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STUDY OF MICROHARDNESS AND MATHEMATIC-STATISTICAL
EVALUATION OF MICROHARDNESS MEASUREMENT RESULTS

(Figs. 1—-7)

ANbsteact: The paper deals with possible mathematic-statistical  treating

ol the resulis o mierohardness  measurement of  minerals. Vs erals

dous  mi
underwent mathematie-statistieal evaluation  of  microhardness  —  si
sulphides and oxides, Tnoall measured  minerals the chars
of microbardness values was Townd out, the variation coelficienrt was ealenlated
and the hvpothesis of reliability was verified at the 959, level of aecuraey
ol determination i'1||||||| in advanee. The mathematie-statistieal valuation showed
the vequired optimum number of measurements for one

Teales,
der ol distribution

%

another mineral,
Lie the conelusion dependence of microhardness on chemism of the mineral
and representation of microclements as owell as the possibility of applying
ol the obtained  microhardoess values Tor genetic studies we
some groups ol mineeals,

discussed  in

Peswme: B craTee rosopires o MaTeMaTUYeCKO-CTaTHCTHUECKOI ofpaboTke pe-
AYABTATOR HN3MEPEHUA MIUIKPOTBEPHOCTH MIHEpaJoB. MareMaTHaeckH-CTaTHCTHYeC-
KOil ouenxe ObLIIL MOIABEP/KEHBl PA3NUYUHBIE MITHEPAJbl — CHJIMKATBL, CYAbQIIIbl It
OKCHOBL Y Beex JI3MepseMblX MilHepaios Obun OBHapy:KeH XapakTep pacnpenenc-
HHA JOHHBIX MHIKPOTBEPIOCTH, NOACHHTAHHBIL KO®(pGUUNEHT BapHaulll I NpoBepe-
HI IHIOTE3a MOJ0MUTENLHOCTH Ha padee onpeaeiexsom 95 U0 yposue rtounocrn
OUpeleTeHA. Ha maremMatuueckit-cTaTitcTHHECKOTO oupelenesda HCXOoHT 'rpeﬁye-
MOE ONTHMANLHOE KOJIMYECTBD WIMEPEeHMI AJA TOTO MJAM APYyroro MuHepana. B asa-
RJIOYEHI Y HEKOTOPBIX TPYNn MuHepasnop ofcyKIianace 3aBHCHMOCTE MUKPOTBEp-
A0CTH OT XHMH3IMI MUHEPAJAOB Il HIAJANYMA MUKPOAJIEMEHTOB, a TAKKEe BO3MOMKHOCTH
HCTOJABIOBAHIA [TOJYHEHHBIX PAKTHUECKIIX HaHHBIX MHKDOTBEDIOCTH I# TeHeTHvec-
KHX Hayueril,

Inthe Tast period physieal properties of minerals are being abundantly applicd in
detailed dingnosis of minerals, One of such physical properties is the microharedness of
minerals, The method of microhardness measurement of minerals is well known from
the works of many anthors 5000 Lebedeva 19630 Go A TTjinskij 19630 F.NL
Nakhla 195G M Onivseh=-XModl 1953 N IHaber 1965 a0 o,

The presented work deals with possible mathematic-statistical evaluation of the resulls

ol microhardness measurement of minerals. mainly from the standpoint of oblaining
the most probable values ad practical consequences Tor microhardiness measuremoent
following Trom that,

As base Tor mathematie-statistical evaluation of the results of microhardness measu-
rement ol minerals served the vesults of minerals taking part in the composition ol
skarns (10 Za brans kv 1968 in the area of the Stinvniea disland™ (e, 1),

The microhardness ol all minerals was measured on apparatus PXIT-3 0l Soviel
production — using the weights mentioned inotab, 20 Regarding 1o that microhardness
wis measured on unorviented sections of minerals G polished seetions in all eases we
chose the method of Targer number of measurements of the same mineral. The number
ol measurements. localization ol the sample as well as the number of polished seetions

THRNDe o Zabreans koo Depactment of Geology and Mineealogy of the Faealty of
.\|illill;.' Engeineering of the Technienl Caollege, I, o Deabant, “vp:ll'lnll'ul' ol .\][nil:f_:
Measurement and Geophysies of the Faenlty of Mining Engineering of the Technieal College,
Svermova ul. Kosiee,
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nsed Tor microhardness measurement of one ar another mineral are mentioned in tab, 2

From the standpoint o the theory of probability we consider microhardness of mine-
rals s aecidental variable that may get falso in the same minerall arbiteaey value Trom
some interval as o consequence of various factors, This mainly depends on physieal-
chemicnl. ervstallo-chemical as also mechanieal Tactors Oxvpe ol the cevstal strneture
of the mineral. chemieal binding. valeney. coordination number. elasticity. brittleness
and plasticity, solidity

. The results ol microhardness measurimg are looa vertain
degree also inlluenced by subjective Taclor.,

With minss measuring of microhardness of one mineral the average value of miero-
hardness mosi |||'n|r:|h|l' is obtamed by caleulation of mean arithmetic average or most
lrequently by vraphic interpretation i the Torm ol variation curves (S, Lo Lebedeva
1063, Bewarding 1o the variability: of measure

microhardness values it is neeessary
1o vqualize them Teequently so that the resulting curve should vender prominent the
{'Il”l':—]l'll *

of division of microhardness values, Fqualization is performed by the method
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Table Lo Division of Mierohardness Values of Flogopite (Zelezna Hora — Number of
Measurements A4

Number Lnterval IT in FFrequeney in Iqualization Fqualization
of intery, lir "o . 1.
| i 0.1 T |
& G 14.1 1336
i 15.0 17.5 15.5
4 (Rl 15.0 152
0 15.0 133 1:3.0
& 10.0 0. 105
7 79 7.0 =0
b a0 R N
] 2.0 3.3 3.0
a5+ = 5.
z 3
o) =
= 30 2
5] =¥
=] W
i =1
& o
w25t o 5
L 25 #
; \
201
.rA‘
5} '
10+
|
5
ol - :
og 120 kq/mm 04
o o & # 9/ w0 L0 %00 00 M00 kg/mm
Fig, 20 Vavintion curve of microharduess of  Fieo 30 Variation curve of olivine.

r|||;:|||\il[- and s l~[!||;||i7:lli|ul.

ol averaging of three values of relative per cont Frequencies Tollowing one alter another,
The ealeulated avernge is orelated 1o the mean value, The mentioned procedure of
coualization may he repeated several thimes until n]llilnlllu rlllvnl'_\_' ol the variation
corve is reached, We are presenting the way o equalization on the example of Tlogopite
Mab, 1N 20 In Mes 3040 5 are caualized varation corves ol olivine, ealeite and
sphalerite,

Mathematic-Statistical  Faluation of the Besults of Miceohardness Measuremoent of
Minerals

The aom ol mathematie-statistieal treating ol results ol microardness measurement
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is determination of the most il|1|m|'l.'lnl numerieal charncterization of acerdental variable.
which ineludes:

I. mean value X

2 mean quadratie deviation 2. or variation cocllicient v

Sointerval of peliability for unknown, veal mean microhardness value o the i

neral £,
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Acoptimum number of measurements, guarantecing requived accuraey ol estimati

ol unkoown. real mean value,

FFor numerical characterization or so called estimation of unknown mean value of

accidental variable the arithmetic avernge X is used which does not depend on the
function of division of acceidental variable and with inereasing number of measarements
one approaches the real mean value of aceidental varciable, This approachig is getting
arcaler the more cmpivie division o aceudental variable s nearer o normal division.

FFor characterization of the degreces of dispersion or concenteation of all value around
the mean value mean t|l|:1l[r.‘t|i|‘ deviation is :|]l|nfil'r] tstandard, standard deviation! o or
variation coellieient v,

FFor calealation ol the mentioned nomerieal charaeterizations of microhardness of

mincrals the [“”li\\'ill;_" relations woere used:
1
X Ni
: ; _ 1=1
artthimetie average: X = — — |
1"
g 3
"on — 2
/ Yixy—x
mean gquadeatie R —
', ! ' Y —— 'JI ! I (2
deviation: =
/ 1"
eyt b a
- '
1Il|xl‘|Il 1 e I |””|1“ ("
cocllicent: X
b — meastreed mierohardness values,

These numerieal characterizations Tor individual minerals aee mentioned summarized

in tabe 20 Tab, 2 shows relatively most variable microhardness values o be reached

F.r‘l?o Fnix:
|

09t

08:

H
25 30 40 50 60 70 50 20 100 kg /mm

ol ””!lllll‘l‘.

e presentation of compivie and theoretic disteibution Tunetion of mierohaedness
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I"able 3. Calealation of the Supremum of the Deviation of Distribution Funetions

No. L;‘,t:"“-_i Xji—X | Xj—X" | = \—'q X it | ['n (x) Dn I
2 = F——=—— |
| 2 J 4 0 6 7 | 8
T :
| — MR S88.04 — L.74 0.04003 00250 001503
R — .03 GO1.69 — 1.a3 006301 0,0500 001301
] 20 A4 1,00 — 1.2} 11094 (.0750 00344
4 — N6 4006 — .04 10,1379 0. 1ann D379
5 — 173 313.29 — 1.0} INEIN 0, 1250 002065
0 — 7.7 313,29 — .03 01515 n.1a00 | (.0015
7 — 1.9 285061 — 0,949 01611 0750 00139
s — a8 249,64 — 0 00,1788 0,2000 00212
0 — 0.8 RETIN — 092 0.1783 0.2250 00462
10 . 249,64 — 052 01738 0,2500 00712
I — 1319 193.21 — .81 (12060 11,2750 0,066
12 =130 169,00 —0.70 0,220 0.3000 00764
153 — 97 9409 — 047 |1 2843 0.3250 0.0407
14 — T4 5.6 — 0.43 L3330 0.3500 164
15 — T4 M6 — 0,43 H.L;.';h (11,3750 L0414
5 - 62 844 — 036 0.3504 (LADD0D 00406
17 ) ORAM — 036 0.3594 (LA250 00656
B : — h2 a8A4 — a6 0.3594 (LAS00 0.0906
1 I —: 0 0,00 — 018 00,4286 n_f.,.,n 00464 |
M) YD — 21 AN — .12 00,4522 11,5000 N.0ATS
13 | aRH =z {0 0,40 — (04 0.4801 0.5250 0.0449
2 0.3 0.7 [{RAY 0.04 05160 01,5000 (L0340
23 Bt 0.7 0,49 04 05160 11,5750 00350
24 60,3 07 .40 .04 05160 [IHU[J[I (10840
25 2 D4 576 | 0,14 0.55357 0060
My A .00 ! 0,23 F0a810 0.0590
X7 fi.l '}'f.'_’l .36 0.6406 06750 00344
28 .l 37.21 | 036 06406 (0.7000) 0,054
) ] 500 A3 11,1664 00586
a0 a.n SO0 053 1 03019 0481
! 0.0 sLon [P 070149 0073
32 9.0 S0n | 0o 0nyo1H 1.8000 00981
1 13.0 2500 1,58 =106 11,8250 L0144
M 17.0 280.00 .00 08413 (1.8500 00087
35 1H.2 DUR.GA 112 11,8686 11,8750 1,0064
a6 | 19,2 .12 1.8636 09000 00314
a7 o 205 L0708 0,49250 LS4 |
it i 2056 09798 0),9500 (0208 |
a0 47.0 999 01,0863 (1.0750 0.0118 '
A0 170 Aahy 1.0868 1.0000 nas2
| |
25340 1.0 1 190,83
|
Ry 7 y |
LI Y g=| 1N 4500 -
AN A0 |

at Tlogopite. chaleopyeite and pyeites Te ise howevers remarkable that the average
variation cocflicient of all stodicd mimerals s 10" 00 what s an evidenee of ecarelul
measuring and keeping equal conditions in measuring,

For determination ol the r'vli.‘uhilil}' interval Tor the unkonown, real mean value of
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microhnrdness of minerals it is necessery o verily the hypothesis that aceidental choiees
woere selected Trom normal Tundamental set or what also signifies 1o prove that tiero-
hardness of the Tollowed minerals s contealled by normal division. Inothe given ease
for verification of this hypothesis tets are most suitable o he applied. which are
based on distribution Tunetions L1 Jan ko 1958 00 Draban e 167, The eiterion

of these tests. aecording o which acceptanee or refusal of the hypothesis will - be
decided. s the supremum of deviation of disteibution Tunetion ol the choice Trom
the hypothetie disteibution Tunetion of the fundamental sel.

In our case we suppose microhardness of minerals 1o he controlled by normal

division with disteibution Tunetion

whers g — mean value
g — mein l]lt:!lli'.‘llii' devialion
and may be found o handhbooks of mathematic statistics.
We designate the disteibution Tunetion of the choiee xp xo0 o000 000 X the

extent o from the Tundamental set with disteibution funetion 1900 as o and - cal-

culate b as Tollows:

o lor X <X
¥ k X 2 3
I'nixi = for skEx<*k+Lk=12....0nl (8
[}
| [or X =Ny
where xp. so. . oeoxy, aee meastred vilues, ordered according 1o the magnitude Trom

the smallest 1o the Tarwest,
From observation of disteibution Tunctions 47 and (60 we determine the value of
stprenim
D = sup [IF'nlx = 171
7
aned Trom the tables G dan ko 19520, Drabant 19670 we are Tinding the critical
values Dinfe o Tor which s valid

P fsup [Fulx) — F)] > Do(e) } =e S
or the |r|'r:|n:|1|i1il}' ol that suprennm of deviation of distribution Tunetions which exeeeds

eritical value equals o,

For elarification of using the mentioned test we present enleulation of the eriterion
for microhardness of Togopite in tab, 30 The mentioned table shows, that the supremumn
ol deviation of disteibution Tunelions

D= 0.0031 Tor the value x; = 686,
at

The ervitieal value Doter Tor o= 40 and « = o — level of significance is 0.2101.

Regarding 1o that D= 0.0081 > Duer = 02101, we aceept the hypothesis of normal

diviston of microharvdiness ol Tlogapite,
Crraphic interpretation of the applicd test s presented in g, 6. In o similar way
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also the vesults of other Tollowed minerals were tested and the results of the Tests aee

mentioned in b 20 which makes evident that the hypothesis of normal division ol

miceohardness ot the Tevel of 5% s redected in 4 cases only 0 2050 T 26 hat whith
usine Tor instanee, 2%, level of signilicanee the hivpothesis is also conlirmed in these
CHSes,

A< eonsequence of that i s possible o use Tor determination of r'l'|i:l|\i|il}‘ imterval.
which will cover the real. unknown mean microhardness value of the stadied minerals.
the known velation Do Janko 1O38 0, Deabant 1067

g

e o] ) 44
{u

where t= 196G a1 3% level of signilicance from the table of svalues of the twolold

vitlie ol the Tunction of Laplacee determining  the probability: ol the oceure

nee ol
acerdental variable o the interval == 10 Calealation of the l'i'|i.'|||i|ii_\' interval according

to 0 was carried ot Tor all studied intervals and s mentioned o ab, 2,

Relation 9 may be used Tor determination of necessaey number of measurements,
when vequired aceuraey of determination of mean value of the fundamental set or
the difference between the reals mean valoe and selectional arithmelic average s
established e advanee, T we thus designate

”

Pl Rl u)
then it is evident, that
T
D= - —
Vn
orat 95", probability

196G . @

T

_ LO6 o \
n =/ —_ [
. A

I we divide the numerator and denominator (100 by the mean value % then

O e N
||:|( ) {II'
¥
A

where v = expresses the Timit ereor of estimation @ in ounits X0 10 we divide 1the
X

Meom what

numerador and denominator of equation (100 g, then

e
.96
n=1{(|—
q
Ay

where g = expresses limit ereor ol estimalion @ in unils o,
1]

Fach of the velations (100 (DL C120 may be applied Tor establishing of 1the number
of measurements ool microhardness of minerals. guarantecing required  aceuracy.
Relation (10T may be applied when it is possible 1o estinate paametre @ Teom e
range of variation of measured values, Tor instanee:

Smax T Nmip
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where dnis coefficient dependig on the nmnber of measurements (NGNS mirnon,
JoDunin JoV. Barkovskij 1959,
Relation (11 may be applicd when the coefficient of variation of a larger number

of measurements is known or from several sets of measurements,

The most suitable is however, rvelation (120 heeause it does not require neither
determination of g nor of v, but it s sullicient 1o choose limit crror ol estimation
of the unknown. real value with regard 1o 6. On empirie material lmiting relative

i =

vialues of were studied. which varied within the imits Trome 00253 10 03580 the

g
mean value of the quotient was 030 or 305 of the mean quadeatic deviation (ab, 20
1
Regasding 1o the mentioned velative values of “and on the basis of the altained
g

values of the mentioned quotient and rvelation (120 o 1able for determination ol the

number of measurements may be compiled — guarmntecing required aceuracy tab.
Table 4
q (.25 0.0 | .35 040 A 0.50

IF we compare the number of measarements, from whielh numerieal characterization
of tab. 2 with tab. 4 were caleulated and vequired  relative aceurney of estimation
o= 0300 then i is evident that numbers with oo 2 40 are <uitable Tor the mentioned
requirement of acenraey but all o< 40 do ot Tullil the mentioned requirement, The
question of requived aecurney of estimation ean be discussed. 1 accuracy of estimalion
were Towered e g 1o the value g = 0400 than the sulficient number of microhardness
measurements would bhe n= 24,

Conclusion

[n the presented conteibution we summarize the results ol sierohardness measu-
pemment of minerals taking part in composition of skarn deposits in he areas of the

Stinvnien island™. For the purpose of obtaining the most probable values of mice

hardness of individoal minerals we examined the results of mierohardness measurement
by mathematic=statistical evaluation,

This stidy makes possible some conclusions for practical application in micro-
Laedness measaeenient of minerals in cureent mineralogieal practice. Especially - the
problem of Tinding out the most probable value of microhardness for the considere |
|||il“'|":|] i.‘& ['l”ll'l‘]"ll‘fl |l||l[['|’ l'il”llilil)n.‘;. “'hl'li [ALL l”‘i“”[i'[! .\'l'l‘li“uﬁ |'||' [Ill' ||'|i'|“'l'1'|] are
available but the oo

srewile of minerals, Trequently consisting of .'ll|lrl|'i|htl!lrr‘|1||it’ o

I,

Under these conditions we  carried  onl measueing ol - microhardness o minerals

mentioned o tab, 2 by the method ol L number of measurements of the siune

mineral, as mentioned in tab, 20 Tnoorder 1o obtain the most probable average micro-

hardness value we calenlated average value of microhardness by caleulation ol the

menn arithmetie averaze and also graphic interpretation in the Torm ol variation
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curves., which show very well variability: and  dispersion ol mierohardness values,
These. however. have 1o be Trequently equalized i the way mentioned o tab, |
regarding to the variability of anierohardness values in order o oblain optimum
”II['Ill'_\' of the curve. which alter such modification :‘|I‘-'II'|}' demonstrates the character
ol distribution of microhardness values, For the obtained microhardness value of the
Il'li]li‘l"'ll l'l“ll'fil'l"r'iz"!l IF\ l'l"'lili“ l'|1l'nlil'|'1|. l'['_\'!‘l-'ll|||-I'JH'“|E1':|I_ .\ll'“('l“f'n'll ?'lllil “Il'i'hl'”li"l"ll
properties 1o be relinbly applicd Tor diagnostic purpose it is necessasy 1o know the
law of distribution of microhardness as well as the degree of dispersion in the given
mineral, Therelfore the hypothesis of normal disteibution ol mierohardness o the
studied minerals was tested by aid ol the supremmm of the deviation of rmpil'iv anl
theoretieal  disteibutional Tunetion, The vesults of the test have  conlivmed goould
;I['I'l'['ll.'ll]l'(' “f l']ll]lil'ii' El.l'lll llll'l}r'l'1i(' ‘ii\'i.‘ii“ll. II‘]H' lh".{]"'l‘ {III \'i“'[”l!ilill\' 1-“ ll“' ““'“?“l”'i'll

I by caleulation of the
mean quadratic devalion and varviation coefllicient. Incurrent mineralogi

microhardness values of minerals 15 suitable 10 be consic

al practice.
obtaining microhardness values. we are alwavs conecrned with certain limited number
ol measurements. from which we determine the most probable value by ealealation of
the mean artthmetie average, This. howeser, can be dilferent Trom the theoretical mean
microhardness value of the mineral and theeelfore it is soitable 1o Tind out the interval
of reliability. which with probability near 1o one Swith probability 0095 10 our case
will cover the unknown theoretic mean value, For considered aceuraey ol establishing
the mean value of microhardness of minerals 1o be attained certain optimmm number
of measurements is necessaey. which ean be Toond out Trom the reliabilite interval
see tab, Al

Particular attention has o be paid 1o evaluation of microhardness mentioned i
tab. 2 Trom minesalogical standpoint. A more detadled analvsis of the attaned values
ol microhardness of minerals can be carvied ont in oure case only i the situation when
vilues of several measurements of the same mineral are available, To this requirement
pyreites. magnelites and partly also gonenets suit, Other minerals. ol which  15—232
measurements are available 1o use may be oonly compared with data mentioned i
literature,
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Garnets taking part in the composition of skarn deposits of the Stiaviien sl
FoZaheans kv 1968 are charneterized by essential representation ol andreadite and
srossulirite constitnent. other fundamental garnet constitnents take only slightly part in
their composition. Necording to the predominating constituent carnet no, botab, 2
many be ranged 1o arossularite as well earnet nos S0 Garenels 2 and 4 may be ringed
1o andeadite, The mentioned character ol garnels 1= also indieated ii_\' the dimensions
ol struetural Tattice: ;_"nr:u-l | ne= 112322 A, carnel 2 o= [1.O36G N, garnet 3 a0 =
FER30 AL earnet 4 o= 1LO78 K. The pictore of representation of macro- and miceo-

clements of garnels is provided by the results of qualitative spectral analysis g, 5

The microhardness of the studied  garmets varies within the anterval ol OGRS —
1122 ke mm? gaenets with predominating andradite: constituent <how lower miero-
hardness values (1067.8—=1072 |

srossularite constituent (L0937 —1122 ke mom* o Microhardness valoes of

mm?in oconteast (o ogarnels with predominating

rels with

predominating constituent ol spessartite, .1|'|1|||||llm- and pyrope show Ill”llll' vitlues
than the garnets measured by use For instanee, S0 Lo Lebedeva (1963 mentioned
DX 1290 ke = Generally i s
nishing of the dimensions ol steractural lattice
from andedite oo = 12,043 X 1o pyrope o= 11459\ — according 1o W T e 6-
voer 19670 the value of microhardness will inercase. This relation could he applied

Tor almandine the miceohardness o the interval |

thus valid Tor garnets that with din

in determination of earnets on the basis of microhaedness. bhut this problem requires
more detailed analvsis,

Pyrites in the skarn deposits of the Stivnien island™ aee represented in the hydreo-
thermal stage of  quadz-ealeite-sulphides of the development of deposits in several
pesiods (1. Zabran sk 19620 There is mainly the pyrite-chaleopyeite period, in
which with pyrite and ehaleopyrite as non-metalliferous minerals :'nlrih- and quartz
are present. From this period miicrohardnesses ol pyrites 19,20 and 23 were measured
tab, 20, The predominating ore mineral s porvite also in the polymethallice period. in
which together with pyrite also chaleopyrite. sphalerite. galenite and Trom non-metalli-
ferous minerals caleite. quartz and ehlorite are Tound, From this period microhardness
of pyrile 22 was measured. Pyrite is also very much represented inoore mineralization.
which is al some localities (Rumlovska, Alzbeta and Rozaliad spatially conneeted with

o minernlization. bul genetically belongs to vounger hyvdrothermal mineralization

of subveleanic vein deposits of the Stiavnica-Hodrngn ore district, From this mineral
[illing. where together with pyreite mainly ealeite and quartz are present. was meisured
parite 24, In Mg skarns (12 Zda b ransky 1968 pyrite forms together with chaleo-
prrite. ealeite. quartz and ehlorite the youngest mineral association, From it micero-
hiedness of pyrite 21 was measared,

Pyrite belongs among minerals characterized by wide dispersion o microhardness

\'.'Illll -

. which depends on many Tactors (geochemical. physical. ervstallographical. me-
chianieal eteo. Pyrites ino which microhardness was measored. are characterized by
quite varied association of microclements. but 1o stable microclements belong Nioand
Co. aecording 1o B Cambel and Jo Jarkovsky (1967 the ratio of Co: Ni is
001, Necording 1o the mentioned authors is the ratio Co @ Nioalso similar at sub-
valeanic deposits of the West Carpathians,

I spite ol expeetation. regarding 1o known wide dispersion of microhardness values
of pyrites. microhardness of pyreites from skaen deposits of various periods does not
Jiow wide dispersion of values. 1 we do not take into consideration the relatively low
vilne of mierohamdness of pyreite 19 CH70 ke mm*. probably caused by more con-

ciderable overgrowing  of  pyrites with chaleopyeites and  microhardness of - pyrite
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24 1368 kg'mm?), belonging to the ineral association. genetically  connected  with
hydreothermal subvoleanic mineralization. the values of pyrites vary within the interval
1283 A4—1321.7 kg mm? This fact can be nsed in solving genesis of skarn deposits on
the basis of determined microhardness values. similarly as mentioned by M, Hiaber
19650 also Tor other genetie tvpes of deposits. This question is necessary to examine
also at other skarn deposits. taking into regard the factors influencing microhardness,

Maguetite at skarn deposits of the Stiavaiea island™ is the most wide spread ore

mineral, 1t is present in Ca skarns (prevailingly garnel. more rarely garnel-pyroxene
oues: as well as in Mg skarns, In Ca skarns it is mostly found as small veins of
varions density Trequently, however. forms lavers of almost compael aggregate. In
Mg skarns it is mostly present in the form of scattered idiomorphic and hypidiomorphic
arains. more rarely it forms network of small veins. Magnetites [rom  individual
localities show  relatively uniform character of the content of mieroelements. The
invariable content of Ti, Sn. Mn, Co. Zn and Cua and in magnetites of Mg skarns also
of Croand viee versa the absence of Mo. BV oand Ni (F. Zabransky 1968 is
tvpical. Microhardness of magnetites from the skarn deposits of the Stinvniea Lisland™
varies within the intervals of 377.6—=628.9 ke oun® and 1s in good accordanee with
microhardness values mentioned by varions authors [Fo M. N ak hla (1056) 832, F.
Piirnamasa (1963 AS0=535. 5, Dowie Ko Taxvlor (1953 530—=599. B, B.
Youne Ao P Millmann (1964 A90—=660. 5. J, Lebedeva (19630 55—
G5 kg mm=! Higher microhardness values were found out in magnetites present as
isolated geains o silicate Mg skarn and that in magnetites no. 31 (622.2 ke mm?) o
no. 32 (6289 ke mim®! while magnetites in veinlets and compact coarse-grained agwre-
wale show relatively stable values (377.6—611.8 ke mm®. This Tact probably is nol
connected with different representation of microclements, bhut with slight martitization
of solated geains al their rims,

Microhardness values of minerals as hematite. r[l.‘:lr'h|n}'l‘il’.l‘. :«;Jhnh'r‘ill-. culenite and
calette are in good accordance with the values mentioned o lilerature and do not show
any differenees,

AL [ogopite we also find good accordance with data known Trom Hlerature, Deeanse
of the Tacl of data i ierature, however, i1 s not possible 1o compare minerals as
epidotes Tassaites olivine aod pleonaste, Quite Tor orientation it is possible o compare
microhardness of pleonaste 13902 kg mun® tno, 10 i b, 20 and 14516 ke mm?
noc LEEwith that ol chromspinel (S0 L e b ed ey a 1963 — 1317 —=1366 ke mm®, even
when such compartson is problematic as well comparison ol microhardness of Tassaite
no, G0 8500 ke mom= with spodumene 'S 1 Lebedeva 9485—=1170 ke mm® ol
aegirine (0 —824 S, L Lebedeva 1063,

Teanslation by o Pev ooy,
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