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EH3 AND EL3 CHONDRITES: A PETROLOGIC-OXYGEN ISOTOPIC STUDY. 
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SUMMARY; A petrologic-oxygen isotopic study of 15 E3 chondrites (10 EH3,4 EL3, and LEW87223) 
shows that all have sharply defined chondrules, easily recognizable olivine (> 1 vol.%) with a range of FeO and 
minor element compositions, clear or devitrified glassy chondrule mesostases, and some FeO-bearing (Fs22) 
enstatite. Additionally, kamacite in EH3 has lower Ni than that in EH4-5 chondrites, and EL3 karnacite has lower 
Si than that in EL6 chondrites. EH3 chondrites differ from EL3 chondrites in having higher modal abundances of 
sulfides, lower abundances of enstatite, and more Si-rich and Ni-poor metal compositions. LEW87223 differs from 
both EH3 and EL3 chondrites in having the highest abundance of metal and FeO-rich enstatite, and the lowest 
abundance of sulfides. It is the first member of a new kind of E3, more oxidized than EH or EL chondrites. The 
increase in sulfide abundance and degree of reduction from LEW87223-EL3-EH3 suggests that sulfidation reactions 
in the nebula were major processes in establishing the relative oxidation states of enstatite chondrites. EH3 
components formed under conditions of lower f 0 2  and higher fS2 than those of the EL3 and LEW87223 
chondrites. If EH4-5 and EL6 chondrites evolved from EH3 and EL3 chondrites, respectively, their parent bodies 
experienced different metamorphic evolutions. For EL6 chondrites to have evolved from EL3 chondrites reactions 
in which Si was reduced from silicates and incorporated into the metal phase must have occurred, whereas for EH5 
chondrites to have evolved from EH3 chondrites reactions in which Ni was redistributed from perryite into kamacite 
took place. Oxygen isotopic compositions of EH3 and EL3 chondrites plot along the terrestrial mass fractionation 
line at relatively lower 180 and 170 compositions than EH5 and EL6 chondrites, indicating addition of heavier 
oxygen during metamorphism or the initial compositions of the equilibrated chondrites had heavier oxygen than 
EH3 and EL3 chondrites. 
INTRODUCTION: Enstatite chondrites represent an extreme in the nebular conditions that resulted in the 
properties of chondrites. Their silicate, sulfide, and metal compositions indicate highly reducing conditions [I], and 
their bulk chemical and oxygen isotopic compositions [2,3] sharply distinguish them from other chondrite groups. 
Here, we report the first results of a comprehensive study of the petrologic and oxygen isotopic characteristics of 15 
E3 chondrites which have been subdivided into 10 EH3 (ALHA 77 156, ALHA 84 170, ALHA 85 159, EET 83322, 
PCA 91383, Y 691, Y 74370, Kota Kota, Parsa, and Qingzhen), 4 EL3 (ALH 85119, EET 90299, PCA 91020, 
and MAC 88136) chondrites, and one unusual E3 chondrite (LEW87223) [4]. Our goals are to establish criteria for 
the recognition and classification of E3 chondrites, explore the petrologic and oxygen isotopic differences between 
them and their metamorphic derivatives, and understand their nebular reduction history and parent body thermal 
evolution. This is a continuation of our previous studies of E3 chondrites [5-71, which has been revived as a result 
of the recent idux of many new E3 chondrites from Antarctica. 
RESULTS AND DISCUSSION: Textures. E3 chondrites have sharply bound chondrules which generally 
contain a feldspathic glassy to microcrystalline mesostasis. Chondrule textures include cryptocrystalline, radial 
pyroxene, porphyritic pyroxene, and less commonly porphyritic olivine-pyroxene types.. Porphyritic olivine and 
barred olivine chondrules are generally absent or extremely rare, in sharp contrast to type 3 ordinary and 
carbonaceous chondrites in which porphyritic olivine-pyroxene and porphyritic olivine chondrules are common and 
barred olivine chondrules are generally present. Modes. Modal data were determined by an automated electron 
microprobe technique and modal averages are shown in Table 1. Olivine (1 3-7.4 vol.%) is characteristic of all E3 
chondrites, with no marked differences in abundances between EH3 and EL3 chondrites. Enstatite is lower in EH3 
(56-63%) than in EL3 (64-66%) chondrites, whereas troilite is generally higher in EH3 (6.6-15.5%) than in EL3 
(6.5-9.5%) chondrites. Niningerite is present only in EH3 and alabandite occurs only in EL3 (0.2-1%) and 
LEW87223 (0.2%) chondrites. Surprisingly, the kamacite range in most EH3 and EL3 chondrites (9-13) is the 
same, and three EH3 chondrites have lower kamacite abundances (4-5%). There is a negative correlation (cc=0.8) 
between troilite and kamacite in EH3 and EL3 chondrites. LEW87223 has the highest metal abundance, with 
15.1% karnacite and 2% taenite, whereas taenite makes up 10.1% in EH3 and EL3 chondrites. Penyite is higher in 
EH3 (0.4-1.3%) than in EL3 (<0.4%) chondrites. LEW87223 differs from EH3 and EL3 chondrites in having 
higher enstatite (>66%), lower troilite (2.5%), higher daubreelite (2.4%), and no perryite. Other phases present, but 
with no resolvable modal differences between EH3 and EL3 chondrites, include Ca-pyroxene (<0.5%), plag-glass (6- 
12%), silica (0.1-2.6%), daubreelite (<1.3%), oldhamite (up to 1.5%), and schreibersite (0.2-1%). Mineral 
Compositions. Enstatite and olivine are compositionally similar in EH3, EL3 and LEW87223 chondrites and 
range from Fs0.3-22 and Fag.1-9, respectively. Minor elements (in wt%) in olivine range from <0.03-0.4 MnO, 
<0.03-0.5 Cr2O3, <0.03-0.8 CaO and some have up to 0.4 A1203. In pyroxene they range from <0.03-2.5 
A1203,0.03-1.7 Cr2O3, <0.03-0.8 MnO, <0.03-2.2 CaO. LEW87223 has a higher abundance of Fe-rich enstatite 
than that in EH3 and EL3 chondrites. Metal compositions differ sharply between EH3 and EL3 chondrites and there 
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are also differences between the EH3 vs. EH4-5 and the EL3 vs. EL6 chondrites (Fig. 1). EH3 kamacite ranges 
from 24.5 Ni, 0.2-0.4 Co, 1.64.9 Si and ~0 .04  P, whereas EL3 kamacite has higher Ni (3.6-8.7), lower Si (0.2- 
1.2), and up to 0.3 P. This suggests that EH3 metal formed under more reducing conditions than EL3 metal. Rare 
metal grains, with up to 16 Ni, were found in both EH3 and EL3 chondrites. LEW87223 kamacite is more similar 
to that in EL3 chondrites in having 4-5% Ni, 0.2-0.4 Co, -0.4 Si, and 0.2-0.4 P, but high-Ni metal (11-12 Ni) is 
ubiquitous (Fig. 1). EH4-5 kamacite has higher Ni (6.3-8.5) than in EH3 kamacite, whereas EL6 kamacite has 
higher Si (1-1.9) than EL3 kamacite (Fig. 1). These data suggest that the EH and EL chondrites experienced 
different metamorphic histories. EL3 chondrites may have experienced reactions in which Si was reduced in the 
silicates and incorporated into the metal phase, whereas in EH3 chondrites Ni may have been redistributed from a 
Ni-rich phase, such as perryite, into kamacite. This is consistent with the observation that perryite is less abundant 
in EH4-5 chondrites than in EH3 chondrites. Oxygen Isotopes. New whole-rock oxygen isotope analyses of 6 
E m ,  2 EL3 and LEW87223 chondrites are shown in Fig. 2, along with earlier data [3]. EH3 and EL3 chondrites 
plot on or near the terrestrial mass fractionation line 0 on a 3-isotope diagram, but have lower 170 and 180 
relative to EH5 or EL6 chondrites. The two EL3 chondrites plot within the range of EH3 chondrites, and 
LEW87223, with higher 170 and 180, plots close to the main cluster of EL6 chondrite data; however, the effects 
of terrestrial weathering cannot be entirely ruled out for this sample. Differences in isotopic compositions between 
E3 and E4-6 chondrites within the same chemical groups, suggest that the equilibrated chondrites may have 
incorporated a heavier oxygen component or may not have evolved from the same material sampled in the E3 
chondrites. 
References. [I] Keil (1968) JGR 73,6945-6976. [2] Kallemeyn and Wasson (1986) GCA 50,2153-3164. [3] 
Clayton et al. (1984) Proc. 15th LPSC, C245-C249. [4] Grossman et al. (1993) Meteoritics 28, 358. [5] Prinz et 
al. (1984) LPSC XV, 653-654. [6] Nehm et al. (1984) LPSC XV, 597-598. [7] Prinz et al. (1985) Meteoritics 
20, 731-732. 

Table 1. Average and ranges of modal 
 bund dances Ivol,%) of E3 Chondrltes. 

EH3 EL3  LEW 
8 7 2 2 3  

Ollvlne 4 . 4  2 . 4  2 .9  
2.7-7.4 1.8-3.5 

Enstatlte 6 0 . 4  6 5 . 2  6 6  .-I 
56.4-63.3 63.7-66.3 

Ca-Pyx. 0 . 1  0 . 3  0 . 1  
<0.1-0.5 <0.1-0.5 

PlagIGlass 8 . 3  1 0 . 4  7 . 6  
6.0-1 1.1 9.6-1 1.8 

Sillca 1 . 6  1 . I  0 . 1  
0.1 -2.6 0.9-1.4 

Trollite 1 0 . 4  7 . 6  2 . 8  
6.6-1 5.5 6.5-9.5 

Metal in E3 
Chondrites 

+ Qingzhen 

0 ALH85119 
0 EET90299 
0 MAC88136 
A PCA91020 

Daubreelite 0 . 6  
<0.1-1.3 

Oldhamite 0 . 7  
<0.1-1.6 

Nlnlngerlte 2 . 2  
0.3-5.4 

Alabandlte - 
Schrelb. 0 . 6  

0.2-1 .o 
Kamaclte 9 . 3  

4.1-1 3.4 
Perryite 0 . 8  

0.4-1.3 
Number of 
Meteorites 1 0  4  I 2 I 

4 4.5 5 
1 6 1 8 0  1 

- not detected, *2% taenlte 5.5 6 6.5 
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