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Abstract. This study explores the use of X-Ray fluorescence (XRF) to differentiate between three major classes of 
meteorites: carbonaceous chondrites, ordinary chondrites, and achondrites. By analyzing the elemental composition 
of a diverse range of specimens, we demonstrate that XRF provides a consistent and replicable method to classify 
these meteorites. Our results reveal distinct elemental signatures for each class, allowing for reliable differentiation. 
This approach not only enhances our understanding of meteorite composition but also offers a practical tool for future 
research and classification efforts. Our findings underscore the potential of XRF as a standard method in meteoritic 
studies, contributing to more precise categorization and analysis.
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Introduction

Meteorites, remnants of the early Solar System, 
provide crucial insights into planetary formation 
and evolution. They are broadly classified into three 
main types: carbonaceous chondrites, ordinary 
chondrites, and achondrites. Carbonaceous chon-
drites are the most primitive type and often contain 
organic compounds and water, offering vital clues 
about the primordial solar nebula. Ordinary chon-
drites, the most common type, contain silicate min-
erals and metal, representing the building blocks of 
terrestrial planets. Achondrites, lacking the chon-
drules found in chondrites, are believed to originate 
from differentiated parent bodies, such as asteroids 
or planetary crusts.

The objective of this study is to differentiate 
these main meteorite classes through their elemen-
tal composition using X-ray fluorescence (XRF) 
analysis. By establishing distinct elemental signa-
tures for each class, we aim to provide a reliable 
and replicable method for meteorite classification. 
Differentiating meteorite classes is essential for ad-
vancing our understanding of solar system history 
and processes. Accurate element composition de-
termination enables researchers to trace the origins 
and evolution of meteorites, facilitating studies on 
planetary differentiation and solar system dynam-
ics (Anders, Grevesse, 1989). The XRF method en-
hances existing classification techniques, offering 
a practical tool for meteoritic research and expand-
ing our knowledge of extraterrestrial materials. The 
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classification of meteorites has long been a subject 
of interest, as it provides insights into the early so-
lar system. Previous studies have employed various 
methods to categorize meteorites, with elemental 
analysis being one of the key approaches.

X-ray fluorescence (XRF) has emerged as a 
powerful tool for elemental analysis due to its non-
destructive nature and high precision. It has been 
demonstrated (Allegretta et al., 2020) the effective-
ness of XRF in determining the elemental compo-
sition of meteorites, highlighting its potential for 
distinguishing between different classes. Carbona-
ceous chondrites, known for their complex chemi-
cal composition, have been extensively studied. 
Krähenbühl et al. (1973) explored their mineralogy 
and emphasized the role of trace elements in under-
standing their formation processes. Ordinary chon-
drites have been characterized by their silicate and 
metal content. Hutchison (2004) provided a detailed 
classification based on mineralogical and chemical 
properties, while Krot et al. (1995) focused on iso-
topic compositions to trace their origins. Achon-
drites, derived from differentiated parent bodies, 
present a unique challenge due to their diverse ori-
gins. Greenwood et al. (2014) utilized oxygen iso-
topic analysis to distinguish achondrites from other 
meteorite classes, highlighting the importance of 
precise elemental data.

While these studies have laid the groundwork 
for meteorite classification, few have system-
atically used XRF to differentiate between wide 
range of specimens from the three major classes 
(Zurfluh et al., 2011). Our study builds on this 
foundation by employing XRF to establish clear 
elemental signatures for carbonaceous chondrites, 
ordinary chondrites, and achondrites, thus provid-
ing a robust framework for future research and 
classification efforts.

Materials and methods
We analyzed a total of 19 meteorite specimens, 
comprising 11 carbonaceous chondrites, 4 ordi-
nary chondrites, and 5 achondrites (Fig.  1). The 
carbonaceous chondrite specimens included well-
documented meteorites such as Allende (CV3), 
Tarda (C2-ungrouped), Erg Check 002 (CO3), 
Jbilet Winselman (CM2), as well as few newly 
disovered NWA meteorites:  NWA 13466 (CK6), 
NWA 13573 (Cvox3), NWA 15684 (Cvred3), 
NWA 16415 (CO3), NWA 14110 (CO3), NWA 
13543 (CV3) and NWA 15524 (CR2). Ordinary 
chondrites were represented by samples of NWA 
850 (H5), Souslovo (L4), Ghubara (L5) and Vina-
les (L6), characterized by their silicate and metal 
composition. Achondrites included specimens from 
Eucrites (Jikharra 001 and Rebiana 001), Diogenite 

(NWA 3143), Urelites (NWA 13135) and Rumuruti 
(NWA 13518) which are believed to originate from 
differentiated parent bodies. Each specimen was 
carefully cataloged, with provenance data verified 
through established meteoritic databases.

The X-ray fluorescence spectroscopy analysis 
was performed using a portable Skyray Explorer 
7000 X-ray fluorescence spectrometer (Jiangsu Sky-
ray Instrument Co., Ltd.). The equipment uses a sil-
ver target end window integrated with miniature X-
ray tube with an excitation source of 50 kV/200 µA, 
a fast SDD detector, with 128 eV energy resolution, 
a digital signal processor and a multichanel technol-
ogy with up to 500k cps (spectral counts per sec-
ond). The spectrometer was configured for running 
60 s measurements at a 45 kV voltage and 80 µA 
current. All measurements were replicated 3 to 5 
times on each single specimen.

ANOVA test was employed to assess the sta-
tistical significance of differences in elemental 
concentrations among the three meteorite classes. 
It helped identify which elements showed signifi-
cant variance across classes. Principal Component 
Analysis (PCA) was used to reduce dimensionality 
and visualize the clustering of samples based on 
their elemental profiles. This method highlighted 
the primary components contributing to class dif-
ferentiation.

Results and discussion
The analysis revealed distinct elemental profiles 
for each meteorite class. Carbonaceous chondrites 
showed high concentrations of elements such as 
sulfur (S) and iron (Fe). Ordinary chondrites were 
characterized by elevated levels of iron (Fe), silicon 
(Si), and magnesium (Mg), reflecting their silicate 
and metal composition. Achondrites displayed sig-
nificant amounts of calcium (Ca), and aluminium 
(Al), and lower amount of iron (Fe), indicative of 
their origin from differentiated parent bodies. The 
elemental differences observed among the mete-
orite classes strongly support their differentiation 
through X-Ray fluorescence analysis. The obtained 
profiles underscore the effectiveness of elemental 
analysis in classifying meteorites. The method dem-
onstrated high consistency across the samples, as 
evidenced by the relatively low variability between 
samples from the same meteorite class. The use of 
the SkyRay Instrument Explorer 7000 provided pre-
cise and reproducible measurements, ensuring reli-
ability in differentiating meteorite classes.

Conclusions
This study demonstrates that X-Ray fluorescence 
analysis effectively differentiates between carbona-
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ceous chondrites, ordinary chondrites, and achon-
drites based on their distinct elemental composi-
tions. By identifying unique elemental signatures, 
we provide a reliable and replicable method for me-
teorite classification. The high accuracy and con-
sistency of our approach suggests its potential as a 
standard tool in meteoritic research.

The implications of these findings are signifi-
cant for understanding the origins and evolution 
of meteorites. Accurate classification enhances 

our ability to trace the history and formation pro-
cesses of these extraterrestrial materials. Potential 
applications include improving curation practices 
in meteorite collections and aiding planetary sci-
entists in selecting samples for further study. Fu-
ture research could explore the integration of XRF 
with other analytical techniques, such as isotopic 
analysis, to gain deeper insights into meteorite or-
igins and contribute to broader planetary science 
objectives.

Fig. 1. a, Urelites (NWA 13135); b, NWA 13573 (Cvox3); c, NWA 13466 (CK6); d, Tarda (C2-ungrouped); e, NWA 13543 
(CV3); f, NWA 15524 (CR2); g, Erg Check 002 (CO3); h, Rebiana 001 (Eucrite)
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