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THE BASIC LAW OF DISTRIBUTION OF
THE PARAMETERS OF NATURAL MAGNE-
TIZATION IN IGNEOUS ROCKS

(Presented by Academician A. V. Peive, 18 VIII 1964)

The magnetic parameters x and I,,, which characterize the natural magneti-
zation of igneous rocks, are variable quantities that vary considerably within
magmatic bodies. These variable quantities may be regarded as continuous.
The nonuniformity in the distribution of the magnetization parameters reflects
the physicochemical conditions that accompany the process of crystallization
of an igneous rock (). The latter, for the rock as a whole, manifests itself
differently in each small volume and therefore may be regarded as random (3).

It is impossible to predict in advance what magnetization a specimen will pos-
sess as the result of a single measurement, and consequently the magnetic sus-
ceptibility x and the remanent magnetization I,, may with full justification be
considered random variables; in processing them one may apply the methods of
variational statistics, which in its generalizations is based on the laws of proba-
bility theory. From probability theory it is known that a universal characteristic
of a random variable is its distribution function. This function expresses the
probability that the random variable &, as a result of a single observation, will
assume a value less than or equal to a given z, i.e.

The probability-density graphs, or variational curves, long used in the practice of
geophysics are nothing other than a graphical representation of the distribution
function.

Depending on the form of the distribution function of a random variable, it is
determined by a different number of parameters. The normal distribution of
a random variable is determined by the smallest number of parameters. The
normal law is a very widespread model for distributions of many quantities
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Figure 1

Figure 1: Figure 1

characterizing the physical properties of rocks. The normal distribution is sym-
metric and is completely determined by two parameters: the mean value of the
random variable and its root-mean-square deviation.

Practical magnetic prospecting experience has long established that the distri-
butions of x and I,, in igneous rocks most often do not agree with the normal
law, and the probability-density curves are asymmetric (see Fig. 1). For an an-
alytical characterization of asymmetric distributions, at least four parameters
are necessary: the arithmetic mean and the probable values, estimates of asym-
metry and excess. In most cases, when constructing variational curves of y and
I,,, it is necessary to resort to a logarithmic scale. The boundaries of the group-
ing intervals then follow a geometric progression; very often the denominator
of this progression (the logarithmic interval of the distribution) has to be taken
equal to 10. All this led to the supposition that the empirical distributions of
the quantities x and I, obey a logarithmic law. Will these distributions be
logarithmically normal,

i.e., whether the logarithms of the magnetization quantities being studied will
be distributed according to the normal law? This type of distribution, in com-
parison with other asymmetric distributions, has a number of advantages. First
of all, a logarithmically normal distribution, like a normal one, can be fully
characterized by just two parameters,  and o2, whose statistical estimates are,
respectively: the arithmetic mean of the logarithms of the quantities x and I,
(lgx and 1g1,), and also the variances of the logarithms of these quantities
(S2 . and ng 1,). Cases of an assumed logarithmically normal distribution of

lgx <
magnetic

Fig. 1. Probability-density curves of magnetization parameters and of their
logarithms (intrusion of granodiorites on the Kono River, Polar Urals, collection
No. 18). a—magnetic susceptibility (n = 98; lgx = 3.0137; Sigy = 0.128); b—
remanent magnetization (n = 94; IgI, = 2.3632; S ; = 0.194)

susceptibility and of the factor @) in igneous rocks have been noted in the lit-
erature (>%), but no tests of the agreement of statistical distributions with the
logarithmically normal law by means of statistical criteria have been carried out.
The graphical methods used to check the conformity of an empirical distribu-
tion to one or another law are very approximate and may be used only for a
rough, purely preliminary assessment of the type of distribution. Only analyti-
cal methods of testing, accepted in mathematical statistics, make it possible to
draw justified conclusions about the type of distributions.

To test the hypothesis of a logarithmically normal distribution of the quanti-
ties x and I,,, we used a reliable and verified method consisting in considering
the quotients obtained by dividing the statistical estimate of the asymmetry
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of the distribution v, by its standard deviation o, , for a given number n of
observations, and the statistical estimate of the excess v4 by the corresponding
standard deviation o (*).

The calculations were carried out according to the following formulas:

_ 1 n . _ 1 n —
Y= WZ(L‘%% —lgz)?, Yo = [TLSAL Z(lgzi lg:c)‘l] -3,

1/2

_ 1 & 1 _

lgo == lgz;, Sy, = [ > (g, —lgx)Q] :
n ‘= n—1

i=1

The values of the corresponding standard deviations o
from the approximate formulas:

and o, were found
71 V2

o, = \/6/n, 0., = \/24/n.

If the logarithms of the values x and I, are distributed entirely normally,

then the ratios 7, /o, and ¥, /o, are asymptotically normally distributed with
parameters (0,1). Therefore, if [¥, /o, | < 3, [7,/0,,| < 3, then the obtained
values 7, and 7, should be regarded as random, arising as a result of the limited
amount of available analytical data, and the distribution of the logarithms of
the values x or I, as consistent with the normal law.

If, however, the ratios 7, /o, or ¥,/0, exceed 3 in absolute value, then the
values 7, and 7, cannot be neglected as random, and the distribution of the
logarithms of the values x or I, should be regarded as not consistent with the
normal law, while the distribution of the quantities x and I,, themselves should
be regarded as not consistent with the lognormal law (3). The results of testing
the hypothesis of a lognormal distribution of the magnetization parameters are
given in Table 1, where the numerator refers to magnetic susceptibility and the
denominator to residual magnetization.

The test showed that the most widespread theoretical distribution function of
the quantities x and I, in different types of igneous rocks, not contradicting
the empirical distributions, is the lognormal function. Of 64 analytically tested
distributions, only 11 are not consistent with the lognormal law. The predomi-
nantly lognormal distribution of the quantities x and I,, in igneous rocks is in
complete agreement with the fundamental law of geochemistry on the lognormal
distribution of the contents of minerals and elements in igneous rocks ((3) and
others), and once again attests to the direct and close connection between the
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magnetization of a rock and its content of ferrimagnetic component. The inten-
sity and distribution of magnetization parameters reflect the content and nature
of the distribution of accessory ferrimagnetic minerals. Therefore, apparently, it
is in principle possible, on the basis of comparing the distributions of the quan-
tities x and I, in rocks, to draw geochemical conclusions analogous to those
that could be drawn on the basis of studying the distributions of the contents of
accessory minerals. Thus, for example, it has been shown in geochemistry that
deviations of the distributions of mineral contents from the lognormal law may
be connected with the presence of superposed processes, expressed in substantial
replacement of a given mineral by another, or in the formation of an indepen-
dent, later generation of the same mineral (3). Everywhere where a deviation of
the distributions of x and I, from the lognormal law is observed (collections Nos.
3, 5, 13, 20, 21), a strong effect of metamorphic processes is noted in the rocks,
or at least two generations of ferrimagnetics are established. The discovered
difference in the types of distribution of magnetic parameters for two groups of
moderately acid granitoids (Polar Urals, collections Nos. 18 and 20) confirms
the view that the indicated granitoids cannot be considered derivatives of a sin-
gle gabbro-peridotite formation; these groups represent independent complexes,
differing in formation affiliation and age. The predominantly lognormal distri-
bution of the quantities x and I,, makes logarithmic processing of these widely
measured parameters of natural magnetization necessary.

Analytical methods for determining the type of distribution functions of the
quantities x and I, must also be introduced into the practice of studies of
the magnetic properties of rocks. Obviously, until the type of distribution of a
parameter has been clarified, any statistical (magneto-geochemical) comparisons
are impossible. The very type of distribution function of magnetic parameters
characterizes the features of the formation of ferrimagnetics and, consequently,
is a genetic indicator for the rock itself as well. Knowledge of the type of
distribution function makes it possible to use

Table 1

Statistical characteristics and results of testing the logarithmically
normal distribution of y and I, in igneous rocks and in their meta-
morphosed varieties (Urals)
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use the most powerful statistical criteria and maximum-likelihood estimates
when processing magnetization parameters.
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