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Abstract: The mineralogy of Fe-Ni metal and associated minerals in the
Yamato (Y)-82094 carbonaceous chondrite (CO) have been studied by optical,
scanning electron microscope and electron microprobe techniques. There are
some characteristic features for the Fe-Ni metal in the Y-82094: (1) Ni contents
in taenite grains are divided into two groups consisting of low- and high-Ni
taenite. (2) Partition of Co between coexisting kamacite and taenite shows
relatively higher temperatures (approximately 800°C), and their temperature
ranges are wide. (3) polycrystalline taenite exists. (4) Fe-Ni metal and troilite
form micron-sized intergrowths. (5) The Ni-Co trend of kamacite in chondrule
is positive.

The high-Ni taenite could have formed through thermal metamorphism on
the parent body, while low-Ni taenite might have formed due to reheating
caused by shock metamorphism on the parent body or during the cooling
process of chondrule formation. The positive Ni-Co trend of kamacite in Y-
82094 is similar to that of the metal in CR chondrites. This trend may suggest
that kamacite in Y-82094 preserves the primitive chemical composition indicat-
ing nebula condensation origin.

The Fe-Ni metal grains have many phosphate mineral inclusions (whitlockite,
brianite and panethite). The mode of occurrence of brianite and panethite
indicates that they might have formed simultaneously with the Fe-Ni metal in
the nebula.

1. Introduction

The Yamato (Y)-82094 is a CO3 type chondrite (YANAI and KoJiMA, 1987),
but SCOTT et al. (1992) reported that it is a unique type 3 carbonaceous chondrite.
The shock effects in olivine and plagioclase suggest that Y-82094 underwent shock
metamorphism on the parent body (SCOTT et al., 1992). The petrologic subtype of
Y-82094 is 3.5 according to the thermoluminescence sensitivity and other data
(SEARS et al., 1991), suggesting that Y-82094 has undergone weak metamorphism.

The main objective of this study is to clarify the formation process of Fe-Ni
metal in Y-82094. We will describe the mode of occurrence and chemical composi-
tion of Fe-Ni metal and the associated minerals, and discuss the formation process
and the possible origin of Fe-Ni metal.
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2. Sample and Analytical Procedures

The samples studied here are Y-82094, Y-791717, Y-790992, and Y-81020.
They are CO3 chondrites (YANAI and KoJiMA, 1987), in which Y-791717 and Y-
81020 belong to petrologic subtype 3.3 (SEARS et al., 1991).

All thin sections were observed under an optical microscope and a scanning
electron microscope. Fe-Ni metal and sulfide minerals were analyzed with a wave-
length dispersive electron microprobe analyzer (WDX, JEOL-Superprobe 733) at
15kV accelerating voltage and 2—20nA beam absorption on PCD. Co contents were
corrected for the contribution of the Fe K3 peak to the Co Ka peak by the estimated
values using Fe-Ni metal grains with different compositions. Cu contents were also
corrected for the contribution of Ni KB peak to the Cu Ka peak in the same
manner. S contents were eliminated for the contribution of the Co Ka (n=3) peak
to the S Ka peak by pulse height analysis. Phosphate minerals were analyzed with
WDX and an energy dispersive electron microprobe analyzer (EDX, JED-2001) at
15kV accelerating voltage and 4-10nA. ZAF corrections were applied for measured
X-ray relative intensity (Yul, 1992).

3. Results

The modes of occurrence of Fe-Ni metal are classified into three textural
settings: (1) chondrule interior: Fe-Ni metal occurring within chondrule, (2)
chondrule surface: Fe-Ni metal occurring in contact with matrix at the chondrule
rim, and (3) matrix: Fe-Ni metal occurring in the matrix.
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Fig. 1. Histograms of Ni contents in coexisting kamacite and taenite andfor tetrataenite in
samples studied here. Ni contents in taenite grains of Y-82094 show a bimodal
distribution.
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The modes of occurrence of the Fe-Ni metal in Y-82094. (a) Backscattered electron
image (BEI) of low-Ni taenite (Tn) coexisting with kamacite (Km) in the matrix.
The inclusions (black) in taenite and kamacite are mostly chromite and phosphate
minerals. (b) Characteristic X-ray image for Ni Ka, covering the same area (a). (c)
Line profile for Ni Ka along section A-A’ in (a). (d) BEI of low-Ni taenite (Tn)
coexisting with kamacite (Km) in chondrule interior. (e) BEI of high-Ni taenite
(Tn) coexisting with kamacite (Km) in the matrix.
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3.1. Fe-Ni metal

The major Fe-Ni metal in Y-82094 is kamacite, ranging from submicrometer to
several hundred micrometers in size. Taenite is present in only small amount and
coexists with kamacite and/or troilite. Fe-Ni metal in Y-82094 often includes
coarse-grained phosphate and silicate minerals compared with other samples studied
here. These mineral inclusions are rich in matrix metal, but poor in chondrule
interior metal.

Figure 1 shows the Ni content in coexisting kamacite and taenite and/or
tetrataenite. The chemical compositions of Fe-Ni metal are given in the appendix.
Analyzed points for coexisting kamacite and taenite are near the grain boundary of
both phases. The ordering of tetrataenite was not confirmed in this study. Here, we
assume that the metal with over 49 wt% Ni is tetrataenite and that metal with 16—
49wt% Ni is taenite. The ranges of Ni contents of taenite grains in Y-791717, Y-
790992 and Y-81020 are narrow, while those of taenite in Y-82094 are divided into
two groups consisting of low- and high-Ni taenite.

Low-Ni taenite grains have 16-24 wt% Ni and are about 10-60 ¢m in diameter.
Small low-Ni taenite is homogeneous in Ni content except in taenite rims adjacent
to kamacite where Ni is enhanced (Fig. 2d). However, some larger low-Ni taenite
grains are clearly heterogeneous in Ni. Figures 2a and 2b are the backscattered
electron image and characteristic X-ray image of low-Ni taenite in kamacite,
respectively. This low-Ni taenite grain seems to be polycrystalline and has narrow
Ni-rich boundaries. These boundaries are only a few y#m wide, occasionally with
above 40 wt% Ni. Taenite rims adjacent to kamacite have slight enhancement of Ni
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Fig. 4. (a) Plot of Ni vs. Co for coexisting kamacite and taenite andjor tetrataenite in Y-
82094, Y-791717, Y-790992 and Y-81020. (b) Plot of Ni vs. Co for kamacite
without taenite in Y-82094. (c) Plot of Ni vs. Co for kamacite without taenite in
chondrule interior in Y-82094. The solid line shows the Ni-Co trend based on the
least square method. The dashed loop shows the compositional range of the metal in
CR chondrites according to WEISBERG et al. (1988).

as shown in Fig. 2c.

High-Ni taenite grains have about 45 wt% Ni and are about 10 £m in diameter.
Those grains do not show heterogeneity of Ni (Fig. 2e). The low- and high-Ni
taenite grains occur independently in chondrule interiors and the matrix.

Figure 3 shows estimated temperatures based on the partition of Co between
coexisting kamacite and taenite, using the method of AFIATTALAB and WASSON
(1980). In Y-82094, some Fe-Ni metal grains show higher temperatures, and the
temperature range is wider than those of other samples. All low-Ni taenite grains
show temperatures above 600°C, while all high-Ni taenite grains show temperatures
below 500°C.

Figure 4a shows the plot of Ni vs. Co for coexisting kamacite, and taenite
and/or tetrataenite. Co contents of kamacite in Y-82094 are about 0.4—0.6 wt%,
while those of taenite are about 0.1-0.4 wt%. The Ni-Co trend in kamacite and
taenite grains tends to show a negative correlation. Figure 4b shows the plot of Ni
vs. Co for kamacite without taenite in Y-82094. Figure 4c shows the Ni-Co trend for
kamacite only in chondrule interiors and the compositional range of metal in CR
chondrites (WEISBERG et al., 1988). Though Co contents in Y-82094 are higher
than those of the metal of CR chondrites, the Ni-Co trend in kamacite grains in
chondrule interiors has a positive correlation, which is similar to those of the metal
of CR chondrites.

Phosphorus contents in Fe-Ni metal in Y-82094 are extremely low (below 0.03
wt%).

3.2. Troilite
Troilite intimately coexists with Fe-Ni metal or exists as isolated grains. Troilite
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is abundant in the matrix, but scarce in chondrule interiors. The interfaces of troilite
and Fe-Ni metal are mostly composed of micron-sized intergrowths of both phases
(Fig. 5). The intergrowths were generally found in matrix metal. Table 1 shows the
representative chemical compositions of troilite.

Fig. 5. Backscattered electron
image of micron-sized inter-
growths of troilite (Tr) and
kamacite (Km). Fine-grained
taenite (Tn) exists with troilite.

Table 1. Representative chemical compositions of troilite (1, 2, 3) and schreibersite (4, 5) in

Y-82094.
wt% 1 2 3 4 5
Fe 62.69 62.37 62.29 44.14 48.29
Ni 0.02 0.14 0.04 39.33 36.14
Co 0.11 0.07 0.06 0.11 0.08
Cu 0.00 0.04 0.03 0.04 0.11
Cr 0.02 0.02 0.02 — —
P — — — 14.91 14.81
S 36.77 36.41 36.46 — —
Total 99.61 99.05 98.90 98.53 99.43
atom%

Fe 49.41 49.48 49.46 40.65 44.08
Ni 0.02 0.11 0.03 34.46 31.39
Co 0.08 0.06 0.05 0.10 0.07
Cu 0.00 0.03 0.02 0.03 0.09
P — — — 24.76 24.37
S 50.48 50.31 50.42 — —

3.3. Phosphate minerals and schreibersite

Kamacite in the matrix of Y-82094 generally includes phosphate minerals
(typically <20um in size). They are mostly whitlockite, only a few Na-rich
phosphate minerals such as brianite and panethite are encountered. Chemical
compositions of phosphate minerals are shown in Table 2. Figure 6 shows back-
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Table 2. Representative chemical compositions of whitlockite, brianite and panethite in Y-
82094 (whitlockite by WDX, brianite and panethite by EDX).

Whitlockite Brianite Panethite
wt%
CaO 45.2 18.2 0.2
MgO 3.2 11.1 14.6
FeO 3.2 3.5 18.2
Na,O 29 20.0 21.2
MnO — — 1.0
Cr203 0.3 — —
P,0, 45.0 47.2 44.8
Total 99.8 100.0* 100.0*
ions at 0=28 at O=38 at O=38
Ca 8.79 0.99 0.01
Mg 0.87 0.84 1.13
Fe 0.49 0.15 0.79
Na 1.02 1.96 2.14
Mn — — 0.04
Cr 0.04 — -
P 6.91 2.02 1.98
2 18.12 5.96 6.09

* Normalized data.

scattered electron image and characteristic X-ray images of P, Ca and Na Ka for
phosphate minerals in kamacite.

Whitlockite exists as inclusions in all samples with variable grain size and
abundance, while brianite and panethite are found only in Y-82094. Whitlockite in
Y-82094 usually exists in kamacite, occasionally in contact with silicate minerals in
the matrix. This whitlockite occurs along external surfaces of kamacite grains and
is rounded in shape. Brianite and panethite showing euhedral or fragmental shape in
the central part of kamacite grains coexist only with kamacite, taenite and troilite.

Schreibersite is very small in amount and coexists with kamacite in chondrule
interiors, but not with any other minerals. Chemical compositions of schreibersite
are shown in Table 1.

4. Discussion

4.1. Formation process of Fe-Ni metal in Y-82094

The characteristic features for Fe-Ni metal in Y-82094 are summarized as
follows: (1) Bimodal distributions of Ni contents in taenite grains. (2) Higher and
wider temperature range, in comparison with Fe-Ni metals in other CO chondrites.
(3) Existence of polycrystalline taenite. (4) Micron-sized intergrowths of kamacite
and troilite at the interface. (5) The positive Ni-Co trend is similar to that of the
metal in CR chondrites. We discuss the formation process of Fe-Ni metal in Y-
82094 on the basis of the above-mentioned features.
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Fig. 6. Backscattered electron image and characteristic X-ray images for the P, Ca and Na
Ka line of phosphate minerals in kamacite grains. Whitlockite (Wtk) grains exist in
the marginal parts of kamacite (Km) grains near the surrounding matrix, while
brianite (Brn) and panethite (Pnt) exist in the central part of kamacite. They do not
contact any minerals except kamacite (Km), taenite (Tn) and troilite (Tr). All
images are the same scale.

BEVAN and AXON (1980) suggested that polycrystalline taenite in Tieschitz (H
3 chondrite) is a relict of a primary solidification structure from Fe-Ni melt, and
compositional heterogeneities of Ni were produced by rapid, non-equilibrium cool-
ing of Fe-Ni melt during chondrule formation. The mode of occurrence of poly-
crystalline taenite in Y-82094 is similar to that in Tieschitz except for the degree of
enhancement of Ni in kamacite/taenite grain boundaries. The polycrystalline taenite
in Y-82094 is not produced by solidification from Fe-Ni melt on the parent body. Y-
82094 underwent weak shock metamorphism (shock pressure: 5-10 GPa, post-shock
temperature increase: 20-50°C, ScoTT et al., 1992), and the post-shock temperature
did not reach the melting temperature of Fe-Ni metal. Besides, the polycrystalline
taenite is not produced by diffusion controlled growths of kamacite and taenite
during slow cooling below 900°C. Thus, the polycrystalline taenite in Y-82094 is
also a relict of a primary solidification structure during chondrule formation.

The low-Ni taenite grains showing higher temperatures might have experienced
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rapid cooling. It is generally accepted that plessite and/or martensite form as a result
of rapid cooling, but those phases do not exist in our thin section. This may indicate
that the cooling rates of low-Ni taenite grains are lower than those of plessite and/or
martensite.

The formation stage of low-Ni taenite depends on how the micron-sized
intergrowths of Fe-Ni metal and troilite are formed.

ScoTTet al. (1992) pointed out that Y-82094 underwent shock metamorphism,
which was classified as shock stage 2. They found micron-sized intergrowths of
Fe-Ni metal and polycrystalline troilite in the Lancé (CO3), which underwent less
shock metamorphism than Y-82094. They hypothesized that intergrowths of both
phases appear to result from local melting and rapid recrystallization caused by
weak shock metamorphism. Apparently, the intergrowths of Fe-Ni metal and
troilite in Y-82094 are similar to those in Lancé. Assuming the same mechanism for
intergrowths in Y-82094 in spite of the relatively weak degree of shock, it is
concluded that Fe-Ni metal in Y-82094 was affected by shock metamorphism.
Considering reheating by shock metamorphism, Fe-Ni metal might cause a phase
transition and compositional change, because the Fe-Ni-S eutectic temperature is
950-1000°C (SMITH and GOLDSTEIN, 1977). The heating caused compositional
change in relatively weak degree, because of Ni in polycrystalline taenite remains
heterogeneous after heating. Thus, the low-Ni taenite grain and low-Ni parts in
polycrystalline taenite could have formed on the parent body as a result of
subsequent rapid cooling after shock heating.

An alternative formation process of intergrowths of Fe-Ni metal and troilite is
reaction of metal and gaseous sulfur in the nebula. In this case, precursor material
of Fe-Ni metal experienced brief heating and rapid cooling during chondrule
formation. The low-Ni taenite could have formed during cooling.

On the other hand, the high-Ni taenite could have formed through thermal
metamorphism on the parent body (irrespective of the formation process of the
low-Ni taenite). JONES and RUBIE (1991) estimated that the peak metamorphic
temperature is about 500°C on the CO3 parent body. Temperatures of high-Ni
taenite based on the partition of Co are 400-500°C and overlap the values estimated
by JONES and RUBIE (1991). The thermal metamorphism on the parent body could
also affect the low-Ni taenite grains (e.g. the enhancement of Ni in rims of low-Ni
taenite adjacent to kamacite). However, these rims are very narrow, a few microns
to submicrons wide, and have small enhancement of Ni (Fig. 1c). Indeed, thermal
metamorphism might affect the composition of low-Ni taenite, but the effect could
be limited due to sluggish diffusion of Ni under the low temperatures. Assuming that
low-Ni taenite grains were produced by shock metamorphism, the high-Ni taenite
grains could form through thermal metamorphism after shock metamorphism. If
the high-Ni taenite had already existed before the shock event, low Ni content parts
would form in high-Ni taenite rims adjacent to kamacite. However, those parts are
not present.

Finally, the chemical composition of kamacite is an important feature revealing
the origin of Fe-Ni metal of Y-82094. WEISBERG et al. (1988) suggested that the
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Ni-Co trend for Fe-Ni metal in ALH-85085 overlaps that of metal in CR chondrites
and is similar to a nebular condensation path calculated by GRossMAN and OLSEN
(1974). In Y-82094 kamacite coexisting with taenite has a narrow compositional
range of Ni (Fig. 4a), on the contrary, kamacite without taenite in chondrule
interiors has a wider compositional range of Ni (Fig. 4b). Though kamacite and
taenite grains in Y-82094 have a negative Ni-Co trend like that of metal in
metamorphosed ordinary chondrites, kamacite grains in chondrule interiors alone in
Y-82094 have a positive Ni-Co trend like that of Fe-Ni metal in primitive carbona-
ceous chondrites (e.g. CR chondrites). Compared with the slope of Ni-Co correla-
tion in the metal in CR chondrites, the slope of kamacite in chondrule interiors in
Y-82094 is slightly different (Fig. 4c). Moreover, CR chondrites generally contain
martensite (e.g. LEE et al., 1992), while Y-82094 does not contain martensite. We do
not have a clear interpretation for the differences between the Fe-Ni metals in Y-
82094 and in CR chondrites. However, it is possible that pre-existing martensite in
Y-82094 before a shock event might decompose into kamacite and low-Ni taenite in
shock heating. In summarizing the above discussions, we suggest that Fe-Ni metal
in Y-82094 may have features of both the primitive Fe-Ni metal and the metamor-
phosed metal.

4.2. Formation of phosphate minerals

Many processes have been proposed for the formation of phosphate minerals
accompanied by Fe-Ni metal. RUBIN and GROSSMAN (1985) suggested that phos-
phate minerals with Fe-Ni metal have been formed by a reaction of phosphide
and/or phosphorus in the metal and calcium from matrix minerals. As shown in Fig.
6, whitlockite grains in Y-82094 exist in the rims of kamacite, occasionally coexist-
ing with surrounding matrix minerals. These modes of occurrence are very similar
to that of the phosphate-metal assemblage shown by RUBIN and GROSSMAN (1985).
Therefore, the formation process of whitlockite in Y-82094 may be the process
suggested by RUBIN and GROSSMAN (1985).

FucHs et al. (1967) proposed that Na-rich phosphate minerals such as brianite
and panethite in iron meteorites have been formed by the reaction among coexisting
minerals (albite, enstatite, schreibersite and metal). WLOTzKA (1976) proposed that
brianite and “Fe-panethite” in sulfide (troilite and pentlandite) were formed by
introduction of sodium from Ca-Al-rich inclusions during a late metasomatic
process in the Allende meteorite after condensation and agglomeration.

Brianite and panethite in Y-82094 do not coexist with any other minerals
providing Na, Mg and Ca. Consequently brianite and panethite in Y-82094 are
probably not the products of reaction among coexisting minerals. A possible
formation process of Na-rich phosphate minerals is the reaction between phosphide
and/or phosphorus in the metal and the gas phase of Na, Mg and Ca, or direct
condensation products. Brianite and panethite are completely surrounded by Fe-Ni
metal, therefore Na-rich phosphates might have formed during condensation of the
Fe-Ni metal in the nebula, not the reactions on the parent body.
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5. Conclusions

Y-82094 has low-Ni taenite and high-Ni taenite coexisting with kamacite. The
high-Ni taenite could have formed through thermal metamorphism on the parent
body, while the low-Ni taenite might have formed through shock metamorphism on
the parent body or rapid cooling in the process of chondrule formation. It is possible
that the polycrystalline taenite is a relict of solidification from Fe-Ni melt during
chondrule formation. Kamacite and taenite grains in Y-82094 show a negative
Ni-Co trend as does the metal in metamorphosed ordinary chondrite. However, only
kamacite grains within chondrules show a positive Ni-Co trend which is similar to
the trend of the metal in CR chondrites. The Ni-Co trend of kamacite in Y-82094
suggests that kamacite in Y-82094 preserves the primitive chemical composition
indicating nebula condensation origin. The Fe-Ni metal in Y-82094 contains many
phosphate inclusions (whitlockite, brianite and panethite). The modes of occurrence
of brianite and panethite indicate that these minerals might have formed in the
nebula.
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Appendix

Chemical composition of coexisting kamacite, and taenite andjor tetrataenite in all studied samples.
Same numbers indicate the paired Fe-Ni metal grains. I, S and M indicate the textural setting of Fe-Ni
metal as chondrule interior, chondrule surface and matrix, respectively.

Y-82094
No. Pos. Fe Ni Co Cu Cr P S Total
1 M 77.68 21.70 0.27 0.13 0.17 0.01 0.03 99.99
1 92.22 6.92 0.58 0.00 0.24 0.00 0.00 99.96
2 M 53.97 46.74 0.09 0.39 0.11 0.00 0.02 101.32
2 93.10 6.46 0.39 0.02 0.29 0.00 0.00 100.26
3 M 76.71 22.81 0.21 0.10 0.52 0.01 0.04 100.40
3 92.43 7.01 0.52 0.02 0.11 0.00 0.00 100.09
4 M 75.80 23.89 0.19 0.13 0.20 0.00 0.00 100.21
4 92.76 7.04 0.46 0.03 0.10 0.01 0.00 100.40
5 I 83.00 16.18 0.34 0.09 0.18 0.00 0.00 99.79
5 91.31 6.98 0.52 0.00 0.44 0.01 0.01 99.27
6 S 82.60 17.56 041 0.09 0.06 0.00 0.02 100.74
6 92.86 6.65 0.56 0.00 0.22 0.02 0.02 100.33
7 S 78.64 21.14 0.21 0.08 0.05 0.02 0.03 100.17
7 92.19 6.89 0.51 0.05 0.03 0.01 0.02 99.70
8 I 80.59 18.50 0.34 0.12 0.56 0.00 0.12 100.23
8 91.33 6.81 0.48 0.03 0.66 0.03 0.02 99.36
9 54.54 4478 0.08 0.39 0.07 0.00 0.04 99.90
9 91.75 6.82 0.44 0.03 0.75 0.00 0.00 99.79
10 5043 47.01 0.07 0.43 0.86 0.00 0.07 98.87
10 94.80 6.31 0.36 0.01 0.21 0.00 0.00 101.69
Y-791717

No. Pos. Fe Ni Co Cu Cr P S Total
1 65.81 32.09 0.44 0.21 0.35 0.02 0.00 98.92
1 92.87 5.51 1.30 0.01 0.49 0.03 0.02 100.23
2 55.02 44.33 0.22 0.32 0.00 0.01 0.02 99.92
2 93.88 5.37 1.34 0.00 0.01 0.02 0.00 100.62
3 65.29 34.82 0.33 0.19 0.02 0.00 0.01 100.66
3 94.95 5.76 1.23 0.00 0.00 0.01 0.01 101.96




Fe-Ni Metal and Phosphate in Y-82094 123
4 M 66.77 30.42 0.48 0.12 0.80 0.00 0.00 98.59
4 94.07 3.57 1.47 0.00 0.60 0.01 0.00 99.72
5 I 64.19 35.11 0.33 0.17 0.04 0.00 0.03 99.87
5 92.94 5.69 0.99 0.00 0.01 0.00 0.01 99.64
6 M 68.97 31.55 0.54 0.20 0.29 0.00 0.01 101.56
6 94.45 5.87 1.38 0.03 0.04 0.00 0.00 101.77
7 I 53.89 43.53 0.51 0.30 0.48 0.00 0.22 98.93
7 92.72 3.60 2.28 0.04 0.48 0.01 0.03 99.16
8 M 69.34 29.90 0.59 0.11 0.00 0.01 0.02 99.97
8 93.18 5.95 1.38 0.00 0.00 0.00 0.01 100.52
9 I 61.85 36.63 0.34 0.23 0.15 0.02 0.00 99.22
9 95.08 5.46 1.24 0.00 0.05 001 0.00 101.84
10 S 59.55 38.64 0.25 0.24 0.21 001 001 98.91
10 93.28 5.08 1.34 0.03 0.14 0.04 0.00 99.91
11 M 62.99 37.04 0.29 0.24 0.08 0.00 0.01 100.65
11 93.71 5.79 1.40 0.05 0.09 0.00 0.02 101.06
12 M 66.36 32.30 0.41 0.16 0.32 0.00 0.03 99.58
12 94.44 5.56 1.09 0.03 001 0.00 0.01 101.14
13 S 61.64 35.69 0.31 0.26 0.68 0.03 0.04 98.65
13 94.01 3.48 1.34 0.02 0.49 0.00 0.03 99.37
14 I 67.13 32.88 0.35 0.21 0.05 0.00 0.02 100.64
14 93.75 5.30 0.85 0.03 0.04 001 0.02 100.00
15 I 65.34 34.43 0.33 0.26 0.00 0.00 001 100.37
15 93.73 5.34 1.14 0.00 0.00 0.02 0.00 100.23
16 S 64.99 33.79 0.34 022 0.33 0.00 001 99.68
16 94.93 3.77 1.40 0.00 0.02 0.00 0.00 100.12
17 M 71.58 28.52 0.68 0.18 0.02 0.02 0.01 101.01
17 93.61 5.82 1.31 0.06 001 0.00 0.00 10081
18 S 54.45 43.60 0.21 0.33 0.02 0.00 0.01 98.62
18 93.89 5.20 1.36 001 0.03 0.02 0.00 100.51
19 M 71.14 27.66 061 0.15 0.00 0.00 0.01 99.84
19 93.49 591 1.15 0.02 0.01 0.02 0.00 100.60
Y-790992

No. Pos. Fe Ni Co Cu Cr P S Total
1 M 60.36 38.64 0.24 0.21 0.02 0.00 0.01 99.48
1 94.62 5.31 0.91 0.06 0.01 0.01 0.02 100.94
2 M 58.78 40.87 0.18 0.34 0.15 0.00 0.03 100.35
2 95.06 442 0.87 0.00 0.04 0.00 0.00 100.39
3 M 59.39 40.20 0.20 0.33 0.05 0.02 001 100.20
3 93.16 5.11 0.87 0.03 0.07 0.00 0.00 9924
4 S 46.67 54.01 0.12 024 0.01 0.00 001 101.06
4 94.42 5.45 0.91 0.00 0.02 0.01 0.02 100.83
5 M 57.45 40.48 0.14 0.34 0.54 0.03 0.04 99.02
5 93.69 4.61 0.91 0.01 0.59 0.00 0.02 99.83
6 M 57.29 41.88 0.19 0.35 0.03 0.00 0.00 99.74
6 94.54 3.84 0.86 0.03 0.03 0.00 0.02 99.32
7 M 61.10 39.11 0.16 0.22 0.00 0.00 001 100.60
7 94.89 4.22 0.87 0.00 0.05 0.02 001 100.06
8 I 57.83 40.29 0.17 0.31 0.48 0.00 0.03 99.11
8 93.62 4.22 0.92 001 0.38 0.00 0.02 99.17
9 M 61.00 39.10 0.19 0.30 0.02 001 0.00 100.62
9 95.53 3.83 0.96 0.00 0.01 0.00 0.00 100.33




124 Y. SHIBATA and H. MATSUEDA
10 I 60.25 38.98 0.22 0.27 0.04 0.02 0.01 99.79
10 93.75 5.24 0.91 0.07 0.04 0.00 0.00 100.01
11 M 60.49 38.63 0.13 0.32 0.02 0.00 0.03 99.62
11 94.86 4.00 0.88 0.04 0.16 0.00 0.02 99.96
Y-81020
No. Pos. Fe Ni Co Cu Cr P S Total
1 I 49.04 49.57 0.10 0.13 0.59 0.00 0.02 99.45
1 94.31 4.77 0.46 0.00 0.57 0.00 0.04 100.15
2 M 50.25 49.79 0.12 0.20 0.13 0.00 0.03 100.52
2 94.59 5.62 0.61 0.01 0.19 0.00 0.01 101.03
3 S 47.85 49.87 0.16 0.23 0.19 0.00 0.01 98.31
3 92.97 5.20 0.72 0.03 0.04 0.05 0.04 99.05
4 I 47.79 51.06 0.12 0.21 0.44 0.01 0.04 99.67
4 93.23 5.47 0.43 0.00 0.41 0.00 0.02 99.56
5 I 49.24 49.98 0.08 0.14 0.09 0.01 0.03 99.57
5 95.32 4.36 0.54 0.00 0.10 0.00 0.00 100.32
6 I 46.47 52.11 0.12 0.22 0.36 0.00 0.03 99.31
6 93.48 4.90 0.57 0.03 0.37 0.21 0.02 99.58
7 M 47.83 49.81 0.26 0.18 0.00 0.03 0.03 98.14
7 93.05 5.21 1.34 0.00 0.01 0.14 0.01 99.76
8 S 48.28 50.39 0.49 0.18 0.00 0.03 0.02 99.39
8 92.69 4.17 3.56 0.00 0.02 0.00 0.00 100.44




