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THE RELATION OF MICROHARDNESS TO THE PHYSICAL AND 
CHEMICAL PROPERTIES OF GARNETS FROM VOLCANIC ROCKS 

OF THE WEST CARPATHIANS 

(Fig. 1-10) 

A b s t r a c t : The paper investigates the possible relations bolwe.cn microhard­
ness, chemical composition, unit cell edge length, specific gravity and refractive 
index of Slovakian garnets from andesiles, rhyolites, rhyodacites and mica 
schists. The microhardness of these garnets varies from ~ 1000 to ~ 1300 kg/mm2. 
Il was found that with the increase of the n. :\0 or j values, the microhardness 
nl the garnets under study decreased. The andraditic component had a positive 
effect on the microhardness. The quantitative relation between the elements 
present in the garnets and their microhardness is shown in fig /ia—'ic and 
Tab. 2,5. 

P e 3 JO M e: B CTaTbe noaaeTca cyMMapH3aiiHH pe3yjibTaTOB H3ľiepeHHH MHKpo-
TBepaocTH, HHfleKca npejiOMJieHHH, sjieMeHTapHoii jcqeňKH n ynejiHoro Beea HCKOTO-
pbix rpaaaTOB 3anaaHbix KapnaT. BjiHHHHe peiiKHx sjieMeHTOB Ha MiiKpoTBepaocTb 
He npoHBJíaeTCH Bbipa3HTCJibHO, BjiHHHHe rjiaBHbix OKHCJIOB Sojiee BbipaaHTejiiHoe. 
C noBbimeHHeM jiaHHBix n, a 0 , y MHKpoTBepaocTb naaae-r. Pe3yjibTaTbi noKa3MBaioT 
cyuiecTBenHoe 3HaqeHHe ajibMaaHHOBoro c o d a B a B aHajiH3HpyeMbix rpaHaTax. BJIHH-
HHe iiacTH ajibMiaHHa Ha MHKpoTBepaocTb nojio>KHTejibHoe. KoJiHiecTBeHHoe coor-
HomeHHe OTnejibHbix 3jieMeHTOB B rpaHaTax H MHKpoTBepaocTb npHBoaurcH HR (jiur. 
4a —c H Ta6. 2, 5. 

Introduction 

I Ins paper íleals with the relation between the chemical composition, unit cell edge 
length, refractive index, specific gravity and microhardness of garnets from anclesites. 
rhyolites. rhyodacites. micaschists from Bur/ovo. Brezina. Pomjaslo, Saris. SiatoroS. 
I'isovec. Z á h r a d n é ; Beňat iná, Lesné. Kysl inky and l lnúšľa as well as of garnets from 
mineral concentrates (from Dukovcc. Giraltovce. Poľana and Rikynčice: cf. Fig. I). 

I'he Lexlure of the investigated garnets, as shown in Figs. 10a— lOd. is to a great 
extent a product of grinding and polishing procedure. The proportion of disintegrated 
grains in the garnet, concentrate depends on their history and on the used miorosepara-
lion technique. In the concentrates m a n y grains were Found to be physically integrated 
eg. Fig. Iflc). For microhardness measurement disintegrated grains (mounted in a 

synthetic resin) offer a more random population of section surfaces than the integrated 
ones. 

The relation of the chemical composition of garnets and lhal of their parent rocks 
are not detailed as they are treated in another paper l>v .1. Š a l á t el al (1973) and 
R. ľ. r o u s s c el al '1072). 

Separation oj garnets 

As polished rock section usually did not. provide a sufficient number of grains for 
statistically correct microhardness measurements, and as we had to determine their 

' lag. M. J a k u b s k á , lag. C. M. T i in č á k. Tug. E. ľ i a c a n o v á, Ing. M. C i n č á-
r o v á, Mineral Research Laboratory of Ihe Košice Technical university, Švermova 5c, 
Košice. 
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ľhcmical and physical proporlies. I " " . Llic garnets had to be separated From theiľ parení 
rocks, ľ'or separation 50 kp samples were used. The samples were comminuted and the 
0 . 1 — 0.2 mm fraction was used for separation on riffles, dry (isodynamic) magnetic 
separators ami in heavy liquids. The garnet concentrate was semimanual ly after-cleaned 
C . M. T i m č á k I9()8) In ensure m a x i m u m purity ícf. Fig. 2). Trace amounts ol 
dark inclusions presenl in some grains could nul lie separated. 

w 
I 

co 

V 

"KOSICE I Co 

M A DAPS KO (Mi 

|-in. | . Sample sites location. I — Záhradné, 
2 — liľc/.ina. .'i — Siatoroš, r\ — Tisovec, 5 — 
Šariš, (i — Burzovo, 7 — Pomjaslo, 8 — Les­
né. (I — Beňaliná, LO -- KyslinUy, II — 
llni'išťa. 12 — Rikynčice, K! — Dukovce, ľi 
- Giraltovce, 15 '— Poprad, ÍG -- Poľana. 

Microhardncss test m £ 

Kor all the tests the I'MT-!! mien,hardness tester "ľah. I.) was used (S. I. I - e h e d e-

v a 1963, K. I l o r m u l h I963). The garnet grains were emhedded in „Dentí ikryl" 
synthetic resin. Pari of the measurements was performed on polished rock sections. 
The spalial orientation of the investigated garnets did not show any preferred oricn-
l „ l i „ n and was therefore considered to he random. On every garnet, population up to 
.-,() measurements were lake,, ícf. S. I. R i b a l k o L965). Only uncracked individuals 
for areas) were tested. , 

The lest results were statistically treated according to the method given by K Z a b ­
r a n s k ý and .I. D r a b a n t (1970). The character of the microhardncss frequency 
distribution for the investigated garnet types before and after statistical t reatment is 

13 K 15 * . M-

ľ'i g. 2. darnel separation flowsheet. 

Kin. ,'i. Frequency versus niicrohardness 
plo! for garnets from Poľanu. Heavy line — 
values ai'ler the statistical treatment of the 

' lata. A — mode, li — mean. measurei 
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s h o w n in Fig. .'!. T h e f r e q u e n c y c u r v e s s h o w e d ;i t e n d e n c y for n e g a t i v e s k e w n e s s . hill In 

t h e c e n t r a l a r c n t h e y c o u l d he a p p r o x i m a t e d [o n o r m a l d i s l r i b u t i o n . All [ho d i s t r i b u t i o n 

c u r v e s w e r e u n i m o d n l . F o r T u r l h e r i n v e s t i g a t i o n s t h e m o d a l m i c r o h a r d n c s s v a l u e s w e r e 

u s e d . All t h e m i c r o h a r d n c s s v a l u e s , h o l h m o d a l a n d m e a n , a r e g i v e n In ľ a h . 2. T h e y 

c o v e r a r a n g e f r o m - 1000 to - 1 3 0 0 k g / m m - . T h i s is in a c c o r d a n c e w i t h d a l a g i v e n 

b y S. I. L e b e d e v a 1903) a n d ľ. Z á b r a n s k ý a n d .1. D r a h a n I ( 1 9 7 0 ) . 

( licmical analysis aj garnets 

T h e s e p a r a t e d g a r n e t s w e r e u s e d [or wet c h e m i c a l a n d q u a l i t a t i v e s p e e t r o c h e m i e a l 

a n a l y s i s (el. T a b . 3,5). T h e c h e m i c a l c o m p o s i t i o n of g a r n e t s Is g i v e n In T a b . 3 . T h e 

wet c h e m i c a l a n a l y s i s d a t a of p a r e n t r o c k s w e r e t a k e n f r o m J . Š a l á t el al ( 1 9 7 3 ) . 

T h e r e l a t i o n b e t w e e n t h e S i ( ) 2 . C a O , M g O , T i 0 2 . A I 2 < ) : | . F e O . i U n O , i.\;n2< > + K 2 <)) 

a n d P0O5 c o n t e n t a n t h e m i c r o h a r d n c s s is g i v e n in Figs . 4 a — 4 c . T h e g r a p h i c a l 

e v a l u a t i o n s h o w s ťlial t h e i n c r e a s e of C a O . F e O , i . \ a 2 ( ) + K->0). a s we l l as SiO>. 

11O2 a n d l'20.-, c o n t e n t s l e n d s to h a v e 11 p o s i t i v e effect on m i c r o h a r d n c s s . w h e r e a s a n 

I 11 h I c I. ' ľhc speciľieal if the used m i c r o h a r d n c s s tester and the test c o n d i t i o n s 

I n s t r u m e n t type 

Maiuifacliu'ci ' 

I n d c u l c r 

l i u l e n l c ľ ľ i i n n 

Weight 

II ľ I ľ i i In I h .11 l i m e 

PMT-3 

Optical L a b o r a t o r i e s , USSR 

d i a m o n d 

'/•, o c l a e d e r < 136° 

100 g 

5 sec. 

b I c 2. Th 

S i t i 

1 / .úhľadné 
2 lirc/.ina 
3 Sia loroš 
4 I Tisovec 
5 Y. Šariš 
11 l i l irzove 
/ comjas lo 
S j Lesné 
!l Beíiatina 

Id K y s l i n k y 
I I I Inúšľa 
ľ- l l ikvnčice 
lli ľ o f a n a 

n e a s u r e d m i c ľ o h a r d n e s s d a t a after s tat ist ical t reatmeiU 

Mean valuer l l ie 1111111- v , Modal micro-1 c .Number , . , . ,. 
ber ot ,. I iardness (read t r o m • 1 ol meas- . 1 , P a n a l v s e d llie s m o o t h e d fre-' 1 iľemeiits sa mplcs ([iiency eurve j 

1 
2 
(i 
4 
', 
(i 
4 
) 
(i 
4 
4 
1 
1 

40 
40 
40 
40 
50 
:sít 
40 
40 
40 
40 
45 
,'il 
2!) 

1270,00 
1150,00 
1300.00 
1305,00 
1255,00 
1200.00 
1240.00 
1205,00 
1230,00 
1170.00 
1200,00 
1045.00 
1070.00 

ol rmci'O-
h a r d n e s s 
k g / m m 2 

1303,5 
1209,1 
1325,3 
1295,8 
1301,7 
1254.7 
1283,0 
1285.7 
1258,9 
1247,1 
1247,4 
1080,03 
1097,31. 
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'able 5. The results of quantitative spectrochcmical analysis of the investigated garnets 

NO 

8 
9 
3 
4 
2 
7 
5 
15 
6 
10 
11 

CODE 

Mil 67 
M4 í 67 
Ml j68 
M2 168 
M3l68 
M4Í68 
M5Í68 
M7Í68 
M8Í68 
M9J68 
M10/68 

SITE 

LESNE 
BE N ATI N A 
SIATOROS 
TISOVEC 
BREZINA 
POMJASLO 
SARIS 
POPRAD 
BURZOVO 
KYSLINKY 
HNUSTA 

QUALITATIVE SPECTROCHEMICAL ANALYSIS 
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Fig. 5. The Ca-Mg-Fe diagram of the investigated garnets. 
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increase of I lie MgO, A1 2 0 3 and M n O content has a negative effect. Thus il can he 
concluded thai ihe andradit ic component significantly contributes lo the increase of 
garnet microhardnes.s. These experimental results arc in accordance with the results 
obtained through the 'normalised) end member calculation (using the wet chemical 
analysis dala), given in 'ľah. 'i (C. 15 u r r i and 1. P a r g a - P o n d a 1 1936 ľ C 
R i e k w o o d 1906). 

11 w l l s ľountl thai in Ihe Mg-Ca-ľe diagram (K. S m u 1 i k o w s k i 1965) garnets 
from andesiies fall along Ihe Fc > Ca > Mg and Fc > Mg > Ca border l ine: garnets 
Írom rhyohles are shifted I,.wards the Fc > Ca > Mg area and garnets from rhyodacitc 
M l close lo Ihe he > Mg > Ca area (Fig. 5). The correlation of the chemical composi-
lion of parent rocks and ihe garnets (of. ľ. C. K i c k w o o d et al 1.968, .1. Š a l á t 
et al 197.'!. A. S r i r a m a d a s 1957) is given in Fig. (i. where the corresponding pairs 
ol values are joined by lines. A correlation between these two types of parameters 
exists, is comparat ively well defined and is a subject of our further investigation. 

<,34 

90 GROSSULAR. 
(Can) 

o.(A) 

Fig. li. 
rocks, 
sitimis 

11,85 

triangular diagram ní llic composition of the investigated garnets anil their 
I'ala on nick composition were taken from .1. f i a l a I et al. I!)7.'S: the garnet 
were estimated from their physical properties; for numbering refer lo the 

parent 
compo-
tables.) 
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noBat.v, one. I he other elements d.d not show any well defined effect. 

• " ™ « « ™ « « o/ . ,p e , ; / / c „.„„,•„. u n i £ c e / / e f / g e , m g r t ^ ; . e / ; ř ; c f . v e . ^ 

a - ' J l ^ t ' S l ^ i e ^ ^ t i r 8 'T" 1"" "n"" l r i c a">-- T h e — d data 
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l!)( 
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i (1 Z (i 

H Chi-
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rule. Tlie Films and 

1,80 

',*?• 

„,, BROSSULAR 
'° (0,0) 

PYROPĚ 
(Mi O) 

'•'"• »,?S 0.(4 J 

, ; " : ' P " "'' refraC,ÍVC m " " X ( , , ) V " " ^ . , ŕ C e " " " - ' - -) of the i „ v c s t i g a t o J 



186 [AKAIiSKA - T I M C A K - I rACA.NOV.V - Cl.NCAKOVA 

records have been permanent ly stored in Mineral Research Laboratory of the Košice 
Technical University. The theoretical unit cell edge lengths were calculated from the 
wet chemical analysis dala. The experimental ly determined and calculated values were 
not identical. This results — to a great extent — from the simplifications necessary for 

Fig. 8. The n-ao-H triongle of the investigated garnets. Garnels from each rock type are 
located in well defined regions. 

« ' iw "•'•<"> 3,8 4.0 

Fig. !)u-b. Graphic presentation nľ the relations between the physical properties of garnet 
(n. :\n, y) and their microhardness. 



THE RELATION OF MICROIIARDXESS is. 
the theoretical calculation [)'. C. K i c k v o o d L968. ľ. C. R i c k w o o d et al 1.968, 
l£. T r o g e r 1959, N. V. S o b o l e v 1964). For Further considerations we used the 
experimentally measured data. 

The refractive index and unit cell edge length values were plotted in a modified 

•ig. 10. MicrophotograpUs of typical garnets (polar//, magiiiľ. 75 X). Photo .1. 0 r č í k. 
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JEOL. 

T a b l e 6. Physical properties of the investigated garnets 

No 

1 
2 
3 
4 
ó 
li 
7 
8 
í) 

in 
ii 
12 
13 
14 
15 
III 

Code 
No 

9/68 
10/68 
12/68 
13/68 
47/68 
48/08 
51/68 

8/68 
11/68 
49/68 
50/08 
23/69 
24/09 
25/6!) 
20/09 
27/09 

Sile 

Záhradné 
Brezina 
Sliatoroš 
Tisovec 
V. Šariš 
Burzovo 
Pomjaslo 
Lesné 
Beňatina 
Kyslinky 
llnúšfa 
Rikyiičicc 
l)uk<tvce 
(Iiraltovc< 
Poprad 
Poľana 

Garnets 
ľ r n n i 

: andesite 
' andesite 
andesite 
andesite 
andesite 
andesite 
andesite 
rhyolite 
ľhyolile 
rhyodacilo 
mica schist 
mineral cone. 
mineral cone, 
mineral cone. 
mineral cone. 
mineral cone. 

Specific 
gravilv 

4,0782 
4.011.1 
4,0290 
4,0891 
4,0807 
4,0899 
4,0226 
4,1452 
4,2341 
4,1360 
4,1493 
4,1050 
4,2193 
4.4720 
4.0266 
3,8993 

Refracti­
ve index 

1,795 
1,797 
1.802 
1,798 
1,791 
1.710 
1,794 
1,798 
1.813 
1.805 
1,803 
1,798 
1,795 
1.809 
1.791 
1,812 

Uni 
edge 1 

Calculated 

11.62 
11.61 
1.1,63 
11,64 
12,62 
11.67 
11.62 
11,03 
11,67 
11.58 
11.63 
11,62 
11.62 
11,61 
11,60 
11.01 

cell 
ength 

• " 

Measured 

11.52 
11,52 
11.56 
11.53 
11,53 
11,55 
11,53 
11,55 
11.52 
11.55 
11,52 
1:1,58 
11.57 
11,55 
11.58 
11.58 
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T a b l e 7. X-ray p o w d e r p h o t o g r a p h y c o n d i t i o n s 

Kilm O H W O 17° D I N 

X-ray g e n e r a t o r | Mikrometr i 1 ( c a m e r a r a d i u s Pi = 04 mm*! 

T u b e j Co target r u n at 28kV a n d 18mA 

E x p o s u r e l ime Co (Fe filter) — 0 h o u r s 

D e v e l o p m e n t | O R W O - R Oil (I : 50) at 18° + I °C 

D r v i n e Air dr ied 

A. S r i r a m a d a s — 11. W i n c h e l l d i a g r a m (A. S r i r a ni a d a s .1957. I I . 
W i n c li e I I 1 9 5 8 . P . C. R i c k w o o d e t a l 1 9 6 8 ) . T h e r e s u l t s ( F i g . 7) i n d i c a t e 
a h i g h a l m a n d i n e c o n t e n t . T h i s c o r r e s p o n d s w i t h t in 1 r e s u l t s g i v e n in T a b . 4. 

T h e r e l a t i o n b e t w e e n r e f r a c t i v e i n d e x , u n i t cell e d g e l e n g t h a n d m i c r o h a r d n c s s is 
s h o w n in Fig. 8. w h e r e g a r n e t s f r o m t h e p a r t i c u l a r t y p e s of p a r e n t r o c k s o c c u p y w e l l 
de l m e d a r e a s . 

A m o r e d e t a i l e d a n a l y s i s of t h e r e l a t i o n b e t w e e n r e f r a c t i v e i n d e x , u n i t cel l e d g e 
l e n g t h , spec i f ic g r a v i t y a n d m i c r o h a r d n c s s is g i v e n in F i g . 9 a — 9 b . W i t h i n c r e a s i n g 
r e f r a c t i v e i n d e x , u n i t cell e d g e l e n g t h a n d spec i f ic g r a v i t y t h e m i c r o h a r d n c s s of t h e 
i n v e s t i g a t e d g a r n e t s d e c r e a s e d . 
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