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FRANTIŠEK ZABRANSKÝ. JAN DRABANT' 

S T U D Y OF M I C R O H A R D N E S S A N D MATHEMATIC-STATISTICAL 
EVALUATION OF M I C R O H A R D N E S S MEASUREMENT R E S U L T S 

(Figs. 1-7) 

A b s 1 r a c I: ľhc p a p e r deals with possible m a t h e m a t i c - s t a t i s t i e a l t r e a t i n g 
"I the results ol inicrol iardi icss m e a s u r e m e n t of m i n e r a l s . Var ious m i n e r a l s 
inu lerwent m a t h e m a l i e - s t a t i s l i c a l e v a l u a t i o n of m i c r o h a r d n e s s — si l icates, 
s u l p h i d e s and oxides, hi all m e a s u r e d m i n e r a l s the c h a r a c t e r of d i s t r i b u t i o n 
of m i r r o h a r d n e s s va lues was found out . the v a r i a t i o n coefficient was calculated 
a n d the h y p o t h e s i s of re l iabi l i ty was verified at the 9 5 % level of a c c u r a c y 
of d e t e r m i n a t i o n found in a d v a n c e . The m a t h e m a t i c - s t a t i s t i c a l v a l u a t i o n showed 
the r e q u i r e d o p t i m u m n u m b e r of m e a s u r e m e n t s for one or a n o t h e r m i n e r a l . 
In the conclus ion d e p e n d e n c e of m i c r o h a r d n e s s on c h e m i s m of t h e m i n e r a l 
and r e p r e s e n t a t i o n of m i c r o e l e m e n t s as well as the poss ib i l i ty of a p p l y i n g 
ol the o b t a i n e d m i c r o h a r d n e s s va lues for g'eoetic s tudies were discussed in 
some g r o u p s of m i n e r a l s . 

P e 3 10 M e: B CTaTbe roBopnxcfl o MareMaTHtrecKo-CTaT!HCTH<recKOii o6pa6oTi<e pe-
3yjibTaT0B n3MepeHHH MiiKpoTBepHOCTii MHHepaJioB. MaTeMaTimecKH-CTaTHCTjmec-
Koií oueHKe ôbijiii noABep>KeHbi pa3jnmHbie Miinepajibi — cujniKaTbi, cy;ib<|)ii:ibi H 
OKCHEbi. Y Bcex H3McpíieMbix MimepajioB 6b!ji oÔHapy>KeH xapaKTep pacnpenejie-
HHH JIUHHMX MIIKpOTBCpaOCTH, nOaCIMTaHHblH K03({><|>IHIHeHT BapilallHI-I H npOBepe-
Ha rririoľe3a nojiO/KUTejibHOCTii Ha paHee onpeaejieHHOM 95 % ypoBHe TOHHOCTII 
onpeaejieHnH. H.3 MaTeMaTi-mecKH-CTaTHCTuqecKoro onpejtejieHHH HCXOJIIIT Tpeôye-
Moe onniMajiLHoe KojirmecTBD H3MepeHHň jiJitt TOTO HJIH n p y r o r o MHHepajia. B 3a-
KJuoyeHiin y neKOTOpbix r p y n n KimepajiOB oôcyHĺna^acL saBHCHMOCTb MHKpOTBep-
HOCTH OT XHMH3Ma MIIHepajIOB II HajlHHHH MHKp03JieMeHTOB, a TaK/Ke B03M0>KH0CTb 
Hcnojib30BaHiiH nojiyqeHHLix ^aKTHqecKiix ^aHHBix MHKpoTBep.aocTii ZTJIH reneTimec-
KHX ii3y-ieHin"t. 

In t h e last p e r i o d p h y s i c a l p r o p e r t i e s of m i n e r a l s a r c b e i n g a b u n d a n t l y a p p l i e d in 

d e t a i l e d d i a g n o s i s ol m i n e r a l s . O n e id s u c h p h y s i c a l p r o p e r t i e s is t h e m i c r o h a r d n e s s of 

m i n e r a l s . I 'hc m e t h o d " ľ m i c r o h a r d n e s s m e a s u r e m e n t of m i n e r a l s is well k n o w n f r o m 

t h e w o r k s of m a n y a u t h o r s (S. .1. L <> b e d e v a 1963, O. A. I ľ j i n s k i j liKi.'i. ľ . M. 

N n k h I a 1956. K. M. O n i t s c h - M o d I 195,1 M. 11,-i b e r 1 9 6 5 a. o . ' . 

T h e p r e s e n t e d w o r k d e a l s w i t h p o s s i b l e m a t h e m a t i c - s t a t i s t i e a l e v a l u a t i o n of t h e r e s u l t s 

of m i c r o h a r d n e s s m e a s u r e m e n t of m i n e r a l s , m a i n l y f r o m t h e s t a n d p o i n t of o b t a i n i n g 

t h e m o s t p r o b a b l e v a l u e s a n d p r a c t i c a l c o n s e q u e n c e s for m i c r o h a r d n e s s m e a s u r e m e n t 

l o l l o w i n g f r o m t h a t . 

As b a s e lor- m a t b e m a l i e - s l a l i s l t e a l e v a l u a t i o n of t h e r e s u l t s of m i c r o h a r d n e s s m e a s u ­

r e m e n t ol m i n e r a l s s e r v e d t h e r e s u l t s of m i n e r a l s t a k i n g p a r t in t h e c o m p o s i t i o n of 

s k a r n s ( F . /. á b r a 11 s k ý 1968) in t h e a r e a of t h e Š t i a v n i c a . . i s l a n d " (fig. 1). 

T h e m i c r o h a r d n e s s of all m i n e r a l s w a s m e a s u r e d o n a p p a r a t u s I'.MT-,'! of S o v i e t 

p r o d u c t i o n — u s i n g t h e w e i g h t s m e n t i o n e d In t a b . 2. R e g a r d i n g to t h a i m i c r o h a r d n e s s 

w a s m e a s u r e d on u n o r i e n t e d s e c t i o n s of m i n e r a l s (in p o l i s h e d s e c t i o n s ' in all e a s e - we 

idiose t h e m e t h o d of l a r g e r n u m b e r of m e a s u r e m e n t s of t h e s a m e m i n e r a l . T h e n u m b e r 

of m e a s u r e m e n t s , l o c a l i z a t i o n of t h e s a m p l e as well as t h e n u m b e r of p o l i s h e d s e c t i o n s 

" I'.XDr. F. Z á b r a n s k ý . D e p a r t m e n t of (Teology and M i n e r a l o g y of the F a c u l t y of 
M i n i n g I ' .ngeineenng of the Technica l College. Ing. .1. D r a b a l i t , D e p a r t m e n t of M i n i n g 
M e a s u r e m e n t and G e o p h y s i c s of the F a c u l t y of M i n i n g E n g i n e e r i n g of the Technica l College. 
Š v e r m o v a ul.. Kosice. 
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SKLENE TEPLICE 

Fiji. I. Occurrences of skarns tlie Štiavnica „island". I — Klokoč-Treiholr. 2 — Alžbět; 
.'i — Rumlovská. 'i — Michal. 5 — Raková, (i — Karlík. 7 — Celín. S — Laura. 9 — Rozálii 
10 — Havránkovo. II — Železná Hora. 12 — Kohútovo. 

used For microhardness measurement of one or nnollier mineral are meiilioned in lab. 2. 
I •"](> 111 ilie s lnndpoint of llic theory of prohabilily we consider microhardness ol mine­

rals as accidental variable that may gel (also in the same mineral) arbitrary value from 
some interval as a consequence of various factors. This mainly depends on physical-
chemical, crystallo-chemical as also mechanical factors (type of the crystal structure 
of the mineral, chemical binding, valency, coordination number, elasticity, hritlleness 
and plasticity, solidity etc.). T h e results of microhardness measuring are to a certain 
degree also influenced by subjective factor. 

With mass measuring of microhardness of one mineral the average value ol micro­
hardness most probable is obtained by calculation of mean arithmetic average or most 
frequently by graphic interpretation in the form of variation curves (S. L. h t' I) r d r v a 
196,'?). Regarding to the variability of measured microhardness values it is necessary 
In equalize them frequently so that the resulting curve should render prominent the 
character of division of microhardness values. Equalization is performed by the method 
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T a l i l c 1. Division of Microliardncss Values of Flogopite (Železná flora — .Number of 
Measurements 10) 

Xuinhcr Interval H in Frequency in equalization Equalization 
of interv. klí mni- ° 0 I. 11. 

:u,5 
12.3 
19,1 
.1.1.5 
(i'2,0 
70.1 
78,0 
81,0 
07.5 

5.0 
22.5 
15.11 
15.0 
15.0 
10.0 
7,5 
5.0 
5.0 

9,1 
IVI 
17.5 
15.1) 
13,3 
10.8 
7.5 
5,8 

/./ 
13.li 
15.5 
15.2 
13,0 
10.5 
s.o 

3.0 

S 30 

)-l 1 1 1 1 • 2 

20 10 60 SO 100 120 leg/mm 
OCO 1200 V.00 BOO WOO kg/mm 

I'iji. 2. \arialion eurve of microhardness of log. 3. Variation curve of olivine. 
ľlofío|iite and ils equalization. 

ol iivcľiiffiiifí ni ihľľe values nľ relative pee eenl IVe(|ueneics following one aflei' another. 
I lie calculated average is related In the mean value. The mentioned procedure nf 

equalization may lie repealed several limes until opt imum fluency of the variation 
curve is reached. We are presenting the way of equalization on the example of flogopite 

lal>. I. lig. 2). In fig. .'i. \. ,i ace equalized variation curves of olivine, calcile and 
sphalerite. 

Malhanialic-Stalistieal Evaluation <ij the Results of Mierohardness Measurement <>j 
Minerals 

I lie aim ol malliemalic-stal.islical treating of results of microardness measurement 

file:///arialion
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is determination of [he most important numerical characterization of accidental variable, 

which includes: 

1. mean value x 
2. mean quadrat ic deviation a, or variation coefficient v 
?>. interval of reliability for unknown, real mean niicrohardness value of the mi­

neral A. 

Ul 

a 

u. 

120 140 JBO 180 200 220 ktj/rr 

'•"lil. 'i. Variation curve of calcitc. 

160 ISO 200 220 2^0 260 2d0 teg/ 

Kig. 5. Variation curve of sphalerite. 
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4. opt imum number of measurements, guaranteeing required accuracy of estimation 
of unknown, real mean value. 

For numerical characterization or so called estimation of unknown mean value of 
accidental variable the ari thmetic average x is used, which does not depend on the 
function of division of accidental variable and with increasing number of measurements 
one approaches lbe real mean value of accidental variable. This appioachig is gelling 
greater the more empiric division of accidental variable is nearer to normal division. 

For characterization of llie degrees of dispersion or concentration of all value around 
the mean value mean quadrat ic deviation is applied (standard, s tandard deviation) o or 
variation coefficient v. 

kor calculation of the mentioned numerical characterizations of microlinrdness of 
minerals llie following relations were used: 

arithmetic average: x 
! = I 

mean quadrat ic 
deviation : 

/ * ( x : - x . 

(2; 

v ; " ' ! a " " " v = - ^ . I O O % (,'!! 
coel í icenl: x 
where x: — measured microhardness values. 

I hese numerical characterizations for individual minerals are mentioned summarized 
in lab. 2. Tah. 2 shows relatively most variable microhardness values to be reached 

25 30 W 50 60 70 30 90 100 kg/ 

•'-. I). Graphic presentation of empiric and theoretic distribution function nf microhardness 
['In-,,pile. 
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T a h l e 3. Calculation of the Supremum of the Deviation of Distribution Functions 

~ I 1 
-NO. | , .) Ki — X I ( X i -

; k"' min-

29.8 

1 

1 
2 
3 
4 
5 
6 
' 
8 
!> 

10 
1 1 
12 
L3 
1.4 
15 
Hi 
17 
18 

20 
21 
•)•) 
23 
24 
25 

2 

29.8 
qq q 

38.6 
41.0 
41,9 
41,9 
42.7 
43.8 
43.8 
43.8 
45,7 
46.6 
49.9 
52.2 
52,2 
53.4 
53.4 
53,4 

57.5 
58.9 
60,3 
60,3 
60.3 
62,0 

4 

x , - x 
a 

5 

F(t) 

6 

Fn(x) 

7 8 

63,6 
65.7 

28 
29 
30 
31 
32 
33 
34 
35 
36 
•VI 
38 
39 
40 

65.7 
66,9 
68.6 
68,6 
68,6 
74.6 
76.6 
78.8 
78.8 
94.6 
94,6 
117.5 
1)7.5 

21.0 
18.6 
17.7 
17.7 
16.9 

1 5.8 
1 5.8 
13.9 
1.3.0 
9.7 
7 4 

6.2 
6,2 

2.1 
0.7 
0.7 
0.7 

2.4 
4,0 
6,1 

/ .3 
9.0 
9,0 
9.0 

15.0 
17.0 
1.9.2 

'!;>.o 

37.9 

888 
691 
441 
345 
313 
3.13 
285 
249 
249 
249 
193 
169 

94 
54 
54 
38 
38 
38 

9 
4 
ii 

0 
0 
0 
5 

16 

81 
81 
81 

225 
289 
368 
368 

I 225 
I 225 

,04 
,69 
,00 
,96 
.29 
,29 
,61 
,64 
,64 
,64 
,21 
,00 
,119 
,76 
.76 
,44 
,44 
,44 
,00 
41 
.49 
,49 
,49 
,49 
,76 
,00 
,21 
,21 
,29 
,00 
,00 
,00 
,00 
,00 
,64 
,64 
.(in 
.mi 
,41 

1.74 
• 1.5:', 

1.2:', 
• 1.09 

1.03 
• 1.03 

0.99 
- 0.92 

0.92 
0.92 
0.81 

•0.76 
• 0.57 
0.43 

• 0.43 
• 0.36 
• 0.36 
0.36 
0.18 
0.12 
0.04 
0.04 
0.04 
0.04 
0,14 
0.23 
0.36 
0.36 
0.43 
0.53 
0.53 
0.53 
0.88 
1.00 
1.12 
1.12 
2.05 
2,05 

0.01093 
0.063111 
0.1094 
0.1379 
0.1515 
0.1515 
0.161 1 
0.1788 
0.1788 
0.1788 
9.2090 
0.2236 
0.2843 
0.3336 
0.3336 
0.3594 
0.3594 
0.3594 
0.4286 
0.4522 

0.4801 
0.5160 
0,5160 
0.5160 
0.5557 
0,5910 
0.6406 
0.6406 
0.6664 
0.7019 
0,7019 
0.701!) 
0.8106 
0.8413 
11.8686 
0.8686 
0.9798 
0.9798 
0.9868 
0.9868 

0.0250 
0,0500 
0.0750 
0.1000 
0,12.50 
0.1500 
0.1750 
0.2000 
0.2250 
0.2500 
0,2750 
0,3000 
0.3250 
0.3500 
0.3750 
0,4000 
0,4250 
0.4500 
0.4750 
O..5O00 
0.5250 
0.5500 
0.5750 
0.6000 
0.6250 
0.6500 
0,0750 
0,7000 
0.7250 
0.750(1 
0,7750 
0.8000 
0.8250 
0,8500 
0.8750 
0.9OOO 
0,9250 
0,9500 
0.9750 
1,0000 

2381.0 0.0 II09II.8Í 

2384 

0.01593 
0.01301 
0,0,344 
0,0379 
0,0265 
0,0015 
0,0139 
0.0212 
0,0462 
0.0712 
0.0660 
0.0764 
0,0407 
0.0164 
0.0414 
0.04O6 
0,0656 
0.0906 
0.0464 
0,0478 
0.0449 
0.0340 
0.0590 
0.0840 
0.0693 
0,0590 
0.0344 
0,0594 
0.0586 
0.0481 
D.0731 
0.0981 
0.0144 
0.0087 
0.0064 
0.0314 
0.0548 
0.0298 
0.01 18 
0.0132 

' , ( 1 
= 59.6 

II 6! 10 .88 
4(1 

= 17.0!) 

al flogopite. chalcopyrile and pyrite. 11 is. however, remarkable thai I he average 
variation coefľieienl of all studied minerals is 10 D . what is an evidence of careful 
measuring; and keeping' equal conditions in measuring'. 

hor determination ol the reliability interval for the unknown, real mean value of 
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mierohardness of minerals it is necessory |o verify ihe hypothesis lhal accidental clioiccs 
were selected from normal fundamental sel or what also signifies to prove thai micro-
hardness of the followed minerals is controlled by normal division. In the given case 
for verification of lliis hypothesis Iris arc mosl suitable In be applied, which are 
based on distribution functions (J. J a n k o 1958. .1. D r a h a u l 1967). The cilerion 
of these tests, according to which acceptance or refusal ol the hypothesis will be 
decided, is the supremimi of deviation of distribution function of the choice Ironi 
the hypothetic distribution function of the fundamental set. 

In our case we suppose microliardness of minerals to be controlled by menial 
division with distribution function 

Kíl) exp - l dl 

tabulated for the values of lbe argument 

where ľ- — mean value 
a — mean quadrat ic deviation 

and may be found in handbooks of malhemalic statistics. 
We designate the distribution function of the choice x | . xo xn. the 

extent n from the fundamental set with distribution function Dt, as KiHx) and cal­
culate it as follows: 

Knixl f i 

x < x, 

x k S x < x k + I. k = I. 2. n-l (6> 

1 tor x á x„ 
where X|. Xi x n are measured values, ordered according to the magni tude from 
ihe smallest to ihc largest. 

Krom observation of distribution functions (4) and (6) we determine the value ol 
supremuin 

ľ)n = sup [Fn(.x) = Kit)] 

and from the lables (J. J a n k o I9Ó8. .1. D r a b a n t 1967) we are finding the critical 
values l )n(" ! . . for which is valid 

P {sup [Kn(x) — K(t.)] > Dn(») } = «. IS) 

or the probability of thai supremuin of deviation of distribution functions which exceeds 
critical value equals ". 

I''ur clarificalion of using the mentioned test we present calculation ol the criterion 
for microhardncss of flogopite in tab. 3. The mentioned table shows, thai the supremuin 
of deviation of distribution functions 

Dn = 0.098l for Ihe value Xj = 68.6. 
The critical value L)n(a) for n = á0 and a = 5 % — level of significance is 0.2101. 
Regarding to lhal Dn = 0.0981 > Dn «> = 0.2101. we accept the hypothesis of normal 
division of microliardness ol flogopite. 

C r a p h i r interprclalion of the applied lest is presented in fig. 6. In a similar way 
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;ilso the results of other followed minerals were tested and the results of the tests are 
mentioned in tah. 2. which makes evident thai llie hypothesis of normal division of 
mierohardness at the level of 5 o is rejected in \ cases only : 2. .'!. I I . 26 Iml whilh 
using, fur instance. 2 n level of significance the hypothesis is also confirmed in these 
cases. 

As a consequence of that il is possible to use for determination of reliability interval, 
which will rover the real, unknown mean mierohardness value of the studied minerals, 
the known relation J. . l a n k o 1958. J. I) r a h a n I 1967): 

a 
i x ± t . - ^ - ; :> 

where t = 1.96 al 5 ° o level of significance from the table of values of llie twofold 
value of the function of Laplace determining the probability of the occurence of 
accidental variable in the interval ± I. Calculation of the reliability interval according 
10 '9) was earned out for all studied intervals and is mentioned in tab. 2. 

Relation (9 may be used for determination of necessary number of measurements, 
when required accuracy of determination of mean value of the fundamental set or 
the difference between the real, mean value and selectional arithmetic average is 
established in advance. II we llius designate 

A = (x _ u; 
then il is evident, that 

a A = t • ~r~ v« 
or at 95 o probability 

1.96 . a 
A = —: y„ 

from what 

, / L.96 . a \2 

» = ( ( — — ) ^ 
11 we divide the numerator and denominator (10) by the mean value x then 

/ 1.96 . v 

A 
where y = — expresses the limit error of estimation ,u in units x If we divide llie 

x 

numerator and denominator of equation (10) o. then 

1,96 
(12) 

\ M / 
A 

where q = —expresses hnul error of estimation M in units o 
a 

Kach of llie relations (10), (11), (12) may be applied for establishing of llie number 
ol measurements n oľ mierohardness of minerals, guaranteeing required accuracy. 
Relation (LO) may be applied when it is possible to estimate parametre o from the 
range of variation of measured values, for instance: 

tin 
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where (In is coefficient depend if; on the number of measurements (X. V. S m i r n n v . 
.1. I) u n i n. .). V. B a r k o v s k i j 1959 . 

Relation (II) may be applied when the eoel'ficienl of variation of a larger number 
of measurements is known or from several sets of measurements . 

The most suitable is however, relation (12) because it does not require neither 
determination of o nor of v. lint it is sufficient to choose limit error- of estimation 
of the unknown, real value with regard to a. On empiric material limiting relative 

values of were studied, which varied within the limits from 0.253 to 0.359. the 
a 

mean value of the quotient was 0.30 or 30 " i> of the mean quadrat ic deviation ftab. 2 . 
A 

Regarding to the mentioned relative values of- -and on the basis of the attained 
o 

values of the mentioned quotient and relation (12) a table for determination of the 
number of measurements may be compiled — guaranteeing required accuracy (tab. V. 

T a h 1 e '. 

0/i5 

1!) 

0.50 

15 

q 

n 

0,25 0,30 

61 42 

If we compare the number of measurements, from which numerical characterization 
of lab. 2 with tab. \ were calculated and required relative accuracy of estimation 
u q = 0.30. then it is evident that numbers with n ä 10 arc suitable for the mentioned 
requirement of accuracy but all n < W do not fulfil the mentioned requirement. 1 he 
question of required accuracy of estimation can be discussed. II accuracy id estimation 
were lowered e. g. to lbe value (] = 0.10. than the sufficient number ol microhardness 
measurements would be n = 21 . 

( (inclusion 

In the presented contribution we summarize lbe results ol : ucrohardness measu­
rement of minerals taking pari in composition of skarn deposits in be area ol the 
Štiavnica ..island". Kor the purpose of obtaining lbe most probable values ol micro-
hardness of individual minerals we examined the results of microhardness measurement 
by mathomntic-statislical evaluation. 

This study makes possible some conclusions for practical application in micro­
hardness measurement of minerals in current mineralogical practice, bspecially the 
problem of finding out lbe most probable value of microhardness lor the considere.l 
mineral is concerned under conditions, when no oriented sections ol the mineral arc 
available bul the aggregate of minerals, frequently consisting of allotriomorphic grains. 
I 'nder these conditions we carried out measuring of microhardness of minerals 
mentioned in lab. 2 by lbe method of larger number id measurements of the same 
mineral, as mentioned in tab. 2. In order lo obtain lbe most probable average micro­
hardness value we calculated average value of microhardness by calculation ol lbe 
mean arithmetic average and also graphic interpretation in the form ol variation 
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curves, which show vory well variability and dispersion ol microhardness values. 
These, however, have lo he frequently equalized in the way mentioned in tab. I 
regarding to the variability of microhardness values in order to obtain opt imum 
fluency of the curve, which after such modification clearly demonstrates the character 
of distribution of microhardness values. For the obtained microhardness value of the 
mineral characterized by certain chemical, cryslallo-cliemical. structural and mechanical 
properties to be reliably applied for diagnostic purpose il is necessary lo know ihc 
law of distribution of microhardness as well as the degree of dispersion in the given 
mineral. Therefore the hypothesis of normal distribution ol microhardness in the 
studied minerals was tested by aid ol the suprennmi ol the deviation ol empiric and 
theoretical distributional function. The results of lbe lest have eonli imed good 
accordance of empiric and theoretic division. The degree of variability ol the measured 
microhardness values of minerals is suitable lo he considered by calculation ol lbe 
mean quadratic devation and variation coefficient. In current mineralogical practice, 
obtaining microhardness values, we are always concerned with certain limited number 
of measurements, from which we determine the most probable value by calculation ol 
the mean arithmetic average. This, however, can be different from the theoretical mean 
microhardness value of the mineral and therefore il is suitable to find out the interval 
of reliability, which wilh probabil ity near lo one (with probabil ity 0.95 in our ease) 
will cover the unknown theoretic mean value. For considered accuracy of establishing 
the mean value of microhardness of minerals lo be attained certain opt imum number 
of measurements is necessary, which can be lotind out Ironi the reliability interval 
'see tab. í ) . 

Particular attention has lo be paid to evaluation ol microhardness mentioned in 
tab. 2 from mineralogical s tandpoint. A more deiailed analysis ol the attained values 
of microhardness of minerals can be carried mil m our case only in lbe situation when 
values of several measurements ol the same mineral are available. I o llus requirement 
pyrites, magnetites and partly also garnets suit. Oilier minerals, ol which 13—.'!2 
measurements are available to us. may be only compared with dala mentioned in 
l iterature. 

Ul 
IB 

1 

2 

3 

4 

LOCALITY 

TREIBOLC 

TREIBOLC 

TREIBOLC 

TREIBOLC 

DETERMINED ELEMENTS 

Co 

AL 

Si 

Mg 

Fe 

1^11*1 
B l l l l l 

• 
• 

Mn 

B 
• 
B 
B 

Sf 

O 

• 
• 

Ti 

• 
• 

K 
B 

o 

O 

O 

Ni 

o 
o 

c« 

o 

• 
o 

• 

Ag 

• 

Sn 

O 

• 
e 

• 

O 

o 

La 

O 

n 

• 

EXPLANATION : 

no-mi 10-1-/. fc 0,1-0,01-/ o 0,01 -o,oov/. I I o.ooi-o, \oooi-f. 

I'ii:'. /. Q u a l i t a t i v e speelral a n a l y s e s oľ g a n i c l s 

file:///oooi-f


112 
ZABRANSKÝ. I1HADA.VI 

Garnets taking pari in the composition of skarn deposits of the Štiavnica ..island" 
I-'. Z á b r a n s k ý 1908< arc characterized by essential representation o[ andradi le and 

grossularite eonstituent. oilier fundamental garnel eonslilnenls lake only slightly pari in 
their composition. According In the predominat ing constituent garnet no. I tab. 2 
may be ranged to grossnlarite as well garnet no. .'!. Garnets 2 and \ may be ranged 
lo andradi le . T h e mentioned character of garnels is also indicated by the dimensions 
uf structural lattice: garnet I no = 11.828 A. garnet 2 no = 11.98(5 A. garnet .'i a:; = 
11.839 A. garnet '\ a" = 11.978 A. The picture of representation of macro- and micro­
elements of garnels is provided by the results of qualitat ive spectral analysis lig. / . 
The microhardness of the studied garnels varies within the interval of 1007.8— 
1122 kg mm 2 , garnels with predominat ing andradi le constituent show lower micro-
hardness values (I0b7.8—1072 kg mm 2 ) in contrast In garnels with predominat ing 
grossularite constituent (109:!.7—1122 kg m m 2 ) . Microhardness values of garnels with 
predominat ing constituent of spessartite. nlmnndino and pyrope shmv higher values 
than the garnels measured by us. For instance. 8. I. L e b e d e v a (1963) menlioned 
for a lmandinc the microhardness in the interval 1228—1290 kg nun 2 . Generally il is 
lluis valid For garnels thai with diminishing id the dimensions uf structural lattice 
from andradi le a . = 12.048 A lo pyrope no = 11.459 A — according lo \Y. ľ',. T r i i -

g e r 1907! the value of microhardness will increase. This relation could he applied 
in determination of garnels on the basis of microhardness. hul this problem requires 
more detailed analysis. 

Pyrites in the skarn deposits of the Štiavnica ..island" are represented in the hydro-
thermal stage of quurtz-calcite-sulphides of the development of deposits in several 
periods (F. Z á b r a n s k ý 1968). There is mainly the pyrite-chalcopyrile period, m 
which with pyrite and ehaleopyri l" as non-metalliferous minerals caleile and quartz 
are present. From this period microhardner-es of pyrites 19. 20 and 23 were measured 
(tab. 2). The predominat ing ore mineral is p.-rile also in the polynielhullic period, m 
which together with pyrite also ehaleopyrite. sphalerite, galenile and from non-metalli­
ferous minerals caleile. quartz and chlorite are found. Krom this period microhardness 
id pyrile 22 was measured. Pyrite is also very much represented in ore mineralization, 
which is al some localities (Rumlovská. Alžbeta and Rozália) spatially connected with 
skarn mineralization, but genetically belongs to younger hydrothermal mineralization 
uf subvoleanic vein deposits of the Stiavnica-I lodruša ore district. From this mineral 
Idling, where together with pyrile mainly caleile and quartz are present, was measured 
pyrite 24. In Mg skarns (F. Z á b r a n s k ý 1908) pyrite forms together with ehaleo­
pyrite. caleile. quartz and chlorite the youngest mineral association. From il micro­
hardness of pyrite 21 was measured. 

Pyrite belongs among minerals characterized by wide dispersion of microhardness 
values, which depends on many factors (gcocheinicnl. physical, crystallographical. me­
chanical etc.). Pyrites in which microhardness was measured, are characterized by 
quite varied association of microelements, bul lo stable microelements belong Ni and 
Co. according lo B. C a m b e I and .1. J a r k o v s k ý (1967) lbe ratio of Co : Ni is 
I : 0.01. According In the mentioned authors is the ratio Co : .Ni also similar al sub-
volcanic deposits id the West Carpathians. 

In spile id expectation, regarding to known wide dispersion of microhardness values 
uf pyrites, microhardness of pyrites Írom skarn deposits of various periods does not 
show wide dispersion of values. If we do not lake into consideration the relatively low 
value of microhardness of pyrite 19 (I 170 kg m m 2 ) , probably caused by more con­
siderable overgrowing of pyrites with chalcopyrites and microhardness of pyrite 



STI'DY OF MICROHARDNESS 113 

24 ' l.'3t>8 kg'mru-), belonging to the mineral association, genetically connected with 
hydrothermal subvolcanic mineralization, the values of pyrites vary within the interval 
1283.4—1321.7 kg.'mm . This fact can he used in solving genesis of skarn deposits on 
the basis of determined microhardness values, similarly as mentioned by M. H á b e r 
(1965) also for other genetic types of deposits. This question is necessary to examine 
also at other skarn deposits, taking into regard the factors influencing microhardness. 

Magnetite at skarn deposits of the Štiavnica ..island" is the most wide spread ore 
mineral, ll is present in Ca skarns (prevailingly garnet, more rarely garnet-pyroxene 
ones) as well as in Mg skarns. In Ca skarns it is mostly found as small veins of 
various density frequently, however, forms layers of almost compact aggregate. Tn 
Mg skarns il is mostly present in the form of scattered idiomorphic and hypidiomorphic 
grains, more rarely it forms network of small veins. Magnetites from individual 
localities show relatively uniform character of the content, of microelements. T h e 
invariable content of Ti, Sn. Mn. Co, Xn and Cu and in magnetites of Mg skarns also 
of Cr and vice versa the absence of Mo. B, V and Ni (F. Z á b r a n s k ý 1968) is 
typical. Microhardness of magnetites from the skarn deposits of the Štiavnica ..island" 
Nanes within the intervals ol .>//.()—628.9 kg m m - and is in good accordance with 
microhardness values mentioned by various authors [F. M. N a k i l l a (1956) 882, E. 
ľ a M I a m a s a ('196.'!) 180—585. 8. Ií o w i e. K. T a y l o r (1958) 5 3 0 - 5 9 9 . I!. B. 
V n u n g. A. P. M i l l m a n n (1964) 190—660, S. J . L e b e d e v a (1963) 5 3 5 — 
69.) kg mm-]. Higher microhardness values were found out in magnetites present as 
isolated grains in silicate Mg skarn and that in magnetites no. 31 (622.2 kg m m 2 ) and 
no. 32 (628.9 kg/mm-) while magnetites in veinlels and compact coarse-grained aggro-
gate show relatively stable values (577,6—611.8 kg, mm'-). This fact probably is not 
connected with different representation of microelements, but with slight marlitiznlion 
of isolated grains at their rims. 

Microhardness values of minerals as hematite, chalcopyrite, sphalerite, g'alenile and 
cnlcite are in good accordance with lire values mentioned in l i terature and do not show 
any differences. 

At Flogopite we also find good accordance with dala known from literature. Because 
of the lack of data in literature, however, il is not. possible to compare minerals as 
epidote. I'assaite. olivine and pleonaste. Quite lor orientation il is possible to compare 
microhardness of pleonaste 1391.2 kg nun- (no. 10 in tab. 2) and 1151.6 kg limi­
ne. I F wiib lhal of chromspinel (S. I. L c b e d e v a 1963—1317—1366 kg m m 2 ) , even 

when such comparison is problematic as well comparison of microhardness of fassaite 
no. (i 950 kg nun- with spodumene (S. I. L c b e d e v a ) 918—1176 kg mm- and 

aegirine 761—824 (S. I. L c b e d e v a 1963). 

I'ranslal ion l>v J. ľ e v n v. 

RKKKUKXĽKS 

l ie w i n S. II.. ' ľ a v h . ľ K.. 1958: A sys[ein_nľ ere mineral identification. Min. .Mag. 9Í1. 
Ženeva. - D a m h r I I!.. .1 a r k n v s k ý .1.. 1SHÍ7: (icocliemic! der Pyrite ciniger Lagerslälten 
der ľschorhoslowakei. SAV. Bratislava. — D i m i t r i j e v S. I).. 1919: Priineiienie pribora 
r.,ikrolvci'(lfisti I'M ľ-'2 konštrukcii MM. f'liruščova i L. ľ. Berkovičn dljn diagnosliki minerá­
lov. Zapiski Yscsojuz. mineral, olišc. ser. '_!. 'J8. 1 — D r a h a u l .1.. 19(37: Spracovanie 
výsledkov pozorovaní. SYI.T. Bratislava. — D u n i n .1. B.. B a r k o v s k i j A. A.. S m i r-
n n v \ . Y.. I9Ô5: Teorija verojatnosloj i matomatiľoskaja statistika a technika (obši'aja časl'l. 
Cms. izd. lechniko-leni-eličeskoj ! i tor., Moskva. — IT á b c r M.. !!)(!;">: Boitrag zrnu Studium 
der Mikroliärti! von ľyril. ľ.col. shorn. Slow akad. vied I (i. 1. Bratislava. — I ľ j i n s k i j 



I I'l 
/.ABRA.NSKY. mi \l: VVI 

r i l d c n i j e mi l í rotvcrdos l i m i n e r á l o v ini'lmliij v d a v l i v a n i j a . Izdat . I -ciunpr. 
_ ,| j , n k o .1., 1038: Sta t i s t ické t a b u l k y , ("'.SAY. P r a h a . - L c b e íl e v a S. 
lenic m i k r o t v e r d o s t i m i n e r á l o v . I zda ť. Akad. n a u k ZSSR. Moskva . -
| !)ô(i: Tlie h a r d n e s s of meta l l ic m i n e r a l s in polished sections, k c o n . (.eol. 

s c li — M o d I I-'.. M.. 11)53: Die Mikrol iär lepr i i f i ing in Teor ie mid Praxis, 
ľiir a n ŕ c w a m l t e Wisscnscl iaf len mul T e c h n i k 19. I I . - P ä r n a m a a E., 
of Nickers m i r r o h a r d n c s s (III in lbe microscopical ident i f icat ion ol ore 

minera l s , especial lv sulfides of 13b, Bi, SI). - ľ u d n v k i n a .1. A.. L957: P o č n y j c m e t o d y 
oprede lcn i ja n t ruza leľno j spôsobilosti i tverdosl i r u d n ý c h m i n e r á l o v . Gosgeoloteehizda l , 
Moskva — T r 6 " c r \ Y . I-'.. 1967: O p t i s c h e Bcst inimuna; d e r g e s t c i n s b i l d e n d e n Mineral . ' . I <-i I 
2 S t u l ľ ' a r l . - Y o u i i " B. li.. M i 1 I m a n A. P.. 1961: M i c m h a r d i i e s s and d e f o r m a t i o n 
ě h a r a c t e n s t i c s of ore m i n e r a l s . Hull. Inst . Min. Met. Tras . 7.'!. - Z á b r a n s k ý F.. 1968: 
G e o l o g i c k o - p a r n g e n e l i e k é p o m e r y s k a r n o v fitiavnic-kého os t rova . M a n u s c r i p t , Geofond. Bra­
t i s lava. 

G. A., 196:': D| 
uiiiv., Leningrad 
.1.. 1963: Oprei 
N ii k h I a I'. M. 
5 1 , S. — 0 n i l 
S c h w e i z c r A r e h n 
1963: ( In the us 

Review hs B. C a m b e 1. 


