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THE ABUNDANCE AND DM OF WATER DISSOLVED IN EETA 79001 SHOCKED GLASS AND 
CRYSTALLINE HOST; L. A. Leshin*, S. Epstein and E. M. Stolper, Division of Geological and Planetary 
Sciences, California Institute of Technology, Pasadena, CA 91 125 (*Currently at: Department of Earth and Space 
Sciences, UCLA, Los Angeles, CA 90024). 

Introduction. The striking similarity between both the abundance and isotopic composition of noble gases and 
nitrogen found in shock-produced glass (known as lithology C) in shergottite EETA 79001 and the current martian 
atmosphere provides the best evidence that the SNC meteorites originated on the planet Mars [I-31. The abundance 
and isotopic composition of CO2 in the glass is also consistent with this theory [4]. The DM of water in the current 
martian atmosphere is distinctive with a 6DsMOW value of -+4000 [5]. In this work, we report the abundance and 
D1I-I of dissolved water in the EETA 79001 glass, as well as the DM and water content of the crystalline basaltic 
EETA 79001 host rock (known as lithology A). 

Approach. In order to obtain an initial estimate of the water content of the lithology C glass, samples of three 
small chips of the glass obtained from the Antarctic meteorite collection at the Johnson Space Center (sample 
numbers EETA 79001,343,344 and ,345) were doubly-polished and transmission infrared spectra were obtained 
with a Nicolet 60SX Fourier-transform infrared spectrophotometer using methods similar to those described by 
Newman et al. [6]. The IR spectra were consistent with a dissolved water content of 200 f 100 pprn by weight in the 
glass. Based on these results, a set of vacuum extraction experiments were undertaken. The fnst extraction 
(experiment ECI)  was a combustion conducted on 0.6 g of EETA 79001 lithology C (Antarctic meteorite collection 
sample number EETA 79001,262 with small additions from left over ,343 ,344 and ,345). The sample was heated 
slowly from room temperature to 1050°C over the course of 6 hours and held at the high temperature for 1.5 hours. 
Subsequently, a larger glass sample (1.3 g) was combusted in 3 temperatures steps (experiment EC2). The sample 
(Antarctic meteorite collection sample number EETA 79001,251) was held at 250,600 and 1050°C for 2 hours at 
each step. The EETA 79001 samples ,262 and ,251 each originally comprised a single piece containing both a dark, 
microcrystalline-to-glassy region (lithology C) and a crystalline portion (lithology A). The lithology C samples used 
in the extractions were prepared by crushing these bulk samples in air, sieving to remove fragments smaller than 150 
pm, and hand-picking glass pieces less than -500-1000 ym in size, avoiding the crystalline part of the bulk sample. 

In addition to the glassy samples, a 1.9 g crystalline whole-rock sample of EETA 79001 lithology A (Antarctic 
meteorite collection sample number EETA 79001,50) was extracted (experiment EAI) with nearly an identical 
procedure to our previous work on whole-rock SNC samples [7]. Water was extracted by vacuum pyrolysis at 150, 
350,600 and 1050°C. This procedure allows direct comparison to DM measurements in other SNCs as well as to 
the measurements of Karlsson et al. [8] of the oxygen isotopic composition of SNC water. In all cases, extracted 
H20 was reduced to H2 in a u~anium furnace at 750°C and yields were measured manomettically. Isotope ratios 
were measured mass spectrometrically. 

Results. Hydrogen yields and isotopic compositions at each temperature step of the two stepwise heating 
experiments, EC2 and EAI, are shown in Figure 1. The DM of the 350-600°C EA1 sample was not measured. The 
uncertainties in the measured 6D values are -f 2 %o, except for the highest temperature steps in both cases, which 
may have uncertainties of up to f 20 %o. 

The single-step EETA 79001 lithology C experiment, ECI , contained 15.8 pmoles H2lgram sample, equivalent 
to 285 pprn water by weight. The 6D value of the hydrogen was +1898. The reported yield and 6D value have been 
corrected for a blank with a measured yield of 0.5 pmoles and an assumed 6D value of -120. The stepwise heating 
of lithology C, EC2, gave a total yield of 11.6 m o l e  H2lgram sample (209 pprn water) with an integrated 6D of 
+1963. Unlike all other SNC samples studied [7,9], the yield in EC2 increaed with increasing temperature. The 
EC2 600-1050°C step yielded of 5.4 pmole H21grarn (97 ppm) H2 with a 6D value of +3530. The reported yields 
and 6D values at each temperature step of EC2 have also been corrected for a blank measured with the identical 
heating procedure as the sample and an assumed 6D of - 120. The integrated blank for this experiment was 1.1 
pmoles of H2 (the blank accounts for only a 180 %O increase in the reported 6D of the 600-1050°C step). 

Similar to other SNC samples studied [7] the amount of water released at each temperature step from EA1, the 
lithology A sample, decreased with increasing temperature. The yield from this sample in each temperature step was 
also very similar to yields reported by Karlsson et al. [8]. EAI had a total yield of 33.9 pmole H21gram sample (610 
pprn water) and the 600-1050°C temperature step gave a 6D value of +1330. No blank correction has been made to 
the reported data for this sample. However, the only step in which a correction would be important is the highest 
temperature step since it has the lowest yield and highest 6D value. An estimate of the magnitude of the blank effect 
can be made by using the measured blank of 0.36 pmole H2 for the highest temperature step for EC2 and a 6D value 
of -120. Subtracting this blank would reduce the yield of the 600-1050°C step from 21 to 18 pprn water and increase 
the 6D value to +1610. Thus the effect of the blank is insufficient to explain the -2000 %O difference between the 
high-temperature 6D values of EAI and EC2. 

Discussion. The integrated 6D values of extractions EC1 and EC2 are the highest ever observed in an SNC 
vacuum extraction. The 6D value of +3530 measured in the 600-1050°C temperature step of EC2 is among the 
highest ever reported in a meteoritic (or terrestrial) sample and is nearly identical to the 6D value of water in the 
current martian atmosphere [5]. Separating the 250-600°C step (with a 6D value of +969) into a mixture of the low- 
and high-temperature steps, we estimate that the EC2 glass contains 120 pprn water with the 6D value of +3530. 

The similarity of the DM of the high-temperature water in EC2 and the water in the martian atmosphere can be 
viewed as significant further evidence that the SNC meteorites are in fact martian samples. However, there is an 
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important difference between the hydrogen measurements and measurements of nitrogen, C02, and noble gases in 
lithology C. Specifically, the rare gases, nitrogen, and C02 are found to be present at or near the same concentration 
levels (expressed in # of particles/cm3) in both the glass and the atmosphere [lo, and references therein]. This has 
been taken as evidence for direct implantation of martian atmosphere into the shocked-glass [10,11]. However, 
based on our measurements, lithology C contains five orders of magnitude more hydrogen than would be expected if 
the source of the water were direct atmospheric implantation. For example, lithology C has been reported to contain 
-6 x 1015 molecules of ~ ~ / c m ~  of atmospheric nitrogen (identical within error to the number density in the martian 
lower atmosphere measured by Viking [3,10]). Although the water content of martian atmosphere varies with 
season and location, the lower atmosphere contains approximately 100 times less H20 than N2. However, the 120 
ppm non-terrestrial water in lithology C glass corresponds to a number density of -1.3 x 10 l9 molecules of 
~ ~ 0 / c m ~  (the total ground-level current martian atmospheric density is -2 x 1017 molecules/cm3 [lo]). So, if the 
source of water in the lithology C glass is direct implantation of the atmosphere, a mechanism for concentration of 
the water prior to implantation must be found. It is possible that water could be preferentially concentrated in the 
glass relative to nitrogen, C02, and the rare gases due to its significantly higher solubility in silicate melts. 
Alternatively, the source of the high DM water in the lithology C could be the crystalline host rock. The lithology C 
water content is similar to the >350°C yields of water from whole-rock shergottite samples (1 10 ppm for EAI, 160 
ppm for Shergotty [7], 190 ppm for Zagarni [7]), supporting this suggestion. However, the D/H of the high- 
temperature water extracted from whole-rock SNCs, with maximum 6D values of -+2100 (measured in Shergotty 
[7]), are not as high as observed in lithology C or the current atmosphere [7,9]. This discrepancy could be explained 
by heterogeneities in the DM of water in martian rocks, or by partial exchange of the extracted water in the 
crystalline SNCs with terrestrial water. 

As for all other crystalline SNC meteorite samples studied (except Chassigny) [7,9], 6D values increase and 
yields decrease for lithology A sample EAI with increasing temperature. This pattern is interpreted to reflect mixing 
between terrestrial contamination (either by adsorbed or exchanged water) that dominates at low temperatures and 
high 6D water that dominates at high temperatures. The 6D of the high-temperature component is difficult to assign 
quantitatively since the yields decrease to such low levels at high temperature for the whole-rock samples. The 
measured high-temperature 6D values observed in whole-rock heating experiments can only be taken as lower limits 
to the true 6D of the high-temperature end member. In the case of EC2, however, the yield increases with 
temperature. This difference in the release pattern of water from the glassy lithology C versus the other SNC 
samples is probably due to the fact that most of the water in lithology C is dissolved in the glass, and diffuses out 
preferentially at high temperature, while the water in the whole-rock SNCs is probably largely contained in hydrous 
secondary minerals [e.g., 121 that break down at lower temperatures. 

The increase in DM with temperature for sample EA1 contrasts with the results of Karlsson et al. [8] who 
found ~~~0 values for lithology A that are consistent with terrestrial weathering at all temperatures. Although we 
find it difficult to envision a process capable of exchanging the oxygen in the water completely without exchanging 
the hydrogen, this result may suggest a decoupling of oxygen and hydrogen isotopic systematics in water in SNCs. 
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Figure 1. Yield and hydrogen isotopic measurements for stepwise extractions of EETA 79001 lithology C (glass) 
and A (crystalline) aliquots. Yields are shown as steps and 6D values as the connected points at the middle 
temperature of each heating step. The 6D value of the 350-600OC Lithology A sample was not measured. The 
arrow in the lithology C diagram indicates the integrated hydrogen isotopic composition of the sample. 
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