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Metallic Phases in extraterrestrial materials are composed of Fe-Ni with minor amounts of
Co, P, Si, Cr, etc. Electron microscopy techniques (SEM, TEM, EPMA, AEM) have been used for
almost 50 years to study micron and submicron microscopic features in the metal phases (Fig. 1)
such as clear taenite, cloudy zone, plessite, etc [1,2]. However lack of instrumentation to prepare
TEM thin foils in specific sample locations and to obtain micro-scale crystallographic data have
limited these investigations. New techniques such as the focused ion beam (FIB) and the electron
backscatter electron diffraction (EBSD) techniques have overcome these limitations.

The application of the FIB instrument has allowed us to prepare ~10 um long by ~5um deep
TEM thin sections of metal phases from specific regions of metal particles, in chondrites, irons and
stony iron meteorites, identified by optical and SEM observation. Using a FEI dual beam FIB we
were able to study very small metal particles in samples of CH chondrites [3] and zoneless plessite
(ZP) in ordinary chondrites. Fig. 2 shows a SEM photomicrograph of a ~40 um ZP particle in
Kernouve, a H6 chondrite. Fig. 3a,b shows a TEM photograph of a section of the FIB prepared TEM
foil of the ZP particle and a Ni trace through a tetrataenite/kamacite region of the particle.

It has been proposed that the Widmanstatten pattern in low P iron meteorites forms by
martensite decomposition, via the reaction Y= a,,+y=> oty in which o, ,martensite, decomposes to
the equilibrium o and y phases during the cooling process [4]. In order to show if this mechanism
for Widmanstatten pattern formation is correct, crystallographic information is needed from the y or
taenite phases throughout a given meteorite. The EBSD technique was employed in this study to
obtain the orientation of the taenite surrounding the initial martensite phase and the kamacite which
forms as o, or as Widmanstatten plates in a series of IVB irons. Fig. 4a,b shows EBSD orientation
maps of taenite and kamacite from the Tawallah Valley IVB iron. We observe that the orientation of
the taenite in the IVB meteorites is the same throughout the sample consistent with the orientation of
the high temperature single phase taenite before formation of the Widmanstatten pattern.
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Figure 1 Fe-Ni Phase Diagram
Figure 2 FIB cut in Zoneless Plessite (ZP) region of Kernouve H6 Chondrite

Figure 3a STEM image of FIB section, Kernouve ZP. White bar shows X-ray analysis region,
kamacite/ tetrataenite/ kamacite.

Figure 3b Ni composition profile across analysis region.

Figure 4 EBSD images of Tawallah Valley IVB iron meteorite. A) FCC B) BCC
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