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Introduction: Chondrites and their components are 

physical representations of chemical reservoirs and the 
dynamic history of the early Solar System. Within the 
types of chondrites, carbonaceous Renazzo-types (CR) 
have experienced minimal alteration and contain high 
modal abundances of chondrules [1]. Many of these 
chondrules contain metal, as interior nodules and/or 
rims, which enhances their applicability toward con-
straining chondrule formation hypotheses [2]. 

This study is a continuation of [3-4], an investiga-
tion of metal nodules in chondrules of the Saharan find 
Acfer 139 (Fig. 1). The multi-layered chondrule in this 
section of Acfer 139 (Fig. 1; chondrule A) was previ-
ously described by [5-6]. This metal-centric study 
builds on previous studies of metal layers in CR chon-
drules [e.g. 7-14] by further examining the relationship 
between chemical and textural characteristics within 
and among metal nodules in chondrules. 

Figure 1: Partial BSE of Acfer 139 surface used in this study. Light-
est regions correspond to location of metal. Select chondrules and 
metal nodules are labeled and image orientation, chemical, and grain 
information are compared in Fig. 2.  

Method: A serial thick section of Acfer 139 
(AMNH 4793-t2-ps5B2) was highly polished using a 
series of grits and slurries finishing with 0.05µm col-

loidal silica [3]. No carbon coat was initially applied 
but a thin coat was applied after initial EBSD analysis 
to facilitate chemical analysis.  

Orientation analysis was conducted using an 
EDAX DigiView IV electron backscatter diffractome-
ter attached to a Zeiss variable pressure EVO 60 scan-
ning electron microscope. The EDAX OIM software 
was used to process the diffraction data and produced a 
range of information including grain orientation maps. 
The AMNH Cameca SX100 electron microprobe 
(15kV accelerating voltage, 20nA current, 1µm beam 
size) was used to map elements and to collect single 
point and multi-point transects of select metal nodules 
within the section analyzed.   

Results: Select, preliminary results are shown in 
Figure 2: element abundance (FeNiCo=RGB compo-
site), orientation (inverse pole figure), and metal grains 
(number of grains and relative size of grains). Metal 
nodules from rims include (Fig. 1): two nodules (1 and 
4) from the 2nd metal layer in chondrule A, and nodule 
1 from chondrule E. An interior metal nodule (1) in 
chondrule D is also included for comparison. These 
results demonstrate the variation in the character of 
metal nodules within chondrule interiors and rims.  

Fe, Ni, and Co are the major elements in these met-
al nodules. The RGB composite (Fig. 2; 2nd image in 
each row) highlights the differences in element distri-
butions between nodules. Some display regions of Ni 
enrichment. The inverse pole figure (Fig. 2; 3rd image 
in row) is false colored to distinguish between points 
of different orientation (see legend in image). There 
are clear, sub-parallel, lamellar-like features transect-
ing many of the nodules. Each metal nodule contains 
different numbers of grains (Fig. 2; different colors 
within 4th image in row) and grain sizes are independ-
ent of metal nodule location within the chondrule or 
overall nodule size.  

Discussion: The observed Ni heterogeneity (Fig. 2 
A.1 and A.4) is not a product of sample preparation as 
it is not uniformly observed and as the metal nodules 
exhibit minimal topographic variation [3]. EMP meas-
ured transects will verify the presence or absence of 
major element variation across each metal nodule. 
Comparison of the occurrence of this elemental varia-
tion with the position of the nodule within and among 
chondrules will allow determination of whether the 
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metal and chondrules experienced a shared history 
from initial chemical reservoir to subsequent alteration. 

The lamellae-like features are twins based on their 
orientation difference relative to the rest of each grain 
(Fig. 2). A more detailed comparison of the twins and 
the elemental heterogeneity, present in Ni in some 
metal nodules, will aid in determining whether these 
twins are exsolution of taenite [15], shock-induced 
Neumann lines [16], or polysynthetic twins in kama-
cite. All of these explanations have significant implica-
tions for the formation and deformation history of the 
metal nodules and the associated chondrules in CR 
chondrites.  

There is significantly more information that can be 
extracted from the EBSD data in addition to the in-
verse pole figure (orientation) and grain designation 
images shown in Fig. 2. This information will be pro-
duced using features within the EDAX OIM software 
and will aid in determining the extent of deformation 
that the chondrule metal experienced. Constraining 
deformation and its relationship to chemistry could 
assist in differentiating between pre- and post-
accretion events affecting CR chondrites.   

Further analysis of this dataset will reveal infor-
mation on whether multiple chemical reservoirs exist-
ed for the metal nodules, reveal similarities of pro-
cessing history among metal nodules, and allow evalu-
ation of existing chondrule metal layer formation hy-
potheses [e.g. 11-14]. Overall, metal nodules, both 
interior and rim, and comparison with chondrule type,              

add constraints to the conditions of sequential for-
mation of igneous chondrules in the early Solar Sys-
tem.  
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Figure 2: Select results for 4 metal nodules in 3 chondrules considered in this study of chondrule metal of Acfer 139.  Results include 
BSE, three-element x-ray intensity RGB composite (FeNiCo), inverse pole figure and legend (crystallographic orientation), false-
colored grain ID, and false-colored by grain size. Dashed outlines in the BSE images denote the location of the high resolution EMP 
chemical maps. 20µm scale bars are included for reference. Relative locations of the chondrules (letters) and nodules (numbers) are 
shown in Fig. 1. 
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