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Introduction: Elements are fractionated between the constituent minerals in meteorites, mainly depending on 

their ionic radii and partition coefficients. Previous studies have described these elemental distributions among the 

constituent minerals using physical mineral separation, chemical leaching techniques, or in-situ analyses [e.g., 1, 2], 

significantly improving our understanding of the conditions of equilibration induced by thermal metamorphism on 

their parent bodies, variations of isotopic compositions, etc. [e.g., 3]. In addition, it has been demonstrated that some 

elements are re-distributed into (a) specific mineral(s) during thermal metamorphism on their parent bodies. For 

example, rare earth elements (REEs) except for Eu are mostly present in Ca-phosphates in the case of equilibrated 

ordinary chondrites while these elements are partitioned in glass mesostasis in chondrules for unequilibrated ordi-

nary chondrites [4]. Nevertheless, the budgets of other lithophile elements and the thermal effects on their distribu-

tion remain poorly understood. Here, we address the lithophile element budgets of both unequilibrated and equili-

brated H chondrites (HCs). 

Samples and Methods:  Polished thick sections (PTSs) were prepared for ten Antarctic HCs, two HCs collected 

from hot deserts, and four fall HCs, with the petrologic types varying from 3.3 to 7. All samples were provided by 

the Royal Belgian Institute of Natural Sciences (RBINS), Belgium, and the National Institue of Polar Research 

(NIPR), Japan. Firstly, these PTSs were analyzed using micro-X-ray fluorescence spectrometry (μXRF) at the Vrije 

Universiteit Brussel (VUB), Belgium, to obtain maps showing the distribution of the major elements. Secondly, 

back-scattered electron (BSE) images of all samples were acquired using a field emission-scanning electron micro-

scope (FE-SEM) equipped with an energy-dispersive spectrometer (EDS) at NIPR. Once the constituent minerals in 

the samples were identified based on the elemental maps and BSE images obtained, an electron probe micro analyz-

er (EPMA) at NIPR was used for the determination of the major element abundances in each constituent mineral. 

After EPMA analysis, semi-quantitative trace element mapping was conducted for selected samples using laser abla-

tion-inductively coupled plasma-time of flight-mass spectrometry (LA-ICP-TOF-MS) at Ghent University, Belgium. 

Finally, the abundances of lithophile elements were determined for Ca-phosphates and silicates using a LA system 

coupled to a sector field ICP-MS in single-point drilling mode at NIPR. Combined with their bulk elemental abun-

dances previously determined at the Université libre de Bruxelles (ULB), Belgium, or relying on literature data [5, 

6], mass balances were calculated for all samples. 

Results and Discussion: For the most unequilibrated sample in this study, A-880941 (H3.3), only ~50-70% of 

the bulk REE abundance except for Eu is hosted in the main mineral phases analyzed, despite the fairly good agree-

ment with the bulk major element composition. In addition, the Ca-phosphate phase in A-880941 accommodates 

~25-40% of the REE content. On the other hand, the estimated whole-rock REE abundances in equilibrated samples 

are in excellent agreement with their bulk abundances, and ~60-90% of the REE content is allocated in Ca-

phosphates. These observations are entirely consistent with the redistribution scenario of REEs during thermal met-

amorphism, as described by Shinotsuka and Ebihara [4]. In a similar manner, some high field strength elements such 

as Hf appear to originally have been distributed in chondrule glasses and then in feldspar (e.g., ~40-60% of Hf in 

plagioclase for unequilibrated HCs) based on both this study and Alexander [7]. As ~60-80% and less than 15% of 

Hf are allocated in Ca-rich pyroxene and plagioclase for equilibrated HCs, respectively, it appears that Hf is re-

distributed from plagioclase into Ca-rich pyroxene with the growth of Ca-rich pyroxene and plagioclase during 

thermal metamorphism. We observe that a considerable amount of specific trace elements (e.g., REEs, Th, and U) 

reside in cracks formed during terrestrial alteration [8], hence their deposition in cracks may need to be taken into 

account during mass balance considerations to explain the discrepancies observed between the estimated whole-rock 

abundances and the bulk abundances. 
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