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Introduction: In general, CM chondrites are complex impact (mostly regolith) breccias. The lithic clasts are typically 

related to CM chondrites, but can show different stages of alteration (e.g., [1-3]). On the one hand, CM-like clasts are 

widespread within other achondrite (HEDs) and chondrite groups (ordinary and carbonaceous) as xenoliths (e.g., [4-

7]). On the other hand, xenolithic fragments of other meteoritic groups are rare in CM-chondrites [8,9]. Here, we will 

present data of an achondritic fragment with distinct exsolution lamellae from the CM chondrite Mukundpura (Fig. 

1). This work will study the history and origin of this achondritic fragment considering the major element and REE 

concentrations and O-isotope data of the clast.    

Results:  The small achondritic fragment (Fig. 1) measures 65 x 78 µm. The fragment stands out from the matrix 

by its distinct exsolution lamellae. The low-Ca pyroxene lamellae is up to ~2.8 µm wide (Fs61Wo6.5) and the darker 

(Fig. 1) Ca-pyroxene lamellae is up to ~1.4 µm wide (Fs36.5Wo35). O-isotopes 

of two spots on the achondritic fragment and of one spot on a mafic silicate 

from the matrix close to the fragment were measured by Cameca IMS 1280-

HR at the University of Heidelberg. Both pyroxene measurements show simi-

lar O-isotope values with -2.62 and -3.00 ‰ in δ17O and 0.62 and 0.71 ‰ in 

δ18O, respectively. The mafic silicate from the matrix has a different O-isotope 

signature with δ17O = 0.22 and δ18O = 4.84 (Fig. 2). The CI-normalized REE 

pattern of the fragment shows an enrichment in heavy-REEs (HREEs) com-

pared to light-REEs (LREEs) with a negative Eu anomaly.   

Discussion and Conclusions: The O-isotope data clearly show, that the 

achondritic fragment does not originate from the CM formation region 

whereas the mafic silicate from the matrix plots within the CM-field (Fig. 2). 

Thus, the achondritic fragment in Mukundpura originates from a completely 

different parent body. Silicate inclusions within the iron meteorite Tucson 

have similar oxygen isotope signatures and show similar REE-patterns and enrichments [13]. These surprisingly sim-

ilar characteristics imply that the achondritic fragment may originate 

from the same parent body as the Tucson meteorite. 

If this assumption is correct, the achondritic fragment yields fur-

ther information about the Tucson parent body. The pyroxene exso-

lution lamellae can also be used as a “Two-Pyroxene Geothermome-

ter” at 1atm after [14]. Since the lamellae of the Ca-pyroxene are very 

thin, a contamination with the surrounding low-Ca pyroxene was un-

avoidable. However, a crystallization temperature of the pyroxene of 

~1075 °C and a closing temperature for the exsolution of ~800-900 

°C can be estimated. Changes in the pressure can increase the derived 

temperatures by 2-4 °C/kbar. Thus, the estimated temperatures can be 

seen as their lower limits. The HREE-enriched pattern and the nega-

tive Eu-anomaly are similar to the low-Ca and Ca pyroxenes from the 

Mars meteorites Shergotty and Zagami [15]. This kind of pattern 

strongly suggests a progressive fractional crystallization, during 

which the pyroxene is co-crystallising with plagioclase.  
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Figure 1: BSE-image of the achondritic 

fragment. Blue circle: LA-ICP-MS meas-

urement; Red dotted lines: O-isotope 

measurements.  

Figure 2: 3-oxygen isotope plot of the achondritic 

fragment. CM chondrite bulk data are from [12]  

6246.pdf81st Annual Meeting of The Meteoritical Society 2018 (LPI Contrib. No. 2067)


