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ANALYSIS OF VARIANCE OF ORE MINERALIZATION COMPONENTS
OF THE ROZALIA VEIN AT THE HODRUSA MINE IN
CLASSIFICATION ACCORDING TO TWO FACTORS

(Figs. 5, Tabs. 6)

Abstract: In the contribution the influence of depth and horizontal
factor on the components of ore mineralization and thickness of the
Rozalia vein at the Hodrus$a mine is examined. Derived is the mathematical
model of the analysis of variance in classification according to two fac-
tors, which was used for solution of the task. The mathematical model
takes into account the horizontal and vertical distribution of mining
blocks, the average contents and thickness of which were the funda-
mentals of the analysis of variance. Besides them, the mathematical model
makes possible to evaluate the influence of the effects of the main factors.
as well as their interaction on the resulting sign and provides much
more information than the simple model of the analysis of variance in
classification according to one factor. The prerequisite of its aplication
is, however, the requirement of full numbers for combinations of the
levels of both factors, in which some of them must have the numebr of
observations greater than one. In the analysis of variance of the compo-
nents of ore mineralization it was proved at the significance level 10",
that the depth factor takes part to a considerable extent in Pb, Zn contets
and thickness of the vein. The factor of horizontal distribution in the ore
dykes is important for Pb and Zn contents. The interaction has turned
out in all cases as statistically insignificant.

Peswome: B crathe uecaeaverest BAUSHHE rAyOHHHOrO W rOpH3OHTAILHOTO
(DaKTOPOB Hi KOMIOHEHTH OpyAeHeHHsi H MOurHocTh kuabl Pozanus na waxre
loapywa. Buisenena martemaTHyeckas Meae/h JAHCIEPCHOHHOrO aHaju3a npu
KaaccHpUKaunn no AByM (aKkrTopaM, HCHOAL3IOBARHAS NP pelieHun 3apaun. Ma-
TCMATHUECKAS! MOLEIL VYHTLIBAET TFOPH3OHTANLHOE | BePTHKaJbHOE pacnpeje-
JgeHie 0J0KOB A00LIUH, CPeaHNe COAEPMAaHHA i MOIHOCTH KOTOPLIX SIBJSNCH
OCHOBOI [LIsi ahajuza uiMenenns. Kpome Toro, martemaTtnueckasi Mojedb 110-
3B0JsIeT OUeHNThH Bananne (hderTor ocHoBHBIX hakTOpos o uX B3anMoaefi-
CTBHE Ha PE3YALTATHBHBIT 3HAK H NPEAOCTABINET ropasno Godbiie widopMaltiil
ueM NpocTas Moiedb JHCIEPCHOHHOrO aHaanza npH KiaccHPUKalnt no oAHOMYy
thaktopy. o ycaosuem ce npumencHus TpeboOBaHHe NMOJAHRYX unce s KomGn-
Halmit yposHed oOoux (akToOpoB, NpHYEM HEKOTOPbLIC H3 HHX JOJZKHBL 1IMCTh
yneao HataoAeHil foablie yeM oiuH. [ipn AHCIepCHOHHOM aHa/lii3e KOMIOHeH-
TOB OpyAeHeHHs Ha yposHe 3HaunTensuocTi 109, Ghiio nokazano, uro raydun-
nuil aktop B 3HAYHTEALHON CTeneHH yuacTByer v cojepmannnx Pb u Zn
1 MOHLHOCTH  3KNAL.  PakTop TOpH3OHTAJLHOTO DACnpeiejenns B pyAHLIX
MHAAX BaKHLIM A48 codepxanuilt Pb uw Zn. Baawmoznelfictone nokazanoch
BO BCEX CAYHAAN CTATHCTHUCCKN HEBAAKHBIM.

Brief geological characterization of the Rozdlia vein

The Rozalia vein is developed at the Western margin of the Stiavnica part
of the Stiavnica-Hodrusa ore district. At the surface it is lying roughly at the
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boundary of rocks of the Hodrusa-Vyhne Island and the volcanics. The covering
formations are mainly pyroclastic effusions of the 2nd and 3rd andesite phases
of relatively small thicknesses, as a consequence of emergence and the following
denudation of this deposit area.

The most important rock type of the deposit area is amphibole-biotite gra-
nodiorite, which occurs here as an elevation of a greater intrusive body in NE-
SW direction. The granodiorite forms mainly the substratum of the Rozdlia vein.
In the overburden its contact can be followed at the level of the 3rd and 8th
horizon and toward depth the Rozilia vein passes into the intrusive body proper
with less important older sedimentary and metamorphic rocks.

The Rozilia vein, apart from the southern margin, belongs to the so called
copper zone (Kodéra et al., 1978), which forms a distincet elevation here.
Six supplying periods took, part in the mineralization and they belong to veins
mineralization of Stiavnica type. In this case the latest investigation (Kodéra
et al., 1978) showed that they belong mainly to the younger periods — 4. to 6. —
which were affirmed.

The 4th younger ore-bearing period has a quartz-chalcopyrite development,
which is typical for the copper zone and is the main bearer of mineralization.
Besides the main ore minerals (chalcopyrite galena and brown sphalerite), bor-
nite, chalcosine and unidentified Bi sulpho-salts were found in deeper parts
in accessory amount.

The 5th period is formed by quartz and haematite with subordinate amount
of ore minerals.

The 6th period is the youngest and formed by fine-grained siderite with
small amount of barite, quartz and ore minerals, which fade out with depth.
The main part of the vein is without ore minerals.

The Rozalia vein is in the area of a horst structure lying on a normal fault
with 110 m amplitude, on a separately uplifted block with a distinct eleva-
tional effect of the granodiorite intrusion. It is situated in the middle of a 11
km wide zone system of parallel veins of Carpathian direction. The general
trend of the vein is NNE-SSW 205°, with variations from 170° to 240°, dipping
at 45° In greater depth it steepens to 55°—60° to the East. The ore mineraliza-
tion at the vein is concentrated into ore dykes reaching to great depth, with
ends not attested so far. A common mark of all ore dykes is their continuation
in SSW-SW direction in the longitudinal section of the vein — Fig. 1 and for-
ming a common veil.

Mathematical model of analysis of variance in sorting according to two factors

The Rozalia vein is made accessible by mining operations to the level of the
14th horizon. At present a quick solution to the problem of its continuation to
greater depth is necessary. Therefore we wanted to test the influence of the
depth factor and factor of ore dykes on the components of ore mineralization
on the contents of Cu, Pb, Zn and the thickness of vein. For the basis of this
research we employed the following data: the average contents of the men-
tioned components and average thicknessed of individual mining blocks hori-
zontally distributed in ore dykes I.—V. and vertically from the Upper Rozilia
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adit to the XIVth horizon — Fig. 1. The list of blocks with avkerage analyses,
included in the analysis ofvariance is in Tab. 1.

We used variance analysis which by splitting the total variance of the exa-
mined statistical sing into components belonging to the individual factors, their
interaction with the resulting statistical, sign, which on our case was the con-
tent of Cu, Pb, Zn and the thickness of the vein.

\z IND  SHAET ROZALIA

¥ ore :\"\ he -r'r‘_ ;"V ore ﬂ’yks‘

L ’7//’ 1\7 /41/4
% L /’/1%‘1)!{ N
3 s

\vn-um e —
" BhL
b ,|| %

@.745’//4!\%17/ //'/- i s BN ctors
Y/ AR\ 7, A . ;

I'. Ry A A dor, il
T A\

I .
I :
|5|l T |
I ; A
1= 1
i!‘ oK1
e I -
I [
i
‘K"'lll: |
i1|I oK-
o
4 ff“slll
/'/
Vv

Fig. 1. Longitudinal section of the Rozilia vein (according to Ing. Gavura, GP
Nova Bana).

As we intended to consider the influence of two factors — depth and the
presence of ore chimneys — on the components of ore mineralization and on
the vein thickness, we chose a two-factor mathematical model with several
repetitions. We set out from the fact, that we have N observations of y;y
G=1,2..... P: (=12 ....,q; (k= 1,2, ,...n;) which represent the
values of the resulting sign — the Cu, Pb, Zn contents and the thickness of
mining blocks, which we obtained for the individual combinations of the levels
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Table 1
List of blocks with average analyses
Average content
o Number Ore : I
Horizon of block dyke ‘ Thickness T
‘ Cu Pb | Zn
| .
1 2 3 | 4 5 6 .
VI RII — 6 11 0.94 0.98
' R II — 6A I1 1.09 | 1.06
'RII — 6B 11 - 1.51 1.07
, R III — 6 111 1.84 0.78
| R III— 6B 111 0.80 1.06
= |RIV— 6 ‘ IV ' 1.18 1.11 0.47 '] 0.46
| | R IV— 6B v 2.26 0.51 0.39 0.32
| RV —34 | v 1.09 0.59 2.64 4.84
RV —387 | v | 0.85 0.51 1.18 0.26
VII ‘ RII — 7 11 ! 1.07 1.27
IR II — 7A 11 0.71 0.44 0.10 0.31
RII — 8 | 11 1.11 1.13
. R III— 7 , 111 | 1.35 0.68
i R III— 7B 111 - 1.38 0.71 '
i RIV— 17 | v 1.23 1.27 0.32 0.45
R IV— 7B 1v ' 0.82 0.50 0.05 0.10
| RV =35 ‘ v 1.09 0.50 1.06 1.94
R V —23C , v 1.30 067 | 024 | 040
| R V —31C ' v 0.86 0.80 , 049 | 0.86
5 RV —38 ' v 0.94 0.58 1.07 0.34
|
VI RII — 7B | 11 0.54 0.69 0.17 0.i9
| RII — 9 | 11 1.13 1.36 .
R III— 8 | 111 | 0.87 0.83 !
RIV— 8 | v | 1.21 1.31 013 | 0.5
RV —21 v | 0.80 0.46 | 007 | 017
| RV —22 - v - 1.39 1.49 0.79 1.83
' RV —23 . v 1.50 2.92 1.36 2.85
RV —31 | v 0.95 1.58 0.21 0.39
I RV —53 | v 1.39 0.64 0.17 ! 0.30
| | |
| 1x IR II —10 11 i 1.15 0.89 0.05 | 0.06
R III— 9 , 111 | 0.74 0.70 |
RIV— 9 v , 1.07 2.12 0.06 | 0.06
TRV —24A v 0.80 0.46 0.07 0.12
RV =25 ' v 1.03 0.9% | 0.74 1.85
RV —26 | v 141 | 129 087 | 190
| R V —27 | v 1.69 3.52 1.50 | 2.69
| R V —32 v 0.95 1.58 0.21 0.39
RV —54 ‘ v 1.11 0.51 0.51 0.42
X R II —10B : 1 1.27 0.69 0.09 0.20
| R III —10 111 0.34 0.81 0.u9 0.03
R IV —10 ‘ v 1.28 051 | .08 0.10
RV —24B v 1.77 0.52 0.26 ' 0.16
RV —28 v 1.39 137 | 054 | 118
RV —29 | v 1.53 192 | 045 | 0.47
RV —30 v ‘ 1.12 211 0.28 0.51
. R V —51 v | 0.67

0.38 0.02 0.05
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Continuation of Tab. 1

|
| 1 2 3 ‘ 4 l 5 ‘ 6 ‘ 7
== |_ T | ™ 1 1 =
X1 RII —15 1 5.39 0.68 0.02 |
R II —16 11 4.37 171 0.02 0.03
R III —11 111 0.8 | 0.94 0.04 0.04
R IV—11 IV | 045 2.30 0.07 0.18
RV —40 v 6.02 0.85 | 0.15 0.17
IRV —11 v 8.16 1.65 0.13 0.21
RV —42 v 1.98 1.76 0.12 0.19
RV —42N v 0.84 2.20 0.87 132 |
RV —52 v 1.35 0.76 0.09 0.08 |
|R V —5N v 056 0.66 0.06 0.05 |
| X1 'R II —17 11 ‘ 431 | 175 0.02 0.03
RII —11 11 3.25 ‘ 142 | 0.01 0.03
R II1 —12 111 102 | 075 0.03 0.04
R IV —12 v 078 | 087 0.11 0.06
RV —43 v 6.23 ‘ 1.10 0.09 0.10
| RV —44 v 7.25 1.01 0.02 0.06
RV —45 v L 928 | .04 0.04 0.06
RV —56 v 1.25 0.77 0.04 0.10
XII1 R II —12 11 0.80 1.68
R III—13 111 0.56 0.33 0.02 0.05
R IV —13 v | 824 0.61 0.04 0.02 |
RV —16 v 8.69 0.61 0.01 0.03 |
RV —47 v 9.85 0.67 0.04 0.03
RV —55 v 7.28 1.00 0.03 0.04 |
R V —5TN v 1.23 1.05 0.03 0.03
R V —57 v 1.21 0.77 0.05 0.08
X1V R II —13 It 0.83 0.98 0.02 0.05 |
R IV—14 v 7.37 0.69 | 0.01 0.03
RV —49 v 702 | 0.84 0.02 0.02 |
'RV —50 v 8.56 0.54 0.11 0.02
RV —58 v 5.20 0.75 0.04 0.03
R V —59N v 2,51 1.09 0.05 0.03
RV —60 v 1.07 0.91 0.03

0.02 |

of two factors. The first factor — depth- was traced at p levels and the second
factor — the presence of ore dykes at g levels where for each combination of
factor levels we have k observations (of mining blocks). Then at the i-th level
of the first factor and j-th level of the second factor each observation can be
expressed by the following mathematical model:

Yik = 8 T ity + Ay i (1)

Thus we assume that each observation is composed of the total average u.
effect 7; at the i-th level of the first factor. efect y; of the j-th level of
the second factor, of systematic deviation };; of each observation with combi-
nation of the i-th level of the first factor and j-th level of the second factor,
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from the sum of the first three members of the model (1) and of the random
error g;;. The A;; are the effects, which belong to certain combinations of the
levels of both factors in case, when the effects of both factors interact.

For the sums of the effects we assume these conditions:

0 ()

—M.U
A

p
=LA

'|

The mentioned conditions are the hypotheses, the testing of which is the main
aim of the analysis of variance.

In this model we thus suppose the possibility of interaction of both factors.
i. e, that the difference between the actual effects of two levels of the first
factor is different at all the levels of the second factor, i. e. both factors are
inter dependent in their influence on the resulting sign.

The parameters u, 7, vj, 4;; of the mathematical model (1) we estimate by the
least square method. When we call the estimates of the mentioned parametres
m, t;, g;, 1;, then we can express the basic condition of the least square method
as follows:

nl]

P q
=¥ ¥ m-+t + g +1;—y)? = min (3)
ijk

what means, that the sum of squares of deviations of the theoretical, mathe-
matical model (1) from the empiric values of the resulting sign must be equal
to minimum. When the mentioned condition has to be fulfilled. then the partial
derivatives of the S sum for the unknown m, t;. g;, and l;; must be equal to
zero. We calculate now these partial derivatives, so:

65 P  njj
5 =2y Yy Ym+t+g+L—yu) =0
s ij k

or

nj;

P q P q P q P
Lo me oG o+ Pny.git Y Yo dy= LE X Vik
i ] i I

i ] i

As far as at the individual combinations of the levels of both factors we assume
different number of repetitions of m;;, for the estimates of parametres of the
model (1) according to (2) the following must be true:

P q
En“—.ti:{]; Enjj‘gi-——-ﬂ
i i

(4)
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p q P 4
Yoo b= YLy = 0; and 3} ¥ n; =N
i i i
then
P 4 ng
2 2 X Vi
S | S—
= 5 y..

11

what is the total average of all observations and we shall designate it y__

S _l)qnij B
=2} ym+ti+g+1j—yiu) =0

or

q q q q q nj;
roy.-m+ Yo+ Eny.g+ Yo lii=% ¥ Vi
] ] i i ik

As far as )} n;; are the row frequencies, we designate them n;
i
to (4), we can write then:

q njj
DIPIN T
ik

fp=—2 —  —.m
n;,,

The first summand in the last equation on the right side is the

and regarding

average value

of the resulting sign at the i-th level of the first factor and we shall designate

ity
Then, regarding to (5) we can write

L=¥i.—¥..

(6)

what means that the best estimate of the effect r; of the first factor at the i-th
level is the difference between the row average and the total mean value of the

resulting sign.

P
=2y Y (m+ti+ g+ Lj—yin) =0
d 8 ik
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or

p p P p P nj;
Ynjp.m+ yin.t+ Yn.gi+ Ynly=Y Y vi
i 1 i i ik

p

As far as ), n;; are the column frequencies, we designate them as n; and
i

regarding to (4), we can write that:

P njj
2 2 ik
ik
gj=

— — Il
n;

The first summand on the right side of the last equation represents the average

value of the resulting sign at j-th level of the second factor and we shall
designate it as y_; . Then regarding to (5) we can write:

B =Yj—V. M
This means that the best estimate of the effect y; of the second factor at the

j-th level is the difference between the column average and the total mean value
of the resulting sign.

§S i
—=—=2 5 W+t + gyt ly—Fu) =0
sl A

or

T'l,'j
nj; . m =+ ng . 4+ ng. gy oL = vi
k

where n;; are the frequencies at the i-th level of the first factor and at the
j-th level of the second factor, or the number of data at the given combination

of the levels of both factors and we shall designate it n;;.
Then

nij
Y Vi
k

lij = ———tli—g—m
njj,

The [irst summand on the right side represents the average value of the
resulting sign at the i-th level of the first and j-th level of the second factor
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and we shall designate it as y;;. Then, regarding to (5) (6) and (7) we have

1 Tt £ B < e 41 e 1. A (8)

In the model (1) it still remains to estimate the random error &;;,, which we can

express as the difference between the empiric values of the resulting sign and

its mathematical expectation E [y;;]. which is equal the sum of the first four
members of the model (1). Thus

&= Yir—E [Fipl = Fje—ni—y—Aij—u

We do not know the value of the mathematic expectation E [y;;] and so have
to estimate it by the regressive value

Vi =m 4+t + g; + 1
which is the best estimate. Thus
Yijk = ¥ite = Yijg —m— 4 —gj—1
or regarding to (5) (6) (7) and (8)
Yiik — Yije = Yijk — ¥ij. = &ijk 9

is the best estimation of the random error ¢;,. Then we can express obser-
vations y;;, as follows:

Yik =m +t; + g; + 1jj + ek

If we raise to the second power both sides and sum through all i, j, and k, and
consider to (4), we have:

P, 4, Nnjj P, 4, Nj; P: 4. Djj p. 4, nyj P, 4, n;
b y'-'i,-k =2 m? + 2 tgi + 2 g?i + 2 l‘JI_j +
id: k gk i, j, k i ;0K i, j, k
P. 4, nij
-+ E + Elziik
i,k

Regarding the validity of relations (5), (6), (7). (8) and (9) we can write the
last equation as follows:

VP.- g, njj P 4, njj P. 4, njj " P. q, nj

b Yk — = y:i. =X (yi.—y. )+ 2 (v—v.)+
ik i k ik i,k
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‘p.' q. nij P 4, n

+ X (. —¥i.— vty )+2Z (Vijk — ¥ij.)?

Ljk Lk
and after adjustment

+

(10)

P, 4. njj P q
X Fik—y.) = E n, (yi.—y. )+ E iy (¥4 — il
i, k i j
pP.q : P. O, 0 .
E ny, (Vi — Y. =¥ +v.)0+32 (Vijk — ¥ip)"
L] i, j, k
For the simplification of the record we introduce a new designation of the
sums:
P, 4. nj P a
Yijk = ¥ E Yie =¥ E Yijk = Y.j
i, 3, k i i
p. q
‘E. Yik =Y
L)

Then we can express the individual sums of squares in a shape, which is

suitable for calculation.

ps Ci- nj} p q n:j 9 Y‘,
Sy = 2 (yuk_y ) = ¥k __N
i J k L k

q i
Se = E . (yJ i ) = Z_.._ e
_] J n ;. N
P.q P:. A 150 P
& . Y-,
Sip= Y n; (Vi —Yi.— ¥ +y. )= U= —Y— o= E——- -
i!j 1,j n!] ]. nl _ .J.
P. 4, n pP.gq,n G b g Yl
5 =3 (yUk — Yij. )2 =¥ Yk — E—i
ik i, 3, k i,j Mij

Equation (10) can be written as:

So=8+S:+ 82+ S5;

(11)

(13)

(14)

(16)
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The meaning of these sums of squares is as follows:

Sy —is the total sum of squares calculated from the difference of all N ob-
servations from the total average and has (N—1) degrees of freedom.

S| —is a component of the total sum of squares calculated from the differences
of row averages from the total average and (p—1) degrees of freedom
belong to it.

Sy —is the component of the total sum of squares calculated from the differ-
ences of column averages from the total average and has (q—1) degrees
of freedom.

Si2 — is the component of the total sum of squares calculated from the differ-
ences of the sum of averages of all the levels at a given i and j and of
the total average from the sum of row and column averages. It is a com-
ponent, which participates on interaction and has thus (p—1), (q—1) degrees
of freedom.

S, — it is so called residual component of the total sum of squares, calculated
from deviations of N observations from p.q. averages of all the levels
and has (N — pq) degrees of freedom.

Average square is

S
e r 7
5% = N i (17)

It is an independent estimation of the variance ¢> of the random error & and
therefore we use it for testing of the importance of the individual components
of the total variance i.e. for testing of the given hypotheses (2). The testing
of the hypotheses (2) will be performed by Fisher’s test

F=—] (18)

, Sy , Sa ) Sia
5 . - T R (19)
p—1 q—1 *T T p=1).@-1

so that F = 1.

The conclusion of testing the hypotheses (2) will be done by looking for the
critical F value from the tables of Fisher distribution at the chosen level of
significance and the given degrees of freedom and by its comparison with the
calculated F value according to (18).

If the critical value

Fu: Ui, Uy = F (?‘{})

we accept the zero hypothesis (2) and state that the factor in its influence on
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dispersion of the resulting sign is statistically insignificant. In the opposite
case we refuse the zero hypothesis, i.e. the factor significantly influences the
variance of the values of the resulting sign.

An important condition of application of the given mathematical model is
the requirement of completeness of the number of combinations of the levels
of both factors. The number of repetitions (replicas) must be in some combi-
nations of factors greater than one.

Method of calculation and interpretation of results

We used the derived mathematical model of variance analysis in considering
the influence of the depth factor and factor of horizontal distribution of dykes
to all ore mineralization components of the Rozalia vein (Cu, Pb, Zn contents)
and to its thickness. The average contents and thicknesses of mining blocks from
Tab. 1. were used for calculation so, that the requirement of complete numbers
of combinations of both factors would be fulfilled. Therefore in the variance
analysis of Cu content and thickness, 72 mining blocks, in the variance analysis
of Pb 51, and of Zn content 52 mining blocks were used. The values of element
contents and thicknesses from Tab. 1 were sorted into tables, corresponding to
the real position of the mining blocks in the vein. Each partial field of this
table corresponds to a given combination of the levels of both factors., In these
fields the values of the given resulting sign are plotted on the left and the sum
of all values of the given field on the right part. In the two marginal columns
and lines the row (column) frequencies m; (n;) and the sums y; (y;) are
given. These tables are the basis for the calculation of the sum total of squares
Sy and their components Sy, Sy, Si» and S,. The analysis of variance of Cu,
Pb, Zn contents and the thickness of the Rozalia vein is given in Tabs. 2, 3,
4 and 5.

Below is the calculation of the analysis of variance of Cu content. From
Tab. 2 we calculate first the sums

_ Zk Vi = Y. = 76.66; Y2 = 5876.7556; N = 72
1! ]‘

2y = 106.8620; N =81.6216; p=8;q=14

i, ik
P vy 672 552 7.022
Yh __T67™ ., 855 ., - = 84.88255

q y2. 16.822 7.592 41.147

B i T O = 8270807
jZ n;, 15 + 10 PR 31
P9 y2. 3.112 1.842 4.40?

SR 9T L =80.70409
_E n;; 3 ) 2 G L 5
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zon | dyke |

i=2 VII

i=3 VIII

Table 2

Analysis of variance of Cu content

3

1.62 1.10

© 083

0.83

i= XI

=1

XTI

i=48 X111

nj

.89

069

1.68
15

16.82

0.70,

1.31 046

1.77 2.55

1.31

2.12 0.46

094 [
1.29

3.52 | 9 12.31 |
1.58
0.81

0.51 0.52
1.37
1.92
2.11 .
0.38 ' [

0.94

onn L e

2.30 0.85
1.05 | '
1.76 [ |
2.90 .10 12.91
0.76 |

0.66 i
2.30 7928 | |

0.87 110 |" i__l

1.01 |
0.94 8 | 8.61‘
0.77 ‘

0.87 3.82

0.91 |
0.67
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Table 3

Analysis of variance of thickness

Hori-
zon

Ore
dyke

4

| _s'_=_4_‘___

Vi

3.54

| 118
2.26

VII

2.89

1.35
1.38

a6t |
| 123
l 0.82

2.73

X~
o @

(=N

3.44 |

1.94

- 1.09
- 1.30
0.86
0.94
2.05

4.19

VIII

1.67
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Table 4

Analysis of variance of Pb content

j=1 j=2 | j=3

S ni. Yi.
2 4 5 i

0.10 0.32 106
0.05 | 024 7 3.33
0.49

0.10 0.37 2.86

0.17 0.13 0.07 =
0.79
| 1.36
0.21 U
0.17
0.17 0.13 2.60

2.90

0.05 0.06 0.07 - i
| 0.74
. 0.87
0.21 ,
0.51 |

0.09 0.08 0.26

0.28 |

0.54

0.02 T ; 1.72
(.45 1

0.09 0.08 1.55 [

0.02 0.07 - 0.15 |

| 013 | |
0.12

0.87 | 8 ‘ 1.51

0.09

0.06 l

002 | 1.42

0.02 [ 011 0.09
| 0.01 L 0.02 - .
| 0.04 7 : 0.33
0.04 't

0.03 0.11 0.19

'| 0.02 0.01 | 0.02
. 0.11

‘ ' g:,g‘; | 7 0.28
‘ | ‘ 0.03
0.02 | 0.01 i -

| 8 |8 | 35 | 51 [ 14.08
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Table 5

Analysis of variance of Zn content

| Hori- ore | =1 | i=2 j=3
| zon dyke .I 9 [ 4

nj., Y.

i=1 VII - 061 7 415
0.31 ‘ 0.55 | 3.29 |
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0.06 " 0.06 0.12

1=3 IX 2.69 | 8 7.49

0.20 010 016
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0.03 0.21
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Table 6

Evaluation of variance analysis

Sum of
| sguares

Source S,

of variability S,

Spa

Sr

- - So
between horizons 3.2609
between dykes 1.0865
interaction 4,7351
residual 16.1579
total 25.2404
between horizons 1.6428
| between dykes 0.8869
interaction 0.5163

residual 3.7400

total 6.7860
| between horizons 5.7431
between dykes 2.6301
interaction 1.4516
residual 14.9853
total 24 8101
between horizons 140.5294
between dykes 23.5020
interaction 81.0838
residual 149.4515
total 394.5667

Number Average
of degrees square |
of freedom ' | Ferit
==l
Vg = . vy | 5%
vr = N—pq | 5%
7 0.4658 1.15 1.87
3 0.3522 =
21 0.2255 -
40 0.4039
71
6 0.2738 2.20 1.98
2 0.4435 3.55 2.49
12 00430 —
30 . 0.1247
a0
[§] 0.9572 1.98 1.98
2 1.3151 272 2,49
12 (.1210 —
31 0.4834
al
7 | 20.0756 5.37 1.87
3 7.8340 2.10 2.2
21 3.8611 1.03 1
40 3.7363
71

The calculation of the total sum of squares and its components is performed
according to formulae (11) to (15)

Sy = 106.8620 — 81.6216 = 25.2404

S

84.8825 — 81.6216 = 3.2609

S, = 82.7081 — 81.6216 = 1.0865
Si» = 90.7041 — 84.8825 — 82.7081 + 81.6216 = 4.7351
S, = 106.8620 — 90.7041 = 16.1579

r

Then (16) must be valid

Sy = 3.2609 + 1.0865 + 4.7351 + 16.1579 = 25.2404

The analysis of variance of thickness and contents of Pb and Zn, was performed
in the same way but, with a different number of observations N, because some
data on ore mineralization in some mining blocks were missing and so the
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requirement of the mathematical model of complete number for all combinations
of both factors would not be fulfilled.

The results of the analysis of variance are given in Tab. 6. For the testing
of the hypotheses (2) we determined the critical value of F at the chosen level
of significance = 10"/, and the appurtenant number of the degrees of freedom
from statistical tables (Janko, 1958). These critical values are given in the
last column in Tab. 6.

24 2.4
1 2.2 - 2.2
2.0 2.0
>
“©
R 18
7.6 1.6
T T Sy
7.2 7| 22
7.0 1o
0.8 7 08
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2.2 7 0.2
0.0 0.0 . 3 . ;
woory rwooaxr X Ar o XE o Aw z J i
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Fig. 2. Graph of vertical (a) and horizontal (b) distribution of the Cu content.
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. 5 15
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2 7 2
b :; dlykc 27
o v v +- v r—— ] - -
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Fig. 3. Graph of vertical (a) and horizontal (b) distribution of the thickness.
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From the comparison of the calculated F values with the critical values we
can deduce these conclusions:

a) the depth factor has a considerable influence on the variance of Pb, Zn
contents and on vein thickness,

0.8 0.8
”
227 07 - "
I 1 X
06 = a6
Q

by &

3 x Vi
0.5 o5 &
o4 04 -

03 7 02
X
0z 7 0.2 7
o) - o7 7
o5 dyxe xir
2 oyk r 4
00 WP =~ ——cenc e - - < —
¥ir ¥ A Al Lo A A 2z 7 4 5
a —_— ApriIon & ere 'J’r—u-
Fig. 4. Graph of vertical (a) and horizontal (b) distribution of the Pb content.
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N 0.4 N 08 vt
® ES
0.7 07
0.6 1 05 4
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0.3 0.3
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02 2z -
af 4 . a.r A A
§ cyke S — o X/
0.0 — ———— —— 00 - - . ; )
T /R G S TR B 2 3 L4 5
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Fig. 5. Graph of vertical (a) and horizontal (b) distribution of the Zn content.
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b) the horizontal factor of distribution (ore dykes) largely participates in
dispersion of Pb and Zn contents,

¢) the interaction of both factors is statistically insignificant for all com-
ponents of ore mineralization as well as for thickness.

These important calculations are also confirmed by the graphs of vertical
and horizontal distribution of contents and thickness — Figs. 2, 3, 4 and 5.

Fig. 2 is the polygon of vertical (a) and horizontal (b) distribution of Cu
content. The polygons are random, without indication of any trend and confirm
the random character of the vertical and horizontal distribution of Cu content
in the ore filling of the Rozalia vein.

In Fig. 3 is the polygon of vertical (a) and horizontal (b) distribution of the
thickness of the Rozalia vein. The polygon of vertical distribution (a) shows
a distinet trend of increasing vein thickness with depth whilst the polygon of
horizontal distribution (b) is without a distinct trend.

In Fig. 4 is the polygon of vertical (a) and horizontal (b) distribution of Pb
content. Both polygons show a trend and confirm the influence of both factors
on Pb variance. With depth the Pb content falls and with transition from the
2-th to the 4-th and 5-th ore dyke the Pb content increases.

In Fig. 5 is the polygon of vertical (a) and horizontal (b) distribution of Zn
content. Both graphs are similar to the one for Pb and the same conclusions
as in the foregoing case are valid here.

Conclusion

The derived mathematical model of the variance analysis in classification
according to two factors takes fully into account horizontal and vertical distri-
bution of mining blocks, the average content and thicknesses of which were
the basis of the variance analysis. Besides them, the mathematical model makes
possible to evaluate the influence of the effects of the main factors, as well
as their interaction on the resulting sign and provides so much more information
on distribution of ore mineralization components than the simple model of the
variance analysis in sorting according to one factor. The only but important
requirement of its application is the neccessity of full numbers for combinaticns
of the levels of both factors, of which some must have the number of observat-
ions greater than one. In variance analysis of components of ore mineralization
of the Rozalia vein at the significance level 10"/ it has been proved that the
depth factor has a significant share in the Pb, Zn content and vein thickness.
The second factor — horizontal distribution in ore dykes, is significant for the
Pb and Zn contents. The interaction of factors is in all cases statistically in-
significant. We suppose that we have to take into account these conclusions
in projecting of further investment exploitation works.

Translated by J. Pevny
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