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Abstract: Phase composition and structure of iron-nickel alloys in Y-791694 

are discussed and compared to other non-Antarctic Ni-rich ataxites using the 

results obtained by Mossbauer spectroscopy and X-ray diffraction. 

1. Introduction 

Yamato-791694 (Y-791694) is an Antarctic iron meteorite classified as an 

ataxite (YANAI, 1979) whose uniqueness is due to the composition. The high 

concentrations of Ni (35%) and other elements, as Cu, In, Sn, Sb, Pb and Bi 

(SHIMAMURAet al., 1991) are among the highest of all known iron meteorites. The 

average Ni composition, similar to Santa Catharina and Twin City meteorites, is the 

one in which Fe-Ni alloys present the structural and magnetic Invar anomalies. Due 
to the slow cooling in their asteroidal bodies, iron meteorites are important as 

indicators of phase transformations which occur in Fe-Ni alloys. In the Invar 

composition range, Fe-Ni alloys may undergo segregation and/or ordering (depend

ing upon Ni content) provided that the conditions favor atomic diffusion. Since the 

discovery of the ordered phase obtained by irradiation (PAULEVE et al., 1962), it 

has been observed that alloys in the Invar region (30%-50% Ni), when subjected to 

irradiation, separate into two phases, one ferromagnetic and the other paramagnet

ic, both with fee structure. 

The ordered phase with Ll 0 superstructure was observed for the first time in 

1962 in neutron irradiated Fe-Ni alloys. The tetragonal distortion of the superstruc

ture L 10 has its origin in an electric field gradient at the level of the iron atoms of the 

alloy. This gives rise to a Mossbauer spectrum that is singular among the Fe-Ni 

alloys, because it presents a typical asymmetry, that results from a relatively small 

quadrupolar interaction with the 57Fe nucleus, superimposed on a large magnetic 

interaction of the ferromagnetic alloys. 

Investigations by Mossbauer spectroscopy of taenite fields from meteorites of 

different chemical groups have disclosed differences in the state of order of tetratae

nite ( ordered Fe-Ni 50/50 alloy with superstructure Ll0) which may be attributed to 

different cooling histories below -350
°
C. Since taenite fields containing tetrataenite 
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occur in the majority of the meteorites, including ordinary chondrites, pallasites, 
mesosiderites and iron meteorites, Mossbauer spectroscopy turns out to be a very 
powerful method to study cooling rates of meteorites below ,,_,350°

c. These cooling 
rates might give important information about genetic relations between the meteor
ites and provide new information upon their origin. 

This paper presents preliminary results of our investigation on phase composi
tion and structure of iron-nickel alloys in Y-791694 compared to previous results 
obtained with non-Antarctic Ni-rich ataxites using Mossbauer spectroscopy (MS), 

scanning electron microscopy (SEM), energy dispersive X-ray analysis (EDS) and 
X-ray diffraction (XRD). 

2. Experimental 

Thin slices of the Y-791694 meteorite were cut with a precision saw, carefully 
avoiding submitting the sample to thermal stresses. Absorbers for Mossbauer 
measurements were prepared by polishing the slices to a thickness of about 70 µm. 

The spectra were recorded with a 57CO/Rh source in a conventional spectrometer. 
The lattice parameters were determined by refinement with the Rietveld 

method applied to X-ray diffraction patterns obtained in a powder diffractometer 
with Bragg-Brentano focalization geometry operating in a step mode. The counting 
time per step was 10 s in the angular range 20 

° 
< 28 < 100 

°

, using Cu radiation ( A = 
1. 5418 A) and a quartz monocromator plane ( 1011). 

Scanning electron microscopy (SEM) was performed using a JEOL JSM-U3 
working at 20 kV coupled to a Tracor Northern (model 5500) energy dispersive 
X-ray spectrometer (EDS). Sample compositions were determined using a computer 
program in the EDS software package based on ZAP technique. 

3. Results and Discussion 

The Mossbauer spectrum at room temperature of a thin slice of the Y-791694 
indicates the presence of at least two Fe-Ni alloy phases, a major one corresponding 
to a Ni-rich disordered taenite and a small amount of a or ai-bcc alloy (Fig. 1 ). 
However, due to the broad linewidths typical of disordered alloy, the best fit of the 
spectra was obtained using a distribution of hyperfine fields, with a maximum of the 
distribution curve at ,,_,300 kOe with hyperfine parameters typical of a ,,_,40% Ni 
disordered taenite. 

X-ray diffraction pattern (Fig. 2) indicates the presence of a fee Fe-Ni alloy 
(space group Fm3m) with lattice parameter a0

= 3.6001 +o.001 A corresponding to 
the disordered taenite and a bee Fe-Ni alloy with a0

= 2.873+0.003A in lower 
proportion. 

EDS analysis showed a Ni distribution ,,_,40% Ni and local enrichment of P in 
some regions, probably due to the presence of schreibersite. EDS mapping of the 
components is in progress to determine the location of P in the Ni distribution. 

In the lnvar composition range, the slow cooled iron meteorites contain a 
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Fig. 1. Mossbauer spectrum of a thin slice of the Y-791694 meteorite. 

20.00 40.00 60.00 80.00 100.00 

2v (degree) 

Fig. 2. XRD pattern of a thin slice of the Y-791694 meteorite. 

295 

cloudy zone structure composed of an ordered tetrataenite phase and a surrounding 

honeycomb phase poorer in Ni either of a r or a-phase. This microstructure results 

from a spinodal reaction below 350
°
C (REUTER et al., 1988; GOLDSTEIN et al., 

1990) and has been characterized using a variety of electron optical techniques in 

Santa Catharina (--35% Ni) and Twin City (--30% Ni) meteorites (ZHANG et al., 
1990). The presence of tetrataenite was investigated by XRD and MS in several 

Ni-rich ataxites and was detected in both meteorites Santa Catharina and Twin City 

(SCORZELLI and DANON, 1985, 1990), possibly in San Cristobal (--25% Ni) 

(DANON et al., 1985) and is absent Lime Creek (--29% Ni) and Tishomingo 

(--32% Ni). ZHANG et al. (1990) found important differences between Santa 

Catharina and Twin City. The Mossbauer results showed that the bulk of Twin City 

contains about 50% of tetrataenite similar to Santa Catharina, however the hyper-
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Fig. 3. Conversion electron Mossbauer spectros
copy (CEMS) of Ni-rich ataxites: a) Santa 
Catharina; b) Twin City; c) San Cristobal; d) 
Lime Creek; e) Tishomingo. 

fine parameters (hyperfine field and quadrupolar interaction) suggest a degree of 

long range ordering smaller than that observed in Santa Catharina (SCORZELLI and 

0ANON, 1990). 

Although the Ni content is similar in these meteorites, important differences 

were noticed between Lime Creek, Tishomingo and the others, as can be seen in Fig. 

3. A detailed microstructural study of the Thishomingo meteorite done by IVES et 

al. (1978) gives good reasons to expect differences in Mossbauer spectra between 

Tishomingo and other meteorites of similar bulk Ni contents. 

The presence of the ordered phase Fe-Ni 50/50 with Ll 0 superstructure in S. 

Catharina, Twin City (Fig. 4) and San Cristobal indicates that phase decomposition 

has occurred at low temperatures since the ordering reaction proceeds below 



Fe-Ni Alloys in a Unique Antarctic Meteorite: Yamato-791694 

181.N ,ee.ee 

Ota. 78 
. 

N'I 
gg ,e ... 

e;.s3 

·�M 
gg_S3 

esi.� �-� 
I 

9Q.1S I I gg_es 

98.81 De.SI 

Q8 S8 Q8.S8 

ee.,.- D8. 34' 

98. llil ;a. ,e 

-11 .se -&.20 -e.ie -� se -2.30 -e ee 2.30 � se e 90 �.20 11 .se 

YELOC!TY IN l"lt1/S. 

Fig. 4. Mossbauer spectrum of a thin slice of the Twin City meteorite. 
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-320
°
C. The different proportions of ordered phase and different degree of 

ordering between them is probably related to their Ni content and to different 
reactions that can take place at very low temperatures. 

The Mossbauer spectra of Lime Creek and Tishomingo shows that segregation 
has occurred but ordering has been affected. The quadrupole splitting typical of the 
ordered phase is absent in these meteorites, indicating that the Fe-Ni 50/50 is not 

ordered. The disordered ferromagnetic taenite can be attributed to a destruction of 

the ordered superstructure. Both Lime Creek and Tishomingo meteorites show 
metallographic evidences of a shock event (BUCHWALD, 1975; IVES et al. , 1978), 

whereas no evidence for shock has been reported for San Cristobal, Twin City and 

Santa Catharina meteorites. 
In the case of the Antarctic Ni-rich ataxite Y-791694, in spite of the high nickel 

content, the Mossbauer spectrum showed a completly different phase composition. 

The results obtained up to now suggest that the main component corresponds to a 
fully disordered Fe-Ni alloy with -40% Ni, which can be an indication of a fast 

cooling rate for this meteorite. However, since Mossbauer spectroscopy is a bulk 
property measurement, detailed microstructure observations are required in order to 
have a better understanding of the phase composition and structure of this complex 
system. 

Acknowledgments 

We thank NIPR curator Dr. K. YANAI for the opportunity to study this 



298 R. B. SCORZELLI et al. 

meteorite. We are grateful to D. T. GOMES for technical support on SEM/EDS 
analysis. 

References 

BUCHWALD, V. F. (1975): Handbook oflron Meteorites. Berkeley, University of California Press, 768-
772. 

DANON, J., SCORZELLI, R. B. and GALVAO da SILVA, E. (1985): Fe-Ni alloy phases in iron meteorites 
of high Ni content. Meteoritics , 20, 632. 

GOLDSTEIN, J. I., WILLIAMS, D. B. , ZHANG, J. and CLARKE, R. s., Jr. ( 1990): Invar alloys: 
Information from the s tudy of iron meteorites . Physical Metallurgy of Controlled Expansion 
Invar-type Alloys , ed. by K. C. RussEL and D. F. SMITH. 67-83. 

IVES, L. K. , KASEN, M. B. , SCHRAMM, R. E., RUFF, A. W. and REED, R. P. (1978): A microstructural 
study of the Tishomingo meteorite. Geochim. Cosmochim. Acta, 42, 1051-1066. 

PAULEVE, J. , DAUTREPPE, D. , LAUGIER, J. and Ni:.EL, L. (1962): Etablis sement d'une structure 
ordonnee Fe-Ni par irradiation aux neutrons. C. R. Acad. Sci. Paris, 254, 965. 

REUTER, K. B. , WILLIAMS, D. B. and GOLDSTEIN, J. I. (1988): Low temperature phase transforma
tions in the metallic phases of iron and stony-iron meteorites . Geochim. Cosmochim. Acta, 52, 
617-626. 

SCORZELLI, R. B. and DANON, J. (1985): Mossbauer spectroscopy and X-ray diffraction s tudies of 
Fe-Ni order-disorder proces s in a 35% Ni meteorite (Santa Catharina). Phys. Scripta, 32, 
143-148. 

SCORZELLI, R. B. and DANON, J. (1990): Microstructure of the Santa Catharina meteorite. Physical 
Metallurgy of Controlled Expansion In var-type Alloys , ed. by K. C. RussEL and D. F. SMITH. 
85-100. 

SHIMAMURA, T. , HONDA, M. , NAGAI, H. and YOSHIOKA, Y. (1991): Elemental distributions of unique 
iron meteorite Yamato 791694 by SIMS. Papers Presented to the 16th Symposium on 
Antarctic Meteorites , June 5-7, 1991. Tokyo, Natl Inst. Polar Res . ,  79-81. 

YANAI, K. (1979): Catalog of Yamato Meteorites . Tokyo, Natl Ins t. Polar Res., 188 p. 
ZHANG, J. , WILLIAMS, D. B. , GOLDSTEIN, J. I. and CLARKE, R. S., Jr. (1990): Electron microscopy 

study of the iron meteorite Santa Catharina. Meteoritics, 25, 167-175. 

(Received July 5, 1993; Revised manuscript received January 20, 1994) 


