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CHONDRULE ALTERATION IN THE CM CARBONACEOUS 
CHONDRITE, LEW 90500 N. P. Hanowski and A. J. Brearley. Institute of Meteoritics, Dept. of 
Earth and Planetary Sciences, University of New Mexico, Albuquerque, New Mexico 87131. 

We have carried out a detailed analysis of 15 chondrules in the CM chondrite LEW 90500, and a 
characteristic alteration behavior for each of four principal chondrule types has been established. 
Backscattered electron images and electron microprobe data clearly indicate a strong control on the 
degree and composition of the hydrous alteration products by the abundance and composition of the 
primary phases in the chondrule. Alteration initially affected metals and sulfides as well as mesostasis 
glass. Subsequently pyroxene and Fe-rich olivine were altered followed by the incipient alteration of Mg- 
rich olivine. Consequently, chondrule types with a high abundance of phases which consistently are most 
susceptible to aqueous alteration show the highest degree of alteration. The uniformity in alteration 
behavior for each chondrule type suggests that alteration took place in situ on a parent body. Exchange 
reactions with a relatively Mg-rich fluid overprinted the primary Fe-rich alteration products of the 
mesostasis. 

Introduction: The CM chondrites are the most abundant and diverse group among the carbonaceous 
chondrites and have experienced a complex evolutionary history. Evaporation, condensation and melting 
processes as, for example, recorded in chondrules and CAIs of CM chondrites occurred in the solar 
nebula. Brecciation, aqueous alteration and perhaps reheating, however, are commonly attributed to a 
post-accretional parent body environment [I]. Aqueous alteration has affected the components of CM 
chondrites to different degrees and a full understanding of this process is particularly important for 
deducing the behavior of volatiles in the early solar system. Although extensive studies of altered matrix 
material have elucidated the nature of the alteration products [e.g. 2,3,4], the mechanisms of the alteration 
reactions are still poorly constrained. As a result, alternative models suggesting aqueous alteration within 
the solar nebula or a preexisting parent body [5] cannot be categorically refuted. The fact that chondrules 
in CM chondrites frequently contain highly unequilibrated assemblages of unaltered and altered minerals 
opens the opportunity to study the coexisting reactants and products of aqueous alteration reactions, 
thereby obtaining further information about the mechanisms and the sequence of the alteration processes. 
This approach requires a detailed characterization of the mineralogy, mineral chemistry and texture of the 
unaltered precursor phases in chondrules and their alteration products. It is our goal to understand the 
mechanisms of alteration in individual chondrule types and to determine the alteration reactions that 
were involved. 

LEW 90500: We have analyzed chondrules from the Antarctic CM chondrite LEW 90500 which has not 
been previously studied in detail. LEW 90500 appears moderately altered under the optical microscope 
with replacement of 20% - 75% of the precursor anhydrous phases in various chondrules. 15 chondrules 
covering several textural and compositional types have been analyzed in detail using backscattered 
electron (BSE) imaging, X-ray maps and wavelength dispersive electron microprobe analyses. BSE 
observations of fragmented chondrules and rim material indicate mild brecciation. Four principal 
chondrule types have been established using BSE imaging and electron microprobe data following a 
previously proposed textural classification scheme [6]. We have observed that each of the chondrule types 
exhibits a characteristic alteration behavior as documented below. 

Type IA chondrules containing Mg-rich (Fo,) porphyritic olivine constitute almost half of the chondrules 
in LEW 90500. This chondrule type invariably shows complete alteration of the mesostasis. The olivine 
crystals appear to be unaffected by alteration as indicated by their euhedral shape. Mesostasis has been 
replaced by serpentines which are Fe-rich and typically exhibit a narrow range of Mg content 
(Mg/(Mg+Fe) = 0.30). The exception to this are chondrules with a high abundance of tochilinite which has 
completely replaced primary metal and sulfide. In these chondrules the altered mesostasis has a complex 
microstructure. The central regions of this phase consist of a more Fe-rich serpentine (Mg/(Mg+Fe) = 0.2) 
which appears to have been replaced by a more Mg-rich serpentine in the outer regions. The rims of areas 
of tochilinite are similarly replaced by a more Mg-rich material. 
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Type IAB chondrules containing Mg-rich (Fo,) olivine and pyroxene also show complete alteration of the 
mesostasis resulting in serpentines with Mg/(Mg+Fe) = 0.3, whereas olivine appears unaltered. In 
addition, chondrules of this type show progressive alteration of low Ca-pyroxene (EG) often resulting in 
characteristic skeletal textures. This alteration process appears to be crystallographically controlled by the 
cleavage planes of the pyroxene. The alteration of mesostasis and pyroxene produces a wide and bimodal 
distribution in the Mg content in the product serpentine with maximum Mg/(Mg+Fe) ratios around 0.6. 
A variation of this chondrule type are chondrules with a lower Mg content in the olivine (Fo,,) and with 
little mesostasis. The Mg/(Mg+Fe) ratios of the alteration products in this chondrule type are restricted to 
values > 0.3. 

Type IIA chondrules containing Fe-rich (Fo,) porphyritic olivine show advanced alteration of all primary 
phases. Mesostasis has been replaced by Fe-rich serpentine (Mg/(Mg+Fe) = 0.3). The olivine crystals have 
been partially or completely replaced by a more Mg-rich serpentine (Mg/(Mg+Fe) = 0.5) and the primary 
morphology of the original olivine crystals is well preserved. 

Macroporphyritic chondrules containing Mg-rich (Fo,) olivine are characterized by alteration which is 
restricted to a few small regions containing mesostasis. Olivine appears to have been locally altered 
adjacent to tochilinite which has replaced large metal and sulfide inclusions. The alteration products have 
a considerable range of Mg/(Mg+Fe) ratios with a peak at about 0.30 to 0.35, but no characteristic 
bimodality is developed. 

Conclusions: The analyses of the primary chondrule phases and their alteration products in 15 
chondrules of LEW 90500 indicate that olivine composition, the abundance of mesostasis, pyroxene, metal 
and sulfide are the principal factors controlling the degree of chondrule alteration and the composition of 
the product phase. The observed alteration behavior is consistent with the previously suggested sequence 
of mineral alteration in CM chondrites [3] in which metals and sulfides as well as mesostasis alter first 
and are followed by low Ca-pyroxene and Fe-rich olivine and ultimately by increasingly more Mg-rich 
olivine. The uniform degree of alteration in each chondrule type as shown, for example, by the advanced 
degree of pyroxene alteration in all pyroxene-bearing chondrules indicates that the alteration histories 
were similar for chondrules within each chondrule type. This appears to be compatible with in situ 
alteration in a parent body and is also in agreement with other studies of chondrule alteration such as for 
ALH 84034 [7]. The occurrence of abundant serpentine with Mg/(Mg+Fe) ratios around 0.30 - 0.35 as a 
result of mesostasis alteration suggests a later alteration event involving a more Mg-rich fluid which has 
overprinted the primary Fe-rich alteration. Such an event is indicated further by the presence of Mg-rich 
rims around Fe-rich serpentines as observed in type IA chondrules. This result is the reverse of that 
suggested in a previous study [8], based on analyses of alteration products of mesostasis in Murchison 
and Essebi. The establishment of a characteristic alteration behavior for each chondrule type holds 
considerable promise for elucidating the position of other CM chondrites or CM clasts in the proposed 
alteration sequence [9]. The data can also be used to help decide whether nebular or parent body 
alteration environments have to be invoked for CM chondrite alteration. This approach requires a 
knowledge of chondrule alteration behavior for CM chondrites which show a wide range of degrees of 
alteration. 

Acknowledgments: Supported by NASA grant NAGW-3347 to J. J. Papike (P.I.) 

References: [I] Zolensky, M. E, and McSween, H. Y. Jr. In "Meteorites and the Early Solar System", 114, 
(1988). [2] Mackinnon, I .  D. R. and Zolensky, M. E. Nature, 309, 240, (1984). [3] Brearley, A. J. Geochim. 
Cosmochim. Acta, 59, 2291, (1995). [4] Barber, D. J. Geochim. Cosmochim. Acta, 45, 945, (1981). [5] 
Metzler, K. D. et al. Geochim. Cosmochim. Acta, 56, 2873, (1992). [6] Jones, R. H. Geochim. Cosmochim. 
Acta, 58, 5325, (1994). [7] Llorca J. and Brearley A. J. Lunar Planet. Sci. XXIII, 793 (abstract), (1992). [8] 
Richardson, S. M. Earth Planet. Sci. Lett., 52, 67, (1981). [9] Tomeoka, K. and Buseck, P. R. Geochim. 
Cosmochim. Acta, 49,2149, (1985). 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


