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We performed a Missbauer spectroscopy study of the iron meteorite Soledade. This meteorite, which consists
of a metallic matrix, is an octahedrite with polycrystalline troilite, cohenite, schreibersite and rhabdites as major
constituents. A chemical analysis indicates 6.78 % Ni, 0.46% Co, besides traces of Cu, Cr, Ga, Ge, As, Sb,
W, Re, Ir and Au. No traces of silicates have been found and no oxygen was detected. Iron is appearing in the
austhenitic phase and alloyed with nickel. An analysis of tlisabauer spectra at room temperature indicates
that the Fe-Ni phase is homogeneously distributed in the matrix, although variations in the composition between
different regions are observed.

Since the early studies of the microstructure and chemicalites as major constituents. It consists of a solid block weig}
composition of meteorites the formation of magnetic phase#g 68 kg, with an irregular form measuring about3®x 16
has attracted the attention of metallurgists [1-11]. Most of theem. A chemical analysis indicates 6.78 % Ni, 0.46% Co, be
metallic specimens presented high contents of nickel and irosides traces of Cu, Cr, Ga, Ge, As, Sb, W, Re, Ir and Al
as major constituents, and thus the Fe-Ni alloys formed undeXo traces of silicates have been found. Iron is appearing
such special conditions have been the subject of several invebec phase alloyed with nickel. As pointed out, it has no rels
tigations with a variety of experimental techniques. This is notion with other meteorites which have been found in Brazil. |
an easy task considering the weathering process and the diseems to have it has been suffered no violent impacts as w
tribution of oxides in the metallic matrix, which in some casesas no further re-heating was identified. To our knowledge
varies in composition from one region to another. Howeverthis is the first report on the &sbauer spectroscopy in this
the complexity of the mechanism of formation of the alloys inspecimen, which is intended to identify the Fe phases as wi
meteorites, which can take cooling rates as long as 1 K/Ma, ias to quantify these phases on the basis of thésdauer
an interesting subject, and its comprehension may shed sonparameters.
light on the metastability of alloys. . . . . .

9 Aoty Y In order to verify the differences in the iron-bearing phase
The category of iron meteorites corresponds to about 5 % , . .
. - ~ “which are present in the surface of the Soledade, three samp
of the modern meteorite falls. In the study of Fe-Ni-bearing . . .
. . . . . ere taken from the outer portion of the meteorite, but inte
meteorites, there is a recent discussion about the formation Jf

a low-moment Fe-rick phase which differs from the ordinar fior to any surviving fusion crust. They are named thereafte
. . reyp ; Y as S1, S2 and S3. S1 was taken from one side (“top”) of tf
high-spiny phase in the electronic structure and a lower lat-

. specimen and S2 was taken from the opposite side (“bottom’
tice parameter, but has the same crystal structure, same degree. o ) . .
: 2. . ; taking care to eliminate the coating of oxide which covers th
of atomic order and same composition of ordinary taenite. In . - 8
. . . metallic block. S3 is a sample collected from the coating ¢
fact, this has been claimed to be a new mineral called anti-

taenite which is common in slowly cooled meteorites [12-14] oxide. This has a reddish appearance, typical of iron oxide

. ; . . - - 7~ A small amount of the fine powder was then sandwiched be
This low-spin phase is proposed to occur in a thin epitaxial in-,

tergrowth with tetrataenite (ferromagnetic atomicall ordereaIWeen adhesive tags in a lead holder, which was used as ¢
9 9 y sorber for the MS measurements (widttb0 um). The spec-

.F eNi). Ac_tually, _metas_table pr_ecipitates of this low-spin phas%ra were obtained on a constant-acceleration spectrometer.
in a matrix of high-spin Fe-Ni phase of the same controlled. '

- . ing a 57-Co/Rh source, at 300 K (room temperature, RT) ar
composition have been synthetically produced near the Inva.;7 K, being that 512 channels were used in the acquisitic
composition £& 35 at% Ni). !

In thi K lied diffracti YRD d with a velocity increment of 0.068 mm/s/channel. Drive ve:
. this work we applied x-ray di raction ( . ) an . _locity was calibrated at room temperature with a metatlic
Mossbauer spectroscopy (MS) to study the iron-bearin

phases detected in the iron meteorite called Soledade, whic on foil.

is a massive metallic block [15]. Although no one knows pre- The XRD patterns were obtained with the Ca-Kadiation.
cisely when this specimen was found, it received the name cfhe results for two samples (S2 and S3) are shown in Fig.
the locality from where it proceeded near the city of Passd-or the S1 and S2 samples these profiles are identical. T
Fundo in the state of Rio Grande do Sul in Brazil. The firstlattice parameters determined from these samples correspc
studies indicate that this metallic meteorite is an octahedritetp bce Fe-Ni alloys, which are similar to pure iron up to 10 at
with polycrystalline troilite, cohenite, schreibersite and rhab-% Ni[16]. Traces of iron oxide are detected for the S3 sampils
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FIG. 1: XRD patterns for the Soledade meteorite. Top: S2 sample; R S AT R 2529 30 31 32 33 94 95 36 37
bottom: S3 sample. Velocity (mm/s) H,, (T)

) ) FIG. 2: Fitted MS spectra of the Soledade meteorite at 300 K.
collected from the coating at the surface of the specimen.
The MS spectra registered at room temperature are shown
in Fig. 2. The spectra were fitted with a constrained fit-

ting program of Lorentzian functions which uses a nonlin- : . . o
- L - small particles of an iron oxide exhibiting a superparamac
ear least-squares nonlinear minimization with the Levenberg- " . . ; . *
netic behavior at RT. Besides,\atz 4+ 8.0 mm/s, small lines

Marquardt method (Normos package). A simple hyperfin : . - - i
field distribution was used to fit the spectra. This is a fast fﬁbelongmg o a sextet with a large field can also be identifie

. . S . . which is assigned to the presence of a magnetic iron oxid
using only very simple asymmetry which is basically a his- : .
togram of sextets, with a possible linear change in isomepro.bab.Iy the same as mentioned above, although with larg
shift, where subspectra relative depths are calculated usi jain sizes. o
linear regression plus damping. A block of 75 sextets with 1he spectra taken at 77 K are shown in Fig. 3. The san
linewidths of 0.2 mm/s was used to built up the overall specitting procedure used for the RT spectra was employed wi
trum. The first field value in the distribution block is 29 T, the same line width. As can be seen in Fig. 3, the spectr
which increases in steps of 0.1 T. The others parameters afdape for S2and S3 s similar, and a small contribution from
left free to adjust. In Fig. 2 are shown the fitted spectra to;Paramagnetic phase still can be observed in the middle of
gether with the distribution profile at RT. The broad peak ininner lines. However, at this temperature the spectral sha
the field distribution diagrams indicates that several contribufor the sample S3 has changed and becomes similar to that
tions are adding to built up the overall envelope, which arisesh® S1 and S2 samples. The central doublet has practica
from different configurations of the iron sites in the specimen disappeared, and now is more explicit the presence of larg
The observed shift in this peak, when comparing the spectrurfield values, in small proportion, which may be ascribed to th
for S1 and S2, indicates that the magnetic phase is not hom@resence of iron oxides. The superparamagnetism exhibit
geneously distributed in the block. However, the observed the small particles is suppressed at lower temperatures.
spectral shape for S1 and S2 are quite similar to that of a dis- Hence, the metallic core of this octahedrite consists mainl
ordered Fepo-xNiy alloy for x < 10. The correspondingdd  of an iron-rich Fe-Ni alloy, with magnetic hyperfine field val-
values also agree with those reported in the literature at thises similar to those for as-cast alloys prepared by a conve
nickel concentration in Fe-Ni alloys [16-17]. Therefore, for tional melting process. Despite the presence of traces of ott
S3 one observes a change in the relative intensity of the innenetals, the formation of Fe-Ni alloys with continuous com-
lines of the sextets with respect to the outer lines, as well aposition distribution was identified, whosedglsbauer para-
the presence of a small paramagnetic component (doublet) ateters are similar to those observed in pure bcc Fe-Ni &
the center of the spectrum. The fitting procedure yields for ifoys. Besides, the similarities of theddsbauer spectra for the
an isomer shifd = 0.14 mm/s and a quadrupolar splitting=2  two samples collected in different parts of the metallic blocl
0.54 mm/s, with a spectral area A =7 %. Actually, a tiny con-also suggests that this specimen has a homogeneous distri
tribution from this paramagnetic phase can also be detecteiibn of Fe-Ni alloys in the volume, although small changes ii

in the other samples. This can be ascribed to the presence
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the compositional distribution were observed. Thus, weathe

T 1ol T ] ing has no significant effect on bulk elemental compositior
1001 1 In this case, there is no evidence of the presence of a loy
0751 ] moment Fe-rich phase as it has been pointed out for the Sal
ossf {  osof ] Catharina meteorite (which is richer in iron). Finally, we
7K St would like to emphasize that a low-spin iron-rich phase wa
0.25- B . . . .
ool not detected in this study since our focus of attention was on
0.00f in bulk samplesif natura). A chemical treatment of the sam-
" 1ol ples is needed in order to eliminate the bce phase and to obt:
1.00 % the lamelae (plate or needle-shaped crystals, formed duri
S o9 g 0751 the slow cooling of meteoroids) containing the fcc phases[1+
B os] & o050} (tetrataenite and anti-taenite) which are expected to be pres
5 osr 52 g o5 in all iron bearing meteorites. This can be the subject of a fu
§ . 0% ther investigation.
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FIG. 3: Fitted MS spectra at 77 K. ples.
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