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Abstract: Six Yamato-74 chondritic meteorites have been classified, based
on iron contents of olivines and orthopyroxenes in their small fragments. The
results are as follows: Yamato-74193, -74498 and -74507 are H4-chondrites,
Yamato-74367 and -74603 are L4-chondrites, and Yamato-74454 is L5-chondrite.

1. Introduction

The purpose of this study is to assist in the preparation of a catalogue of the
Yamato meteorites collected in Antarctica in 1974, at the request of Dr. K. YANAI,
curator of the National Institute of Polar Research. Small fragments (0.01-
0.45 g) with crust of six Yamato-74 chondritic meteorites (Yamato-74193, -74367,
-74454, -74498, -74507 and -74603) were supplied for their classification by electron
microprobe analysis.

In spite of the scantiness of the supplied material, we have been required to
specify both chemical group and petrologic type of the given chondritic meteorites.
This work must have been done without a thin section for optical microscopic
examination. Therefore, we cannot employed the established criteria (VAN SCHMUS
and Woob, 1967) for the classification of these chondritic meteorites. Instead, we
have chosen a modified version of the classification proposed by YANAI et al.
(1978).

The proposed classification method for chondritic meteorites is based on
histograms of iron concentrations of olivines and orthopyroxenes in a given speci-
men. The chemical group is determined by the mean iron concentrations of the
minerals, that is, by peak positions on the histograms and/or based on the relative
abundance of metallic iron by visual examination. The petrologic type is determined
by the following criteria:

(1) Type 3 should have no prominent peak in the histograms within the known
range of iron concentrations of the minerals.

(2) Type 4 should have such peak but the range of iron concentrations
extends outside the known range of the equilibrated chondrites.

(3) Types 5 and 6 should have iron concentrations of the minerals all within
the known range of the equilibrated chondrites.
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(4) Type 6 should have large enough plagioclase to be analyzed by electron
microprobe in addition to condition (3).

Even if we adopt the simplified criteria for classification of the supplied
specimens, we do not know whether these small fragments are representative of the
main mass of the given chondritic meteorites. It should be noted that the classifica-
tion given in this paper is undoubtedly a tentative one.

2. Experimental

Approximately 0.01 g fragments without crust were chipped from the given
specimen and mounted in epoxy to make polished sections for microprobe analysis.

The quantitative chemical analyses of the polished sections were carried out with
a system of computer-controlled electron probe X-ray micro-analyzer at Chemical
Analysis Center of the University of Tsukuba. The system consists of a JEOL
JXA-50A electron probe X-ray micro-analyzer with three channels of spectrometer
and a DEC PDP-11 minicomputer having a 24 k word memory. This automation
system has a specially designed interface between the micro-analyzer and the com-
puter developed by ELIONIX and makes it possible to do quantitative micro-
analysis rapidly and precisely.

The probe current of both the standard and the sample is checked in a Faraday
cage every time prior to X-ray intensity measurement. The deviation from X, Y,
Z point coordinates preselected for the analysis is corrected automatically with a
high degree of precision (45 u). The peak search of X-ray radiation is being
conducted for every element both in the standard and in the sample. The output
data from each X-ray counter and digital microammeter are transferred to the
computer through the interface. The quantitative analysis of silicates is made by
a programme introducing the corrections to calculate concentrations by the
BENCE-ALBEE method (1968). The total system is controlled by a modified BASIC
language, “EASS.”

Measurements for each meteorite were made on more than 50 points randomly
selected on the polished surface, under the conditions of accelerating voltage
15 kV, probe diameter ~5 um and sampling time 20s. All of the output data on
olivines and orthopyroxenes in the supplied specimen are cited in the following
tables. The analytical results fall within the range of 96 to 1029%.

3. Results

3.1. Yamato-74193

The supplied fragment of this meteorite is composed of chondrules, metallic
Fe, crystals and fine-grained groundmass. The chemical compositions of the
olivines and the orthopyroxenes are given in Table 1. Fig. 1 shows histograms of
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Table la. Chemical composmons of olivines in Yamato-74193.
i |
;(1>[<2> (3),(4) (5) (6) | (8) g (9) l (10) & (11> § (12)

SiO, \ 40.19; 39. 87 40. 00‘ 39.99 40 04 38 83 40 071 38 05 38. 48 38. 58\ 36. 67 39.09
ALO; | 0.00‘ 0.00 0.11 0.00 0.00 0.000 00.0 O. 011 0.00 0.00 0.02 0.02
TiO, | 0.00, 0.00 O. 02\ 0.01/ 0.000 0.00 00.0, 0.00 0.000 0.00 0.01' 0.04
Cr,0, | 0.00 0.00, 0.00 0.00 0.00 0.00. 0.00, 0.00 0.00 0.000 0.04 0.00
FeO | 16.76' 17.81' 17.37 17.09 17.89 18.65 17.93! 16.57 17.85 17.67 21.08 17.30
NiO | 0.000 0.03 0.00 0.00; 0.00 0.07 0.06 0.02 0.03 0.00 0.25 0.00
MnO - 0.34 0.52 0.18 0.46 0.24 0.43 0.46 0.44 034 0.37 0.40 0.24
MgO  43.53' 42.77 43.22 43.04 43.68' 41.62' 44.16 41.09 41.63 42.94 39.19 42.86
CaO 0.02 0.02 0.00 0.03 0.00 0.04 0.03 0.01 0.00 0.04 0.07 0.00
Na,O 0.00 0.01: 0.00. 0.00 0.00 0.01 0.00 0.00 0.000 0.00 0.00 0.00
K, 0O ' 0.00 0.00 0.00: 0.00 0.000 0.00 0.00 0.000 0.00 0.00 0.00 0.00
) '100.84101. 03 100. 90 100.61101. 85‘ 99.65 102.71) 96.19 98.33 99.60, 97.73, 96.30
Fe/ ! ‘ ‘ ! \
Mg+ 17.8 18 9 18.4 18.2 18.7 ;20.1 18.6 18.5 19.4 18.81 23.2 18.5
Fe “ : ‘ ‘ ‘ | i

(13) (14) (15) ‘ (16) (A7) (18 (19 0 | @) (22 @) | 24
Si0, 34 88 39 58 39 34 39 42 38.55 39.45 39.88 39. 67 38.82 39.94 40.11 39.22
Al,0, | 0.000 0. 00 0.06 0.06, 0.05 O. 00, 0.000 0. 00 0.000 0.00 0.01 0.00
TiO, 0.00 0.00, 0.00 O. 00 0. 00 0. 00‘ 0.03 0.000 0.00 0.00 0.00 0.00
Cr,0, = 0.00 0.02 0. 00, 0. 00 0.02 0. 000 0.00 0.00 0.00 0.00 0.05 0.00
FeO 23.10 16.62 18. 461 18.56 17.13 17. 21 17.16 17.72 19.91 17.67 16.59 16.22
NiO 0.08 0.02 0.05 0.07 0.03 0.00 0.00 0.02 0.07 0.00 0.07 0.00
MnO 0.23- 0.16 0.23 0.26° 0.33 0.41 0.5 037 0.54 0.51 0.44 0.45
MgO  37.93 43.29 40.49 42.17 42.75 43.47, 43.26 42.97 41.82 43.89. 43.75 43.17
CaO | 0.08 0.00 0.05 0.000 0.02 0.02 0.02 0.02 0.03 0.05 0.03, 0.00
Na,O ! 0.00, 0.00 0.00 0.00° 0. Ol\ 0.00 0.00“ 0.01 0.01{ 0.000 0.01' 0.00
K, 0 ° 0. 00 0.00: 0.00, 0.00. O. 00 O. OOi 0.000 0.000 0.000 0.00 0.00. 0.00
) 96. 30 99.69 98. 68 100 54 98.89 100.56 100. 89 100. 78 101. 20 102. 06 101.06  99.06
Fe/ * | !
Mg+ 25.5 i 17.7 ‘ 20.4 ¢ 19.8 118.4 1 18.2 | 18. 2 18.8 , 21.1 18. 4 17.5 c17.4
Fe ‘ | i i

) ee en ey @) G| 6Nl e 6 6h 6 66| 67
SlO2 ‘ 39.70‘ 39.97 38.11 39.50 38.77 39.34 39.20 37. 70 36.71 39. 44 36.71 37.91 37.01
Al,O, | 0.00 0.000 0.00 0.10. 0.03 0.00] 0.1t 0.00 O. 00 0. 00' 0.00/ 0.00. 0.02
TiO, { 0.000 0.00/ 0.00. 0.00 0.01{ 0.00 0.00, O. .00 0. 00[ 0.00 0.00f 0.00 0.00
Cr,O; | 0.00 0.00 0.000 0.00 0.07, 0.02; 0.07, 0.01 0.00 0.00 0.00 0.00 0.10
FeO 17.55 18.06 17.01 18.03 17.00 16.30  15.98 18.96 21.71 14.90, 18.55; 17.49 17.45
NiO 0.000 0.12, 0.00/ 0.02 0.02' 0.05 0.08 0.20 0.12/ 0.03, 0.00 0.00, 0.00
MnO 0.40 0.47, 0.26] 0.34 0.41 0.27 0.38 0.29 0.45 0.44 0. 41, 0.26 0.54
MgO | 43.06. 43.53 41.26, 42.35 43.35 42.77 42.97 42. 18w 39.90 43.00 41. 18 41.60 40.90
CaO  0.05 0.02 0.00 0.03, 0.03 0.00 0.00 0. 03 0.00, 0.04 0.02 0.02 0.02
Na,O 0.000 0.00, 0.01] 0.00 0.00, 0.00, 0.00, q. 00 0.00 0.00 0.01 0.00 0.00
K,O 0.00: 0.00. 0.00[ 0.00[ 0.00; O. 00\ 0.00 0.00. 0.00. 0.00;, 0.00 0.00 0.00
3 100.76102.17. 96.65100.37| 99. 69| 98. 75 98. 79 99.37 98. 89 97. 85 96. 88 97.28 96.04
Fe/ i ‘1
Mg+ [18.6 :18.9 18.8 | 19.3 | ‘ 18.0 17.6 | 17.3 120.1 23, 4 16.3 ‘20.2 19.1 193
Fe ‘ | i ‘ \ g ‘ |

the olivines and the orthopyroxenes of the fragment.

The range of iron con-

centrations for the known equilibrated ordinary chondrites (H6, L6 and LL6) is

indicated at the top of each figure.

The positions of the peaks in the histograms

indicate that this chondrite belongs to H group. The distribution pattern in the
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Table 1b. Chemical compositions of orthopyroxenes in Yamato-74193.

(@) ] 3 @) 1 & | (D@ o) an aylay | a3

i |
SiO, 56.77| 56.23 55.54 55.26] 56. 50 55.79| 56.74 57.02/ 56. 47» 55.18| 55.49, 55.58| 55.83
ALO; | 0.17) 0.24] 0.77, 1.10 0. 14/ 0.13 0.14/ 0. 14 0. 072 0.13) 0.12; 0.17) 0.13
TiO, 0. 08 0.18 0.07, 0.18 0.06/ 0.12) 0.19; 0.17 0. 18 0.17) 0.13} 0.21" 0.13
0.02 0.00] 0. 00‘ 0.04 0.06 0.19/ 0.13 0.10

Cr,0;, | 0.03 0.08 0.03 0.00] 0.00 !
FeO |11.11| 11.70 12.82 10.96 10.84| 11.76 10.83! 10.93: 10.88 11.27 11.54/ 11.77 11.23
NiO | 0.05 0.000 0.07, 0.15 0.06 0.13 0.00] 0.00] 0.08 0.08 0.03 0.04 0.01
MnO | 0.59 0.33] 0.39 0.44 0.57 0.41 0.34 0.55 0.25 0.58 0.50 0.57| 0.50
MgO | 30.63 30.61/ 29.64 28.85, 30. 95/ 30.51) 31.56 30.85 30. 04 30.95 31.23| 30.36 30.75

CaO 0.72. 0.54 0.66, 0.74 0.68' 0.60] 0.60 0.66. 0.74 O. 60 0. 53| 0.73, 0.55
Na,O 0.00, 0.02] 0.01' 0.04 0.06 0.03] 0.01 0.00 0.000 0.00 0.00 O. 00 0.02
K,O 0.00, 0.00{ 0.00| 0.000 0.01/ 0.00/ 0.00; 0.000 0.00 0.00 O. 00‘ 0. 00\ 0.00
2z 100. 15( 99. 93 100. 00\ 97.72, 99. 87‘ 99, 50 100.411 100 32 98.75 99.02 99.76 99. 56 99.25
Fe/

Mg+ 169 177 195 17.6 164x178‘161 16.5 16.9 17.0: 17.2 179 17.0
Fe ‘
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Fig. 1. Iron contents of olivines and orthopyroxenes in Yamato-74193 chondrite.

histograms suggests that petrologic type of this chondrite is 4. The range of iron
concentrations extends outside the known range of the equilibrated H-chondrites.
Yamato-74193 is classified as an H4-chondrite.

3.2. Yamato-74367

The fragment of this meteorite is composed mainly of chondrules, crystal
agglomerate and metallic Fe. Groundmass is not much abundant in the fragment.
The chemical compositions of the olivines and the orthopyroxenes are given in
Table 2. Fig. 2 shows histograms of iron contents of the minerals. The positions
of the peaks as well as the distribution patterns in the histograms indicate that
Yamato-74367 belongs to L4-chondrite.
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Table 2a. Chemical compositions of olivines in Yamato-74367.

SiO,
AlLO;
TiO,
Cr,0O;
FeO
NiO
MnO
MgO
CaO
Na,O
K,O
2z

SiOZ
Ti02
Cr,0;
FeO
NiO
MnO
MgO
CaO
Na,O
K,O
2
Fe/Mg+Fe

Fe/Mg+Fe

(D)) @[] ®)

(1) | (8) |

(9) | a0y | an

| 40.40
0.00
. 0.00
0.00
20.35
0.11
0.51
34.65
0.15
0.00
0.00
9.18
248

37.53
0.01
0.00
0.00

25.89
0.44
0.25

36.69
0.02
0.01
0.00

100.84

38.94
0.14
0.00
0.01

24.72
0.08
0.51

37.68
0.00
0.00

0.00 0.00
102.08102.42
28.4126.9128.7 25.1}24.5 |

37.84 37.11
0.02 0.00
0.000 0.03
0.03 0.04

26.74) 22.11
0.00 0.03
0.54 0.47

37.22[ 36.97
0.00 0.05
0.03, 0.00
0.00!

96.81!

37.59}38.21 36.39
0.00, 0:00 0.00
0.02 0.04 0.00
0.00 0.02 0.00

22.22! 21.98 23.49

70,00 0.00
0.50 0.42

38.44| 37.34
0.00] 0.02
0:02/ 0.00
0.00, 0.00

99.21 97.66

2413|261

0.04
0.52
38.31
0.03
0.00
0.00
98.73'

37.03| 38.44) 37.00
0.08) 0.00, 0.00
0.00, 0.00, 0.00
0.61] 0.04/ 0.00
21.39] 22.47| 22.03
0.08 0.02| 0.00
0.36/ 0.16/ 0.51
38.49/ 39.00 37.74
0.07/ 0.00 0.00
0.00; 0.00, 0.01
0.00; 0.00] 0.00
98.11100.13| 97.29
27.8 1 24.4 | 24.7

|

i

| 0.07

| 0.00 0.00 0.00 0.00

0.38

1 27.02 22.69 22.28 22.97

0.10

, 0.05 0.49 0.38 0.40
. 35.87 38.03 36.81 37.75
| 0.05 0.03; 0.02 0.02

. 0.00,

0.00 0.00 0.00 0.00
97.18 98.85 96.47100.56 97.51 98.47
7,25.125.3 254 25.2 25.5 25.4 25.3

1 98.32
29

No of Measurements

20

&)

a2 a3 qa as)

a9 |

i

an | ag a9

@) @ | @

13483 38.91 37.66 37.68

0.00 0.00
0.01 0.01
0.01 0.00
0.00 0.02

100.17

OLIVINE
H L L
P e T 20
")
|5
g5
[
5
a
L
210Ff
M ©
2
5k
‘ |
L . [ _JJL [o—
20 30 0

36.64
0.00
0.00
0.17

0.00
0.01
0.00. 0.08
0.32
37.00
0.01

0.04;
0.00

0.02!

Fe!(Mg+ Fe) atomic %

22.21{ 23.40

36.42 38.29
0.02 0.00
0.00 0.00
0.01/ 0.00

22.83, 22.46
0.13 0.00
0.50 0.47

37.60 37.22
0.00' 0.03,
0.00 0.00
0.00 0.00

38.18
0.00
0.00
0.05

0.00
0.53
38.39
0.01
0.00
0.00

ORTHO PYROXENE

Fe/(Mg+ Fe) atomic %

38.73
0.07
0.00
0.01

23.71
0.00

36.54, 35.10
0.00, 0.03
0.01/ 0.00
0.00, 0.03

22.09 26.69
0.06 0.29
0.22 0.40 0.51

37.48 36.25 38.20
0.00 0.00 0.02
0.02 0.04 0.00
0.00 0.00] 0.00

96.42 98.83101.25

24.9 29.2|25.8

Fig. 2. Iron contents of olivenes and orthopyroxenes in Yamato-74367 chondrite.
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Table 2b. Chemical compositions of orthopyroxenes in Yamato-74367.

149

M@ @@ e ©]a
SiO, 55.03| 54.47 56.37 57.38 56.46| 57.28 54.20 55.71 54.97 54.09
Al,O4 0.16/ 0.05; 0.06; ©0.11] 0.16] 0.19 0.17] 0.120 0.19 0.22
TiO, 0.04 0.09 0.08 0.05f 0.14/ 0.19 0.15 0.14, 0.19, 0.17
Cr,0, 0.00 0.06‘ 0.000 0.14 0.07, 0.08/ 0.09) 0.06f 0.000 0.11
FeO 13.84. 13.65 15.04; 14.85 15.31 13.47, 14.88 14.14| 13.39] 13.79
NiO 0.05/ 0.00f 0.05; 0.02; 0.05f 0.06; 0.07, 0.03] 0.03 0.12
MnO 0.44 0.48 0.50, 0.58 0.33) 0.24/ 0.23 0.19] 0.55 0.48
MgO 27.73] 28.60, 27.74 29.08| 28 .761‘ 28 .57‘ 27.95; 27.91 29.06, 27.99
CaO 0.88) 0.78 0.89 0.68) 0.68 0.68. 0.95 0.82] 0.71] 0.92
Na,O 0.01f 0.01 0.000 0.01] 0.000 0.000 0.01 0.01 0.00, 0.02
K,O 0.00 0.00, 0.000 0.00 0.00 0.000 0.00 0.00 0.00 0.00
p) 98.18; 98.19 100.73; 102.90, 101.96. 100.70, 98.70| 99.13. 98.90, 97.91
Fe/Mg+Fe 219 21.1 233 | 2231 23.0 20.9 ‘ 23.0 | 22.1 20.5| 21.7
an 12 a3 a9 | a1y L ae | an as) | 19 | 0
SiO, 58.10 54.42) 55.85 55.51 53.83: 54.14  55.37 56.19, 52.95| 55.11
Al O, 0.11 0.11 0.10, 0.17/ 0.68 0.21] 0.18 0.18 0.26) 0.19
TiO, 0.15f 0.19 0.17, 0.18 0.09 0.16, 0.19 0.17 0.13] 0.15
Cr,0, 0.00 0.09/ 0.07 0.08 0.21 0.03 0.15 0.11] 0.07 0.06
FeO 13.55| 12.78; 13.75 14.36) 13.57| 14.29 13.26 14.06 16.21; 13.81
NiO 0.00 0.100 0.04 0.00 0.03 0.21 0.07 0.05 0.00, 0.00
MnO 0.56/ 0.48 0.41 0.51, 0.27, 0.521 0.46: 0.26 0.51% 0.18
MgO 30.00 28.76 28.35 28.17) 27.12. 27.82| 28.05 28.26" 27.01; 28.73
CaO 0.63 1.211 0.86 0.79) 0.67 0.83 0.76 0.70 0.73, 0.78
Na,O 0.022 0.03/ 0.04 0.000 0.00. 0.01 0.01 0.00; 0.02) 0.00
KO 0.000 0.00, 0.00 0.00f 0.00 0.00 0.00 0.00 0.00 0.00
p) 103.12 98.16 99.64, 99.77| 96.47. 98.22 98.50 99.98 97.89 99.01
Fe/Mg+ Fe 202 199 204 22 29| 24 210 21.8[ 252 | 21.2
ey @ @ | @ | (25 @) | @ | @) | @)
SiO, 54.65 54.51‘ 53.09 | 55.10 | 55.02; 55.29, 55.80 | 54.60 | 55.16
Al, O, i 0.15 0.19“ 0.00 0.21 0.01 : 0.17 0.12 0.14 0.12
TiO, 0.13 0.16; 0.13 0.23 0.21; 0.09 0.12 0.16 0.17
Cr,0, 0.07, 0.00, 0.18 0.171 o.11 0.00 0.00 0.08 0.17
FeO 14.04/ 14.16. 14.36 | 15.13 | 13.24 | 12.82 | 15.32 | 16.55 | 13.58
NiO 0.00 0.06? 0.00, 0.08 0.171 0.11 0.00 0.06 0.00
MnO 0.45) 0.48, 0.43 0.56 0.21 0.59 0.47 0.28 0.50
MgO 28.07) 28.23| 27.31| 27.58 | 28.10 | 27.94  28.82 | 27.22 | 28.61
CaO 0.78/ 0.64| 0.79 0.77 0.67 0.97 0.70 0.80 0.82
Na,O 0.000 0.04! 0.04 0.00 0.04 0.00 0.04 0.04 0.02
K,O 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
p) 98.34 98.47| 96.33 | 99.83 | 97.78 | 97.71 | 101.39 | 99.93 | 98.59
Fe/Mg+Fe 21.9 22.0 | 22.8 23.5 20.9 | 20.5 23.0 25.4 21.0
3.3. Yamato-74454

The fragment of this meteorite is enriched in crystal agglomerate and metallic
The chemical compositions
Fig. 3 shows
histograms of iron contents of the olivines and the orthopyroxenes of the fragment.
The position of the peaks indicate that this chondrite belongs to L group. The
distribution pattern of the olivines suggests petrologic type 5-6, while the distribu-

Fe grains and depleted in fine-grained groundmass.
of the olivines and the orthopyroxenes are given in Table 3.
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Table 3a. Chemical compositions of olivines in Yamato-74454.
Mm@ ® (4) (5) (6)
SiO, 37.39 38.36 40.01 37.50 38.91 38.81
Al O, 0.00 0.00 0.00 0.02 0.03 0.03
TiO, 0.01 0.00 0.00 0.00 0.00 0.00
Cr,0; 0.00 0.00 0.00 0.00 0.00 0.00
FeO 20.91 20.69 21.41 21.29 20.95 21.29
NiO 0.00 0.00 0.00 0.02 0.00 0.08
MnO 0.26 0.29 0.43 0.46 0.27 0.30
MgO 37.58 38.61 37.82 38.28 37.73 39.92
CaO 0.06 0.00 0.02 0.08 0.03 0.11
Na,O 0.00 0.05 0.04 0.00 0.02 0.03
K,O 0.00 0.00 0.00 0.00 0.00 0.00
by 96.21 98.06 99.73 97.65 97.94 100.57
Fe/Mg+Fe 23.8 23.1 . 24.1 23.8 ] 23.7 23.0
,,,,,,, B S 5 U SV
OLIVINE ORTHO PYROXENE
H L LL H L LL
20 «—> Ty & 20 PR LI
0 .|
g 15 - g 15 F F
é 3
§ b ]
'§ 10 ¢ 5 10
5+ - 5 -
0OLb———— ‘[L S—— | (o —— ,[J 1 [—1 1
10 20 30 10 20 30
Fe/(Mg.Fe’ atomic %o Fe/(Mg + Fel atomic %

Fig. 3. Iron contents of olivenes and orthopyroxenes in Yamato-74454 chondrite.

tion pattern of the orthopyroxenes indicates petrologic type 4. Yamato-74454 is
tentatively classified as an LS5-chondrite.

3.4. Yamato-74498
The fragment of this meteorite is composed mainly of chondrules, metallic

Fe granis and crystal agglomerate.

Groundmass is not much abundant in the

fragment. The chemical compositions of the olivines and the orthopyroxenes are
given in Table 4. Histograms of iron contents of the olivines and the orthopyro-
xenes, as shown in Fig. 4, indicate that this meteorite belongs to H4-chondrite.
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Table 3b. Chemical composmons of orthopyroxenes in Yamato-74454.

e 1o @ o[ @© ) @ o) \ (10> | <11) | (12) a3
SiO, | 54.43 54.95 54.73, 55.70 55.41] 55.26| 54. 53 55.69 55.67 55 36 55 76‘ 55.31‘ 56.01
AlLO; | 0.15 0.17} 0.21 0.35‘ 0.16. 0.15 0. 16 0. 16 0.07 0.13 0.00 0.11] 0.15
TiO, 0.16) 0.03; 0.24| 0.20, 0. 17[ 0. 15\ 0. 11‘ 0.18 0. 15» 0.13 0.18 0.08 0.13
Cr,0, = 0.06 0.11 1.23 0.05 0.08 0.10 0. 00 0.01 0.35 0.02 0.07 0.25 0.06
FeO  13.47 14.23| 13.72 10.81, 13.10| 12.97 13. 65‘ 13.49 13.98| 13.92 13.29 13.83) 12.83
NiO | 0. 00 0.00 0. 00‘ 0. 04 0.06, 0.01, 0.02, 0. 00 0.00 0.04; O. 00 0.00 0.00
MnO | 0.57 0.51] 0.53 0.39 0.54 0. 351 0.53 0.41 0.50 0.44 0. 50 0.49, 0.42
MgO | 29.40 27.21; 28. 19‘ 28.00. 29.07| 28.80 27.93 28.71! 29.50, 28.19 28.58 28.70 28.98
CaO  0.52 0.58 0.46 1.57 0.61 1. 06 0. 47| 0.58 0.68 0.88 0.72. 0.58 0.65
Na,O | 0.00 0.01 0.00 0.08 0.02 0.05 O. 02 0.04 0.05 0.01 0.01) 0.01; 0.00
K,0 | 0.00 0.00 0.00 0.00 0.00 0.00/ 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Py - 98.76 97.801 99.31: 97.19 99.22 98. 90 97. 42} 9. 27 100. 95 99.12 99.11' 99.36' 99.23
Fe/ | ‘ ‘ i | i
Mg+ | 20.5  22.7 | 21.4 ‘ 17.8 ‘ 20.2 | 20. 2 | 21.5  20. 9 21.0 ¢ 21.7 120.7 ' 21.3 ; 19.9
Fe i \ ! i
- (14)  (15) i (16) | (17) . (18) [ (19) (20) \ (21) (22) : (23) ‘ (24) | (25) | (26)
SiO,  54.82 55.77 54.77 52.80 51.69 55.91/ 55.99 55.14 55 75 55 30 54.90‘ 54 55 52. 30
ALO; =~ 0.15 0.09/ 0.15 0.14 0.11 0.13 0.12° 0.14 0. 16 0.02 0.14 0. 07, 0.16
TxO2 - 0.17 0.14] 0.16 0.18 0. ll 0.17) 0.16 0.16 0.13 0.17 0.18 0. 14 0.08
Cr,0;, - 0.00 0.000 0.01 0.05 0. 08 0.00 0.05 0.00 0.00 0.14 0.09‘ 0.00, 0.00
FeO  12.88 12.40 13.06 14.24 15. 89 13. 32 12.77 13. 08 13.60 13.93 12.45 13. 42 17.16
NiO  0.05 0.000 0.00 0.04 0.00 0.00 0.00 O. 00 0.00 0.00 0.00, O. 02 0.00
MnO 0.23 0.51' 0.49 0.45 0.31, 0.45 041 0.43 0.44 0.47 0.47 0.53 0.18
MgO ' 28.72 29.06 28.78 30.37 28.44, 28.97 28.97 28. 25 28.80; 28.64 28.37 29. 13‘ 28.55
CaO 0.57 0.88 0. 55 1.07 0.50 0.56 1.17 0.70 0.64 0.78 0.91, 0.63 0.62
Na,0O 0.00 0. 04‘ 0. 02 0. 07J 0.00 0.021 0.05 0.00 0.00 0.00 0.00 0.01' 0.02
K.O 0.00, 0.00, 0. 00, 0.00 0.00 0.00 O. 00, 0. 00 0.00 0.00 0.00 0.00 0.00
p) 97. 59\ 98. 89 97. 99 99.41 97.13 99. 53 99. 69 97.90 99.52 99. 45 97.51 98.50 99.07
Fe/ | ‘
Mg+ 20.1 19 3 20 3 } 20.8 123.9120.5 | 19.8 | | 1 20.6 20 9 21. 4 19.8 20.5 {1 25.2
Fe | “
@) @8) | @) | (30> ey 1 6 | @ | 64 \ o5 168 | 6 | 69
SiO, 56 39 54 74} 54 77 55 89 53.64; 54.72 55.89‘; 55.49 53.82 56.09 55. 94 56.52
ALO; 0.13 0.07, 0.12 0.17 0.16 0.08 0.15 0.13 0.12 0.15 0. 131 0.04
TiO, 0.15 0.16 0. lO' 0.14 0. 14‘ 0.05| 0.11 0. 11| 0.13 0.14 0.14 0.10
Cr,0; 0.00 0.05 0.08 0.05 0.06 0.07 0.07 0.05 0. OO 0.000 0.14 0.04
FeO 13.33 13.09] 11.95 12.63 13. 69| 13.30° 14.03 13.45 13. 911 13.631 13. 03‘ 14.04
NiO 0.00 0.05’ 0.06/ 0.00. 0.08 0.00 0.000 0.000 0.03 0.03 0.000 0.16
MnO 0.20 0.51, 0.47/ 0.54 0.46 0.32/ 0.33) 0.53 0.43 0.40 0.25 0.37
MgO  29.29 27.91) 29.27, 29.20 28.34| 27.54| 28.54 29.25| 29.92 28.70, 29.23| 29.61
CaO 0.58 0.80] 0.66, 0.61 0.69 0.55| 0.64 0.84 0.48 0.72) 0.57, 0.59
Na,0 0.010 0.02 0.00 0.02 0.01 0.000 0.00 0.02" 0.000 0.03 0.00 0.00
K.,O 0.00. 0.00 0.00 0.00 0.00f 0.00f 0.00, 0.00 0.00 0.00 0.00 0.00
D) 100.08 97.40' 97.48 99.25 97.27| 96.63] 99.76| 99.87 98.84 99.89 99.43 101.47
Fe/ ! | | |
Mg+ 20.3 208 18.6|19.5 21.3|21.3| 21.6 | 20.5 ‘\ 20.7 [ 21.0 ] 20.0 | 21.0
Fe ! \ ! !




Table 4a. Chemical compositions of olivines in Yamato-74498.
| ] | |
(1) (2) (3) ! (4) | (5) 6y | (1) + (8) 9y | 10
SiO, 36.51 39.84 38.78 | 38.77 | 38.62 | 37.50 39.25 ‘ 38.41 38.15 @ 38.84
Al O 0.03 0.00 0.00 0.02 0.00 | 0.02 0.00 | 0.02 0.01 . 0.00
TiO, 0.00 0.00 0.00 0.00 0.02 0.02 0.04 0.01 0.00 . 0.02
Cr,0; 0.01 0.00 0.00 0.03 0.00 0.00 0.01 0.00 0.00 0.00
FeO 21.24 15.99 17.13 16.78 17.09 | 19.41 16.00 17.55 17.36 16.60
NiO 0.19 0.00 0.00 0.08 0.07 | 0.19 | 0.00 0.00 0.08 0.08
MnO 0.42 0.35 0.42 0.40 0.31 0.30 : 0.47 0.25 0.57 0.47
MgO 38.63 43.37 42.54 42.01 41.53 41.75 42.76 42.43 41.25 42.31
CaO 0.01 0.01 0.02 0.00 0.02 0.00 0.02 0.02 0.00 | 0.00
Na,O 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 ‘ 0.00
K,O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 : 0.00
b 97.04 99.55 98.90 98.09 97.66 99.19 98.55 98.69 97.42 98.32
Fe/Mg+Fe 23.6 17.1 18.4 183 18.8 20.7 17.3 18.8 19.1 18.0
amn 12 13 | 14 as | ae - an (18) 19) | (0
SiO, 39.41 | 37.58  35.48 | 3557 | 40.03 | 40.76 37.48 38.29 40.16 39.66
ALO, 0.00 : 0.00 0.05 0.01 ‘ 0.00 0.01 0.02 0.04 0.00 0.00
TiO, 0.01 0.00 0.00 0.00 | 0.00 0.00 0.02 0.00 0.00 0.02
Cr,0; 0.03 0.00 0.05 0.00 ;| 0.01 0.00 0.00 0.06 0.00 0.00
FeO 16.20 16.45 20.08 21.04 16.36 17.09 19.89 18.44 16.24 16.87
NiO 0.01 0.08 0.07 0.07 0.00 0.05 0.04 0.11 0.00 0.00
MnO 0.51 0.56 0.47 0.37 0.16 0.43 0.25 0.43 0.47 0.47
MgO 43.57 42.92 40.37 39.51 42.90 44 .31 41.25 38.88 42.81 42.99
CaO 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.02 0.01 0.00
Na,O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K,O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
z 99.74 97.59 96.57 96.57 99.46 102.67 98.97 96.27 99.69 100.01
Fe/Mg+Fe 17.3 17.7 21.8 23.0 17.6 17.8 21.3 21.0 17.5 18.0

(4!
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Table 4a (Continued).

S311 puol) § /-0)JHU B X RIS JO UOII® USSeD V

ey @ (@3 ! y @25 @ @260 2 i (28 i (29 i (30
Sio, | 38.91 38.58  36.34 | 38.84 | 39.43 | 38.87  37.18 = 38.43 = 39.22  39.05
ALO, 012 0.02  0.03 | 0.14 0.02 | 001 | 0.05 0.00 0.00 ' 0.00
TiO, o 0.02 0.00 0.00 = 0.00 0.00 001  0.02 0.0l 0.00  0.00
Cr,0, - 0.00 0.09 0.00 1.17 | 000 | 001 | 002 | 0.00 0.00 | 0.00
FeO - 20.51 18.23 | 21.79  17.32 | 16.97 | 18.91 | 17.54 = 16.36 16.62 = 17.58
NiO . 0.03 | 0.02 0.15  0.00 0.05 = 0.00  0.00  0.00 0.00 : 0.00
MnO 044 . 0.38 0.19 . 0.59 0.54 | 044 051 = 0.21 0.47 0.46
MgO ©39.04 | 4324 | 39.10 = 43.06 & 42.89 = 42.14  42.45 = 43.09 | 42.50 | 42.56
CaO . 70.04 0.01 0.00 = 0.01 0.01 0.0 0.00 | 0.00 0.00 0.00
Na,O 0 0.00 0.00 0.00  0.00 0.00 ' 0.01 0.00 . 0.00 0.00 ' 0.00
K,O L 0.00 0.00 0.00  0.00 0.00 | 0.00 0.00 | 0.00 0.00 | 0.00
b | 99.11 | 100.57 | 97.60 . 101.13 99.91 | 100.41 97.77 . 98.10 | 98.81 | 99.65
Fe/Mg+Fe 2.8 | 191 238 18.4 18.2 | 20.1 18.8 17.6 18.0 = 18.8

L3 § (32) ‘ (33) ‘ (34) By - @G6) | (3 | (38) . (39 (40
SiO, | 39.24 | 39.52 | 39.01 | 38.19 | 39.43 | 40.28 38.90 38.97 | 38.54 | 38.62
ALO, 0.00 000 . 000 ' 001 | 000  0.02 0.00 0.00 0.01 | 0.00
TiO, . 0.00 0.00 | 0.02 0.00 0.00 . 0.00 0.01 0.00 0.01 0.00
Cr,0, . 0.04 0.00 0.01 0.05 0.01 ' 0.00 ' 0.00 0.00 0.00 0.03
FeO L1727 | 1671 16.65 18.26 = 16.86 | 17.20 17.54  15.48 17.25  17.44
NiO 0.09 0.00 0.00 0.11 0.02  0.07 0.00 0.00 0.07 0.00
MnO 0.31 0.37 0.45 0.33 045 . 033 0.52 0.30 0.48 0.49
MgO 42.60 | 42.33 | 42.15  41.22 | 4290 | 43.89 | 42.97  43.64  42.11 = 44.86
CaO 0.01 0.01 0.01 0.00 0.00  0.02 ; 0.00 0.00 0.00 0.00
Na,O 0.00 0.02 0.00 0.00 0.00 . 0.00 0.01 0.00  0.00  0.00
K,O . 0.00 0.00 0.00  0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.0
b | 9956 | 98.96 | 98.30 | 98.17 | 99.67 | 101.81 , 99.95 & 98.39 | 9847 @ 101.44
Fe/Mg+Fe . 18.5 18.1 18.1 | 19.9 18.0 | 18.0 | 18.6 16.6 18.6 17.9

i

i
i
i
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Table 4b. Chemical compositions of orthopyroxenes in Yamato-74498.

@l e© ] e[e e

i | i
SiO, | 51.41 52.87] 53.96 54.66! 54.69 54.39 55.91 53.03 53.35 53.66 56.35 54.97
ALO, | 020 0.16 0.17 018 0.57 "0.24 0.19 "0.20 0.28 "0.59 0.1 0.12
TiO, | 0.1S 0.18 0.12 0.16 0.17 0.14 0.17' 0.16 0.07 0.15 0.15 0.2
Cr,0,  0.11' 0.06 0.03 0.12 0.06 0.00 0.05 0.08 1.47 0.00 0.02 0.10
FeO | 15.83 14.29 11.87 21.61 11.74 13.55 12.10 10.95 14.21 14.42 11.0L 13.67
NiO ' 0.07 0.08 0.12 0.08) 0.00 0.05 0.10 0.00 0.18 0.12 0.05 0.00
MnO 030 0.49 0.29 0.56 0.58 0.29 0.22 0.54 0.49 0.3l 0.56 0.41
MgO | 27.81 28.00, 30.03 30.19 29.18 29.96 29.57/ 30.30 28.78 28.89 30.71 30.12
CaO  0.67 0.63 0.61 0.71 0.68 1.36 0.69 0.73 0.59 0.57 0.77 0.54
Na,0 | 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.03 0.02 0.02 0.01 0.02
Ka,0 0.00 0.00 0.00 0.00, 0.00 0.00 0.00 0.00 0.00| 0.00 0.00 0.00
s 196.55 96.79 97.20 99.27 97.67 99.981 99.00 96.02 99.44 98.73 99.74100.17
Fe/Mg+Fe  24.2 22.3 | 18.1|19.0 | 18.4 202 18.7 16.921.7 | 21.9(16.8 20.3

@) a9 s ae | an ay a9 @ @n @ @) e

Sio, | 54.80 54.46 53.64] 55.31 54.69 56.00 57.02 56.28 56.99 57.11 54.89 56.96
ALO, | 0.17 0.18 0.11 0.20 0.14 0.10 0.12 0.13 0.11 0.14 0.19 0.02
TiO, . 0.18 0.16 0.03 0.19 0.19 0.11 0.18 0.17 0.13 0.14 0.12 0.04
Cr,0;  0.06 0.00 0.00 0.07 0.07 0.06 0.05 0.04 0.00 0.04 0.14 0.03
FeO 12.54 12.84 11.88 10.39 11.99 10.26 10.84 13.38 11.37 11.01 14.31 10.69
NiO 0.12 0.00 0.00 0.05 0.67 0.06 0.00 0.11 0.05 0.02 0.00 0.03
MnO | 0.36 0.44 0.20 0.37 0.48 0.53 0.52 0.45 0.32 0.50 0.53 0.4l
MgO | 30.47 30.11 29.40 30.42 29.80 30.22 31.46 29.50 31.46 31.13 30.48 30.57

CaO i 0.521 0.69; 0.87 0.81 0.59 0.56 0.53 0.53‘ 0.46 0.61) 0.63 0.66
Na,O 0.01‘ 0.02 0.02 0.00’ 0.00 0.00, 0.00 0.00 0.02 0.02 0.00 0.00
Ka,O j 0.00‘ 0.00[‘ 0.00, 0.00 0.00; 0.00 0.00 0.00 0.00 0.000 0.00 0.00
>y 099,23 98.90 96.15 97.81‘ 98.62 97.90100.72100.59100.91100.72101.29 99.41
Fe/Mg+Fe ‘ 18.8 19.3 / 18.5|16.1 1 18.4 | 16.0 ‘ 16.2 1 20.3 1 16.9 ; 16.5120.8 16.4
j (25) (26) i‘ 27) = (28) ‘ (29) i (30) @ (31) ' (32) E (33) (34) ; (35)
SiO, 55.48 52.35§ 56.79 56.79. 53.33) 56.67 55.18‘\ 55.73 57.04(’ 58.791 57.36
Al,O4 ‘ 0.17 0.19 0.14 0.14 0.181 0.00 0.20l 0.22 0.200 0.20 0.17
TiO, i 0.17. 0.15 0.07 0.07 0.13{ 0.09! 0.18 0.19 0.17 0.18 0.15
Cr,0, ; 0.07 0.04 0.12 0.12 0.12 0.08 0.17 0.15 0.00, 0.08 0.09
FeO - 12.09. 15.17, 10.32 10.32' 14.23 11.18 11.90 10.26 10.46, 10.31] 11.01
NiO ©0.00 0.0Z* 0.00 0.00 0.00‘ 0.02 0.13 0.07 0.09, 0.00f 0.08
MnO : 0.18‘} 28.36 0.54 0.54 0.300 0.59 0.47 0.52‘ 0.56i 0.28 0.60
MgO : 31.10 0.48 31.27 31.27 30.06 30.58} 30.06, 30.47| 31.53; 29.46| 31.85
CaO ~0.53 0.06 0.58 0.58 0.54 0.68 0.77 0.70 0.71 0.78 0.64
Na,O ., 0.02 0.00 0.00: 0.00 0.00 0.02i 0.00 0.01 0.00, 0.02 0.00
K,O © 0.00 0.00 0.00; 0.00 0.00 0.00, 0.00 0.00 0.00; 0.00I 0.00
) 1 99.81 96.82 99.831100.83 98.89' 99.91/ 99.06 98.32 100.76 100.10 101.95
Fe/Mg+Fe | 17.9 16.2

123.1|15.6 15.6‘| 21.01 17.0‘ 18.21 15.9| 157 16.4
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Fig. 4. lIron contents of olivines and orthopyroxenes in Yamato-74498 chondkrite.

3.5.

Yamato-74507

The fragment of this meteorite is composed of a metallic Fe grain, broken

chondrules and crystal agglomerate, and depleted in groundmass.

The chemical

compositions of the olivines and the orthopyroxenes are given in Table S.
Histograms of iron contents of the olivines and the orthopyroxenes, as shown in
Fig. S, indicate that the meteorite is classified as an H4-chondrite.
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Fig. 5. Iron contents of olivines and orthopyroxenes in Yamato-74507 chondrite.
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Table 5a. Chemical composmons of olivines in Yamato-74507.
i i \ | |
| (1> | (2> 1 ) | @ ) 6) | (1)
SiO, 35 18 39 08 40.59 37 80 37 60 38. 33“ 38.63
AL O, 0.00 0.02 0.96 0.01 0. 01 0. 00\ 0. 06‘
TiO, 0.01, 0.02 0.00 O. 00 0.000 0.02 0. 00‘
Cr,0, 0.00 0.09. 0.000 O. 00 0.00§ 0.000 0.02
FeO . 21.63 18.59 15.91 17. 69 19.40 15.12 17. 22
NiO ©0.48 0.00 0.00 O. 08 0. 20, 0.00 O. 02
MnO I 036 046 0.47 0.28 0. 37 0.56 0. 46‘
MgO t 38.84 42.87 39.85 42.59 41. 29 42.24 42. 23!
CaO ©0.05 0.01 0.8 0.02 0.09 0.05 0.04
Na,O ;0.00. 0.00, 0.00 O. OO‘ 0.01/ 0.00‘ 0.00
K,O t 0.00 0.000 0.00 0.000 0.00 0.00 O. 00
by 96.55.101.14 98.66 98. 47 98.97  96.32 98. 68
Fe/(Mg+Fe) 23.8 ¢ 19.6 I 18. 3 | 18.9  20.9 ‘I 16.7 ' 18. 6
' (11) ‘ (12) (13) ; (14) | (15) ‘ (16) | (17) 1
SiO, | 37.81 34.91 34 50‘ 35.52 40.84 39.6l 36 84
AlLO, 0.02 0.48 0.06 0.05 0.02 0.00 0.00
TiO; 0.00 0.01 0.02 0.03 O. OO 0.00, 0.00
Cr,0, 0.00 0.100 0.05 0.00 O. 03 0.00  0.03
FeO 19. 30 21.08 21.62 22, 13‘ 17. 06 17.53 22. 63
NiO 0. 18 0.43  0.13 0.38 0.00; 0.00 0.22
MnO 0. 54 0. 34 0.33  0.18 0.45 0.5 0.39
MgO 40. 35 39.27 39.58 39.23, 43. 47i 4393, 39.79
CaO 0. 02 0.02 0.05 0. 24I 0.03 0.02 0.03‘
Na,O 0.00, 0. 00 0. 00, 0.00, O. 03* 0.02  0.02
K,O 0.00, 0.00 0. 00 0.00 0. OO 0.00, 0.00
2 98.22° 96.64 96.34 97.76 101.93 101. 68 99.95!
Fe/(Mg+Fe) 21.2 ’ 23.1 1 23.5 ' 24.0 18.0 | “ 18. 3 24.2
ey | @ | ey (24)
SiO, 39.62 38.29 35.45 39.37
Al,Oq 0.00 0.00 0.00 0.00
TiO, 0.00 0.00 0.00 0.00
Cr,0, 0.00 0.00 0.00 0.02
FeO 16.23 17.46 20.67 16.16
NiO 0.00 0.10 0.24 0.00
MnO 0.33 0.37 0.37 0.37
MgO 42.74 41.64 39.42 43.99
CaO 0.01 0.01 0.00 0.03
Na,O 0.00 0.00 0.00 0.00
K0 0.00 0.00 0.00 0.00
p) 98.93 97.87 96.15 99.94
Fe/(Mg+Fe) 17.6 19.0 22.7 17.1

(9) |
832 97.53 30.36
0 .04
0.02 0.00 0.02
0.05 0.00 0.00
16.83 20.82 16.48
0.12 0.19 0.00
0.54 0.44 0.22
42.23 41.20 42.58
0.06 0.05 0.03
0.00 0.00 0.00
0.00 0.00 0.00
98.20 100.27 98.73
183 221 17.8
(18) (19 = (0)
37.44 36.66 40.61
0.00 0.02 0.00
0.00 0.00 0.00
0.03 0.02 0.02
19.36, 17.64 16.24
0.09 0.04 0.05
0.29 0.43 0.21
40.34 43.49 44.35
0.04 0.00 0.00
0.00, 0.000 0.00
0.00 0.00 0.00
97.59 98.30 101.48
21.2 j 18.5 ( 17.0
(25) (26)
35.97 39.87
0.00 0.00
0.09 0.01
4.29 0.01
18.60 15.75
0.13 0.08
0.3 0.44
40.83 43.52
0.06 0.02
0.02 0.02
0.00 0.00
100.36 99.72
20.4 16.9
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Table 5b. Chemical compositions of orthopyroxenes in Yamato-74507.

W@ el @le[@lamle o] am|ao|ao

SiO, 53.29 55.36| 56.39 55.63) 57.02 55.97) 56.29) 53. 18‘ 57.04) 57.05! 52. 37| 51.11} 56.09
ALO, | 0.01 0.00; 0.09 0.11 0.17 0.00 0.00 0.05 0.13 0.03 0.18 0.12 0.08
TiO, 0.12 0.03 0.15{ 0.05 0.17, 0.05 0.19 0. 14] 0.18 0.17. 0.100 0.00, 0.05
Cr,O, | 0.13) 0.06/ 0.04 0.06) 0.00, 0.00f 0.06/ 0.14 0.08 0.09 0.06/ 0.05 0.04
FeO 11.34( 12.45 11.19 11.90 11.28 10.81| 10.83 13.21 10.58; 10.63} 15.93| 17.49 10.44
NiO 0.11) 0.00 0.100 0.02 0.02] 0.000 0.04 0.15 0.00 0.08 0.55 0.42 0.03
MnO 0.47 0.46, 0.58 0.29] 0.53 0.53) 0.34 0.33; 0.55 0.56/ 0.42| 0.31] 0.44
MgO | 29.92 30.68 30.49 32.07 30.27 30.12 30.65 28.75 31.07 31.10 29.36, 28.72 32.90
CaO 0.76, 0.77, 0.76, 0.54 0.94 0.86 0.70, 0.58 0.79| 0.72 0.50, 0.61 0.56
Na,O 0.00 0.01 0.02, 0.01 0.000 0.00 0.01) 0.01 0.01 0.04 0.00, 0.00 0.03
K,O 0.00 0.00 0.00, 0.00, 0.00 0.00; 0.00 0.00 0.00; 0.00 0.00, 0.00, 0.00
2z 96.15| 99.82| 99.811100.68100.40 98.34; 99.11| 96.54100.43100.47 99.47 98.83/100.66

Fe/ |
Mg+ | 17.5 ! 8.5 17.1 ,17.2 . 17.3/16.8|16.6 ,20.5|16.0 1 16.1 | 23.3]25.5]15.1
Fe 1 | i \'

(14) (15) | (16) an | (18) ( (19 | @0 | (21) @ @) |4 | @)
Si0, | 54. 16' 51.29 57.44 56.88 56.60 54.58 54.70 54.94 52.22 57.10 55.44 56.20

ALO; ' 0.15 0.15 0.21 0. 20‘ 0.23 0. 19 0.04 0. 00 0.20 0.00; 0.00, 0.81
TiO, @ 0.07 0.08 0.17 0. 12 0.07, 0. 05‘ 0.16, O. 17 0.15 0.14 0.14 0.00
Cr,0, ' 0.08 0.03 0.31 O. 14 0.02 0.06) O. 13\ 0.06 0.000 0.14 0.000 0.05
FeO @ 14.28 19. 67\ 10.61 11. 16 11.04 11 61} 13. 82( 10.17 15.37 10.08§ 10.68] 10.60
NiO 0.29 0. 41 0.00 0.03 0.00 0.03| 0.10 O. 00, 0.02 0.020 0.08 0.12
MnO | 0.51 0.42 0.46 0.26 0.47 0.40, 0.45 0. 45 0.37.  0.520 0.39] 0.42
MgO : 30.21 29.19 31.25 31.28 30.83 31.09 30.73' 30. 57 28.66 30.66/ 31.00f 31.58
CaO | 0.62 0.61] 0.53 0.67 0.52 0.53 O. 68‘ 0.58 0. 62, 0.63 0.53 0.70
Na,O 0.00 0.01] 0.02 0.02 0.00 0.02] 0.00 0.01; 0.00 0.00 0.00, 0.00
K,O 1 0.00, 0.00 0.00 0.00 0.00. 0.00 0.00‘ 0.000 O. 00‘ 0.00 0.00, 0.00
) 100.37,101.86/101.00100.76 99.78. 98.56 100.81[ 96.95 97.61' 99.29 98.26| 100.48
Fe/ f | i i «

Mg+ 121.027.4116.0 16.7|16.7 | 17.3 | 20.1 \‘ 15.7 ° 23.1 15.6 | 16.2 | 15.8
Fe ; 1

|

3.6. Yamato-74603

The fragment of this meteorite is composed mainly of equal amounts of
chondrules and fine-grained groundmass. Metallic Fe grains are not abundant in
the fragments. The chemical compositions of the olivines and the orthopyroxenes
are given in Table 6. Fig. 6 shows histograms of iron contents of the olivines and
the orthopyroxenes in the fragment. The iron contents of the orthopyroxenes fall
within the range defined by the equilibrated L-chondrite, while the iron contents of
the majority of the olivines fall in a hiatus between the known H6- and L6-chondrites.
The distribution patterns of the minerals suggest that petrologic type is 4.
Yamato-74603 is tentatively classified as an L4-chondrite.
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Table 6a. Chemical Compositions of olivines in Yamato-74603.

@ @ s e e

©sio, | 37.44' 39.05| 37.47 | 37.87 | 40.05 38.51 | 39.48 | 38.64
ALLO, 7007 0,00 001 033 0.04 000 0.03| 0.00
TiO, 0,00 000 0.00 000 006 0.00 0.00| 0.03
cr,0, 000 0.00 000 000 002 004 004 0.04
FeO 20064 20,58 | 2270 | 22,03 19.34| 17.74 | 18.91 | 20.09
NiO - 70i01 000 022/ 0.28 000, 002 006 0.05
MnO 046 000 047 035 061 050 025 024
MgO | 37.65 41.08 | 3811 | 38.53 41.06  39.78 | 40.12 | 39.36
CaO 7015 000 | 002! 014 003! 0.07| 0.16 0.05
Na,O 000 0.00 0.00 004 001 0.01| 0.04 000
K,0 000 000 0.00 0.00 0.0 0.00| 0.00 0.00
3 96,421 100,71 99.00 = 99.57 ' 101.22  96.67 @ 99.09 | 98.50

Fe/(Mg-+Fe) w5 209 | 25.0 0 243 2009 | 200 | 209 222

a 9) | a0 . oan | oa | a3y | a9 | a9
Sio, 40.84 | 39.89  40.88 | 39.53| 38.79 | 38.90  38.28
ALLO, 075 0.0l 000 028 000 005  0.00
Tio, 0,00 0.02 001 | 000| 002 015  0.00
Cr,0, 0,00 0.00 005 000 002 0.04 000
FeO 17.68  18.90  19.10 | 18.69 | 19.59 | 18.92  19.65
NiO 0,00/ 000 000 008 003/ 000  0.00
MnO 028 043 020 043 035 036 024
MgO 37.11 . 40,01 = 39.91 | 39.67  40.53 39.41  40.49
CaO 1.0 023, 042 023 002 010 004
Na,0 0.00| 003, 0.00| 000 000 000 0.0
K,O 0,00 0.00 0.00| 0.00 0.00 | 0.00 | 0.00
b 97.66 . 99.52  100.57 , 98.91 | 9935 | 97.93 98.70

Fe/(Mg+Fe) 201 | 2100, 2120 2009 | 213 | 212 214

CLIVINE CRTHO  PYROXENE
L. H L LL
20 <> < S O’- € > > D>
% 15 F % 15}
: ol 2l
g N 2
(O E— { —T—m | 0 | .H' } 1 3
10 20 30 10 20 30
Fe /i Mg . Fe) atomic °% Fe /(Mg . Fe) atomic %

Fig. 6. Iron contents of olivines and orthopyroxenes in Yamato-74603 chondrite.
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53.10
0.00
0.09
0.00
14.06
0.42
0.55
28.61
0.45
0.00
0.00
97.28

21.6
17)
52.96

0.00
0.15
0.00
14.05
0.24
0.61
28.48
0.68
0.00
0.00
97.17

M [ @ | 3 | @ || © | M]3
SiO, 54.38 | 57.02 | 54.72 | 56.02 | 54.02 | 54.02 | 54.56 | 53.87
Al, O, 0.14 0.00 0.00 0.09 0.11 0.14 0.00 0.00
TiO, 0.16 0.00 0.07 0.04 0.16 0.17 0.15 0.13
Cr,0;4 0.05 0.00 0.10 0.06 0.03 0.00 0.00 0.10
FeO 13.78 | 12.24 | 13.36 | 12.95| 12.78 | 13.24 | 13.27 | 13.52
NiO 0.17 { 0.00 0.11 0.00 0.05 0.00 0.01 0.00
MnO 0.34 1 0.00 0.20 0.40 0.31 0.41 0.49 0.46
MgO 28.71 1 29.66 | 31.60 | 30.00 | 28.43 | 28.11 | 28.54 | 28.35
CaO 0.31 . 0.00 0.37 0.52 0.57 ! 0.51 0.50 0.51
Na,O 0.00 0.00: 0.00 0.00 0.00 0.02 0.00 0.02
K.O 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00
by 98.04 ‘ 98.92 | 100.53 | 100.08 | 96.46 | 96.62 | 97.52 | 96.96
Fe/(Mg+Fe) | 21.2 | 18.8 19.2 19.5 20.1 20.9 ¢ 20.7 21.1
Ao | ay | @ @) | ae | as | oae
SiO, 54.30 55.11 | 55.69 56.84 55.23 | 55.42 | 57.08
AlLO, 0.00 0.06 | 0.00 0.00 0.06 ‘ 0.04 0.00
TiO, 0.08 0.19 ! 0.09 0.21 l 0.10 | 0.00 0.14
Cr,0, 0.09 0.00 | 0.06 0.12 0.00 0.04 | 0.00
FeO 13.73 13.12 1 15.54 13.11 | 12.45 12.28 © 12.72
NiO 0.05 0.40 | 0.32 0.03 ‘ 0.07 0.00 0.03
MnO 0.51 0.51 0.46 0.51 0.15 | 0.39 0.31
MgO 29.34 29.29 © 29.66 29.77 1 28.72 1 28.40 30.29
CaO 0.54 0.69 0.59 0.56 0.59 | 0.55 0.58 |
Na,O 0.00 | 0.00 | 0.04 0.00 | 0.01 | 0.00 0.00 !
K,O 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00
Y 98.64 99.37  102.45 | 101.15 | 97.38 97.12  101.15 .
Fe/(Mg-+Fe) 20.8 20.1 | 22.7 19.8 19.6 19.5 19.1

The results obtained in this study are summarized in Table 7.

21.8

Table 7. Mean compositions (Fe/Mg+ Fe) of olivines and pyroxenes and standard de-

viations of their compositions in the Yamato-74 chondrites.

Olivine Orthopyroxene
Sample No. | No.of | Mean  sundara | No of | Mean, ' sandara | Remarks
ments tiopns deviation ments ) tio%s ) ;deviation
Yamato-74193 37 19.12 1.79 13 ©17.27  0.87 H4
-74367 22 26.02 1.65 29 22.00 1.31 L4
-74454 6 23.58 0.44 38 20.78 | 1.27 LS
-74498 40 i 19.03 1.84 35 | 18.44 - 2.36 f H4
-74507 26 L 19.91 2.47 25 | 18.36 3.32 ‘ H4
74603 15 | 2179 | 140 | 17 2038 1.8 | L4
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