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MIIWRALOGY AND CHEMISTRY OF THE EL-CHONDRITIC MELT ROCK ILAFEGH-009. 
A. ~ischoff l ,  H. palme2, T. ~ e i ~ e r l  and B. spette12, l~nstitut fiir Planetologie, Wilhelm-Klemm-Str. 10, 
4400 Miinster, Gennany; 2~ax-~lanck-Institut fiir Chemie, Saarstr. 23, 6500 Mainz, Germany. 

A single stone of 421 grams was found in the Sahara desert, Algeria (21 '38' N, 1 " 16' E) in 1989. The 
Ilafegh-009 was classified as an EL617 (1) and briefly described as an interesting enstatite chondrite with 
enstatite crystals up to 0.5 cm in size (2). The meteorite has an igneous texture untypical for metamorphosed 
EL-chondrites. However, the chemical composition clearly suggests that Ilafegh-009 is an enstatite chondrite 
and not an aubrite. Based on the oxygen isotope composition (2) the sample falls within the range for enstatite 
chondrites (3); however, aubrites and Shallowater have similar oxygen isotope compositions. 

Mineralom and ~e t ro~raohv:  Based on a study of a thin section of Ilafegh-009 (-3 cm2) we found that 
the rock has predominantly a cumulate texture mainly consisting of euhedral to subhedral enstatite crystals 
which may be as large as 5 mm in longest dimension. In a small area of the section a granoblastic texture was 
observed. Besides enstatites, Fe,Ni-metal and troilite are major constituents. The metal content is about 10 
vol% as determined by image processing. The original metal content was certainly higher: Due to weathering 
metal was transformed to Fe-oxides filling pores and fractures of the sample, but the Fe,Ni-metalltroilite ratio 
is still in the order of 2. Schreibersite of variable composition is quite abundant and can be as large as 1 mm 
in size. Additional minerals are unequilibrated plagioclase, a Si02-phase, alabandite, oldhamite and alteration 
products (e.g. of metal and oldhamite). Glassy or extremely fine-grained K20-rich inclusions are 
poikilitically enclosed in enstatites. Some of these inclusions contain a Si02-phase (Fig. 1). Forsterite and 
diopside were not observed in this study. 

Mineral chemistry: Most enstatites have Fs-contents of < 0.3 mol % . Analyses of enstatite with Fs- 
contents between 0.3 and 0.5 mol% could be affected by the presence of iron oxides formed by terrestrial 
processes. These secondary products fill many fractures of the meteorite constituents. The enstatites contain 
0.4-0.7 wt% CaO. Plagioclase is highly variable in composition. The average An-content of 18 analyses is 
21.1 +- 7.0 mo1% ranging from 10-32 mo1% An. In one case an An15 and an An31 with a common 
boundary was observed. Representative analyses are given in Table 1. The K20-rich inclusions have K20- 
concentrations up to 7.4 wt%. Based on their chemical composition they probably consist of an optically 
unresolvable mixture of K-rich feldspar (-0r60Ab38An2) and a S iO~phase  (Table 1). Fe,Ni-metals contain 
about 6 wt% Ni and 0.7-1.2 wt% Si. Taenite has not been observed in this study. Troilites have Cr-contents 
between 0.9 and 1.8 wt% (average: 1.3 wt A). The Ti-concentration of troilite is somewhat lower (0.7-1.2 
wt%, average: 0.9 wt%). Some grains of alabandite containing about 14 wt% Fe and 2.3 wt% Mg were 
analyzed as well as schreibersites with variable Ni-concentrations (7-27 wt%). Some analyzed oldhamites 
have about 1.4 wt% Mn and 0.7 wt% Mg. 

Bulk chemistrv: The chemical composition of Ilafegh-009 is, for most elements, within the range of 
EL-chondrites (4). The REE are depleted relative to CI (0.6-0.9~ CI). Heavy REE are slightly enriched 
compared to light REE. No Eu-anomaly has been observed. The high content of siderophile elements (Ir, Os, 
Ru etc.; Table 2) clearly distinguishes this meteorite from enstatite achondrites. The high Se- and low Zn- 
concentrations are characteristic of EL-chondrites but not of EH-chondrites (4). The only major deviation 
from EL chemistry is found for Cr, which is unusually high in Ilafegh-009. This and the slightly higher 
contents of Mn, Fe, and Se in this sample than in other EU-chondrites (4) may reflect a higher modal sulfide 
content in the analyzed sample. 

Discussion and surnmarv: Based on the modal and mineral compositions and bulk chemistry Ilafegh- 
009 is more related to enstatite chondrites than to aubrites. 1) The metallic Fe,Niltroilite ratio is much higher 
than observed in aubrites (0.45; (5)). 2) The content of Ti in troilite is slightly higher than usually found in 
troilites from EL-chondrites (about 0.5 wt%; (5,6), but much lower than in aubrites (several %; (5)). 3) 
Aubrites contain forsterite (up to 10 ~ 0 1 % ;  (7)) and diopside (up to 8.1 ~ 0 1 % ;  (7)). These phases have not 
been observed in this study. 4) The vaste majority of plagioclase in aubrites have An < 8 (7); such Ab-rich 
plagioclases have not been analyzed in Ilafegh-009. 5) The bulk composition of Ilafegh-009 is more related to 
the EL-chondrites than to any chondrite of other groups or to aubrites. On the other hand some mineralogical 
characteristics are significantly different to EM-chondrites: 1) The texture indicates crystallization from a 
melt. 2) Enstatite grains of 5 mm in size are unusual for E-chondrites. 3) Highly unequilibrated plagioclases 
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in a strongly metamorphosed rock are difficult to explain and have not been observed within other EL6- 
chondrites. 4) Glassy or extremely fine-grained K20-rich inclusions in enstatites indicate fast cooling. 

The phases within Ilafegh-009 clearly crystallized from a melt; thus, the sample is a melt rock. Based 
on the igneous texture, unequilibrated plagioclase, the occurrence of the K20-rich inclusions, and the EL6 
bulk chemistry we suggest that this meteorite is an impact melt rock of an EL-chondrite. Happy Canyon, 
another unusual enstatite-rich meteorite, has also been described as an impact melt rock (5). 

References: (1) The Meteoritical Bulletin (1991) Meteoritics 26, 255-262. (2) Bischoff et al. (1991) 
Meteoritics (in press). (3) Clayton et al. (1984) J. Geophys. Res. Suppl. 89, C245-(2249. (4) Kallemeyn and 
Wasson (1986) GCA 50, 2153-2164. (5) Keil(1989) Meteoritics 24, 195-208. (6) Keil(1968) J. Geophys. 
Res. 73, 6945-6976. (7) Watters and Prinz (1980) PLPSC loth, 1073-1093. 

Table 1: Composition of plagioclases (1-3) and of 
K20-rich inclusions (4-6); all data in wt$.  

1 2 3 4 5 6 
Na2O 8.0 9.3 9.9 2.99 2.82 3.7 
MgO 0.33 0.50 0.50 - 0.16 0.45 
A 1 2 0 3  24.4 21.4 20.6 14.0 12.4 15.0 
Si02 60.3 65.0 67.1 74.4 78.4 72.7 
K2° 0.38 0.64 0.84 7.4 7.1 7.3 
CaO 6.8 3.1 2.14 0.28 0.22 0.23 
Cr203 - - c0.03 0.25 - <0.10 
MnO <0.04 cO.11 - - - - 
FeO 0.19 0.21 0.55 - - <0.04 
Total 100.44 100.26 101.66 99.32 101.10 99.52 
An 31.5 15.0 10.1 

Fig. 1: 
K20-rich areas 
in enstatite. The 
inclusion in the 
center contains 
some grains of a 
Si02-phase 

Table 2: Bulk composition of Ilafegh-009 as obtained by INAA; 
( )  = error in %; av. EL = mean concentration of EL-falls (4). 
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Elem. wt% av. EL 
Ca 1.20 (19) 1.06 
Fe 25.89 (3) 21.6 
Ni 1.36 (4) 1.26 

PPm 
Na 4660 (3) 5740 
C1 <450 
K 505 (5) 740 
Sc 6.61 (3) 7.36 
Cr 5080 (3) 2990 
Mn 2500 (3) 1630 
Co 685 (3) 665 
Cu 140 (21) 
Zn <40 18 
Ga 10.9 (7) 10.6 

elem. ppm av. EL 
As 2.30 (4) 2.15 
Se 21.8 (4) 13.4 
Br <0.25 0.9 
Rb <3.5 
Mo 1.04 (10) 
Ru 0.94 (18) 0.79 
In <0.16 
Sb 0.084 (16) 0.09 
Cs <0.18 
La 0.15 (11) 0.197 
Ce <0.65 
Sm 0.107 (3) 0.141 
Eu 0.046 (17) 0.055 
Tb <0.05 

elem. ppm av. EL 
Dy <0.47 
Ho <0.07 
Yb 0.14 (9)0.169 
LU 0.022 (18) 0.025 
Hf 0.15 (16) 
Re 0.056 (5) 0.044 
0s 0.683 (5) 0.589 
Ir 0.647 (3) 0.519 
Pt 1.20 (10) 
Au 0.235 (3) 0.224 
Hg <0.50 
Th <0.08 
U <0.02 


