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Introduction:  The IIEs are unique among iron me-

teorites due to the diverse range of silicate inclusions 

that over half the members of the group contain. These 

inclusions range from chondrule-bearing to highly dif-

ferentiated [1]. This present study sets out to examine 

these inclusions in order to determine both the group’s 

formation history and the nature of its precursor mate-

rial. Work undertaken as part of this project has in-

cluded oxygen isotopic measurements, as well as pet-

rographic and geochemical analyses [1]. Previous for-

mation theories [2, 3 and 4] for the IIE irons have 

tended to focus on one, or a few, specific meteorites. 

By studying and considering a larger range of IIE spec-

imens we seek to develop a more comprehensive un-

derstanding of IIE formation. 

Analysis methods: Oxygen isotope measurements 

on 11 silicate-bearing IIE irons were performed by 

infrared laser-assisted fluorination following the meth-

ods of [5]. Textural and quantitative mineral analyses 

were performed using a Cameca SX-100 Electron Mi-

croprobe and a FEI Quanta 200 FIB-ASEM.  

IIE characteristics: The IIE silicates display an 

almost identical range of δ
18

O and ∆17
O as high preci-

sion oxygen isotope data for the H chondrites [1] and 

so are in agreement with previous findings based on 

less-precise conventional oxygen isotope techniques 

[6]. The implication of these results is that the IIE sili-

cates and H chondrites likely originate from a common 

parent body, or at least very similar bodies. The pres-

ence of chondrule-bearing IIE silicates highlights the 

chondritic nature of the IIE precursors.  

Two pyroxene thermometry [7] of the inclusions 

demonstrates that with increasing fractionation, as in-

dicated  by bulk and mineral compositions, tempera-

tures decreased,  indicating a slower cooling rate for 

samples that have experienced increased fractionation 

(Fig. 1).  

Petrographic analysis of the differentiated IIE sili-

cates show that they fractionated from a chondritic 

melt, providing further evidence for a chondritic parent 

body [1]. 

On account of textural and mineralogical diversity 

documented for silicate inclusions in IIE iron meteor-

ites, any formation mechanism must account for the 

occurrence of primitive chondrule-bearing through to 

highly differentiated silicate inclusions within a local-

ized area reconciling variations in energy input and 

cooling rates [1]. 

The chondrule-bearing IIEs have ∆17
O values 

slightly lower than the other IIE silicates. Interestingly, 

high precision oxygen isotope data of H chondrites 

reveal that the H3 chondrites have similar ∆17
O values 

to that of the chondrule-bearing IIEs. This observation 

indicates that there is a structural or thermal relation-

ship between the IIEs and H chondrites. There contin-

ues to be good evidence for the H chondrites originat-

ing from a thermally stratified onion-skin type, parent 

body [e.g. 8].  Co-variation of thermal processing in 

the IIEs and H chondrites suggests that this structure 

existed at the time of IIE formation. 

One question of interest concerning the IIE iron 

meteorites is the origin of the metal. A large volume of 

metal would have been required to form the IIE iron 

meteorites and therefore would likely require an exter-

nal source. Siderphile elements analyses of the metal in 

the IIE iron meteorites show that the metal crystallized 

from a reduced molten H chondrite precursor [9]. Simi-

larly the composition of the metal of the IIEs and H 

chondrites are distinctive, with the IIE metal being 

more reduced than that in the H chondrites [10].  

The Ge isotopic composition and the Ni concentra-

tion of the IIEs have a significantly different relation-

ship compared to other iron meteorites and show frac-

tionation of lighter Ge isotopes indicative of evapora-

tion. This suggests that the IIE iron material experi-

enced extensive melting during an impact [11]. In or-

der to account for the high metal to silicate ratio in the 

IIEs it may have been that the impactor was largely a 

stripped core [12] of an H chondrite-like parent body, 

although some differentiation/segregation could have 

occurred following the impact event.  

There are 6 IIE iron meteorites which were not 

studied as part of this project as they do not contain 

any silicate inclusions. Therefore the formation model 

for the whole IIE iron meteorite suite must also account 

for the origin of this metal dominated region in addi-

tion to the zone in which mixing between the silicate 

and metallic material producing the silicate bearing 

IIEs.    

IIE formation mechanism: The most likely pro-

cess involved in the origin of IIE iron meteorites is an 

impact of a metallic projectile into an H chondrite-like 

parent body, resulting in the development of a local-

ized impact pools on the surface of the body. This im-

pact event would have required sufficient energy to 

partially melt both the projectile and the impacted area 
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of the target body to allow metal and silicate to become 

mixed. The range in petrographic types observed in the 

IIE inclusions would then be the result of variations in 

the cooling rate of different areas of the melt pool. Re-

gions close to the surface and at the edge of the impact 

pool would cool more quickly than regions located in 

the centre of the impacted region.  The more slowly 

cooled areas would allow the melt to fractionate and 

develop textures such as exsolution in pyroxenes and 

the formation of antiperthitic structures in feldspar, 

both of which are observed in the differentiated IIEs 

[1]. The faster cooling surface regions of the melt pool 

would experience sufficient energy to melt and lose 

chondritic textures, but rapid cooling would prevent 

fractionation of the material and therefore the inclu-

sions produced would retain a chondritic composition 

with a loss of the chondritic textures, such as chon-

drules. Chondrule-bearing silicate inclusions would 

have experienced the lowest energy input from the im-

pact and have the most rapid cooling rates, and there-

fore would most likely form at the edges of the impact-

ed region where melted projectile could mix with 

chondritic material without extensively altering it (Fig 

2). Where cooling rates were slowest it is possible that 

temperatures remained high enough to allow met-

al/silicate segregation to occur within this localized 

setting, forming inclusions with low volume of internal 

metal. 

The IIE iron meteorites have two distinct age rang-

es the Old (4.1-4.5Ga) [13] and the Young (~3.7 Ga) 

[14]. The Young groups contain meteorites with chon-

drule-bearing to differentiated inclusions and therefore 

must be the result of a resetting event, most probably a 

secondary lower energy impact into the IIE region on 

the H chondrite parent body. 

Conclusions:  The geochemical characteristics of 

IIE iron meteorites are complex, and in order to pro-

duce all the known characteristics of this group an im-

pact formation, followed by various cooling rates with-

in the melt pool would be required. A further more 

comprehensive study of IIE cooling rates would estab-

lish if this hypothesis is feasible.  

 

 

 

 

 

 

 

 

The degree of impact generated melting produced by a 

metallic projectile into a chondritic target can be tested 

by both impact lab experiments and Hydrocode model-

ling. Impact experiments have begun using the Light 

Gas Gun at the University of Kent [15].   
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Figure 1: Two pyroxene thermometry diagram showing a 

general decrease in closure temperature with increasing dif-

ferentiation observed in the inclusions from Watson 001- 

Miles/Weekeroo St–Tarahumara – Colomera.     

Figure 2: Schematic diagram (not to scale) showing an impact melt pool origin for the IIE iron meteorite suites. After 

impact melting of the local region and resettling of the ejecta the deepest areas of the body are heated to temperatures that 

allow metal and silicate material to gravitationally separate, forming a Fe/Ni rich layer at the base of the crater. Above 

this layer the metal and silicate material are still mixed forming small pods of silicate within the metal. The inclusion 

groups are separated by the different localised cooling rates. 
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