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/4. Metallographic and Magnetic Properties of Yamato Iron Meteorites
Yamato 75-031 and Yamato 75-105

Takesi NAGATA (NIPR)
R.M. FISHER (U.S. Steel, Res. Lab. )
N. SUGIURA (Univ. Tokyo)

ABSTRACT:

(i) General characteristics

(Yamato 75-031) meteorite weighing 60.2 gm appears to be a reheated
octahedrite but the degree of reheating should not be so high, because
this sample does not exhibit much porosity or penetrating oxide. In com-
parison, (Yamato—75—205) which has an ablation zone about 2mm in
thickness on the flat surface and 18.5gm in weight represents an extensive
reheating on entry into the earth's atmosphere although traces of the original
features still remain. The second sample can be identified to a Ni~-poor

ataxite.

(ii) Chemical composition

The chemical compositions of the Yamato iron meteorites have been
determined by quantitative fluorescence analysis. The results are sum-
marized in the following table, where the remainder should be considered
Fe. Ni-content in Yamato-75-031 is considerably higher than that in
Yamato-75-105.

Chemical Composition in wt %

~Flement
Si Ni Ti Co P S Al
Sample
Yg;;ato—75 0.06 15.3 0.01 0.76 1.0 0.025  0.06
Metal 0.35 5.65 0.12 0.52 1.0 0.1 0.25
~Base
Yamato
=75
-105 Fusion 2.2 6.4 0.15 0.4 1.5 0.1 5.0
Crust




(iii) Metallographic Properties

{ Yamato-75-031 )  This sample has an unusually wide range of micro-
structural features. Optical and SEM micrographs have indicated,
for example, that phosphide grains, ( Fe, Ni )3P, are surrounded
by 5% Ni-kamacite matrix in many parts and Ni-rich kamacite phases
also are present other parts. These microstructures suggest the

reheating effect, though it may not be of a high degree.

( Yamato-75-105 ) The ablation zone ( 2mm thick ) of this sample con-~
sists of small recrystallized grains of kamacite surrounding pools of
oxide, 10}4(m to 100 Mm in diameter. EMS analysis has shown
that the oxides filling the black lines are iron-nickel phosphide oxide
particles which resulted from melting of ( Fe, Ni )3P particles
( melting point ~1000°C ) during the reheating process. EMS
analysis of a high magnification has revealed that the phosphide grains
of (75% Fe, 10% Ni, 15% P ) are surrounded by an enveloping
phase of (91% Fe, 7% Ni, 2% P ) within the low Ni kamacite
matrix (95% Fe, 5% Ni ). These results suggest that the whole
sample was reheated,’ at least, to the melting point of ( Fe, Ni )3P,
namely about 1000°C.

(iv) Magnetic properties

The basic magnetic parameters of the iron meteorites are summarized

in the following table.

Yamato
Magnetic Parameter
75-031 75-105
Saturation Magnetization (1s) 114 190 .emu/gm
o (1) 770°C
C urie point ( @ ) - (11) 360°C
x o
& > 707 - 762  785%
X 3 o]
O sy 409 - 548 661°C

_3¢ —_



( Yamato-75-031 ) The o>y and )y transition temperatures
indicate that Ni content in kamacite phase ranges from 5 to 15wt%
but 95% of the ferromagnetic phase is represented by 95 % Ni kamacite.
The observed considerably low value of Iy suggests a presence of

taenite phase also.

( Yamato-75-105 ) The thermomagnetic curve of this sample consists of
three phases, i.e. (a) a kamacite phase of 5.1% Ni and 0.5% Co of-
& *a5p=185°C and ) *p, 4 = 660°C, (b) 91% Fe-T% Ni-2% P
alloy whose Curie point is 770°C and (c) iron-cickel phosphide phase

of about ( Feg% Ni% )3P whose Curie point is 36OOC, The

major ferromagnetic phase is (a) the 5.1% Ni kamacite phase.

APPENDIX  ( Metallographic and Magnetic Properties of Pallasite,

Yamato-74-044 ) This sample appears to consist of a fusion of several

different kinds of Fe-Ni with a silicate phase. Two large areas of

plessite surrounded by taenite were observed within a network of kamacite.
Very roughly, the kamacite phase contains about 5% Ni, the taenite

about 20 %, and the plessite about 15 % . The silicate contains very

roughly 30% Mg, 30% Si and 10% Fe. The silicate is veined with iron

high in sulpher and silicon but very low in nickel. The average chemical

composition is given by

Ni P S Co Si Al Nb
10.6 0.1 0.1 0.35 3.3 0.5 0.02
Mo, Cu. V, Ti, Mn < 0.01
The magnetic characteristics are represented by Ig =124 emu/gm,

@*‘,(.—r =~ 76200 and &Z")‘w&: 61 SOC which represents only 6.5% Ni

kamacite as the major ferromagnetic phase.
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g { Concentrations and isotopic ratios of rare gases from Yamato (j),(k),(m)

( Concentration in 10_8cm3STP/g )

ClZak) (i) ¢5) (k)@ (m) (&
He 20.3 + 4.0 41.8 + 1.8 33.0 + 5.6
“He 1360 + 270 987 + 42 344 + 58
e/*He  0.0150 + 0.0008  0.0424 + 0.0005  0.0960 + 0.0009
22Ne 6.45 + 1.78 11.2 + 1.0 8.98 + 1.11
205e/*%xe 0.828 + 0.029 0.885 + 0.005 0.975 + 0.009
2lye/**Ne 0.889 + 0.008 0.908 + 0.012 0.914 + 0.008
s 1.83 + 0.36 4.04 + 0.14 4,87 + 1.00
“Oar 5980 + 1190 6910 + 240 1170 + 240
38pe/%%Aar  0.511 + 0.060 0.470 + 0.007 0.333 + 0.003
“ue/3ar 3270 + 630 1710 + 20 240 + 2
132ye (1.52 + 0.58)x10™2 (1.08 + 0.03)x10™2 (0.587 + 0.154)x10™°
124¢e  0.00483 + 0.00026 0.00532 + 0.00027  0.00562 + 0.00025
1264 0.00463 + 0.00027 0.00587 + 0.00033  0.00556 + 0.00063
128%e  0.0773 + 0.0019  0.0793 + 0.0032  0.0766 + 0.0013
1% 1.23 + 0.16 1.17 + 0.03 1.07 + 0.01
13%e 0.157 + 0.005 0.159 + 0.004 0.157 + 0.001
Blye 0.806 + 0.007 0.806 + 0.006 0.807 + 0.005
132¢e =1 -1 -1
134%e 0.387 + 0.005 0.390 + 0.003 0.399 + 0.005
1364e 0.333 + 0.002 0.331 + 0.002 0.341 + 0.005
Tq (my) 10 - 21 17
Tp1 (my) 11 20 16
T3g(my) 14 27 17

production rates for 21Ne and 38Ar ; E.Mazor et al. Geochim.
Cosmochim. Acta, 34,(1970) 781.
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