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Introduction: The enstatite chondrites (EC) are
remarkable in having stable isotopic compositions
similar to Earth-Moon [1-3], suggesting they formed in
the inner solar system and were potentially among the
building blocks of the terrestrial planets. EL3 are of
particular importance being identified as the best
candidates for Earth’s building blocks [4]. However, the
EL3 group represent a range of materials with well-
known anomalous samples. To better understand these
primitive meteorites, we have begun to analyze their
whole rock chemistries to re-evaluate their
classification and decipher the nature of their parent
bodies.

Since Keil's landmark paper [5] at least two major
groups of EC have been identified, now known as EH
and EL, suggesting at least two parent bodies for EC.
Unfortunately, the EC are a relatively small meteorite
class making up less than 2% of all known chondrites
with less than 25 unequilibrated (type 3) individuals
known. However, even within this meager suite, the EL
group shows a wide range of petrologic features with
samples that do not fit easily into EH or EL groups,
suggesting potential new EC groups exist [e.g., 6,7].

How many EC parent bodies? Kong et al. [8] argued
for a single parent for EH and EL based on continuities
in their bulk chemical data. More recently, based largely
on Cr contents of troilite as a measure of thermal
history, division of EH and EL each into subgroups “a”
and “b” has been proposed and sourcing from four to
eight parent bodies has been suggested for the EC class
[9]. Here we present the whole rock chemical
composition of the anomalous EL3 NWA 8785 [17],
explore compositional diversity of EC and discuss
implications for EC parent bodies.

Results: Petrology. EC have unusual, reduced
and/or  sulfidized mineral assemblages  with
compositions unlike any other primitive meteorite
group [5,10]. Their major silicate phase is near-pure
endmember enstatite (FeO<1.0wt%). They contain
higher amounts of FeNi alloy than ordinary or
carbonaceous chondrites, except for the unusual CH and
CB chondrites, and their metal is Si-bearing with more
than 2 wt% Si in EH metal. Elements that are typically
lithophile in most other chondrites (i.e., Ca, Mg, Mn, Cr,
Na, K) are chalcophile in EC. The EC contain oxynitride
and nitride phases sinoite (SizN20) and osbornite (TiN)

[11-13], indicators of the reducing conditions under
which these meteorites formed.

The two EC groups, EH and EL, can be identified
by their mineralogical differences. EH has higher Si
contents in the metal (1.6-3.5) than in EL (generally
<1.4) [10]. EH contain niningerite (Mg,Fe)S whereas
EL lack niningerite but instead contain alabandite
(Mn,Fe)S. Metal abundances and average chondrule
sizes also differ between EH and EL [10,14].

Abundance of matrix is another characteristic of EC
that varies considerably. Matrix abundance in most
EL3s is generally <5 vol.%. Matrix abundances in EH3
chondrites are up to 11.7 vol.% [15].

NWA 8785 has most petrologic features typical of
EL, including chondrules dominated by enstatite,
presence of alabandite and FeNi metal with an average
Si content of 0.8 wt.%. It contains the metal-rich
nodules characteristic of EL, containing variable
amounts of silicate minerals and graphite [16].
However, NWA 8785 is anomalous in having a high
abundance (34 vol.%) of a magnetite-rich, sub-
micrometer grain size matrix. The matrix magnetite is
associated with amorphous silicate [17]. Additionally,
metal-rich nodules in NWA 8785 contain alkali-rich
minerals albite, djerfisherite (Ks(Fe, Cu, Ni)2sS26Cl) and
the rare alkali-rich mineral roedderite
[(Na,K)2(Mg,Fe)sSii12030] [16].

LEW 87223 is another anomalous EL3 having EL
mineral assemblages but containing a high abundance
of FeNi metal and Al-rich chondrules, which are rare to
absent in other EC. Additionally, its chondrules and
inclusions show varying degrees of Na-enrichment
suggesting metasomatic redistribution of Na [18].

Bulk Chemistry. The bulk chemistry (43 elements)
of NWA 8785 was analyzed by Inductively Coupled
Plasma—Mass Spectrometry (ICP-MS) by the team at
JSC. In general NWA 8785 element abundances are
within the range of EC but not consistently EH or EL.
Ca (7092 ppm) is at the low end of EC values (mean EL
Ca is ~10000 to 11000 ppm [19-21]). Mean EH Ca is
~8500 ppm [19-21]. The low Ca may be partially due to
terrestrial weathering of oldhamite (CaS) which is
known to be hydrophilic. REE’s normalized to CI are
essentially flat, showing slight uniform depletion. P, Zr
and Hf are slightly elevated, which could be due to
accessory minerals (e.g., phosphides and oldhamite).
Fe/Al is similar to EL but Mg/Al is low compared to
most other ELs or any EC (Fig. 1). Fe is higher than in
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Fig. 1. Fe/Al vs Mg/Al for NWA 8785 EL3 anomalous and
other EL and EH chondrites. EL show a much wider spread
of compositions than in EH. Mg/Al in NWA 8785 is the

lowest among the EC analyzed. LEW 87223 (two points)
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other EL but so is Al, which drops the Fe/Al and Mg/Al
ratios. We interpret this to be a primary feature of NWA
8785 possibly a result of its high matrix component. The
only other EC with similar Mg/Al is the equilibrated
LEW 87119, described as an EL6 or 7. LEW 87223,
also an anomalous EL, has an Fe/Al ratio more similar
to EH than EL. The Ni and Co content of NWA 8785
(16627.4 ppm) is more similar to EH than to EL
chondrites. Zn/Mn and Al/Mn have been used to
distinguish the various chondrite groups. Notable is the
separation of average, as well as the spread of
individual, EH from EL chondrites (Fig. 2) in these
ratios. NWA 8785 is unlike average EH or EL but
within the EH range for Zn/Mn and more like EL in
Al/Mn. Interestingly, based on published analyses [21],
EH show a spread in Zn/Al while EL show a widespread
in Al/Mn (Fig. 2).
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Fig. 2 Al/Mn vs Zn/Mn for NWA 8785, other EL and EH
chondrites and the average values for chondrite groups
(black circles). NWA 8785 is unlike EH or EL with respect
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Discussion: EL3 show considerable diversity in
both their petrologic and bulk chemical features.
Although terrestrial weathering has had some effects on
bulk chemistry, the range in most elements such as the

Mg/Al ratios is likely primary. The oxygen isotopic
composition of NWA 8785 plots on the terrestrial
fractionation line similar to other EC [22] and,
supported by its petrologic features, it is clearly EC,
even with an anomalously high magnetite-bearing
matrix abundance. It was suggested that NWA 8785
accreted with an icy matrix component that resulted in
formation of secondary magnetite [17], although
hydrated silicates have not been found. Thus, EC parent
bodies may have had heterogenous distributions of ices,
or the EC represent multiple parent bodies, i.e., EH and
EL, with EC like the magnetite-bearing NWA 8785
representing a separate, relatively ice-rich body and
other anomalous EC like LEW 87223 possibly yet
another parent body. Some M-type asteroids, such as 21
Lutetia have been linked to EC [23]. More recently the
Athor asteroid family has been linked to the EL
chondrites [24]. This is a family of 110 members
thought to be derived from fragmentation of a 64 km
body, possibly once as large as 240 km [24,25]. The
spectra of this family match EL6 and are fairly
homogeneous among all members. The mineralogical
and chemical diversity in the EL chondrites adds an
additional constraint that should be considered in
locating the potential sources of ELs.
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