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TETRATAENITE IN THE PLESSITE OF THE IRON METEORITE CARLTON 
J. Zhang, b.B. Williams and J.I. Goldstein, Department of Materials Science and Engineering, Lehigh 
University, Bethlehem PA 18015 

INTRODUCTION Tetrataenite is an ordered face center cubic phase, FeNi, found in many 
iron meteorites and chondrites.1-3 Tetrataenite is formed a t  low temperatures during the slow cooling 
of the meteorites and has a critical ordering temperature of 32O0C.4,5 During cooling 'M shaped' Ni 
composition profiles were formed in the parent taenite phase below -450°C. The microstructure of the 
retained taenite varies with its Ni content. Each region is named according to its apperance in the 
light optical microscope(L0M). From the high Ni border adjecent to the kamacite into the taenite, the 
microstructure includes clear taenite 1 (CT1, -52-46wt%Ni), cloudy zone (CZ, -;1530wt%Ni), clear 
taenite 2 (CT2, -30-28wt%Ni) and plessite (<28wt%Ni). The plessite is further divided into black 
plessite (BP) which can not be resolved in the LOM and duplex plessite (DP) which is a two phase 
mixture in the LOM.6 The entire CT1 region and the island phase of CZ is composed of tetrataenite.7 
~assa lsk i*  suggested that the BP was martensite and the DP was a kamacite and taenite two phase 
mixture formed by martensite decomposition. Lin et a1.9 showed that the DP was a martensite 
decomposition product by using transmission electron microscope(TEM) and analytical electron 
microscope(AEM) techniques and suggested that the martensite of the BP region might be 
decomposed. In this paper, we have studied the black and duplex plessite of the Carlton iron meteorite 
by using the Philips EM400T AEM, which has a spacial resolution for X-ray analysis of -50nm. 

R E S U L S  AND DISCUSSION Under LOM, martensite plates in Carlton are observed in the 
CT21BP boundary region. However the SEM image shows that these martensite plates are actually 
decomposed, see figure 1. Figure 2 is a centered dark field TEM image from (l l l ) ,cc diffraction of the 
CT2/BP boundary region of about 28wt% Ni. Very weak (lOO)fcc diffraction spots are observed in the 
electron diffraction pattern indicating that the precipitates have an ordered fcc structure and are 
tetrataenite. The fact that -28wt% Ni martensite is decomposed means that the martensite 
decomposition is still going on at  <10O0C since the martensite start temperature at  this composition is 
below 100°C. 

The central region of the plessite (DP) is a two phase mixture which is formed through martensite 
decomposition. Figure 3 is a TEM bright field image of the precipitates formed at  the original 
martensite boundaries in the duplex plessite area. These precipitates are usually large enough so that 
Ni composition profile can be determined accurately by EDS X-ray analysis. A Ni composition 
profile across such a precipitate is shown in figure 4. The Ni composition of these precipitates are 
about 50wt%. The convergent beam diffraction pattern from the precipitates, which is as an inset of 
figure 3, shows an ordered fcc structure. Therefore we have identified the precipitates as tetrataenite. 
The Ni composition of the matrix at the matrixlprecipitate interface is about 4 wt% which represents 
the equilibrium composition at  the final cooling temperature of the meteorite (<200°C). The structure 
of the matrix is bcc. In addition to the precipitates in the original martensite boundaries, there are 
also precipitates inside the original martensite platellath in the DP region. The morphology and the 
structure of these precipitates are the same as those precipitates of the BP region. However they are 
slightly coarser than those in the BP region. All the intragranular precipitates larger than about 50nm 
in width have about 50wt% Ni. The compositions of the finer precipitates and their bcc matrix have 
not been measured for the Carlton due to the limited resolution of the EM400T. However the 
compositions of a similar region in the Grant iron meteorite have been measured by using a VG501 
STEM which has a spacial resolution for X-ray analysis of as high as -2nm.10 The Ni composition of 
the precipitates and the matrix in Grant is -50wt%Ni and -12wt%Ni respectively. We expect the 
same values for the Carlton meteorite since the Ni compositions that we measured with EM400T in the 
regions of coaser precipitates are quite consistent for Carlton and Grant. A major difference between 
the Carlton and the Grant is that we did not observe ordering in the -5Owt%Ni fcc precipitates in 
Grant. We attribute the lack of ordering in the plessite of Grant to the effect of shock. We conclude 
that both DP and BP regions in Carlton are decomposed martensite with the tetrataenite precipitates 
in a matrix of bcc structure. The composition of the phases of the DP and BP regions in Carlton and 
Grant are consistent with new Fe-Ni phase diagram developed by Reuter et al.11 
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Fig.1 SEM image of CT2/BP boundary region. Fig.3 TEM BF image of tetrataenite(T) in 
the DP region. 
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Fig.2 TEM CDF image of CT2/BP boundary region. Fig.4 Ni profile of a precipitate in fig.3 
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