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Introduction: Meteorite classification entails find-

ing similarities between different materials with re-
spect to their mineralogy, petrology, whole-rock chem-
istry, and O-isotope composition. Classification of 
meteorites is ever-evolving, with new findings, data, 
and ideas about relationships between meteorites. 
Chondrites are the oldest rocks in the solar system and 
contain evidence of processes in the early solar nebula. 
Chondrites are classified into 15 different groups; 
however, based on established classification schemes, 
several chondrites cannot be assigned to the existing 
groups and may represent the first members of new 
groups. In this work, we will employ machine learning 
to explore chondrite classification, specifically via the 
complex chemical composition of olivine.  

Data resources and analytics: The increasing 
availability and accessibility of meteorite data, coupled 
with the development of data science methods, facili-
tates the compilation and analysis of large, exhaustive 
datasets. The Astromaterials Data System [3] is one 
such pioneering data infrastructure and database that 
houses a wealth of meteorite and other astromaterial 
data – creating the potential to approach scientific 
questions from a different, larger-scale perspective 
than previously possible. Also, advances in data sci-
ence allow researchers to analyze data with more vari-
ables and discover complex correlations between many 
different variables simultaneously. Cluster analysis [4] 
is one of the most powerful tools with which to recog-
nize complex, multidimensional, multivariate relation-
ships within a system [5]. The method creates group-
ings of objects that share a “similarity,” which can be 
quantified in terms of any set of measurable parame-
ters. Successful examples of this approach were made 
on pyrite [6] and presolar SiC [7]. 

Olivine in chondritic meteorites: Each compo-
nent of a chondrite (e.g., chondrule, inclusion, matrix) 
reflects the complicated history of a nebula and aster-
oidal body and can potentially reveal new relationships 
between meteorites or aid reconstructing processes in 
the parent body. Olivine is one of the most common 
minerals in meteorites and can be found in all compo-
nents of chondrites, including the matrix, chondrules, 
Calcium Aluminum Inclusions (CAIs), and Amoeboid 
Olivine Aggregates (AOA). Olivine composition is 
used for the classification of chondrules; specifically, 
porphyritic chondrules can be classified into type I 

(Fe-O poor) and type II (Fe-O rich), which is further 
subdivided into: A (olivine-rich) and B (pyroxene-rich) 
[1]. The existing classifications are often limited to 
relationships between 2-3 elements. For example, in 
[2], compositional classes for chondrules are based on 
a CaO-FeO plot.  

This work explores the use of cluster analysis for 
olivine chemistry in chondrites of different groups 
(CV, CO, CR, CB, CH, E, EH, LL, R). The proposed 
method is evaluated using a set of olivine chemical 
composition (major oxides) and oxygen isotopes from 
25 meteorites. The dataset consists of 474 data entries, 
mostly from olivine grains in chondrules but also from 
CAI, matrix, and AOA hosts. The application of this 
machine learning method allows exploration and char-
acterization of olivine in terms of existing classifica-
tion (e.g., type of chondrule), but also presents the  
possibility of parsing out subtle characteristics and 
trends related to the olivine origins and metamorphism 
throughout the history of a meteorite. As a mineral that 
forms through many different processes, in many dif-
ferent astromaterials, and during many different time 
periods of solar and presolar system evolution, olivine 
from different astromaterials, and the analysis thereof, 
has the potential to reveal the mineral and planetary 
evolution of our solar system. 
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