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Abstract. The proposed procedure is applicable in geochemical characteristics of natural
objects on the ground of 8 to 20 analytical data. It consists in graphical estimation of frequency
distribution typss and of basic statistical parameters of individual elements using linear and
logarythmic probability papers without preliminary grouping the data into classes. The obtained
values for normal distributions can be checked by calculation of arithmetic means and estimation
of standard deviations from the range values using Tippet's formula. The estimation of para-
meters of lognormal distributions is carried out by combination of the graphical method with
determining variation coefficients from the values of variance by means of Gorlitski’s diagram.

INTRODUCTION

Rapid development of analytical techniques results in considerable increase
of the number of data in geochemical studies. Nevertheless, there are some geological
materials which, because of objective reasons, cannot be characterized by sufficient
amount of analytical data for applying generally used electronic computation of
statistical parameters of frequency distribution of individual elements and of their
mutual interrelations expressed by means of correlation coefficients.

In the present author’s opinion, even if the number of data amounts to ap-
proximately 10, the attempts to interpret the element abundances and correlations
not only by means of diagrams but also by at least approximate estimations of
their frequency distribution types and parameters are very important and useful.
In geochemistry and petrology these parameters are usually equally or even petro-
genetically more important than average contents of individual rock components.
Besides, some authors, neglecting frequency distribution types, often present merely
arithmetic means of contents of elements which, in the case of lognormal frequency
distributions, are not correct estimates of their abundances.

The aim of this communication is to present a simple method of evaluation
of small amount of analytical data describing a given geological population already
applied by the present author, with successive modifications, in solving several
geochemical and petrological problems (Nargbski 1974, Nargbski and Wichrowski
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1975, 1979). The proposed procedure is based mainly on estimating fundamental
statistical parameters by means of graphical and simple calculation methods, resembl-
ing in some respects those presented by Lepeltier (1969).

STATISTICAL PROCEDURE

The frequency distribution types of the elements studied are estimated us.ing
enlarged content scale normal and lognormal probability papers. The analytical
data should be, as usual, preliminarily ordered according to increasing values and
the latters (without grouping them into classes) plotted first on linear-scale probability
paper according to percent cummulative frequencies corresponding to successive
cell midpoints, depending on the amount of analytical data available. In the case
of 10 data these midpoints are successively: 5, 15, 25 etc. If the projection points
locate approximately along a straight line — the frequency distribution of a given
element is considered to be normal. If, however, they are arranged along a curve
distinctly convex upwards (indicating positive assymetry of frequency distribution
curve resulting from concentration of data within low-value range), we have to plot
them on probability paper with possibly enlarged logarythmic scale. In such cases we
usually obtain approximately straight lines indicating lognormal frequency distri-
bution type of the elements studied.

It should be emphasized that in geochemical papers we find both correct and
rather erroneous applications of the graphical method in question. Some authors
do not take into account the relation between Gaussian curve and the plot on
probability paper and sometimes consider partial distributions (eg. caused by high
sensitivity threshold of a given analytical method) to be representative for an element,
without extrapolating the straight line towards the lower values, undeterminable
by the method used (Tkachev, Judovich 1975). Besides, some errors are due to
quite artificial preliminary grouping into classes of very small number of data

showing distinctly asymmetric frequency distributions (Jaworski 1972, Sachanbinski
1980).
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The graphical method in question, when properly applied, allows not only to
estimate the approximate values of statistical parameters of distributions but also
to show their eventual deviations from normal or lognormal one. So eg. when the
resulting line is slightly S-shaped (MgO graph in Fig. 1) the corresponding frequency
distribution curve shows positive excess (is more sharp in shape than theoretical
Gaussian one) whereas negative excess (too flat frequency distribution curve) is
expressed by reversed S-form of this line on probability paper (CaO graph in Fig. 2).

If no matter of the kind of probability paper used, the resulting line is broken
(eg. CaO graph in Fig. 1), the element in question shows polymodal distribution
and in statistical interpretation each of the populations distinguished (correspond-
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Fig. 3. Log-scale cumulative frequency distribution diagram for ¥ in amphibolites of the Bielice
Mts showing distinct bimodality. Calculation of statistical parameters for lognormal distribution
of the lower-content populations is illustrated

31



ing to differently inclined lines) should be treated separately. ‘Tl"liS case can be
exemplified by vanadium distribution in a.mphibolites of the Bielice Mts., Lower
Silesia (Narebski, Wichrowski 1979) — Fig. 3. : ;

As already mentioned, the obtained graphs allow to determine approximate
values of statistical parameters of frequency distributions. The procedure is very
simple in the case of normal distribution type when from intersections of the stralght
line with those of 50 percent (arithmetic mean) and of 84.1 and 15.9 cummulative
frequencies (corresponding to X +S and X —S respectively) we can estimate standard
deviations and resulting variation coefficients (¥ in %). It is advised to check the
obtained values by calculation of arithmetic mean and to estimate the standard
deviation from the range by applying empirical Tippet’s formula (Kaplan 1970):

. Xmax_Xm-in.
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K

where: X, and X, are the extreme analytical values
and K — coefficient depending on the number of data (n) (Table 1).

Table 1
Values of K coefficients (after Kaplan 1970)
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Fig. 4. Gorlitski’s diagram for estimation of variation coefficient (V1gx) for lognormal distribu-

tions on the ground of its variance (S%x
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Much more complicated is the estimation of parameters of lognormal frequency
distributions but it can be simplified by using graphical method proposed by Gorlitskij
(1970). In this case from the intersection of the straight line with that of 50% cu-
mulative frequencies we may determine merely the approximate value of geometric
mean and that of corresponding IgX. In order to calculate the value of standard
deviation (S),;) we have to find the logarithms of the values indicated by inter-
sections of the line with those of 15.9 and 84.1% cumulative frequencies (Fig. 3 —
points a and b). The difference of these two values obviously corresponds to 2 1ee s
Finally, by applying Gorlitski’s diagram (Fig. 4) we can easily find the approximate
values of variation coefficients (V;,,%) on the basis of known data on standard
deviations and the resulting variances (SZ,).

According to the present author’s experience, the proposed simple statistical
evaluation of geochemical data can be successfully applied in solving some im-

portant petrogenetical problems on the basis of even limited amount of analytical
material.
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Wojciech NAREBSKI

O UPROSZCZONEJ OCENIE STATYSTYCZNEJ
MALEJ ILOSCI DANYCH GEOCHEMICZNYCH

Streszczenie

Proponowana metod¢ mozna stosowa¢ dla geochemicznej charakterystyki na-
turalnych obiektéw na podstawie 8—20 danych analityc;nyc_h. Pf)leg_a‘ona na
graficznym oznaczeniu typéw rozkladéw poszczegdlnych pierwiastkow 1 ich pod-
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stawowych parametrow statystycznych przy pomocy normalnej i lognormalnej
siatki probabilistycznej bez wstepnego grupowania danych w k{asy. Otrzymane
wartoéci dla rozktadéw normalnych nalezy sprawdzi¢ obliczeniem $rednich e}rytrrze-
tycznych oraz odchylen standardowych z rozstgpu za pomocg WZOru Tippet’a.
Parametry rozkiaddw lognormalnych uzyskuje si¢ wspomniang metqdq grz}ﬁczna‘
oraz przy pomocy wykresu Gorlickiego, pozwalajacego na wyznaczenic wspolezyn-
nika zmiennosci na podstawie wariangji.

OBJASNIENIA FIGUR

Fig. 1. Normalne rozklady liczebnosci kumulatywnych Na,O, CaO, MgO i catk. Fe w prekam
bryjskich amfibolitach Zachodniego Spitsbergenu (wg Nargbskiego 1974). Widoczny jes
dwumodalny charakter rozktadu CaO i dodatnia kurtoza — MgO (s-ksztaltna forma lini
dla tego pierwiastka) ! ik

Fig. 2. Normalne rozklady liczebno$ci kumulatywnych Na,O i CaO' w kambryjskich lawach
sferoidalnych G. Kaczawskich (wg Nargbskiego 1974). Widoczna jest odw.récona s-ksztaltna
forma linii CaO, wskazujaca na splaszczenie odpowiadajacej jej krzywej Ga}ls§'a

Fig. 3. Lognormalny rozkiad liczebnoéci kumulatywnych wanadu w amfibolitach B.ICII.C, wykazq-
jacy wyrazna dwumodalnos¢. Zilustrowano podziat caloéci na dwie populacje i obliczenie
parametrow statystycznych dla jednej z nich

Fig. 4. Wykres Gorlickiego do oznaczania wspolczynnika zmiennoéci dla rozkladu lognormal-
nego (Vigx %) na podstawie wariancji (S7;x)

Boiiyex HAPEMBCKH

O VIIPOIMEHHOWU CTATUCTUYECKON XAPAKTEPHMCTUKE
HEBOJIBIIOIO KOJUYECTBA TEOXUMHNYECKUX JAHHBIX

Pesrome

TIpensIokKeH bl METON MOXET OBITh MCHOJB30BAH IS CTATHCTHYCCKU-TCOXH-
MHYECKOi XapaKTepUCTHKH HATYPAJbHBIX OOBEKTOB Ha OCHOBE 8—20 aHAIMTH-
yeckux JaHHbX. OH OCHOBaH Ha TPadMIeCKOM ONPEEJICHUH THUIIOB PACIPEICIICHIS
XAMHYECKHX DJIEMEHTOB M MX OCHOBHBIX CTATHCTHYECKUX NAPAMETPOB IIPH IIOMOIIMA
HOPMAJIbHOM ¥ JIOTHOPMAJIbHOM BEPOSTHOCTHOM Oymarm 6€3 IpeaBapUTENbHOM
TPYNIMPOBKA JaHHBIX B KJacChl. IloJTyYeHHbIE NapaMeTphl HOPMAaJbHBEIX paclpe-
JIeNIEHUA MPOBepaeTcs apu(GMETHICCKHM CYETOM CpPeIHHX M OIpeIeIeHHeM CTaH-
JApTHBIX OTKJIOHEHWH IO pa3maxy Ipu momomu ¢opmyisl Tummera. CratucTn-
YeCKHe TapaMeTphl JIOTHOPMAJIbHBIX PACIPEICIICHUN IMOJIyYaeTCsl MPEIl0kKEHHBIM
rpaduyeckuM METOAOM M IPH IOMOIUM HaJeTKH [ OpJIMIKOro sl ONpeNeSICHHUs:
Ko3(UIMeHTa BapHAlMU JOTapu(pMOB IO BEIMIUHE MX HAHUCIEPCHH.

[OBBICHEHUS K ®UT'YPAM

®ur. 1. Hopmanbubie PACIpPENICIICHNST KyMYJIATUBHBIX YWCICHHOCTEH HATpPHs, KajbLus, MarHUs

;{3 1221?32 lr:ynoxemﬁpunﬁcxnx amubomrax 3an. Comtc6eprena (mo Hapembexomy 1974).

MOJAJIbHBIA XapakTep paclpenesieHusi KajabLys 1
TIOJIOKHUTEb
PpAacpeNiesICHsi MarHus. e
glopvmanwme PacupesIeNiCHUsT KyMYJISITUBHBIX YUCIICHHOCTEH HATPHMS, ¥ KajblMsi B KEM-
PUUCKNX apoBEIX JaBax Kawasckux Top (mo Hapem6ckomy 1974). Bunpa HeraTWBHAS
KypTO3a KPMBOW PACIpeAesiCHUs KaIbIHs,
g:;:lolpn:lanwoe PacipeziesicHue KyMyJIATUBHBIX YHCIIEHHOCTE! BaHamusi B aM(pubosmrax
i OKa3bIBAIOIIME OTYETIIMBYIO OMMoOnanbHOCTh. [lokazaHO pasnencHue 06OUX
YIOHOCTCH ¥ ONpPEIENICHNE CTATUCTHYECKMX NAapaMETPOB OJHON M3 HHX.

Tlanerka I'opsmukoro (1970) LA LA
JUISL ONPEJIENICH
N0 BEJIMYMHE MX JUCIEPCHH. ' A R AN
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