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Abstract: This paper is a study of classification of Antarctic meteorites based
on magnetic parameters using a discriminant analysis method on computer. The
results of computation are almost the same as NAGATA’s classification except two
samples.

1. Introduction

NAGATA has successfully established a magnetic classification of Antarctic stony
meteorites in his papers (NAGATA, 1979a,b). In these papers a data set of magnetic
parameters of meteorites is given and two inequalities of thermomagnetic measure-
ments of E, H, L, LL and C chondrites are established as follows:
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In the diagram with I, versus I,(a)/I, for 40 stony meteorites, E, H, L, LL and
C chondrites and achondrite groups are separated from each other.

Based on the data set of magnetic parameters of the said papers, a new classifica-
tion of Antarctic stony meteorites is established by means of multivariate stepwise
discriminant analysis on computer. The comupter analysis gives almost the same
results as NAGATA’s classification.

2. Method of Multivariate Stepwise Discriminant Analysis

The data matrix is [x,;.], where i (i=1, 2, -- -, G) is the number of groups, j=1,
2,---,n;(i=1,2, ---,G) is the number of samples in each group, and k (k=1, 2, - - -,
V) is the number of variables. So the element x,; is the kth variable of jth sample
of ith group.
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Assuming that the sample of each group is independent normal random vectors,
from the original data matrix may give a set of discriminant functions as follows:

vV
F,(X)=Ingq;+ kZ Chrixi+Co;
=1
i=1923 Tty G’

where

F;: discriminant function for ith group,

)

q::  pretest probability for ith group which is usually replaced by frequency of

samples: g,=(n;/N),
Cii: coefficient of kth variable of ith group,
Co;: constant of ith group,
X,: variable selected into discriminant function.

For determining which group the sample X=[x;, x,, - - -, Xy}’ belongs to, we
substitute the parameters of the sample into eq. (1) to obtain a value set of discriminant
function: Fy, F,, - - -, Fg.

If

F,= max [Fy,(X)],
1<9<GCG

we can ascertain that sample X belongs to ith group. And the distribution of proba-

bilities for each group i will be

exp [Fi(X)— max {F,(X)}]
Pi= e isese
X, exp [F,()— max {(F,(X)}]

i=1,2,---,G.

3. Stepwise Discriminant Computation
We define variance within, among and total as:
W=[w]
B= [bk z]
T=[tkl]= W—{*‘B ,
where

G ng
Wi = iZ Z (Xije—%5.1)(Xs50—%1.1)
=1 j=1

¢
b= i;l n(% i p— %) (X —%1)
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G ng
ta= 23 20 (Xeje—Xi)(Xe0—%1)
i=1 j=1

1 ng 1 G ng
Xig=""" Z xwk ) xk:wN Z Z xuk >
Ry j=1 i=1 j=1
and
G
N: Z ni

Wilks A statistic may be calculated by

W]

U=\7 -

First of all we calculate matrix W and T, with

W=[w,]
T=[ti]
k=1,2, .-+, V
I=1,2,---, V.

For example we give the computation of pth step. Assuming that we have com-
pleted pth step of computation and selected m variables into discriminant function
(no selection for the first step), then we calculate the (p-+1)th step as follows:

(1) Determine the test statistic of discriminant effect of each variable

For non-selected variables x, we calculate,

Wi
Ur=—"0, -
kk
For selected variables x, we calculate,
t(ﬂ)
U= 7
kk

(2) Eliminate or select variable
First we consider a variable which may be eliminated from the discriminant func-
tion, then we find the largest of U,‘*»~'". Assuming rth variable x, corresponds with
U,= max {U.'»~'} we take F test and calculate
€Em

p_1=U.  N—G—(m—1)
U, G—1

Wa—t2™  N—G—(m—1)
T G—1 ‘




Table 1. Magnetic parameters of Antarctic stony meteorites.
Group ‘ Sample ‘l I,;(ﬂ) I« Lt L) LMr) \ Meteorite
| e I, I, I, I,
1 ‘ 1 1 i 48.000 97.000 0.000 3.000 0.000 } Y-691 (a)
1 2| 32300 94000  6.000  0.000  0.000 | Y-694 (d)
2 3 (15.500 85.000 10.000 5.000 0.000) Y-7301 (j)
3 4  33.500 95.000 5.000 0.000 0.000 Y-74371
4 5 27.900 94.000 6.000 0.000 0.000 Y-74647
2 15 6 | 34.400  95.000 5.000 0.000 0.000 Kesen
6 7 24.200 87.000 13.000 0.000 0.000 Y onozu
|7 8 | 24300 94.000  6.000 0.000  0.000 | Seminole
8 9 27.400  88.000 10.000 2.000 0.000 ‘ Mt. Baldr b
9 10 40.000  90.000 5.000 5.000 0.000 Mt. Brown
1 11 14.300 38.000 0.000 0.000 0.000 Y-7305 (K)
2 12 16.600  90.000 0.000 10.000 0.000 Y-7304 (m)
3 13 | 6.800 79.000 21.000 0.000 0.000 Y-74191
4 14 8.100 81.000 19.000 0.000 0.000 Y-74362
5 15 ; 22.900 82.000  18.000 0.000 0.000 Fukutomi
3 6 16 11.000  80.000 20.000 0.000 0.000 Mino
7 17 8.400 65.000 35.000 0.000 0.000 Allan Hills-769
8 18 9.700  85.000 14.000 0.000 0.000 Dalgety Down
9 19 13.000  85.000 10.000 0.000 0.000 r Bjurbole
10 20 | 12.000 80.000 15.000  3.000  0.000 | Barratta
11 21 10.000  80.000 15.000 5.000 0.000 | Homestead
1 22 6.000 45.000 35.000 20.000 0.000 Y-74442
4 2 23 3.200 19.000 7.000  74.000 0.000 Y-74646
3 24 4.700 45.000 55.000 0.000 0.000 St. Severin
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If F,<F, (a is the level of significance), i.e. discriminability of x, is not significant,
it will be eliminated from the function, then computation goes to (3). If F,>F,, i.e.
it is significant though the discriminability of x, is smaller, it will not be eliminated
and a non-selected variable with smallest U,‘?’ may be selected into the function. We
assume this variable is the sth variable x,, that is

U,= min {U,'»} .
kem

We take F test and calculate

pl=U N—G-m_tp—wp N—G—m
A G—1 = wP G—1

If F,>F,, i.e. discriminability of x, is significant, it will be selected into the function,
and then computation goes to (3). If F,<F,, selection of variables is finished and
computation goes to the next step.

(3) Eliminate for Wand T

Elimination of (p+1)th step for W and T may be calculated by formulas.

wii'w.p (k=r, I#r)

ey W —WRwiDwi (ks 1)

Wi W = l/Wif) (k:r, I=r)
—wis w2 (k#r, I=r)

L [er (k=r, I#r)

pipen) 1R — 2 [t (k#r, I#7)
Vi (k=r, I=r)

—t [ty (ksr, I=r).

Then computation returns to (1).

(4) Calculate coefficients and constants of discriminant function

Assuming m variables have been selected into discriminant functions, we may
calculate coefficients and constants of the functions by the following formulas:

C]”:(N— G) kZ W;cz;)ill

L s Coens  (=1,2,---,0)

2 kem

Coi:“""

where p is the final step of selection.

(5 Discrimination

Supposing the discriminated sample is X=(xi, x;, - - -, X»)’, then the discriminant
functions of ith group may be calculated by formulas:
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Table 2. Results of computer analysis.

No. SORT F1 F2 F3 F4 F5 F6 F7 F8
1 1 98.251 90.496 65.789 17.034 —9.425 25.702 23.074 23.458
2 2 55.174 63.914 53.068 3.833 —9.418 26.407 24.023 23.974
3 3 10.171 35.901 40.122 —1.594 —9.414 24.126 21.633 21.158
4 2 58.309 65.881 53.901 3.367 —9.417 27.031 24.711 24.686
5 2 42.915 56.383 49.287 —1.875 —9.414 27.690 25.507 25.323
6 2 60.817 67.421 54.674 4.535 —9.418 26.769 24.408 24.411
7 2 34.064 50.662 47.494 7.481 —9.420 21.952 19.107 18.893
8 2 32.884 50.222 46.194 —6.546 —9.411 28.739 26.721 26.427
9 2 42.744 56.033 49.929 8.877 —9.421 22.627 19.831 19.696
10 2 77.391 77.397 60.184 20.079 —9.427 21.852 18.835 19.050
11 3 —39.414 —10.439 —1.207 —49.107 —9.453 —11.409 —18.035 —18.605
12 3 12.124 37.303 39.785 —12.110 —9.406 30.259 28.502 27.984
13 3 —12.749 21.580 34.126 1.086 —9.417 19.234 16.234 15.582
14 3 —9.544 23.630 34.847 —1.272 —9.415 20.803 17.980 17.345
15 2 31.484 48.873 47.367 15.906 —9.426 17.462 14.083 13.888
16 3 —1.256 28.681 37.537 4.512 —9.419 18.983 15.910 15.375
17 3 —5.375 25.540 38.273 31.474 —9.436 5.134 0.399 —0.038
18 3 —6.824 25.238 34.626 —9.590 —9.411 24.417 22.021 21.377
19 3 —1.249 27.762 34.242 —14.524 —9.412 24.194 21.751 21.167
20 3 —0.321 28.803 36.612 0.103 —9.417 20.013 17.060 16.525
21 3 —4.112  26.924 36.386 1.383 —9.416 20.860 18.025 17.441
22 4 —8.175 22.998 39.003 61.477 —9.451 -—-7.303 --13.531 —13.877
23 4 —11.316 19.989 38.590 90.636 —9.460 —14.688 —21.792 —22.112
24 4 —11.517 20.953 39.054 67.120 —9.459 —13.264 —20.203 —20.516
25 5 —101.298 —58.789 —35.520 —76.258 11.062 —38.413 —48.087 —48.976
26 5 —103.248 —59.987 —36.121 —77.166 11.062 —38.208 —47.851 —48.761
27 5 —104.363 —60.671 —36.465 —77.685 11.063 —38.092 —47.716 —48.639
28 5 —106.286 —61.649 —36.758 —78.613 —7.422 --37.230 —46.743 —47.694
29 5 —99.853 —56.291 —32.702 —75.844 9.836 —33.350 —42.415 —43.344
30 5 —105.463 —61.132 —36.487 --78.232 —8.450 —37.280 —46.802 —47.744
31 5 —112.722 —65.806 —39.043 —81.577 11.065 —37.217 —46.705 —47.719
32 5 —112.164 —65.464 —38.871 —81.317 11.065 —37.276 —46.772 —47.780
33 6 -48.776 —4.750 12.760 —55.307 —9.402 26.624 24.647 23.576
34 6 —66.246 —22.132 —2.426 —62.370 —9.425 6.909 2.604 1.574
35 6 —35.179 8.657 24.400 —49.789 —9.384 41.574 41.361 40.263
36 6 —35.179 8.657 24.400 —49.789 —9.384 41.574 41.361 40.263
37 6 —35.514 8.451 24.297 —49.945 —9.384 41.609 41.401 40.300
38 6 —35.954 8.181 24.161 —50.150 —9.384 41.655 41.455 40.348
39 6 —35.901 8.213 24.178 —50.125 —9.384 41.649 41.448 40.343
40 6 —36.010 8.146 24.144 —50.176 —9.384 41.661 41.461 40.355
41 6 —35.859 8.239 24.191 —50.106 —9.384 41.645 41.443 40.338
42 6 —34.594 9.016 24.581 —49.517 —9.384 41.512 .290 40.199
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Fy(X)=Ingq.+ kZ X Cri+Co; (=1,2, ..., G)

If
Fy(X)= max {F(X)},

then sample X belongs to i group with probability calculated by eq. (2).

4. Discriminant Functions and Magnetic Classification of
Antarctic Stony Meteorites

Table 1 is the magnetic parameters of Antarctic stony meteorites. The data
matrix includes 42 samples of 8 groups and 5 variables.

The results of computer analysis are shown as in Table 2.

The discriminant order of variables is shown in Table 3.

Table 3.
NO=2 L(a)/1,
NO==1 ‘ I,
NO-=:3 I(a+7)/1,
NO=4 ' L/,
NO=-5 LM/,

5. Conclusion

1) Table 2 shows that groups of diogenite, eucrite, and howardite can not be
separated; they may belong to a sixth group, i.e. achondrite group.

2) Table 2 agrees with Table 1 in good conformity of 40/42=95.238%.

3) From Table 1, in the magnetic parameters sample No. 3 is close to sample
No. 21 and far away from group 2 (see Table 4), so it does not belong to group 2.

And sample No. 15 is near No. 7 (see Table 5), far away from group 3, so it may
belong to group 2, where the determinant function of sample No. 15 for the second
group (F2=48.873) approaches to the third group (F3=47.367). It would be signi-
ficant to mention that No. 15 is far away form the centre of group 3 in the five dimen-
sion space.

Table 4.

Meteorite . [x Is(a)},ls Is(a"l'r)/ls 13(7)/11 I:(Mt )/1)

No. 3 15.5 85 10 S 0
No. 21 10.0 80 15 5 0
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Table 5.
Meteorite | I, LI e+l Lo, LML
No.15 | 229 82 18 0 0
No. 7 | 24.2 87 13 0 0

4) From Table 3, the discriminant effects of variables /,(«)//, and I, are signi-
ficant and larger than others, that is in close agreement with Nagata’s conclusion.

5) Our discriminant results are unique, which is an advantage of this classifica-
tion.
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