the large vesicle intersecting the surface. 
This effect can be discerned in both detailed and large-scale profiles (Figs. 2a and 2b). Most of 
the profiles are characterized by fairly smooth variations in concentration with distance but there 
are occasional variations in water contents not obviously associated with specific structural 
features such as vesicles. In one case, there are also variations in major element chemistry. 
Water contents in the tail section are uniform at 84 f 4 ppm. 

Major element concentrations (Table 1) are typical of indochinites [2,7]. There were, 
however, no systematic variations associated with proximity to the large vesicle at the surface (in 
contrast to water). Generally, Na and K trends along traverses are similar to each other and 
complementary to those of Ca, Fe and Mg. Near lechatelierites, concentrations of all major 
elements in glass (except Si) decrease over approximately 200 pm to constant values, possibly 
due to partial homogenization of the lechatelierite with surrounding tektite melt. No 
corresponding variations in water contents were observed, but the FTIR measurements, which 
average water contents over the entire -740 pm thickness of the section, may not be sensitive to 
these relatively small scale features (- 100 pm in diameter). 

We modeled one profile in water content adjacent to the large surface vesicle (Fig. 2a) by 

applying the transformation ~ ( r )  = 5 ~ ( r ) d t  [8] (where t is time) and diffusion coefficients [D(t)] 
of [3]to the solution given by [9, Eqn. 6.601 for diffusion into a bounded sphere with a constant 
surface composition. The profile is well described by log(z(t))= 6.21 f 0.24. Given a 
functional relationship between T and time, ~ ( t )  can then be inverted to constrain the thermal 
history. 
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Table 1 .  (All in wt % except Hz0 in ppm) 
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