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AbstractAbstract
A meteorite advertised as being from the Gibeon IVA 
fine octahedrite was prepared for metallographic
analysis and analyzed using optical microscopy, x-ray 
diffraction, scanning electron microscopy, energy
dispersive spectroscopy, a Kentron micro hardness 
tester, and elemental composition testing by Stork 
Materials Testing and Inspection.  The specimen was 
found to be almost completely encased in a fusion crust 
and to display a Widmanstätten structure with a
kamacite bandwidth of about 0.3 mm, and a nickel 
content of 7.94% by mass.  The specimen included
troilite (FeS), chromite (FeCr2O4), and daubreelite
(FeCr2S4).  The specimen had Neumann bands, a 
shock-hardened, hatched structure, α2-iron phase, 
shock-induced plastic deformation, and shock-melted
troilite.  All of these serve as evidence of repeated 
stress, probably in the parent asteroid, of forces both 
above and below 130 k bar.  The origin of the 
meteorite was concluded to be as advertised.

IntroductionIntroduction
Bodies of matter with heliocentric orbits which intersect 
that of the earth, and which range in radii from several 
kilometers to submicroscopic levels, are called 
meteoroids prior to entry into the earth’s atmosphere, 
meteors when atmospheric friction causes them to emit 
trails of light, and meteorites if they are recovered from 
the earth’s surface. When the fall of a meteorite is 
witnessed and material from the meteorite is collected, 
the meteorite is referred to as a fall.  Many meteorites 
are identified by the thin black or brown layer called a 
fusion crust which forms around the meteorite during 
ablation upon entry through the earth’s atmosphere, or 
by remaglypts, the hills and valley caused by selective 
ablation.  Meteorites are divided into three groups: 
irons, stony-irons, and stones.  Irons are subsequently 
classified by structural features and nickel content, and 
by their composition of nickel, germanium, gallium, and 
iridium.  Inside most iron meteorites, an intergrowth of 
kamacite (α-iron) and taenite (γ-iron) lamellae results in 
a characteristic pattern known as the Widmanstätten 
figure.
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In the structural classification system, irons are divided into
hexahedrites, octahedrites, and ataxites.  Among octahedrites, 
the most common form, they are classified as coarsest, coarse, 
medium, fine, finest, and plessitic based on the width of the 
kamacite lamellae, a measurement which corresponds with 
their nickel content.  Within the chemical classification system, 
irons are grouped by the amount of nickel, gallium, 
germanium, and iridium they contain.  The groups in this 
classification system are IA-IC, IIA-IIF, IIIA-IIIF, and IVA-
IVB.  Irons may also contain mineral inclusions or show signs 
of shock or heat.  These deformations can be divided into those 
caused by shock-induced plastic deformation, shock-induced 
solid state transformation, shock-melting, or heat.  
Deformation may also occur from cold-working or reheating 
by man to make tools out of the nearly-pure iron.  The small 
meteorite examined for this investigation is advertised as being
a part of the Gibeon meteorite, a fine octahedrite with a 
Vickers hardness of 170±10 and a nickel content of 7.93 
weight percent which may include the minerals chromite 
(FeCr2O4), daubreelite (FeCr2S4) and troilite (FeS).  It contains 
Neumann bands, which are fine lines caused by shock.

ProcedureProcedure
The specimen measured approximately 30mmX30mmX10mm and weighed approximately 50 grams.  It 
was sectioned, mounted in a conductive mounting compound, ground with 240, 320, 400, and 600 grit 
silicon carbide paper, polished with a diamond polishing compound, polished with a vibratory polisher, 
and etched in 3% nital.  The specimen was then analyzed with a stereo zoom microscope, optical 
microscope, scanning electron microscope, energy dispersive spectroscopy, x-ray diffraction, a Vickers 
micro hardness tester, and elemental composition testing by Stork Materials Testing and Inspection.

ResultsResults
The specimen was found to have a kamacite width of about 0.3mm and a nickel content of 7.94% by 
mass.  It contained chromite, daubreelite, and shock-melted troilite, and the kamacite displayed 
Neumann bands, shown below.  It showed ample evidence of shock-induced solid state transformation, 
and also showed signs of shock-induced plastic deformation and shock-melting.  An X-ray dot map of
troilite/daubreelite/chromite is shown below.
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Results (Continued)Results (Continued)
The micrographs to the left show the hatched shock-
hardened structure.  The table below shows elemental 
composition testing done by Stork Materials Testing and 
Inspection.  The nickel and cobalt contents of our 
specimen matched those of the Gibeon.

DiscussionDiscussion
The specimen was found to be a fine octahedrite based 
on structural analysis.  Elemental composition data for 
nickel strongly confirmed that that the specimen came 
from the Gibeon meteorite, as advertised..  The specimen 
was found to have shock-melted troilite, daubreelite, and
chromite, and to show evidence of shock-induced solid 
state transformation, shock-induced plastic deformation, 
shock-melting, and possibly thermal deformation.  
Neumann bands found in addition to these deformed 
structures indicate that the meteorite that the meteorite 
was subjected to several instances of shock both above 
and below 130 k bar during its lifetime.  All of these 
properties mirror that of the Gibeon, indicating that the 
specimen is from that meteorite.  Evidence of solid-state 
transformation included both shock-hardened and shock-
annealed structures, indicating that areas of the meteorite 
were subjected to greater pressures than others.  While 
examples of shock deformation are abundant among 
Gibeon specimens, examples of shock-hardening are not.  
Therefore, this specimen is uncommon among all Gibeon
specimens.

ConclusionConclusion
The specimen is a piece of the Gibeon IVA fine
octahedrite, and exhibits altered structures due to 
repeated occurrences of extreme stress exerted on 
the meteorite while as a part of the core of the 
parent asteroid.  It shows evidence of solid-state 
phase transformation, plastic deformation, shock-
melting, and possibly reheating.  Mineral 
inclusions appear to have formed after shock-
melting, and contain high amounts of sulfur and 
chromium.  The Widmanstätten figure is present, 
the average bandwidth of the largest kamacite
lamellae is approximately 0.3mm, and the nickel 
content is 7.94%, both matching that of the rest of 
the Gibeon.  The specimen was probably broken 
off from the main mass during entry through the 
earth’s atmosphere, and did not deform upon 
impact with the earth.


