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Eclogitic clasts with omphacite and pyrope-rich garnet in the NWA 801 CR2 chondrite
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abStract

We report mineral assemblages from three clasts in the Northwest Africa 801 CR chondrite. The 
clasts, 1–3 mm in size, are ellipsoidal to irregular shaped, and show similar granular texture. The 
constituent minerals in the clasts are omphacite-rich clinopyroxene and pyrope-rich garnet, in addition 
to olivine and orthopyroxene. The omphacite contains jadeite (34 mol%) and diopside-hedenbergite 
(37%), and a significant amount of an enstatite-ferrosilite component (19%), which distinguishes 
it from terrestrial omphacite. The omphacite has a disordered C2/c structure. Graphite, phlogopite, 
chlorapatite, Fe-Ni metal, troilite, and pentlandite are present as minor minerals in the clasts. The 
minerals commonly found in chondrites, such as plagioclase and spinel group minerals, are not found in 
these clasts. Aluminum and sodium in the clasts are completely partitioned into omphacite and garnet. 
The mineral assemblages and compositions of the clasts are similar to those in terrestrial eclogite, 
except for the occurrence of olivine and some mineral chemistry, and this is the first discovery of an 
extraterrestrial eclogitic mineral assemblage. The clasts formed under high-pressure conditions, 2.8–4.2 
GPa and 940–1080 °C, as estimated from a set of conventional geothermobarometers, indicative of 
formation in a large parent body. Another possibility is impact-induced origin, although the formation 
conditions would have been different from those for known shock veins. Meteorites usually consist of 
minerals that formed under low-pressure conditions, except for ultrahigh-pressure minerals found in 
shock veins. However, this study suggests that the pressure conditions for meteorite formation vary 
much wider than previously understood.
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iNtroductioN

The most common silicate minerals in chondrites are olivine, 
Ca-poor and Ca-rich pyroxenes, and plagioclase, which formed 
under low-pressure conditions, less than 0.1 GPa (Heyse 1978). 
Less common are ultrahigh-pressure minerals, such as ringwood-
ite and majorite, present in impact-induced shock melt veins and 
that formed at pressures of ∼20 GPa, during impact processes 
on the parent bodies (e.g., Chen et al. 1996; Ohtani et al. 2004). 
Plagioclase can be transformed to maskelynite during impact pro-
cesses. Also rare in chondrites is the occurrence of hornblende, 
recently found in an R chondrite, which formed at pressures of 
<∼0.1 GPa during impact (McCanta et al. 2008; Ota et al. 2009).

Thus, the mineralogy of chondrites, except some phases 
formed during impact processes, is consistent with their origin 
in small (asteroid-size) parent bodies. This is supported by the 
calculated radii of parent asteroids for most chondrites to be 
smaller than ∼100 km (e.g., Miyamoto et al. 1981). The ab-
sence of high-pressure (HP) mineral assemblages in chondrites, 
typical of those in terrestrial regional metamorphic rocks, also 
supports an origin in small asteroids. However, here we report 
the first discovery of a HP mineral assemblage, containing both 

omphacite and pyrope-rich garnet, in clasts in a CR chondrite.
CR chondrites are among the most primitive chondrites. They 

are characterized by distinguishing features, such as the occur-
rence of Fe-Ni metal with solar Ni:Co ratios. CR and related CH 
and CB chondrites have unique nitrogen isotopic compositions 
(Weisberg et al. 1993). Besides their common constituents, such 
as chondrules, Fe-Ni metal, and matrix, some CR chondrites have 
unusual clasts containing kaersutite and graphite (Abreu and 
Brearley 2007; Sugiura et al. 2008). Such clasts are expected to 
help constrain the complicated formation process of the primi-
tive chondrites.

In this paper, we present our results on the mineralogy of 
three clasts in the North West Africa (hereafter NWA) 801 CR 
chondrite, and discuss a HP origin for them. Sugiura et al. (2008) 
and Kimura et al. (2010) preliminarily reported some unusual 
features of these clasts.

SaMpleS aNd experiMeNtal MethodS
We investigated three polished thin sections cut from the same chip of the 

NWA 801 chondrite. Each section contains an unusual clast (numbers 2, 3, and 6), 
respectively, although they are probably different portions of the same clast.

Quantitative mineral analyses were conducted using an electron-probe micro-
analyzer, and the crystalline nature of the constituent minerals was determined 
using an electron backscatter diffraction (EBSD) system. These analytical methods * E-mail: makotoki@mx.ibaraki.ac.jp 


