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Introduction:  Recently, the Mont Dieu meteorite 

was confirmed as a fine octahedrite IIE iron meteorite 
[1-3]. The original fragments in the collection of the 
Musée National d’Histoire Naturelle in Paris show 
rust damage. The much better preserved ~450 kg frag-
ment of the non-magmatic iron (NMI) Mont Dieu II 
meteorite preserved at the Royal Belgian Institute of 
Natural Sciences in Brussels was studied, with special 
emphasis on the silicate inclusions. The good state of 
preservation of this large fragment provides a unique 
way to study the Mont Dieu meteorites. The metal 
phase shows a clear widmanstätten texture, composed 
essentially of kamacite, with fine lines of Ni-rich tae-
nite, and locally troilite associated with schreibersite. 
The study focuses on the abundant large, rounded, 
brownish silicate inclusions present in Mont Dieu (Fig. 
1). These were studied under SEM/EDX, major and 
trace elements were determined by ICP-OES & ICP-
MS, and oxygen isotopes were measured.  

 
Fig. 1 Fragment of the Mont Dieu II showing distribution of silicate 
inclusions (field of view, 20 cm).  

Silicate inclusions: The silicate inclusions are 
characterized by coarse-grained granular texture, 
crossed by metal veins ranging from 250 µm to fine 
veinlets. Round structures (~ 1 mm in diameter) com-
posed of ferromagnesian mineral are present mainly 
and interpreted as relict chondrules. The majority res-
sembles chondrules identified in chondrites, others 
display a recrystallized structure. Three are barred oli-
vine chondrules (Fig. 2), a feature that to our knowl-
edge has so far not been described in other non-
magmatic iron meteorites, except for Netschaëvo IIE 
NMI [4]. 

 
Fig. 2 SEM-BSE image of barred olivine chondrule (nr. 9), plagio-
clase, altered troilite and rare pyroxene and glass occur between the 
laths of olivine.  

Low Ca-pyroxene is the most common mineral in 
the silicate inclusions, it occurs in the matrix and in the 
chondrules. In the matrix, its composition is homoge-
neous with a mean ferrosilite (Fs) content of 12.9±0.6 
mol %. In the well-preserved chondrules Fs reaches 
14.9±6.3 mol %, while this is 15.0±2.5 mol % in the 
recrystallized chondrules. Olivine is the second most 
abundant mineral, and is particularly present in the 
chondrules. The mean fayalite (Fa) value for the ma-
trix is 14.9±1.5 mol % and up to 17.4±5.3 mol % in 
the well-preserved chondrules. In the recrystallized 
chondrules the mean Fa value is 16.4±2.7 mol %. Al-
bitic plagioclase occurs between the olivine and py-
roxene crystals, together with FeO-rich glass, which is 
only found within the chondrules. The glass appears 
well-preserved and contains up to 4.7 wt% FeO, con-
firming its glassy nature. Chromite, troilite, schreiber-
site, (chlor)apatite and Fe-Ni metal are found as minor 
mineral phases often surrounding the chondrules.  

Compared to other IIE meteorites, SiO2, FeO, 
MgO, and Al2O3 concentrations in Mont Dieu II are 
closer to those measured in the silicate inclusions of 
Netschaëvo [4]. However, the latter shows higher Ni 
and Rare Earth Elements (REE) concentrations than 
that measured in Mont Dieu. Mont Dieu has a rela-
tively flat REE pattern with a slight enrichment in 
HREE, resulting in a (La/Yb)N ratio of 0.6. Overall, 
glass phases preserved in other IIE’s such as Weeke-
roo Station, Kodaikanal, Elga, or Colomera, have 
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higher SiO2 and K2O and lower concentrations in other 
oxides.  

The oxygen isotope analyses carried out on Mont 
Dieu yield a mean ∆17O of 0.714±0.024 ‰.  

The fayalite and ferrosilite molar contents of the 
seven recrystallized chondrules are similar to those 
observed in H-type ordinary chondrites that have been 
linked to IIE NMI based on their oxygen isotopic 
compositions [5]. In terms of its oxygen signature, 
Mont Dieu II falls within the range defined for H 3-6 
chondrites [5,6] (Fig. 3).  

 
Fig. 3 Diagram of the oxygen isotopic composition of Mont Dieu II 
(in blue) versus other IIE’s containing silicate inclusions (data from 
litterature: (1):[6]; (2):[7]; (3):[8]).  

Interpretation: The mineralogy, major element 
composition of Mont Dieu II silicate inclusions and its 
oxygen isotopic values shows similarities with ordi-
nary chondrites, more specifically the H-chondrites. 
However, it appears more reduced than the H-
chondrites, and its REE pattern is closer to that of en-
statite chondrites. Despite these differences, it seems 
likely that Mont Dieu II originated as an H-chondrite. 

Within the IIE’s NMI Mont Dieu II ressembles 
Netschaëvo based on several arguments : i) angular 
shape of inclusion, ii) relict chondrules in the silicate 
inclusions and a mineralogy dominated by pyroxene, 
iii) silicate inclusion are more reduced than H- chon-
drites, iv) the abundance of Fe-Ni and troilite. Mont 
Dieu can be considered as part of the Netschaëvo sub-
group. The preservation of glass and its oxygen iso-
topic composition indicate a more primitive nature for 
Mont Dieu and would perhaps place it in a new group 
between the Netschaëvo group and H chondrites.  

Based on these characteristics, the Mont Dieu II 
fragment promises to provide more insight in the fur-
ther understanding of the IIE NMI formation process. 
At this point, the following model is proposed to ac-
count for the formation of the Mont Dieu II meteorites. 
An H-chondrite parent body was impacted by an Fe-Ni 
impactor that created a magma pool on the parent 
body. The material of the impactor is mixed with the 
silicate material when sinking towards the bottom of 

the magma pool. A certain amount of the impactor 
sinks to the magma pool. The upper part of the magma 
pool consists of a silicate-metal mixing region. In this 
environment, Mont Dieu II was formed. A position 
near the edge and at a shallow depth of the magma 
pool is favored for Mont Dieu II, because fast cooling 
is necessary to preserve the chondrules and glass. No 
strong evidence for shock was observed in the silicate 
phase, meaning that Mont Dieu II did not form at the 
surface of the parent body. This scenario should be 
strengthened or adapted with quantitative analyses in 
future investigations. 
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