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1. Introduction

As is well known, iron meteorites are composed mainly of iron and nickel alloy,
the so called metallic phase, but also contains several minerals such as troilite, FeS,
schreibersite, (Fe, Ni),P, graphite, C, and some metal sulphides, phosphides, carbides
and nitrides. These minerals are usually dispersed in the whole body of the iron
meteorite but their size and distribution are not uniform.

When chemical composition of iron meteorites are discussed, only the abund-
ances of elements in the metal phases are usually considered. This, however, of
course does not give the real chemical composition of iron meteorites.

In this report, the chemical composition of elements in the metal phase of four
iron meteorites, Kuga, Shirahagi, Tanakami and Tendo, is first described and then
some examples of microanalytical observations of metal phases as well as inclusion
minerals are presented.

II. Samples

Iron meteorites, Shirahagi and Tanakami were found in the 19th century.
Chemical analyses of the main components, Fe, Ni, Co, Cu and P, were already made
by Kondo (1895) and Kodera (see; Enomoto 1902, Ko 1899 and Otsuki 1900).
Small pieces of these two meteorites were given to a couple of places of the United
States of America a long time ago, and Tanakami was provided to the British
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Museum, London, England. Further analysis of Shirahagi was performed by
Wasson (1974), and that of Tanakami was done by Scott er al. (1973). They are
classified chemically in Group IVA and IIIE respectively. The iron meteorite belong-
ing to chemical group IIIE is rather rare. Moreover, these authors reported that
Tanakami is a somewhat unusual coarse octahedrite, with its anomalous kamacite
morphology and significant amount of carbides. We have the main mass, ~ 170 kg.,
of Tanakami in National Science Museum, but it is very hard to cut out a moderate
size specimen for research purposes. For this reason, we could obtain only a some-
what limited analytical results for Tanakami.

The other two meteorites Kuga (Murayama, 1959 and 1965) and Tendo (Mura-
yama, 1977) were found at the begining of the 20th century but were recognized as
iron meteorites rather recently. There are neither analytical data nor microanalytical
observations on these meteorites. Tendo is heavily oxidized and the main mass is
still privately owned, and the owner provided us only a small end piece. Rust has
grown along the boundary between metal crystals as well as inclusion minerals in the
interior of the meteorite. Normally, Fe-Ni alloy with lower nickel content rust
easily. Therefore, we expected that the values obtained as analytical data will be
comewhat too low for Fe in Tendo.

III. Chemical Composition of Kuga, Shirahagi,
Tanakami and Tendo

A.  Experimental:

During the last year, experimental scope and analytical methods have been
extended from time to time. Sample processing methods employed in this study are
shown in Fig. 1 (a) and (b).

Before starting the dissolution procedure, all specimens were washed in dilute
HCI. If there are any inclusion minerals such as troilite and phosphide, HCI treat-
ment is useful to take out such inclusions. The specimens are then, rinsed with
H,O and acetone, and dried at room temperature.

The dissolution methods (a) and (b) were used for the analyses of the main
component elements, Fe, Ni, Co, P, Cu and Cr by EDTA titration methods, atomic
absorption and colorimetry. For the titration and colorimetry, ideally it is necessary
to separate each element from Fe and the other elements. Separation by anion
exchange resin column with HCI system was used for this purpose.

(a) About | g of metallic phase of meteorite was, after being washed and dried,
dissolved in HNO,. Excess acid was evaporated to dryness and HCl was added to
the residue to decompose nitrate. The excess acid was again evaporated to dryness
and HCI was added to it. This procedure was repeated a couple of times until NO,~
was completely decomposed. The last residue was dissolved in concentrated HCI
and the solution was poured into about 70 ml. of anion exchange resin, Dowex-1,
X-8, 100~ 200 mesh, column, saturated in concentrated HCI. First solution, eluted
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Fig. 1. Schematic Diagram of Chemical Treatment before Chemical Measurements.
(a) The dissolution method and chemical separation by anion exchange resin for the
specimens (a).
(b) The dissolution method for the specimens (b).

by about 3 column volumes of concentrated HCI, contains Ni and ~909, of P.
Next two column volumes of 8N-HCI elute the rest of P. Two column volumes
of 4N-HCI remove Co from column, and the last 3.5 column volumes of 0.5N-HCI
elute all Fe. From each fraction, excess acid was evaporated separately, and the
optimum concentration of each element were prepared by diluting each fraction with
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H,O. Iron and Ni were determined by EDTA titration, and Fe, Ni, Co, Cr and Cu
by atomic absorption, and P was measured by colorimetry.

(b) The cleaned metallic phase was dissolved in aqua-regia. After all nitrates were
decomposed by HCI treatement, the residue was dissolved in HCI. A part of the
solution was further diluted to carry out the atomic absorption measurements.
Another solution was used for the analyses by ICPQ-100. The ICPQ-100 is an
emission spectrometer equipped with a new excitation source, and inductively coupled
radio frequency plasma, that is, argon plasma energized by radio frequency power
of 27 MHz, 1.6 kW. The sample solution is blown into this flame as aerosol by
argon gas. The advantages of ICPQ-100 are high sensitivity, high precision, good
reproducibility, minimum interelement effect and linear relationship between
intensity and concentration in the wide range of about 5 orders of magnitude, as the

Table 1. Chemical Composition of Iron Meteorites
(weight percent)

No. sample taken niethoci 7 Fe Ni 7 Co . Cr ”Cu P
Kuga
(a) 1.0823 Tit. 87.24 9.97 — — — —
AA. &
color* } 84.36 97.73767) 0.5787 <0.002 0.01]77%707.290"5 )
mean 85.80 9.68 0.58 <0.002 0.011 0.290
Shirahagi
(a) 1.0574 Tit. 90.51 7.59 — — — —
AA &
color * } 90.17 7.41 0.40 0.034 0.015 0.0260*
(b) 0.4684 ICPQ-100 87.49 7.81 0.36 — 0.014 0.0296
AA & *
color.* } 88.70 B 7?2 0.39 70.028 0.015 0.02?3
mean 89.22 7.68 0.39 0.031 0.015 0.0277
Tanakami
(a) 1.1222 Tit. 88.58 821 — — — —
AA &
color® } 87.35 8.34 0.50 <0.002 0.012 0.149*
(b) 0.1762 1CPQ-100 — 9.96 0.51 0.0059 0.015 0.160
A-A-‘E‘} 86.74 10.21  0.53 0.0044  0.015  0.152*
color. e e T
mean** 87.80 8.52 0.50 0.0052 0.013 0.150
Tendo
(a) 1.0625 Tit. 80.15 9.40 — — — —
AA & .
calor* } 76.35 9.63 0.49 <0.002 0.017 0.310
(b) 0.2801 ICPQ-100 74.85 8.13 0.42 0.0003 0.013 0.250
AA-‘E‘} 71.21 8.4 0.47  —0.002  0.013  0.247*
color.

mean** 87. 8.89 0.54 0.0003 0.015 0.297

*  measured by colorimetry.
**  see text.
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results of using a high temperature stable flame of about 9000 K. Further details of
this apparatus are described by Imai et al. (1978).

B. Results:
Analytical results for main component elements in four iron meteroites, Kuga,
Shirahagi, Tanakami and Tendo are tabulated in Table 1. Comparison of the

present results for Shirahagi and Tanakami with the data already published is made
in Table 2.

Table 2. Comparison of Present Work with Published Data
a) Shirahagi

present Kondo Enomoto Wasson

elements work (1895) (1902) (1974)
mean value analyst, Kodera

Fe (%) 89.22 93.52 89.467 -
Ni (%) 7.68 5.92 9.303 7.86
Co (%) 0.39 0.20 0.827 —
Cu (%) 0.015 — 0.138 _
P (%) 0.0277 — 0.064 —
C (%) === — 0.2197* —
S (%) — — 0.219 —
Sn (%) — — 0.011?* —
Ga (ppm) — — — 2.19
Ge (ppm) — — — 0.120
Ir (ppm) . — — 2.4

b) Tanakami

present Ko Otsuki Scott et al.
elements work (1899) (1900) (1973)
mean value analyst, Kodera
Fe (%) 87.80 88.941 90.122 —
Ni (%) 8.52 8.651 8.560 8.94
Co (%) 0.50 0.594 0.623 —
Cu (%) 0.013 trace trace —
P (%) 0.150 0.425 0.441 —
Ga (ppm) — — — 18.2
Ge (ppm) — — — 34.4
Ir (ppm) — — — 0.22

. ;71:hése datai are douBtfﬁ]V,ﬂp;robably contamination.

From Table 1, it is apparent that in Shirahagi, which is a fine octahedrite, the
differences between different specimens are almost negligible, because of its fine-
grained structure. Wasson’s data for Ni, 7.86 9, (1974), also agree with ours, 7.68 %,
well whereas old data by Kondo (1895) is too low and by Kodera (Enomoto, 1902) is
too high. For Tanakami, which is a coarse octahedrite, the differences of Ni content
in different specimens are as high as ~209,. The reason is that the No. (b) speci-
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men weighing only 0.18 g is too small in size compared with the coarse-grained
structure of this meteorite. If we take for Ni in Tanakami the weighted mean value
of No. (a) and No. (b) specimens taking account of their sizes, we obtain 8.529
which is in good agreement with the published data, 8.619, and 8.5609%, by Kodera
(1899 and 1900) and 8.949, by Scott ef al. (1973). As was described in the section
on samples, Tendo is heavily rusted, and the rust is not evenly grown in the interior of
the meteorite. Low Ni phase, less than 69 in Ni content, and the boundary
around troilite and schreibersite inclusions usually rust easily. Thus, in order to
obtain reasonable analytical data, an incremental correction of about 159% should be
made for Fe and Co, and that of a few percent for P, but not for other elements such
as Ni, Cr and Cu which are rather poor in such a rusty specimen (Shima and Honda,
1966a and b).

Plots of logarithmic P concentration versus Ni concentration for iron meteorites
in chemical group 11l and 1V, totally 213 in number are given in Fig. 2. Present data
for Kuga, Shirahagi, Tanakami and Tendo given in this figure, indicate that they
belong to chemical group I1IB, IVA, IIIE, and IIIA or B respectively.

111B(40)
Lo}
HIED ;] anus
TEND/O s
TANAKAMT 3
[11A(106)
0.10 |
N.( vBan
SHIRAHAGI
0,01 ; ) )
5 10 15 20
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Fig. 2. The relationship between logarithmic concentration of P and Ni concentration.

This is confirmed that good analytical data of phosphorus should also become
the indicator element of the chemical classification of iron meteorites beside Ga, Ge
and Ir porposed by Wasson (1974).
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IV. Microanalytical Observation of Kuga, Shirahagi,
Tanakami and Tendo

A.  Experimental Method:

Polished sections of meteorite samples for the microscopic investigation in the
reflected light and electron probe microanalysis were prepared by the following
procedure. A meteorite section was cut from the original meteorite sample with a
diamond wheel. In sawing, cold nitrogen gas passing through liquid nitrogen was
streamed onto both the meteorite sample and the diamond blade in order to avoid
heating the sample. The meteorite section was then embedded in epoxy resin, and a
flat surface was prepared by polishing successively with silicon carbide abrasives,
40 « and 20 u in particle size, and 10 x alumina powder, followed by polishing with
I # and 0.3 4 alumina powders on wet lapping clothes. The surface of the sample
was finally polished with 0.06 x alumina, and was cleaned ultrasonically. No etching
was done for the microscopic examination, because the polished sample were sub-
sequently investigated by electron probe microanalysis. Mineral species were identi-
fied by the optical properties and by the qualitative X-ray microanalysis. The
Debye method was also used for the mineral identification, by extracting mineral
grains from the surface of the sample. Microchemical compositions and micro-
structures of each mineral were examined by the EMX-SM X-ray microanalyzer
made by Shimadzu Seisakusho Ltd. A finely focused electron beam was bombarded
on the polished sample coated with carbon layer, a few hundred angstrom thick, and
the resultant characteristic X-ray emissions of major element were measured by the
X-ray detection system. Accelerating voltage and sample current were 15 kV and
0.03 «A respectively.

B.  Results:
Description of Kuga; Kuga is mainly composed of kamacite, a-Fe(Ni), and

taenite, y-Fe(Ni), and well-developed Widmanstitten structure is observed in the
polished surface (Fig. 3). The plessite area is separated from the kamacite phase by

Fig. 3. Widmanstitten structure of Kuga. Scale bar is 0.2 mm long.
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the rim of taenite, 0.03 mm wide in maximum, and the kamacite band width ranges
generally from 0.54 mm to 0.66 mm. A metallographic feature characteristic of
kamacite is the prevalent occurrence of Neumann bands resulting from mechanical
twinning, and feathering of Neumann bands is commonly observed as shown in
Fig. 4, indicating that Kuga has undergone a moderate degree of shock event
(Heymann et al., 1966). Schreibersite, ranging from 0.5 to 2 mm in size, occurs in
accessory amount in the kamacite phase (Fig. 5). Troilite was not found in the
small polished samples used in this study, but large troilite nodules ranging up to
centimeter-size are present in the original sample of Kuga. Fig. 6 shows the

Fig. 4. Neumann bands found in kamacite = Fig. 5. Schreibersite inclusions in kamacite

of Kuga. Feathering is observed. Scale of Kuga. Electron microprobe analysis was
carried out along the line (see: Fig. 7). Scale
bar is 0.1 mm long.

bar is 0.2 mm long.
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Fig. 6. A: Photomicrograph of taenite band in Kuga selected for electron probe microanalysis.
The vertical line shows a microprobe track. Scale bar is 0.2 mm long.
B: FeKa, NiKa and CoKa profile across the taenite band. Scale bar is 0.1 mm long.
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