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Introduction:  CM chondrites exhibit textural and 
mineralogical features intermediate to CI and CV/CO 
carbonaceous chondrites in the amount of aqueous 
alteration they have experienced.  Unlike CI 
chondrites, CMs still have a significant anhydrous 
mineralogy (olivine and pyroxene) distributed 
throughout the hydrated phases.  Evidence for aqueous 
alteration includes varying abundance of matrix, which 
is dominated by phyllosilicates such as serpentine, 
cronstedtite, and tochilinite.  Other minerals indicating 
that water-rock interactions occurred are carbonates 
and sulfates [1 and references therein].   

Texturally CM chondrites are characterized by 
chondrules and isolated anhydrous mineral grains 
surrounded by fine-grained rims (FGRs) composed of 
phyllosilicates and disseminated opaques. In between 
these is a fine-grained matrix of hydrated mineralogy.  
The setting and conditions of the aqueous alteration of 
these meteorites is difficult to unravel.  

Most petrologic studies of CM chondrites have 
been conducted on non-Antarctic falls such as 
Murchison, Murray, and Mighei.  A few studies of 
Antarctic CMs reveal that the extent of alteration in 
CMs is more pervasive than previously thought and 
expands the known range from petrologic type 2 to 
type 1 [5].  The majority of CM chondrites are 
Antarctic and thus provide a larger sample set to 
explore the full range of textural features that can 
occur in these meteorites.  In this abstract we report a 
petrologic, chemical and isotopic study of a rim in an 
Antarctic CM, EET 83389, which exhibits features 
unlike those reported for FGRs in other CM 
chondrites. 

Samples and Analytical Methods: EET 83389 
was recovered from the Elephant Moraine icefield 
during the ‘83-‘84 season.  The recovered mass was 
19.2g.  This meteorite was originally chosen as part of 
a study of Antarctic CMs [6] to assess the effects of 
the terrestrial environment on aqueous alteration 
features.  BSE images and elemental x-rays were 
acquired on a JEOL JSM 840.  Mineral compositions 
were determined using a JEOL Superprobe 733 
operated at 15kV and 20nA.  Well-known mineral 
standards were used and raw data were corrected using 
a company supplied ZAF correction.  Ion images were 
collected on the IonToF TOFSIMS IV at the 
Smithsonian Institution. 

Results and Discussion: In the course of the 
previous study [6], a region (Fig. 1) with a unique rim 

texture was recognized.  There are three features 
worthy of note:  (1) The area, which was initially 
thought to be a chondrule surrounded by a FGR, 
consists of a zoned, euhedral olivine grain; (2) There 
are regions within the olivine grain that contain altered 
matrix material; (3) The texture of the rim surrounding 
the olivine grain is unlike normal FGR textures in CM 
chondrites.  These features are different and may offer 
new and interesting clues about the aqueous alteration 
process, which affected these meteorites so 
extensively.  

The single euhedral grain of olivine is roughly 
normally zoned from core (Fa17) to rim (Fa58) and is ~ 
300 µm across.  However, the zoning is somewhat 
irregular and there are zones around the altered 
material that are more Fe-rich (Fig. 1).  Within the 
grain, are irregularly shaped (tear-drop shapes) regions 
of hydrated minerals.  Preliminary data from elemental 
maps indicates that this material is composed of 
phyllosilicate and phosphate minerals.  The 
relationship between the altered material and the 
olivine grain (i.e. the enrichment of Fe around the 
altered material) imply that diffusion is occurring.    

The grain is surrounded by brecciated (or 
recrystallized) material that has a thickness of 
approximately 100µm.  The boundary between the 
olivine grain and the brecciated rim (BR) is distinct 
(Fig. 1) indicating that the central olivine grain is not 
the source of the brecciated material.  Based on EDS 
and elemental maps, the BR contains olivine, 
plagioclase, phyllosilicates, iron sulfides and small 
chromites.  There is evidence for both brecciation and 
recrystallization found in the BR. The plagioclase and 
olivine grains are angular and randomly distributed 
throughout the rim, while some of the olivine shows 
extreme zoning.  At the edge of the BR, but within its 
boundary, is a barred (zebra) texture (Fig. 2, 3) that 
occurs in patches around the rim, though it appears it 
might once have been continuous.  Preliminary 
microprobe analysis indicates the brighter (higher 
atomic number, Z) portion of this zebra texture is 
troilite (FeS).  The lower Z zone also contains Fe and 
S, although the stoichiometry is not consistent with 
troilite.  Finally, surrounding the BR, but with a 
distinct contact, is a FGR texture and composition like 
that normally found surrounding chondrules and other 
anhydrous silicates in CM chondrites [7]. 

Based on elemental maps, the BR appears to be 
enriched in Al, Fe, and S relative to the surrounding 
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matrix.  There is a gradation from Al-rich closer to the 
olivine grain to Fe and S –rich in the outer portion of 
the “rim”.  Preliminary ToF-SIMS ion images show 
some zoning in the BR near the olivine grain.  Higher 
resolution images will be collected to decipher this 
zoning.    

Future work: The large, zoned euhedral olivine, 
the alteration minerals within that grain, and the 
surrounding brecciated rim found in this meteorite 
appear to be unique.  They offer clues about the 
processes that affected CM chondrites, from 
phyllosilicate formation to rim formation. These 
features may indicate that some other processes were 
acting in chondrules prior to the addition of FGRs. 
More detailed element maps, ion images, and electron 
microprobe work are planned to fully describe the 
mineralogy and chemistry.   
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Figure 1. Back-scattered electron (BSE) image of 
chondrule, illustrating central euhedral olivine grain 
containing altered regions, surrounded by brecciated 
rim.  Large box indicates locale of figure 2, while 
small box outlines area of figure 3.  
 

 
Figure 2.  Close-up of brecciated rim in contact with 
olivine (Ol) grain.  Arrows point to the one region that 
contains the zebra texture (ZT).  The material between 
the olivine grain and the fine-grained rim (FGR) is the 
brecciated material (BR).  
 

 
Figure 3. BSE image taken at a magnification of 2000x 
of zebra texture (note scale bar), illustrating the barred 
and eaten away look of the patchy material rimming 
the brecciated material.  White indicates where troilite 
lines the barred material. 
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