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ABSTRACT 

The Mossbauer effect and X-ray fluorescence techniques are applied to study the libyan 
Desert Silica Glass. The X-ray flourescence proved the existence of 13 elements 
in each sample of five glass types with differences in their relative abundance. The 
Mo&~~bauer effect spectra showed a complex two spe(:trallines. Computer analysis gave 
Mossbauer effect parameters similar to those of ir6n silicate minerals, but no Fe3+ ions 
are detected. It is concluded that this libyan Desert Silica Glass is one type of tektites 
formed by a huge meteorite impact on the earth's surface in that area. 
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Introduction 

Libyan Desert Silica Glass (L.D.S.G.) is a natural silica glass discovered [1] in 1932 by 
the Egyptian Geological Survey Expedition at the Western Desert of Egypt (north-east 
Africa, about 480 miles south-west of Cairo, lat. 25°.30, long. 25°). It was dated to about 
38 million years ago and is considered by some [2-6] as a tektite, but is found in much 
larger pieces and in greater quantities than any tektite yet known. It showed a variety of 
types which were classified [7] according to their colour and appearance, as: 1- Trans
parent, 2- Translucent, 3- Milky, 4- Vuggy, 5- Xenolithic, 6- Bonded, and 7-
Blackish. Chemical analysis [8] of this glass showed the following chemical composition: 

% 
Si 02 98.20 
Ti 02 0.32 
Ah 03 0.70 
Fe 0 0.53 
Fe2 0 3 0.24 
Ni 0 0.02 
Mg 0 O.oi 
Ca 0 0.30 
Na2 0 0.33 
K2 0 0.02 
H2 0 0.06 

Total 100.64 

Some attempts and studies [2, 7] were undertaken concerning its features, locality and 
chemical compositions. The study of the ratio ~ was made [9] using the electron 
magnetic resonance in order to identify its origin.totai iron 

The origin of this glass is still unsettled, whether it is a true tektite formed by the fall 
of 3 large meteorite, or an earthy natural glass. Geigengack and Alfar [10] think that it 
retains significant terrestrial origin. 

The aim of the present work is to apply the Mossbauer Effect and X-ray flourescence 
techniques for the first time to study this glass in an attempt to identify its origin. 

Experimental 

Samples of five types of the L.D.S.G. are obtained from the Geological Museum in Cairo 
and are studied using the Mossbauer Effect and X-ray fluorescence techniques. The types 
studied are: vuggy. milky, transparent, blackish and translucent. The Mossbauer Effect 
absorber is prepared from the finely powdered material in the form of a pressed disc 
containing 40 mg/cm2 of the sample. The source was 30 mci 57Co in chromium matrix. 
The measurements are carried out at room temperature and the spectra are analysed 
using a computer. 
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Results and Discussion 

The results of the X-ray fluorescence analysis for the five types of L.D.S.G. mentioned 
above are summarized in Table 1. It can be observed that all types contain the same 
elements with slight differences in the abundance. 

The Mossbauer Effect measurements were carried out on the blackish type only since 
it contains the highest percentage of iron. Fig. 1 shows the Mossbauer Effect spectrum 
of this glass sample. Computer analysis of this broad and asymmetric two lines spectrum 
demonstrates the existence of two different quadrupole split doublets arising from two 
different electric field gradients and indicating that there are at least two unequivalent 
sets of sites for the iron in this glass. Analysis of this spectrum gave the Mossbauer Effect 
parameters listed in Table 2. 

The values of the Mossbauer Effect parameters are characteristic of Fe2+ ions only. 
The chemical analysis indicated the presence of 0.24% as Fe2 0 3 but the analysis of the 
Mossbauer Effect spectrum did not show the presence of any Fe3+ peaks. 

The values of the Mossbauer Effect parameters are in agreement with those obtained 
for some iron-bearing silicate minerals (Table 2) such as cummingtonite, anthophyllite, 
pyroxene, etc. in which iron ions occupy more than one site. 

Moreover, the measured Mossbauer Effect spectrum is identical with that obtained by 
Marzolf et al [13) for some tektites. The difference in the values of the Mossbauer para
meters of our measured sample and those of tektites (Tab!e 2) can be due to the possi
bilities of resolving the two doublets in our case. Another reason for the difference can 
be the difference in the iron percentage in our sample and in the tektites measured by 
Marzolf eta/. 

The difference in the values of quadruple splitting and isomer shift of M1 , M2 and M3 
group and those of M4 doublet is because of the asymmetry in the width and height of 
the observed two spectral lines. This asymmetry was explained by Marzolf et al. in the 
case of tektites, to be due to the variations in the bond distances and angles from one 
iron atom to the next one in glass. 

Conclusion 

The analogy of the chemical composition of the L.D.S.G. and the tektite, together with 
the identity of the Mossbauer Effect spectrum, allows us to suggest that L.D.S.G. is one 
type of tektites which was formed by a huge meteorite impact, that fused the country 
rock of the site where the impact happened, and threw it into space from where it re
turned back to where it is found now, but this needs a great deal of field confirmation. 
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TABLE 1 

The X-ray fluorescence results for five L.D.S.G. samples 

1 2 3 4 5 
Sample No. Vuggy Milky Transparent Blackish Translucent 

Ti 850 360 720 900 320 

v 310 - 260 - 260 
Cr 560 360 390 620 460 

Mn 780 520 470 390 500 

Fe 2400 2960 2500 5200 3500 
Co 320 340 270 165 245 
Ni 127 113 108 65 120 
Cu 130 120 365 247 156 
Zn 115 48 329 274 186 
Pb 14 12 14 22 16 
Sr 16.8 24.4 28 24.6 30.5 

Zr 192 240 266 200 136 
y 35 43.5 33 39.5 27 

1- Practically above Z>20 atomic number 
2-The concentrations are given in ppm/ 10"4 %/ 

Errors 

+400 
- 600 
± 200 
+ISO 
- 200 
+ 100 
- 200 
±ISO 
± 70 
± 40 
± 40 
± 30 
± R 
± 3 
± 3 
:!.. (J 

.., 
Q) 



TABLE 2 
The ME parameters of the L.D.S.G. and some iron-bearing silicate minerals. 

Sample material lattice site I.S. (mmjs) Q.S. (mm/s) r(mmjs) !(%) References 

Desert Libyan Silica Glass M1 ,_.M2,M3 1.10 ± 0.02 2.30 ± O.Q7 0.59 ± 0.05 45.3% Present 
M4 1.05 ± 0.02 1.56 ± 0.06 assumed to 54.7% work 

Cummingtonite-grunerite M1 ,M2,M3 1.14-1.18 2.76- 290 
be equal for 

generally 50% each line 
(Fe,Mg,Mn), Si8 0 22 (0H1 M4 1.05- 1.11 1.50- 1.68 generally 50% 11 

Anthophyllite M1 ,M2 1.12- 1.13 2.58- 2.61 generally 50% 
(Mg,Fe), Si8 0 22(0H)2 M4 1.09- 1.11 1.80- 1.81 generally 50% 11 

a- Fe 0 0 4.5 

Olivine (Mg,Fe,MnhSi04 M1 ,M2 1.17 2.75 28.5 

Pyroxene M, 1.17 2.75 59.5 12 

(mg,Fe,M2)2 Si20 6 M2 1.09 1.96 59.5 

Elmenite (Fe Ti 0 3) 1.05 0.71 7.5 

Tektites 0.80-0.92 1.84- 2.08 0.61- 0.74 (for peak 1) 
0.79- 1.00 (for peak 2) 13 
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Fig. 1: Room temperature Mossbauer Effect spectrum of Libyan Desert Silica Glass Sample 
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