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Introduction:  Ureilites have been recognized as 

primitive achondrites for several decades [e.g., 1] and 
numerous investigations as to their composition and 
evolution have been published. In particular, the pres-
ence of reduction rims exhibited by olivine in almost 
all samples as well as the origin of metal and carbon 
encountered in ureilites have been discussed vigorous-
ly and controversially [e.g., 2 and ref. therein]. 

We have designed a new systematic study of 
ureilites looking into FeO profiles across reduction 
rims (task A), the concentrations of Fe, Ni, and Co in 
silicates (task B), and the isotopic composition of Ni in 
metal occurrences (task C). Our motivation is to fur-
ther explore the hypothesis of ureilite vein metal and 
carbon being exogenous components, following up on 
calculations performed in 2009 [3]. Subject of this 
comprehensive study will be 20 samples to be chosen 
from the pool of unbrecciated or monomict ureilites as 
listed in the Meteoritical Bulletin (408 specimens as of 
January 2017, number not corrected for pairing). Pro-
spective samples are to cover the entire range of FeO 
contents known from olivine cores, i.e., Fa0-26. 

Analytical techniques:  Detailed chemical data for 
tasks A and B will be acquired by electron microprobe 
(JEOL JXA 8900). Based on those chemical data and 
back-scattered electron imagery taken by microprobe, 
high-precision ion probe measurements will be carried 
out (CAMECA IMS 1280) targeting Fe, Co, and Ni 
abundances of preselected olivine cores. For task C of 
our investigation, we will then investigate the Ni iso-
topic composition of metal inclusions in ureilite sili-
cates and that of the metal fraction in ureilite vein ma-
terial. So far, only very few ureilites have been ana-
lyzed for their Ni isotopic inventory [4]. Thus, our 
study will be the first extensive study of ureilite Ni 
isotopes applying state-of-the-art high-precision MC 
ICP mass spectrometry. 

Preliminary results:  Preliminary experiments 
simulating the formation of reduced rims have been 
performed previously [A. Pack, unpublished data]. The 
experiments were run on olivines extracted from the 
San Carlos peridotite. Those olivines were placed in a 
crucible and heated to 1250° C by means of a gas mix-
ing furnace. Heating times varied from 18 to 204 
hours. The ƒO2 was set at IW -3.8 using the H2/H2O 
buffer (for details see [5]). 

Discussion:  The ubiquitous reduction rims of 
ureilite olivine (and, to a lesser extent, those of pyrox-

ene) are typically 10-100 µm wide and spatially related 
with the graphite-bearing vein material. Therefore, 
they are commonly thought to have developed via a 
solid state transformation: FeO from olivine reacted 
with carbon incorporated in adjacent vein material to 
form Ni-poor iron according to the equation 

Fe2SiO4 + 2C → 2Fe + 2CO + SiO2. 

After reduction, olivine peripheries are left FeO-
poor and decorated with numerous tiny metal blebs 
[e.g., 6, 7] (Fig. 1).  

 
Fig. 1. Schematic illustration of intergranular carbon-
bearing material and reduction rims in olivine crystals. 
The black dots represent metal blebs (not to scale!). 
 

The study presented here is tailored to take a de-
tailed picture of the elemental compositions and gradi-
ents exhibited by the San Carlos olivines heated and 
reduced previously. First analyses taken by electron 
microprobe including FeO spot measurements and 
scans across the rims will be presented and discussed 
at the conference. In particular, we will calculate cool-
ing intervals based on the diffusion profiles recorded 
and compare those profiles with literature data on 
ureilite reduction rims. Reduction and cooling of 
ureilite olivines occurred upon catastrophic disruption 
of their parent body. Therefore, depending on the size 
of fragment sampled, olivines on or near the surface 
must have cooled faster than those from farther inside 
the fragment. This difference should be reflected in the 
extent of rim formation (Fig. 2). 
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In addition to FeO, we will look into the abundance 
and distribution of Si in the metal blebs formed upon 
reduction. Those data, too, will be compared with lit-
erature data in order to try and shed some more light 
on the fate of Si released during the reduction reaction. 

Fig. 2. Back-scattered electron images of San Carlos 
olivine after experimental reduction [see 5]. The medi-
um gray phase is olivine (embedded in epoxy [dark 
gray]), metal blebs appear bright. Top: briefly heated; 
bottom: example of the most extensively heated spec-
imen. 
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