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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)

Abstract: The paper investigates the possible relations between micrahard-
ness, chemical composition, unit cell edge length, speeific wravity and refractive
index of Slovakian garnets from  andesit rhvolites, rhvodacites and  miea
sehists, The microhardness of these garnets varies from ~ 1000 10 ~ 1300 ke/mm?,
It was Tound that with the inerease of the n, wy or v values, the microhardness
ol the garenets under study decrensed, The andeditic component had a positive
effect on the microhardness, The quantitative relation between the elements
present in the garnets and their microharedness is shown in e, An—Ae and
Tab, 2,5,

Peswme: B cratbe nogaeTcs cyMMapuaiaums pesyabTaTos HBMEPEH N MUKPG-
IBEPIOCTH, WHACKCA MPEJIOMJACHHHA, 3NCMEHTAPHOH AYEKH M YIENHOTO Beca HOKOTO-
puix rpasatos 3anamueix Kapnar. Bauanue peakux snementon Ha MHEDOTBEPIOCTE
HE TIPOARJIACTCH BLIPA3HTENBHO, BAHMAHHE IIaBHLIX OKHCJADE (ojiee BLIPA3IMTENRHOE.
C nospluesueM HaHHBIX N0, dp, ¥ MHUKPOTBEPNOCTH fajaer. PeayjbTaTsl TOKA3LIBAIOT
CYLICCTBEHHOR JHAMEHME AJBMANHUHOBOTO COCTaBa B aHANMIMPYEMEIX TpaHartax. Bnus-
HHE 4aCTH afibM UILHHA HA MUKPOTBEPHOCTE nonowurensioe. Konuuecrsennoe coor-
HOUWIEHHE OTIACJABHLIX BJNEMEHTOR B IPAHATAX W MWKDPOTBEPROCTH NPHBOLAMTCA Hi U

da—c u Ttab. 2, 5.

Introduction

This paper deals with the relation hetween the chemieal composition. unit cell edge
length. refractive index. specifie gravity and microhardness of garnets from andesites.
Pomjaslo, Sarid. Sintoros.
Tisovee. Zahradné: Benatind. Lesné. Kyslinky and Hnadra as well as of garnets from

mineral concentrates (from Dukovee. Giealtovee, Polana and  Rikyndice: ef. Fig. 1),

rhyolites, rhyodacites. micaschists from Burzovo, Drezina.

The texture of the investigated garnets, as shown in Fies, 10a—10d. is 1o a wreal
extent a produet of grinding and polishing procedure. The proportion of disintegrated
crains in the garnet coneentrate depends on theie histors and on the used IMICTOsePiri-
tion techniques Tn the concentrates many grains were found to be physically integrated
ca. g 10k, For microhardness measure

b disintegreated  geaing (mounted inoa

synthetie resind offer oo more random population of seetion surfaees than the integrated
ones,

The relation of the chemical composition of gaenets ad that of their parent rocks
are nol detailed as they are treated in another paper by 0 Salar e al (1973 and
B Brousse o al (1972),

Separation of sarnets

As polished roek section usually did not provide a sufficient number of grains for
statistically correct microharvdness measurements. and as we had 1o determine their
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chiemical and phyvsical proporties. too, the garets had 1o be separated Trom theie parent
rocks, For separation 50 kp simples were useds The samples were comminuted and the
D1—02 i Teetion was used Tor separation on eiffless dey Gsodynamie magnetie
separators and in heavy Lguids, The garnet concentrade was semimanually alter-cleaned
CoNL Timeak 1968 1o ensure maximnm poreity (el Fige 200 Teaee amounts of

daek inelusions present in some geains could not he separited.
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fg7 At N, I 9 Breezin 3 — Siatorod, 4 — Tisovee, 3 —
g e S Saris, 6 — Burzove, 7 — Pomjaslo, 8 — [Lis-
o2 ',.-"‘"2'?#"} a9 — Benating, 10— Kyshinky, 11—
el ! \ o
/.C 0 (H) Moasta, 12 — Rikvndice, 13 — Dukovee, 14
B e o MAEIARSK CGirnltovee, 15 — |‘n|r|':|,rl. 1G — Polana,

Microhardness testing
For all the tests the P23 mierohardness tester (Tabe owas used 15, I Lebede-
v 1962 10 Hhoermuath 1963, The garmel grains were cmbedded in LDentaleyl
svnthetie resing Part ol the measurements wias performed on polished rock sections.
The spatial ovientation of the investigated garets did not show any preferred orien-
considered 1o be mndon. On every garnet population up to
ol S L Ribalko 19657, Only uneracked individuals

tation and was therelore
S0 measurements were taken
for areas) woere testid.

The test results were statistically treated according to the method given by I, Zab-
(19701, The character of the microhardness frequeney

cansky and o Dreabani
and alter statistical trealment 1

disteibution Tor the investigated garnet types hefore

N
0

FRETLE

Fig. o Frequeney  versus mierohardness
° plot Tor garnets Trom Polanae Heavy line —
vidues after the statistical treatment ol the

D Gaenel sepaeation Tlowsheet. weasured datie A — modes Bo— mean,
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shown in Figs 30 The Trequenes corves showed o tendenes Tor newitive skewness, ol in
the central aren they could he approximated 1o normal disteibution, A the distribution
curves were unimodal. For Turther investigations the modal microhardness values were
nsede AL the microhardness values. both modal and mean. arve given in Tab. 2. They
cover oo range from = 1000 1o ~ 1300 kg/min This is in aceordanee with data given
by 5oL Lebedeva (0063 and I Zahransky and 10 Deabant (1970).

Clhiemical analysis of garnets

The separated garnets were used Tor wet chemical and qualitative spectrochemical

analysis (ef. Tab, 3.5). The chemieal composition of garnets is given in Tab, 3. The
wel chemical analysis datac of parent vocks were taken Trom J Saliar el al (19730,

The relation between the Si0a CaO MeO. TiO2, AlOg FeO. MO, (Nu() + Ko
and PaO5 - content an the microhardness is given in Figs, Aa—4Ae. The graphical
evaluation shows fhat the inerease of CaO). [Fe0), (N0 4 a0, as well as Si0..
Ti0a and 905 contents tends 1o have o positive effeet on mivrohardness, wherens an

Fable 1o The speeilication of the used wicrohardness tester and the test eonditions

Lastrument Ivpe | PAIT-3

Manalacturer Optieal Laboratories, 1SS

Indenter diamond

Todlenter Torm o oetaeder < 1362
Weight 100 &

Indentation tinme D osee.

Table 20 The measorved microhardness data alter statistieal Trentment

The - Modal micro- Mean values
Number " b
. s ber of ~ haedness (eend Trom ol miero- |
AYTH Stle ol meas- |
:l!l:ll_\'.\'t'd e the smoothed [re- lird ness |
I simples v queney curve) | kg fm® !
I Zaheadne i A0 1270,00 1303.5 |
2 Brezing 3 Al 150,00 1200,1
3 Siatoros o Al 1:300.00 1425.3
A Tisover A4 A0 130500 1295.8
300V, Saris i ol 1255.00 13017
i Burzovo 3 a4 120000 12547 I
7 Pomgasto 4 a 1240.00 128:3.0
S Lesne 2 Al 126500 1285.7
1) Benating 3 At 12:30,00 12584
W IKvslinks ( Al 1170.00 12471
Il Hnsra 4 () 1 200,00 1247 4
12 Hikynéiee L a1 104500 1OS0L3
113 "ol [ 1) 107000 1087 31
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THE RELATION OF MICROILARDX ESS 1=
Table 5. The vesults of quantitative spectrochemienl analyvsis of the investigated garnels
QUALITATIVE SPECTROCHEMICAL ANALYSIS
NO | CUDE SITE o = o =
’ 3|¢5|8|21=||8 ﬁbaémagfmfgﬁhﬁa
8 |m1/67| LeESnE __|@|@|@ololoe|olololo] [oloojojo] |o
9 |m4 [67 BENATINA |@|@|@|0/0|0|®|0] |©/0|0j0| o[olo] [olo
3 [m1/s8| siaToros |®|ele|o[e|el@|o] [elo] [o] [olo olo
4 |mo2le8| TiISOVEC @@ eo0oo®0do0O|C] |00 [e][e](e]
2 |M3alss| BrEZINA |®|®|@®[0[0O[O|® olo| o] [o]o olo
7 |M4[68] PomJasLO [@|@[@]0|0[0@® olo| o] Jolo olo
5 |mM5/68] SariS ele|e/o|o[o/e|ojd[o[o[o]o] [o|o olo
15 |M7/68| POPRAD eleleoeoeloo|0 ol lolo [¢)
6 |M8leg| BURZOVO |®@|@|®|0|0[0|® ] 0 olo
10 | Mg /68| KYSLINKY |®|@(@|0/0|0e o|o] |o olo| |o[o [0)
11 |[M10[68] HNUSTA e e oo00® 0 |©C| |©O |0 |0 |O0|O] |O] |O
@ 100-10% @ 10-1 % ® -0, % © 0,1- 0,01 %
©0,01- 0,001 %
- v/ s
Mg o0 o 40 50 0 70 80 90 Felt
Mg ) Fe?*) ca Fe?*)Mg »Ca
@ Andesite

© Rhyolite @ Rhyodacite

A Mineral concentrates

A Mica schist

Fig. 5. The Ca-Mg-Fe diagram ol the investizaled garnets.
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incrcase of the MaO, ALOy and MuaO) content has a negative effect. Thus it can he
concluded that the andeaditic component signilicantly conteibutes 1o the incrense of
garnel microhardness, These experimental results are in accordance with the resulis
obtained throngh the ormalised) end member caleulation (using the wet chemieal
analysis data). given in Tab, 4 (C Buarei and I Par ga-Pondal 1936, 1
Poiekwood 1966).

I was Tound that in the Me-Ca-Fe dingram (K. Smulikowski 1065 varnels
from andesites fall along the Fe > Ca > Mg and e = Mg = Ca border line: garnels
from rhyolites arve shilted towards the Fe > Gy = My area and garnets from rhyvodacite
Fall close 1o the Fe > Mg = Caarea (Fig. 5. The corrclation of the ¢hemieal COMpOsi-
tion o parent rocks and the warnets ol PG Biekwood ol al DGR Sala
etal 1973 A Seivamadas 1957) is given in Fie. 6. where the corresponding pairs
of values are joined by Tines. A coreelation hetween these (wo tvpes ol parameters
exists. is comparatively well defined and is o subject of our Turther mvestigalion.

s ALMANGINE
(Feg)

1,74
20

80 GrossUL 4R,
(L‘u",‘

PYROPE
(Mg0)
170-]

T T T T
11,45 55 11,65 11,75 11,85
a.(A)

Fig. 6. Triangular dingram of the composition of the investignted gaenets and their parent

e (Datae ons roek composition were taken from J. Salat et al, 1973 the garnet compo-
sitions were estimated  from theie physieal properties: Tor numbering vefer to the tables)
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To establish the effect of (raeo clements on microhardness. the garnels were spectro-
chemically analvsed  (Taly, AL The possible offeer of Ph. Seo Y and Co was nvesti-
gated. The presence of Ph seems 1o have o positive effeel on microhardness and (he
presence of Yoa negative one. The other clements did not show any well defined effeer.

Measurenient of specific gravity. unit cell edae length and refractive indea

The specilie avily of gnrnels was determined pyenometricallv, The measured data

are shown in Tal, 6. The rofractive index was established using the minimum devia-
tion method (in methylene dodide and West's solution) (R, Rost 1956).

The unit cell edge length was determined by N-ray powiler photography (V. Bad 2 0
64 I L Szirokas Yoebal 19700, using o MIKBRONIETA | (vpe instrument Chi-
vana. Czechoslovakia), The techniceal details are listed in Tab. 7. The l[ilms were
measured by 3 operators independently on a Chirnna measuring rule. The films and

n
T ALMANDINE
' (FeO)
1,62+
T
1,60-
1,78
1,75+
1,74 o
C
GROSSUL AR,
50 (cao)
1,72-
PYROPE
(My o)
1,70
45 155 1 e 75 a.(A)

Fie. 7. Graph of releactive index (1 versus unit eell odee lenstl ol ol the investigated
rarnets.
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records have been permanently stored in Mineral Research Laboratory of the Kosiee
Technical University. The theoretical unit cell cdge lengths were caleulated Trom the
wel chemieal analysis data. The experimentally determined and calealated values were
not identical. This results — 1o a great extenl — from the simplifications necessary for

n

Fig. & The n-ag-H teiongle of the investigated saenets. Garnels Trome each

roclk Ly are
located 1o well defined resions,
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Vi, Da-h. Geaphic presentation of the eelations between the physical propertics ol garnets
(ny e poand theie mierohardness.
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the theoretical calenlation (P Co Riiekvood 1962 P G Rickwood of al 1D62.
o Tredger 1959, NV, Soboley 1964, For further considerations we used the
experimentally measured data.

The releactive index and unit cell edge length values were plotted in o modilied

Fig, 10, Microphotographs o tvpieal garnets (polac /. magnil, 75 X). Photo J. O reik.

Garnet in andesite Trom Drezina.

Fig. 10h, Garnet in chyolite Trom Lesné, i, 1OdL Garnel inomiea sehist Teom TToiis .
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Fie, 10e, Garnet Teom chvolite, SEM image. JNA 50 AL 300 X, Photo: JEOL,

Table 6. Physieal propereties of the investigated garnets
[nit cell

| ™o | t:‘j‘ll‘ Site Garnels :i;u-l'i_fil‘ Huf_r::(!li- edae length |
. No from cravily | ve index = — -
Caleulated| Measured

1 a/68 Lahradnd andesite 407382 1.795 1162 115
[ 2 10068 | Brezina andesile A0111 1,797 11.61 11.52
b 12/65 | Stintorod andesite A0206 1.802 11.63 1156
i Tisovere | andesite A0801 1.708 11.64 11.53 |
i /68 N, Sarid andesite 4.,0807 1,791 12,62 11,53
0 AS/GE | Burzovo andesite ALED9 1716 11.67 1155
75168 | Pomjaslo andesite 40226 1,794 11,62 11,53
8 | 868 Lesné rhyolite AlA52 | 1,798 11,63 1,55 |
L9 11/G8 Benating frhivolite 4.2341 1.813 11,67 .52 !
|10 AD/GS | Kvslinky [rhvodaeite 4,160 1.805 11,58 11.55
11| 50/68  Tnnsra [ mica sehist CAJANS 1.803 LGS 11,52
12 KA “ilil\'lll"il'l' mineral cone, A 650 1. 798 11,62 11,58
13 SAMGD | Dukovee Cmineral cone. 4.2193 1,795 11.62 11,57
14 2569 !(:ir:llln\'t':' Lmineral cone, 1 AAT20 1 .80 11.61 11,55
15 26/69 | Poprad Fmdneral cone. A2606 1,791 L6000 | 1158
16 27069 Polana mineral cone, 3.8993 |,812 [ . 11.58
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Table 7. X-l'.’l}' }m\\':h']' p|l.:|[|r_l_f|':||‘|||}' condilions

Iilin DBRWO 17° DIN |
Neray generalor Mikrometa | {eamera radius B = 64 mm) ;
Tube Co targel run at 28kY and [SmA

Fxposure time Co (Fe filter: — 6 hours

Development CRWO-R 09 (1 500 ar 182 4 1 °(

heving Nir drvied |
A Sriramadas — I Winehell diagram (N Sreiramadas 19570 1L

Winehell 1958, P C. Riekwood et al 1968). The results (Fig. 7) indicale
a high almandine content. This corresponds with the results given in Tab. 4.

The relation between veleactive index. unit cell edge leneth and microhardness s
shown in Fig. 8. where gavnets from the particular tvpes of parent rocks occupy well
delined areas.

A more detailed  analysis ol the relation between relractive index. unit cell edge
length, specilic gravity and microhardness is given in Fig. 9a—=9h. With increasing
relractive index. unit cell edee length and specific gravity the microhardness ol the

investigaled garnels decreased.

Aelinowledgements

The authors express their geatitude to Prol. Dr. Jan Salat Director of the Mi-
neral Research Laboratory, Tor his encouragement and constant interest in this research
initiated by him and to Dr. Fo Zabrans k. CSe. Tor his help during microhardness
testing and 1o their colleagues in M. R L. Tor their technieal help.

REFERENCES

BROUSSE, B—=BIZOUARD, IL=SALAT, J. 1972: Grenats des andesites et des rhvolites de
Slovagquic: Origine des grenats dans les series andesitiques. Conte. Mineral,  Petrology
(Berlin—New York), 35, No. 2, p. 200 =212

BURRL C.—PARGA—=PONDAL, 1, 1036 Granat [rithender Cordierit-andesit vom Hovazo hei
Nijar, Spanien. Schweiz, miner, petvogre. Mitt, (Zieiehl, 16, Noo 1, p. 227 =262,

HOBRMUTH, K. 1963 THirvtetabellen, Fachbuehverlag, Leipzig,

LEBEDENVA, oS0 1963 Opredelenie mikreotverdosti mineraloy, Fade Nkl nauk S8S1,
Moskva.

BRADZO. V. 19640 Mineralogia pre hutnikos. Vysoka skola technicka, Kodice,

RIBALKO, S, 10 1965 Ob optimalonyveh uslovijach opredelenija mikrotverdosti minerealov, To:
Morvfologijn, svojstva i genezis mineralov, AN USSR (Kiev), p. 85—102,

RICKWOOD, P Co1966: On the quality of representative mineral concentrates, Geocehime el
Cosmochim. Aeta (Loudon. 30, p, 545551,

RICKWOOD, PG 1968: On recasting analyses of garnet into end-member molecules, Contr,
Mineral. Petrology (Berlin—New York), 18, No. 2, p. 175—108.

RICKWOOD, Po C—=MATIHIAS, ML=SIEBERT, J. €. 1968: A study of sirnets Tfrom eclogites
andd peridotite xenoliths Tound in kimbeelite. Conte, Mineral. Petroloey (Berlin—New York),
19, No, 4, p. 271 =301,

ROST, B 1956 Tezke minesily, Vvdav, CSAV, Praha.

SMULIKOWSKIL I 1965 Chemical differentintion of garnets and elinopyroxenes in celogites,
DBull. Aead. Pol. des Sei Secl, Seis Geol et Geoge, (Varsovie), 13, Noo [ op. =18,

SOBOLEN, NO N 1964 Paracencticeskije tipy geanatov, Nauka, Moskva,




190 JAKABSKA = TIMOAK — FIACANDVA — CINCARDY

SRIBAMADAS, AL 1057 Dingeams Tor the coreelation of unit cell edaes and relractive indices
¥

with chemieal ['nm[mr&ilii:ll ol warnets, Aner, Mineral, Washington, 42, e 2G4 248,

SETRORAY, K. L—GRASSELLY, G NEMECZ, F.—KISs, J0 19700 Asviuytani praktikon
L Tankiny vkindo, Budapest,

SALAT, . et al. 1973 Zavereeéna sprava dielée] $Stitne] viskomnej alohy L Problém banatitos
v Zapaduyeh Kaepatoeh™, Laboratdrinm pre viskum nerastnyeh <ovovin B VST Kosice,

TIMCAK, G, M. 1062 Poeumaticks separitor na docistovanie monominerdlnyel kKoneentrd-
tov. Geol. prizkom (Prahag, 100 Noo 10—, po 350—360.

TRUGER. 1L 1959 Die Granatgruppe: Beziehnng zwischen Mincralehemizimus vad Gesteinart,
N, b, o Miner. Abhe (Stangaect, 93,0 Noo 1L p. =44,

WINCIHIELL, 11 1958: The eomposition and  physical properties of garnet. Xiners Mineral,
(Washington!, 43, p. H95—600.

ZABRANSKY, F.—DBRABANT, 1 1970 0 study on anderohardness and ol the mathematico-
statistical evaluation of mierohardness mensorement resultss Geol zborne Slov, akad, vied
Breatislavar, 21, No. 1, 1. Q9—114.

Review by B CAMBEL,



