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The classification and charting of chemical and mineraiogical analyses may be accom-

plished by the derivation of trvo or three index numbers that represent uniquely any such

analysis. A method for attaining this objective r,vas earlier published by the writer (Mertie,

1961), but for reasons Iater stated r,vas considered to lack effectiveness. The present paper

formula

I I  -
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where n is the number of terms and r is the number taken at a time. The value of r may be

either 3 or 4, giving rise to two sub-methods. The combinations of terms are so written as to

produce 3 or 4 columns, each of which is summed for the contained number of terms. The

coefficients of the terms in these columns constitute the values that are usecl in r,'r,'eighting,

ancl these are tabulated. The sums of the columns are so treated as to yield a set of trilinear

or quadriplanar coorclinates, according to lvhether three or four columns are used. l'inally,

by the use of suitable transformation formuiae, earlier published by the rvriter (Mertie,

1964) but repeated for reference, the trilinear or quadriplanar coordinates are converted re-

spectively to 2 climensional or 3-dimensional cartesian coordinates. The latter constitute

the derived index numbers that represent the given analysis.

Numerical examples are given for 7 kinds of igneous rocks, each with 9 terms, and for an

oil shale with 18 terms. 
'Ihe tables used in computing the index numbers are designed for

analyses with as many as 20 terms; but if needed, these tables, by the use of first and second

difierences, may reaclily be extended to cover analyses with any larger number of terms.

The index numbers yielded try the method of selective weighting are believed to be unique

for analyses rvith a stated number of terms. It has not been determined whether they are

unique for all analyses, regardless of the number of terms'

hqrnooucrrou

A method has earlier been presented (Mertie, 1961) for the classifica-

tion and charting of chemical and mineralogical analyses with 9 terms,

by the formuiation of matrices and the evaluation of associated determi-

nants. The desired results were obtained b1- the solution of a cubic equa-

tion, whose three roots were regarded as unique indices of the analysis.

This method, however, was deficient in three respects. First, it could

happen that two o{ the roots might be complex numbers) which can

neither be compared in magnitude nor charted. It is true that a refine-
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ment of the process was given that eliminated complex numbers, but
this led to additional work. Second, the method could not be applied to
an analysis with as few as four terms; and for an anall 'sis of 10 to 16
terms, the work involved rendered the process prohibit ive. And third, a
question of uniqueness was later raised by two readers of The American
M'ineralogist The first and second deficiencies were stated by the writer
at the time of publication; but if the third proved to be true, the method
would be unacceptable.

A different method therefore seemed desirable to overcome these
shortcomings. It was kept in mind that the process should be mathe-
matically simple, and that the required calculations should not be oner-
ous. The method to be presented is marked by an entirely new ap-
proach, which requires only elementary arithmetical operations, and is
based upon formulae whose derivation need not concern the user. It uti-
l izes the possible combinations of the terms of an analysis, taken either
3 or 4 at a time, and is applicable to all analyses having four or more
terms. Certain sums derived from these combinations are used to weight
the terms of an analysis in such a manner as to preclude an1,- duplica-
tions of the derived index numbers. This process mav therefore be de-
scribed as a method of selective weighting.

Mpruon oF SELECTTvE WETGHTTNG

A set of terms mav be arranged in combinations according to the alge-
braic formula

"v . : " . ( " -  
r ,  r -2 : l .  l _ .11) ,

where n represents the number of t"r-, in a set, and r represents the
number of terms taken at a time. Thus with 10 terms taken 3 at a time,
the number of combinations is

1 0 x 9 x 8
roV: : 3 x 2

:  1 1 0 .

and taken 4 at a time,

roVl :
1 0 x s x 8 x 7

:  2lO.
4 x 3 x 2

The derivation and application of this principie is described for an anal-
ysis of 6 terms, because the demonstration is not lengthy; but the prin-
ciple is applicable to analyses with any number of terms. Consider an
analysis whose terms are designated as A, B, C, D, E and F. Taken 3
at a time, 20 possible combinations are possible, as follows:
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A B C
A B D
A B E
A B F
A C D

JOHN B. MERTIE, TR.

A C E
A C F
A D E
A D F
A E F

100 x,
R :  - - - ,'  x l + X : * X s

B C D  B E F
B C E  C D E
B C T  C D I T
B D E  C E F '
B D I '  D E F

The sum of the 20 terms of the first vertical columns is

X r : 1 o A + 6 8 + 3 C + D .

The sums of the 20 terms of the second and third vertical columns are

X z : 4 8 + 6 C + 6 D + 4 E

and

X r : C + 3 D + 6 E + 1 0 F .

These three sums are combined to form a set of tri l inear coordinates as

follows:

100 xl
*  

X 1 + X : * X r

100 x3t: a, +-;t&
It thus is apparent that in the derivation of the trilinear coordinates, each

term of the analysis is weighted by the coefficients of the terms shown in

the three preceding equations.
The 6 terms of the analvsis mav also be taken 4 at a time, with the

following results:

The sums of the 15 terms of the 4 vertical columns are

Y1:10A+48+C
Yr: 6B*6C*3D
Ys: 3C+6D+6E
Y4: D+4E+10F

The quadriplanar coordinates derivable from these sums are

100 Yr 100 Y,
5 -

B C D E
B C D I I
B C E F
B D E I '
C D E I T

A B C D  A B E F
A B C E  A C D E
A B C F  A C D F
A B D E  A C E F
A B D F  A D E F

Y r + Y r l Y : f Y n

100 Y3

Y l + Y r * Y : i  Y r

100 Y4
0 :

Y r * Y z + Y 3 + Y 4 Y r * Y z * Y a * Y r

Thus two alternative methods are feasible, which are called the sub-

method of triplets and the sub-method of quadruplets. No formulae are

known for the transformation of what might be called pentahl'perplanar

or pentahyperflat coordinates to 4-dimensional cartesian coordinates.
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For this reason no method has been developed for taking the terms of
an analysis 5 at a time.

The most difficult task hitherto undertaken by the writer was to find
a method whereby unique index numbers could be obtained to represent
an analysis of only for.rr terms. Hence the first appraisal of the present
method was to apply it to this objective. Four prime numbers, lI, 7, 5,
and 3 were taken to represent an analysis of four terms. It is obvious
that these numbers may be arranged in 24 permutations; or in other
words, 24 analyses could be formulated from these four terms. Each of
these 24 analvses was tested by the sub-method of triplets, and no dupli-
cations were found in the derived values oI a, B, and 7. It is also clear
that no such duplications could be produced by any other analysis con-
sisting of four different numbers. Therefore the sub-method of triplets
yields unique index numbers for an analvsis of four terms, Similarly, both
the sub-method of triplets and the sub-method of quadruplets were found
to yield unique index numbers for an analysis of five terms. Hence it is
inferred that these two sub-methods wil l yield unique index numbers for
analyses with any number of terms.

The trilinear and quadriplanar coordinates thus derived may be fur-
ther simplified by transforming them respectively into 2-dimensional and
3-dimensional cartesian coordinates. This is accomplished by means of
formulae derived and published by the writer (Mertie, 1964) in an earlier
publication but repeated herewith. These formulae are as follows:

a : 3 3 . 3 3 3 3 - . 8 6 6 0 x - . 5 y
B : 3 3 . 3 3 3 3 + . 8 6 6 0 x - . 5 y
' Y : 3 3 . 3 3 3 3 *  0  +  Y

and
e:  25 I  .4714x -  .8165 y -  .3333 z
f  : 25  +  . 47 r4x ]_ .8165y  - . 33332

n : 2 5 - . 9 4 2 8 x i _  0  - . 3 3 3 3 2

o : 2 5 +  0  +  0  +  z

Finally, therefore, all analyses having four or more terms are reducible
either to two or three unique index numbers, represented by the derived
cartesian coordinates. The choice of the sub-method of triplets or the
sub-method of quadruplets is a matter to be decided by the individual
worker, depending upon the uses to which these indices are to be applied.
For some purposes, the trilinear or quadriplanar coordinates may be used
as index numbers, without transforming them into cartesian coordinates.

A further refinement of the sub-methods of triplets.and quadruplets
is now described. The terms of a chemical analysis may have a numerical
range of 9,000:1, or even a higher ratio. The use of such large and very
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small terms yieids index numbers of larger magnitude than is either

necessarv or desirable. To obviate this condition, all the analyses treated

in this paper are altered, by using the square roots of their terms instead

of the terms themselves. This involves no additional work, as these

roots may be read directly f rom the tables b-v Barlow (1935). This change

diminishes materially all numbers greater than unity, and increases the

magnitudes of all numbers less than unity. Thus a ratio of 9,000:1may

be reduced to about 95:1. This, then, is made a standard procedure in

all applications. To distinguish these square roots from the original terms

of an analysis, the terms have been designated as A, 13, C, etc', and the

roots as a, b, c, etc. For the stated purpose, cube roots or f ifth roOts would

be even more effective, but their use would add additional algebraic work

that seems not to be warranted.
The sub-methods of triplets and quadruplets may be extended upward

to cover analyses with any number of terms. For praclical reasons, the

cut-off in this paper is taken at 20 terms. For an analysis of 7 terms, the

number of triplets and quadruplets are both 35. For less than 7 terms,

the number of triplets exceeds the number of quadruplets;but for more

than 7 terms, the number of cluadruplets becomes rapidly larger than

the number of triplets. This relationship is shown in the following table.

t

Terms "% oWo Terms "Vr oWn

5
1 5
35
70

126
210
330
495

4
10
20
35
.)o

84
120
165
220

n

5
6
7
8
o

10
1 1
t2

I J

t4
1 5
l6

1 8
19
20

286
364
455
560
680
816
969

l , l + 0

715
1 ,001
1 ,365
1,820
2,380
3,060
3 , 8 7 6
tr RT(

The tabulation of triplets and quadruplets for analyses having as

many as 20 terms, and the subsequent additions of lhe three (or four)

resulting columns, would obviously be a laborious undertaking. Enough

of these tabulations and additions, however, were made by the writer

to discover that the formulae for higher terms can be computed by means

of f irst and second differences. Using the letters a, b, c, etc., indicating

the square roots of the terms, the coefficients of the terms in the three

or four summations have been tabulated for analyses having 4 to 20

terms. These are presented in the seven following tables.
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p q r

1
3 1
6 3 1

1 0 6 3 1
1 5 1 0 6 3 1
2 1 1 5 1 0 6 3 1

I

6 3 1
1 0 6 3 1
1 5 1 0 6 3 1
2 1 1 5 1 0 6 3 1
2 8 2 1 1 5 1 0 6 3 1
3 6 2 8 2 1 1 5 1 0 6 3 1
4 5 3 6 2 8 2 r 1 . 5  1 0 6 3 1
5 5 4 5 3 6 2 8 2 1 1 5 1 0 6 3
6 6 5 5 4 5 3 6 2 8 2 1 1 5 1 0 6
78 66  5s  45  36  28  21  15  10
91 78  66  55  45  36  28  21  15

105 91  78  66  55  45  36  28  2 l
r20 105 9t 78 66 55 45 36 28

J I

6 3 1
1 0 6 3
1 5 1 0 6
2 1  1 5  1 0
2 8  2 1  1 5
3 6  2 8  2 I
45  36  28
55 45  36
66 55  45
?8 66  55
91 78  66

105 91  78
120 10s 91
136 120 105
ls3 136 120
r71 153 136

Num-
ber
of

terms

4
5
6
7
8
I

1 0
1 1
1 2
1 3
14
i . )

t 6
1 7
1 8
1 9
20

P q r

Certain general relationships are apparent. It wil l be noted that the
sums of the multipliers required to produce successive values of a, B and
7 are the same as the tabulated values of .V3i and similarlv the sums of

Colmrr.q.toNs or''fnnus as Tnrrtnts, CoururerroN or B

2

6 6 4
8 9 8 5

10 t2  1 ,2  10  6
1 .2  15  16  15  t2  7
1 4 1 8 2 0 2 0 1 8 1 4 8
1 6 2 1 2 4 2 5 2 4 2 1 1 6 9
18 24  28  30  30  28  24  18  10
20 27  32  35  36  35  32  27  20  1r
22 30 36 40 42 42 40 36 30 22 12
24 33 40 45 48 49 48 45 40 33 24 1.3
26 36 44 50 54 .56 56 54 50 44 36 26 14
28 39 48 55 60 63 64 63 60 55 48 39 28 1.5
30 42 52 60 66 70 72 72 70 66 60 52 42 30 16
32 45  s6  65  72  77  80  81  80  77  72  65  56  45  32  t I
34 48 60 70 78 84 88 90 90 88 84 78 70 60 48 34 18

10
1 1
1 2

l . )

16
t 7
1 8

Num-
ber
of

terms

4
5
6
7
8
9

10
1 1
1 2

t 4
I J

l o

1 7
1 8
19
20
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CoMerxatroNs oI TERMS ls Tnrrlnts, CoururAtrox on 7

c d e

Num
ber
of

tetms

+
5
6
7
8
9

10
1 l
1 2
l 3
1,1

1 6
t 7
1 8
19
20

1 3
1 3
I J

1 3

1 3
t 3
1 3

6
6 1 0
6 1 0 1 5
6 1 0 1 5 2 1
6 1 0 1 5 2 1 2 8
6 1 0 1 5 2 1 2 8 3 6
6 1 0 1 5 2 1 2 8 3 6 4 5
6 1 0 1 5 2 1 2 8 3 6 4 s 5 5
6 1 0 1 5 2 1 2 8 3 6 4 s 5 5 6 6
6 1 0 1 5 2 1 2 8 3 6 4 5 5 5 6 6 7 8
6 10  15  21  28  36  45  55  66  78  9 l

6  10  15  2 t  28  36  45  55  66  78  91

6 10  1 .5  21  28  36  45  55  66  78  9r

6  1 0  r 5  2 1  2 8  3 6  4 5  5 5  6 6  7 8  9 1

6 10  15  21  28  36  45  55  66  78  9 t

6  10  15  21  28  36  45  5s  66  78  9 l

10.5
105 120
105 120 136
105 120 136 153
105 120 136 153 !71

c d e

the multipliers required to produce successive values of e, f , 4 and d are

the same aS nWr. Another relationship is that the multipliers used in

obtaining €, and in reverse those of 0, are the same as the successive

values of .-rVs and the preceding numbers in the tabulation of triplets'

ColllrN.q,rroNs ol Tnnus ,ts Quaotunr.rts, Courut.LrroN oF €

5
6
7
8
9

1 0
1 1
1 2
I J

T4

1 6
t 7
1 8
19
20

1 0 4 1
2 0 1 0 4 1
3 5 2 0 1 0 4 1
5 6 3 5 2 0 1 0 4 1
8 4 5 6 3 5 2 0 1 0 4 r

120 84 56 35 20 10 4
165 120 84 56 .3s 20 10
220 165 120 84 56 35 20

286 220 165 120 84 56 35

364 286 220 165 120 84 56
455 364 286 220 165 120 84
560 455 364 286 220 165 120
680 560 455 364 286 220 165

t6 680 560 455 364 286 220

1

1 0 4 1
2 0 1 0 4 r
3 5 2 0 1 0 4 1
5 6 3 5 2 0 1 0 4 1
8 4 5 6 3 5 2 0 1 0 4 1

t20 84 56 35 20 10 4

165 120 84 56 35 20 10

220 165 120 84 56 35 20816 680 560 455 364 286
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Coueruattoxs or.Tnnus es Qunonuelrrs, CoururarroN or.f

Number
oI

terms

r3 l3

p q

3 2
6 6 3

1 0 1 2 9 4
1 5 2 0 1 6 1 2 5
21 30  30  21  15
28 42 45 40 30
36 56 63 60 50
45 72 84 84 75
55 90  108 112 105
66 110 135 144 140
78 132 165 180 180
91 156 198 220 225

tos r82 234 264 275
t20  2 to  273 312 330
t36 240 315 364 390
r53 272 360 420 155

o
1 8  7
3 6 2 1 8
60 12 21
90 70 46

126 105 80
168 147 720
216 196 168
270 252 224
330 315 288
396 385 360
468 462 440

9
27 10
5 4  3 0  l 1
90 60  33  t2

135 100 66  36
189 150 110 72
252 2rO 165 120
324 280 231 180
405 360 308 252

1 3
39 t4
78 42  t5

t30  84  45  16
r95 140 90 48 17

p q r

A third relationship is that the denominator of the fractions used in
deriving the values ol a, B and 7 is equal to the product of the sum of
the roots of the terms, multiplied by the first factor in the table used for
obtaining the tri l inear coordinates of n terms. Thus for the biotite granite
hereafter cited, this denominator is 21.7692X28. Similarly the denomi-
nator used in the derivation of e, f, 4 and g is equal to the product of

CourrNenoNs or.Tanlrs es Quennulr,ars, CoueurlrroN oF ?

Number
of

terms

5
6
7
8
9

10
1 1
l 2

1 4
l . )

1 6
1.7
1 8
t 9
20

c d e

9
10
1 1
t 2

1 +
I 5

1 D

t 1

36
72

108
144
180
216
252
288
324
360

3
6 6
9 1 2  1 0

12 18  20
15 24  30
18 30 40
21, 36 50
24 42 60
27 48 70
30 54 80
33 60 90
36 66 100
39 72 110
42 78  \20
45 84 130
48 90 140

1 5
30 21
45 42 28
60 63 56
75 84 84
90 105 112

105 126 140
120 147 168
135 168 196
150 189 224
165 2t0 252
180 231 280
195 252 308

45
90 55

135 110 66
180 165 132
225 220 198
210 275 264
315 330 330
360 385 396
405 440 462

78
156 91
234 182 t05
312 273 210 120
390 364 315 240 136
468 455 420 360 272 153

c d e
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ColtelNlrroxs ol Tnnus as Queonurr,nrs, ColmurartoN ol B

Number
of

terms

5

d e  I  e  h  i

7
8
9

l0
l 1
t 2
1 3

1 5
1 6
1,7
1 8
1 9
20

455
455

455
455

560
560 680
560 680 816
560 680 816 969

220
220 286
220 286 364
220 286 364
220 286 364
220 286 364
220 286 364
220 286 364

t0
r0  20
r0  20  35
10 20  35  56
10 20  35  56  84
l0  20  35  s6  84
10 20  35  56  84
10 20 35 .56 84
:10  20  35  56  84
10 20  35  56  84
10 20  35  56  84
10 20  35  56  84
10 20  35  56  84
10 20  35  56  84
10 20  35  56  81

120
r20 165
r20 165
r20 165
120 165
120 16s
120 165
120 165
120 165
120 165

the roots of the terms multiplied by the first factor in the table used to

compute the quadriplanar coordinates, that is,2l '7692X56' By means

of these tables, the user of either the sub-method of triplets or the sub-

method of quadruplets is relieved of all tabulation of combinations, and

is concerned onl)' with the weighting of the terms of an analysis' The

reader wil l be agreeably surprised to find that the derivation oI the

numerical indices for as many as 20 terms wil l involve l itt le more work

than for half that number of terms.

these solutions introduces irrational numbers; therefore the index num-

bers could not be exactly equal unless n terms of one analysis were equal

to n terms of a second analysis of n*m terms, and m terms of the second

analysis were rational. But the comparison of the index numbers of all

analyses, regardless of the number of their terms, is beyond the intended

scope of the method of selective weighting. only analyses with the same

number of terms should be compared with regard to their index num-

bers. It also is important that the terms of analvses should be tabulated

in the same order. For example, if the percentages of NazO and K2O,

without being changed, should be reversed in order, a different set of

index numbers would be obtained.
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Nuilrnnrc,q.r Exalrpr,B s

Eight numerical exampies are given. The first three of these are igneous
rocks of widely different character, namely, granite, gabbro, and peri-
dotite. The next four are lamprophvres, which are presented to show how
effective the method of selective weighting can be for analyses of rocks
having nearly the same chemical composition. AII these illustrate analy-
ses with 9 terms. Finally, there is shown an analvsis of oil shale, which
has 18 terms. The calculations of only the first and last of these analyses
are given in full. The analyses of the igneous rocks are taken from the
volumes on petrography by Johannsen (vol. 2, 1932; vol. 3, 1937; vol. 4,
1938). The analysis of oil shale was made and published by Fahey (1962),
but has been slightly modified to total 100 per cent. The complete com-
putations for a biotite granite are given below.

Brorrrr Gnaxrrr

-=- 
t".'.',@ 

_
Analysis Sq. roots First column Second column Third column

Sio:
AIZO:
FezO:
FeO
Mgo
CaO
NarO
K:O
R

Totals

71.66
14.49
1 . 4 6
1 . 1 0
0 . 8 7
1 9 7
3 . 0 6
4 . 1 3
1 . 2 6

8.4652
3 .8066
1 .2083
1.0488
o.9327
1.4036
1 . 7 4 9 3
2.0322
1.1225

237 .0256
79.9386
18.1245
10.4880
5.5962
4.2108
| .7493

26.6462
14.4996
15.7320
t4.9232
2t .05+o
20.9916
t4.2254

1 .2083
3.1464
5 .5962

14.0360
26.2395
42.6762
31 .4300

100.00 2t 7692 128.0720 124.3326357.1330
r28.0720
124.3326

609.5376

100 x 357.1330
.: - 

609-.5376 
-: 58.5908 p :

r00 x r24.3326

" :  609J376  
: 20  3979

Fron the transformation formulae heretofore given, for converting trilinear into cartesian
coordinates, we obtain (x, y):(-21.70, -12.94). These cartesian coordinates constitute
two index numbers for this biotite sranite.

100 x r28.0720
:  21 .0113

609. 5376
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The solution by the sub-method of quadruplets follows.

Brorrtn Gn.a.NrrB

Sub-M ethod of QuadruPlets

Sq. roots First column Second column Third column l-ourth column

sioz 8 4652 474.0512
Atzos 3.8066 133.2301 79.9386
FezOa 1.2083 24.1660 36'2490 7.2498

FeO 1.0488 10.4880 31.4640 15 '7320 1 '0488

MsO o.s327 3.7308 22.3848 22 '3848 3 '  7308

CaO 1.4036 1.4036 21 0540 42'1080 14'0360

NazO 1.7493 10.4958 52'479A 34'9860

K,O 2.0322 42.6762 71.1270

R 1 .1225 62 .8600

Totals 21.7692 647 '0706 201.5862 182'6298 187'7886
201.5862
r82 6298
187.7886

r , 2 r9 .0752

100x 647.070u:  r r . r77 ,  r :  
10g l^  201. *g :  ru . r ruo'  :  - - t p , t u u s z - -  J J ' u " o  I  -  

l , 2 l g - 0 7 5 2

r00xr82.62eg: rn nrro 0: 
10qI ry1.7886 : fi 4042, :  

l j t g - . o lSz  
-  r a  zoLv  

1 ,2 t9 .0752

From the transformation formulae heretofore given, for converting quadriplanar into

cartesian coordinates, we obtain (t, y, z):(14.02, -22.38, -9'60)' These cartesian

coordinates constitute three index numbers for this biotite granite'
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The analvses of gabbro, peridotite, and the four Iamprophyres, followed
by their index numbers, are shown below.

Glseno, PenrnotrrB. lxn Leupnoprrvnps

Gabbro Peri-
dotite

Minette
Ker-

santite
voeesite 

Snlt
- sartrte

SiOz
AlzOr
!'ezOs
FeO
N[gO
CaO
NurO
K:O
R

Totals

49.14
17 .45
3 . 7 5
5  . 9 5
6 . 6 0

10.  59
2 . 5 8
1 . 0 0
2 9 4

41.95
5 . 7 4
4 . 6 5
6 . 8 2

2 6 . 9 7
6 . 0 4
1 . 1 1
0 . 6 3
6 . 0 9

5 1 .  1 3
1 4 . 2 1
3 . 7 6
4 . 3 9
6 . 0 9
6 3 7
2 . 4 0
4 . 9 5
6 . 6 7

52.96
1 5 . 6 6
1 . 2 5
+ . 4 1
5 . 7 9
6 . 0 1
3 . 2 8
3 .  1 0
4 . 5 1

s0 .31  53 .07
1 5 . 3 8  1 5 . 8 1
3 . 7 1  3 . 0 5
5 . 2 9  4 . 8 3
6  33  6 .27
7 .  s8  7  . 61
3 .03  3 .60
2 .74  2  40
5 . 6 3  3 . 3 6

100.00 100 00 100.00 100 00 100.00 100.00

lnder numbers of igneous rocks

Two index numbers Three index numbers

Gabbro
Peridotite
Minette
Kersantite
Vogesite
Spessartite

( -  12  .7  s ,  -  12  .45)
( -  8 . 8 4 ,  -  7 . 6 5 )
( - 1 2 . 6 0 ,  -  7 . 4 6 )
( - 1 s . 4 4 , -  9 . 7 9 )
( - 1 2 . 4 0 , -  8 . 9 s )
( -13  14 , -10 .69)

( 9 . 8 5 ,  - 1 1  . 7 5 ,  - 1 0 . 5 2 )
(7  .46 ,  -  7 .60 ,  -  8 .61)
(8 .85 ,  -12  39 , -  5  27)
( 9  7 5 ,  - 1 2 . 9 3 ,  -  7  . 5 7 )
(8  98 ,  -  11 .95 ,  -  6 .89)
(9  .26 ,  -  12  .82 ,  -  8  .74)

A more exacting test than that of the four lamprophyres can be made
by adding .01 to the value of SiO2, and subtracting .01 from the value
of some other component, say KzO. This was done in the cited analysis
of biotite granite, and the index numbers of the false analvsis were then
recomputed by the sub-method of triplets. The results are shown below.

False index numbers, (x, y):(-21.7022, -12.9420)
True index numbers, (x, V): ?21.6972, -12.9354)
Differences, --.0050, .0066

These differences suffice to change the value of y by one unit in the
second decimal place; and the values of x and y, respectively, are
changed by 5 and 7 units in the third decimal place. It would be rare
indeed to have two analyses so nearly alike as in this demonstration; and
therefore for all practical work two decimal places in the index numbers
wili suffice.
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The computation of the index numbers for an oil shale of 18 terms, by

the sub-methods of triplets and quadruplets, follows.

Orr- Srur-n (148, 137)

Sub-method of triplets

Analysis Sq. roots First column Second column Third column

SiOz
AhOr
Fe:or
FeO
Meo
CaO
NazO
K:O
LirO
Tio:
P:Or

MnO
S
CI
COz
HzO-
HrO+
Org. M.

Totals

15 .69
1 .98

. 6 1

. 9 5
4 7 4

21.36
1 2 . 1 4
2 0 7

.(X

. 1 0

. 2 2

.02

. 3 7
30

29.75
I  . 1 6

. 8 1
1 . O 7

3 . 9 6 1 1
1 . 4 0 7 r

.7810

.9747
2 . r 7 7 2
4.5217
3.4843
r.4387

.2000

.3162

.4690

.1414

.6083

.5477
5 4544
2.7893

.9000
t .0344

538 7096
168 8520
82 .0050
88 6977

t69.8216
298.4322
191.6365
64.7 4r5
7 .2000
8.8536
9.8490
2. t210
6 0830
3.2862

16 3632
2.7893

22.5136
23.4300
40.9374

1t3.zlg
271.3020
229.9638
100. 7090
14.4000
22.7664
32 .8300
9.3324

36.4980
28.+804

229.0848
83.6790
14.4000

. 7 8 1 0
2.9241

t3.0632
45.2t70
52.2645
30.2127
5.6000

11.3832
2 1 . 1 0 5 0
7 . 7 7 7 0

40.1+78
+2.7206

496.3504
292.8765
108.0000
r40.6784

100.00 3t.2065 r,659.M14 1,273
t ,273.5412
1 , 3 1 1 . 1 0 1 4

4,2M.0840

5412 1 ,311.1014

100 x 1,659.4414
": 4j44n81o 

- : 3e 1oo1

. :  
1oo )< r ,311-1011:  

3o 8925' 4,244.0840

:ro9l].!!.:!! : so . oo7 a
4,244 0840

From the transformation formulae heretofore given, for converting trilinear into cartesian

coordinates, we obtain (r, y): (-5 25, -2.44). These cartesian coordinates constitute two

index numbers for the given oil shale.



CLASSIFYING ANALYSES

Orr. Srur.r (148, 137)
Sub-method of quadruplets

13t9

Sq roots First colurnn Second column Third column Fourth column

Sio:
AlzOs
Fe:os
FeO
Mgo
CaO
NurO
KrO
LrzO
TiOz
PrOs
MnO
S
C1
COr
HzO-
HzO+
Org M

Totals

168 .8520
164.0100
266.O93r
679.2864

1,492.1610
1,149.8190

4s3 1905
57.6000
79.6824
98 .4900
23.3310
72.9960
42.7206

229.0848
41 .8395

1 1 . 7 1 5 0
40.9374

169.8216
s42.6040
574.9095
302.1270
50.4000
91 0656

147 .7350
46.6620

200.7390
t70.8824

1 ,489 . 05 12
s85 7530
108 .0000

.97  47
8.7088

45.2170
69. 6860
50 .3545
11 2000
26. 5608
56.2800
2 3 . 3 3 1 0

133 .8260
156.6422

1 , 985 .4016
t ,269. t315

504 0000
703 3920

3.9611 2 ,693.5480
r .4071 787 .9760

. 7810 355 .3550

.9717 354.7908
2.1772 622.6792
4 5217 994.7740
3 .4843 574.9095
r.4387 172.6440

.2000 16.8000

.3162 17 .7072
,4690 16 4150
.1414 2 8280
.6083 6.0830
.5477 2 .1908

s.4s44 5 .45M
2 . 7 8 9 3

.9000
1.0344

31.2065 6 ,624.15M 5 ,019.1563
5 ,019. 1.563
4,532 .5027
5,0M.7061

4,532.5027 5,044 7061

2r,220 5200

100 x 6,624 .1544 100 x 5 ,019 . 1563: . 1 1  r r s R  r :  . -  2 3 . 6 5 2 1-  
21  ,220.5200 "  2 t  ,220.5200

100 X 4 ,532.5027 100 X 5 ,044.7061:  2 1 . 3 5 9 0  0  :
21 ,220.5200 2t ,220.5200

From the transformation formulae heretofore given, for converting quadriplanar into
cartesian coordinates, .'ve obtain (r, y, t): (4.51, -4.26, -1.23). These cartesian coordi-
nates constitute three index numbers for the civen oil shale.

Sultlranv

A practical method has been presented for classifying analyses with

any number of terms. This method, with two sub-methods, is designed

to replace an earl ier method published by the writer (Mert ie, 1961). I t  is
mathematically simple, and the necessary calculations for any analysis
can be accomplished on a single sheet of paper. The values of the coeffi-

cients used in weighting the terms of an analysis are tabulated for

analvses with 4 to 20 terms, thus obviat ing the only part of the process
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that could be considered laborious. The derived index numbers comprise

only positive and negative real numbers that may be compared for mag-

nitude. charted. or otherwise utilized. These indices are believed to be

unique for all analyses with a fixed number of termsl they may or mav

not be unique for analyses without regard to their number of terms.

RtrrnBNcns

BARLow, Pnrtn (1935) Tables oJ Squares, Cubes, Square Roots, Cube Roots, and Recipro-

cals, 3d ed. E. and F. N. Spon, Ltd., London.

Fe.nov, J. J. 0962) Saline minerals of the Green River formation U. S. Geotr. Surttey ProJ.

Paper 4OS, 15.

JorraNNsnN, Ar.rnnt (1932) A Descriptfue Petrograplty of the Igneous Rocfrs' Univ. of

Chicago Press, vol. 2,228; vol. 3, 36, 39, l9O, I92,221; vol. 4' 424-439.

MERrrE, J. 8., Jn. (1961) Analytic classification and quadriplanar charting of analyses with

nine or more components. Am. Mi,neral.461 613-628.
- - (1964) Transformation of trilinear and quadriplanar coordinates to and from car-

tesian coordinates. A m. M iner al'., 49, 926436 -

Manuscri.pt receiaed, Januory 2, 1961; accepted lor publication, June .70, 1964.


