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Accorcling to qualitative evaluation the vyroxene-augite amount in 
natural basalt is marlceclly lower than that oj the newly jormecl pyroxene 
in jiisecl basalt castings. These cliff erences are exvlainecl ancl the qualita
tive jincling has been provecl qimntitatively by X-ray cleterminations on 
the e:cmnple oj mass-proclitcecl jusecl olivine-basalt jrom the Nová Baňa 
locality. 

INTRODUCTION 

Basalts represent a large group of basic minerals. According to their com
position they are divided into several subgroups. Extensive research has shown 
that only two subgroups of interrnediate basalts, narnely olivine-basalts and 
basanites [l] are suitable for petrurgical processing. 

THEORETICAL CONSIDERATIONS ON THE CHANGE 

IN MINERALOGICAL COMPOSITION OF BASALT 

DUE TO FUSION AND NONEQUILIBRIUM CRYSTALLIZATION 

The natural basalts which cornply with the petrurgical specifications contain 
the basic crystalline phases within the following lirnits [l]: 

augite 45 to 60 % by vol. 
feldspars-plagioclases 15 to 30 % by vol. 
foids (nepheline) O to 10 % by vol. 

'olivine 1 O to 20 % by vol. 
magnetite 5 to 10 % by vol. 

Crystallization of melts of these natural basalts [2] yields rnaterials containing 
mostly pyroxene (sirnilar to augite) the arnout of which as cornpared with the 
original raw material is substantially increasecl at the expense of all the other 
phases. There are also minor amounts of olivíne which usually grows on the 
imperfectly fusecl particles of natural basalt, ancl magnetite may likewise be 
present. No felclspars ancl foicls arise duríng the crystallization of industrially 
manufactured fused basalt products. 

There is a question of the function of the oxidic feldspar component and of 
the partially unprecipitated olivíne and magnetite cluring the crystallization of 
the basalt melt. Logically one may derive that for the most part these compo
nents will participate in the formation of pyroxene (the proportion of which
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has been substantially raised by fusion and recrystallization) and a smaller 
proportion will remain in the residua! glassy phase which does not occur nearly 
at all in natural basalts but constitutes about 10 % or more of fusecl crystallized 
basalt. 

The final representation of phases in the crystallizecl product may be estim
ated on the basis of microscopic examination of planar clistribution as follows: 

pyroxene 
olivine 
magnetite 
residual glass 

70 to 90 % by vol. 
O to 1 O % by vol. 
3 to 7 % by vol. 
5 to 15 % by vol. 

However, this crystalline product does not differ only in the phase composit
ion of the precipitated crystalline phases but also in a quite different texture: 
"\Vhereas natural basalts are characterizecl by larger phenocrysts in particular 
of olivine or augite (sometimes even of felclspar) embeddecl in a fine-grained 
matrix (Fig. 1 ), a fused crystallized product typically cornprises fine-grainecl 
skeletal or spheroidal pyroxene crystals surrounded by the residua! glassy phase 
and thus has a texture quite different from that of the original natural basalt 
(Figs. 2 ancl 3). These differences are dne to a number offactors (such as that of 
pressure, 'dry'melt, mineralizers, etc.) but in particular to the fact that in 
nature the magma had crystallized exceedingly slowly (usually for several yea.rs) 
so that there was tirne enough for the formation of fully shaped idiomorphous 
crystals (phenocrysts) and a virtually equilibrium state has been established 
at virtually all temperatures. On the other hand, a fusecl basalt casting soli
difies within several minutes (3 to 5) so that the crystallization proceeds without 
any partial equilibriurn states ancl the phases precipitating at the highest tem
peratures (magnetite and olivíne) barely manage to crystallize; in the crystal
lization of pyroxene a significant role is played by the ability of wicler isomor
phous substitution of ions in the crystalline lattice. 

The present study had the aim of verifying quantitatively this qualitative 
and mostly theoretical assumption of the increased pyroxene content in fused 
basalt of the Nová Baňa type. (Figs 1, 2, 3 in Appendix. ) 

VERIFICA TION OF THE PRELIMIN ARY CONCL USIONS 

Evaluat ion  of  the  Nová Baňa  natura l  basalt  

According to petrographic analysis of the Nová Baňa basalt the augite 
content in the entire igneous formation varies to a quite considerable degree in 
its individua! magmatic streams. 

Fiala [3] report.s on data determined on the basis of precise planimetrie 
measurements of polished sections. The following augite contents were founcl at 
the individua! places: 60.7, 52.4, 57.4, 62. 9, 59. 2 %, that is in the range of 
52 to 63 %- Kopecký [2] estimates an approximate mean augite content of 
50 % in basalt from the old quarry. 

Quantitat ive  X-ray determinat ion of  augite  and pyroxene 

Since optical analysis had not been found suitable for quantitative determi
nation of pyroxene content in fused basalt ti les owing to the fine-grainecl dend-
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ritic, skeletal or spheroidal pyroxene crystals, use was made of the internal 
standard X-ray analysis [4]. Its principle is based on the fact that the relation 
of integral intensity of the X-ray diffraction line of a given crystalline phase 
and of the diffraction line of the standard substance is a linear function of the 
concentration of the crystalline phase being determined if the amount of the 
standard substance is kept constant. Considerable experience has already been 
gained with the application of the method in the field of silicates. Let us just 
mention two cases from the field of glass-ceramics which are close to the petrur
gical problems. 

K.itaigorodskii et al. [5] determined quantitatively .the quartz, rutile and 
spinel phases in glass ceramics in the system SiO2-A]zO3-MgO using the 
interna] standard method (CaF2) and direct measurement of internal reflection 
intensity. The standard curves were determined by means of rock quartz crystal 
and natural rutile. The spinel was synthetized. Both methods have yielded 
satisfactory accuracy and agreement of the results. 

Tokareva et al. [6] combined in a suitable way the internal standard method 
(Ti02) with that of X-ray diffraction of the amorphous phase (219 = 22.5 deg.) 
on variously heat treated cordierite ancl spodumen based materials. The �-spo
dumen and cordierite standards were obtained by crystallization of the res
pective glasses. The results of determinations of the two crystalline phases and 
of the residual glassy phase ·were in a comparatively good agreement. 

As has already been mentioned the author had the aim of simultaneously 
comparing the augite content in the basalt raw material extracted in the new 
Nová Baňa quarry with that of pyroxene crystallized in a casting made of this 
raw material. It was therefore necessary to carry out quantitative determination 
of both phases; however, this task was quite difficult as the composition of 
natural augites in the individua! types of basalts is subject to considerable 
variations and the composition of pyroxene precipitating during crystallization 
of the basalt melt is unlmown and would obviously also vary to a substantial 
degree with the individua! basalt types. However, since the structure of pyro
xenes both crystallized in nature and prepared artificially is basically identical 
in spíte of marked differences in chemical composition, their X-ray diffracto
grams are also quite similar. For the sake of simplicity, diopside, as the basic 
mineral of the pyroxenes gi·oup, has been chosen as standard. 

Preparat ion o f  diopside 

As the composition of natural diopsides also shows marked variations, use 
was made of synthetic diopside CaMgSi2O6 fused from chemically pure subs
tances in a PtRh crucible at 1500 °C for 5 hours. The melt had been stirred con
tinuously during the melting. The homogeneous melt was then poured into 
water and the resulting frit grouncl into a fine powder which was completely 
crystallized by heat treatment at 1000 °C for 3 hours. X-ray and microscopy 
analyses have proved the crystalline substance to comprise pure diopside vir
tually free from glassy phase. 

Preparat ion of  samples  and measurernent  

Standard mixtures of crystallized diopside and of the original diopside glass 
(frit) with a constant aclclition of the NaCl interna] standard were then prepared 
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in the usual way. Samples for X-ray analysis were prepared from very finely 
powdered (grain size 400 mesh) and thoroughly homogenized mixtures by 
compacting. The GON-03 instrument (made by Chirana N.C.) with a GM coun
ter was used in the measurements under the following conditions: Cu X-ray 
tube radiation (30 kV, 16 mA), Ni filter, diffractometer inlet slot width 5', 
slot width in front of GM counter 2', counter movement speed 1 ° /min. 

The diffractograms obtained were evaluated according to the peak heights of 
the respective lines as well as according to their area. The d = 2.98 A and 
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Fig. 4. Standard cliagrC ťm for qimntitative X-rny clijfraction cletermination oj 
vyroxene ancl aiigite. 

Synthetic cliovsicle samvle. 

d = 2.821 A lines were chosen for evaluation for diopside and NaCl respecti
vely. More accurate results were obtained by evaluating the peak heights of 
the individua! lines and a calibration diagram was constructed (Fig. 4) for 
evaluating the content of augite and pyroxene in the respective samples. The 
accuracy of measurement on standard mixtures was about 5 %-

RESULTS 

The following contents of the dominant crystalline phase in basalt were 
determined by the interna! standard methocl: 

in natural raw material from the new quarry 54.2 ± 7.5 % augite, 
in primarily crystallized tile 80.6 ± 8.1 % pyroxene. 
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The agreement with petrographic evaluation of the natural raw material 
which had been carried out by Fiala is very satisfactory since all the values 
reported by this author. were in the range of 54.2 ± 7.5 %, so that any pos
sible objection that a somewhat different type of diopside was employed for 
calibration need not be regarded as significant. The considerable dispersion of 
results in both determinations is quite understandable since the composition 
variations of the originally relatively coarse-grained mineral already follows 
from the results by Fiala [3] and in the case of the casting itself there arises 
a crystallization gradient which must necessarily have an effect on pyroxene 
and residua! glassy phase content. 

DISCUSSION 

The determinations have confirmed fully the preceding theoretical conclu
sions in that nonequilibrium primary crystallization of basalt melts yields 
substantially higher proportions of pyroxene and also allowed to explain why 
fusion and subsequent crystallization bring about an improvement of the hasíc 
mechanical properties of the initial raw material (Tahle I). 

Table I 

The basic mechanical properties of the natm·al rock 
and of a Nová Baúa fused basalt casting 

Property I Natural basalt I Tile 

Compression strength 310 MPa 540 MPa 
Abrasion 
grinding hardness 790 cm2/cm3 1600 cm2/cm3 

The basalt tile showed compression strength and abrasion hardness values 
virtually twice as high as those of natural basalt [7]. The compression strength 
established is in a quite satisfactory agreement with the mean strength of 
basalt usually specified as up to 300 MPa. This relatively low value is related 
above all to the size and type of the crystals present. Apart from the quite 
fine-grained matrix natural basalt contains certain proportions of larger crys
tals, the so-called phenocrysts, which in the Nová Baúa basalt attain sizes of 
up to 2-3 mm. Smaller augite phenocrysts are also sometimes found. It can 
be readily comprehended that at the contact area of a phenocryst with the 
matrix or rather at that of phenocrysts of two different minerals the different 
thermal expansions of the two crystals maf result in considerable stresses which 
in many cases would create fine cracks. During the mechanical tests these points 
exhibit the lowest strength ancl become the starting points of failure. 

In the abrasion hardness tests the stressing by the abrasive grains results 
in easy breaking out of phenocrysts from the matrix and thus in consiclerable 
losses of the abraded material; moreover, these crystals thernselves take part 
in the abrasion process. 

On the other hand, basalt castings exhibit substantially finer crystallization. 
The inclividual spherolitic, skeletal or denclritic crystals are firmly embedded 
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in the ambient glassy phase so that any stress that could cause cracking is 
far less likely to arise. For this reason mechanical tests result in failure only at 
much higher loading. The individua! fine crystals are much more resistant to 
breaking out of the matrix in the abrasion hardness tests. 

There may be many more causes of the differences in strength and hardness; 
mention was made only of the most significant ones related to crystal size. 

CONCLUSION 

X-ray quantitative determinations have shown that rapid nonequilibrium
crystallization of fused basalt under operational conditions results in the crys
tallization of substantially higher proportions of pyroxene than can be found 
in natural basalt. It has been explained on the basis of different sizes of crystals 
of the main minerals why the recrystallized basalt materials show markedly 
superior mechanical properties. 
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OB SAH A U GITU V ČEDIČOVÉ SUROVINĚ A PYROXENU 
V T A VENÉM ČEDIČI A JEHO VLIV NA MECHANICKÉ 

VL ASTNOSTI TĚCHTO MATERIÁLŮ 

Jan Voldán 

Státní výzkitmný ústav sklářský, Hradec Králové 

Pro rovnovážnou krystalizaci pomalu tuhnoucího čedičového magmatu v příro dě je 
charakteristické vylučování i'.·ady minerálú a hrubozrnná textura. Nerovnovážná krysta
lizace rychle ochlazované čedičové taveniny se naopak vyznačuje menším počtem vylu
čovaných fází, jiným jejich procentuálním zastoupením, pi'.-ítomností zbytkové skelné 
fáze a podstatně jemn,ozrnnější texturou. 

U petrurgicky vhodných basanitú a olivínických čedičú lze podíl jednotlivých fází 
v pi'.-írodní surovině a v pi'.-etavené rekrystalované hmotě zhruba odhadnout (viz tab.). 

Ve výrobcích z taveného čediče silně pi'.-evládá pyroxen na úkor plagioklasu a nefelinu 
(které se po pi'.-etavení nevylučují) a částečně olivínu a magnetitu (které se vylučují 
v nižším obsahu). 

Porovnání obsahu augitu v pi'.-írodní hornině s pyroxenem v odlitcích z taveného čediče 
bylo provedeno u provozně taveného čediče Nová Baúa pomocí kvantitativního rent
genografického stanovení metodou vniti'.-ního standardu (N aCJ). Ke stanovení kali brač
ních kl'ivek bylo použito synteticky phpraveného diopsidu. Obsah atigitu v pHro dním 
čediči Nová Baúa činil 54,2 ± 7,5 %- Obsah novotvořeného pyroxenu v čedičové dlaždici 
činil 80,6 ± 8,1 %-
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Přetavená I 
Fáze Pi-íroclní čedič rnkrystalovaná I 

%obj. hmota I 

%obj. 

augit-pyroxen 45-60 70-90
i plagioklas 15-30 -

I nefelin ú-10 -

olivín 10-20 0-10
magnetit 5-10 3-7
zbytkové sklo - ·5-15

Na základě zvýšeného podílu pyroxenu '" odlitcích a. jejich jemnozrnnější textury 
bylo v diskusi zdůvodněno pra.kticky dvojnásobné zvýšení mechanických vlastností 
(pevnost v tlaku a brusná tvrdost) ve srovnání s pífrodní horninou. 

Obr. 1. Olivíniclcý čedič Nová Baiía - přírodní hornina s vétšími vyrostlicemi olivínii 
a augitii (1 až 2 rnm). 

Obr. 2. Sféroliticlcý vývoj novotvořeného pyroxenit v taveném čediči Nová Baiía, který 
zlcrystaloval při teplotách pod 1000 °0. 

Obr. 3. Kostrovitý vývoj novotvořeného pyroxenu v odlitku z tcweného čediče Nová Baiía, 
který zlcrystaloval při tevlotách nad 1100 °0. lhnota. obsalmje nedotavené krystalky 
JJÚ,vodního olivínu. 

Obr. 4. Cejchovní graf lce lcvantitativnírnii rentgenogmflckému stanoveni pyroxenii a aiigitu. 
Vzorek synteticlcý cliovsicl. 

Co,[( E p mA H l!I E A B r l!I TA B E A 3 A JI b To B o 1\I C bl p b E 
H ITHPOKCEHA B PACHJIABJIEHHOM EA3AJibTE H El'O BJII1HfHIE 
HA MEXAHHqECKHE CBOMCTBA ITPHBE,[(EHHbIX MATEPHAJIOB 

Ha BOJIAHH 

I'ocy8apcmaennuií Hay•u-w-ucc11,e8oaame11,bc1rnií w1cmwnym cme,uia I'pa8e4 I-fpa11,oee 

,[(mr panaonecao:ii I{pHCTHJIJJJl38IVIH M0AJI0HHO 3aCTblllaJOU�ero 6asaJJbTOll01'0 MHťMaTa 
B rrpupOJ:\0 THJ11111HO BT,IJ:\0JI0Hll0 PHAa MHHepaJIOll H HpynH03epmICTafI TCHCTypa, B TO npeMll 
Har, aepanrronecaan HpHcTaJIJIH3au,un 6ucTpo ox.rmmµ,aeMOJ'O 6a3aJihTonoro pacnrrana OT
nwmeTcn M0HI,lUHM IWJIII'!CCTBOM lll,IJ:\0JlfICMb!X cI>a3, Apyr11M llX npou,eJJTHI,JM COCT81lOM, 
npHCYTC'fllll0M OCT8T011Ho{1 CTCIOIOllllil,HOi°l <p831,1 11 cyu�eCTB0HHO 60.TieO M0Jl!W3epm1CTOií: 
CTPYHTypoň. 

Y neTpyprwrecrrn npnromu,rx 6a3aHHTOB II omrnau1111ec1mx 6a3am,Ton npew10rraraJOTCH 
ll rrpHpOAHOM cr,1p1,o li ll pacnJiaBJl0HHOH peHpHCTa.rIJJH3HponaHII011 Macce CJICJ.{YJO[ll,110 J:(OJIH 
OTAem,rrux <I>a3 (rn6m1u,a). 

B H3Aemwx 113 pacmrnnJ1emroro 6a3aJJbTa c11m,no npoo6naJ(aeT rrnp0Hce11 3a c•reT nna
l'HOHJia3a H JJO<pen11rra (1wTop1,1e llOCJIC nepenJiaBa He lll,Iil,0JlfIIOTCfl) li 'IaC'fll'IHO 0.TlllllHHa 
JI MHl'JJ0THT8 (IWTop1,10 lll,l):\OJlfIIOTCll B 3Ha'IH'f0JJJ,HO M0HbTD0M IWJIJll!CCTBe). 

CorrOCT8BJie1me COAepmamm am·nTa ll npnpoµ,11ofr ropuoií llOJ)OJ:\0 C m1pOHCCHOM B OTJ!Hll
J'8X 113 pacnrranrreunoro 6a3aJll,Ta npono).J,nJJ11 n npon3BO).J,CTneu1-10 pacmrnnrieHJJOM 6a3a.nr,rn 
Hona Ea1rn c rroMom:r,m HOJ1H•1ecTnerrHoro peuTreHoa1·p<IHl'JOcHoro onpenerremrn MeTOAOM 
nHyTpeurrero cTaIIHapm (NaCl). Ami onpeµ,enerrnn Hp1rnr,1x 1<am16pa111111 11cnOJlb30nanu 
CHHT0THqecrrn no.ny,reHHbIM wrnrrcuµ,. CoAepmarrne annl'ra n np11pOAHOM 6a3aJ11,Te Hona 
Eann cocTaBJIHJIO 54,2 ± 7,5 %. Co).J,epma1mo nHonr, o6paaonanrnerocn r111po"ce1-ra n 6a-
38JihTOno:ií HJlllTHC COCTaBJI!IJJO 80, 6 ± 8, 1 % ,
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PaCIJJiaBJJellHall 
I1 p11])0):\HT,IH pet<prrcTaJIJ111-

Clh13a 6aaaJILT 30BaHHUl1 
% no 06-Le�ry Macca 

% no 061,eMy 

ABJ'll'f-IUl])OI,CeH 45-60 70-90
I1Jrnnt01,.11aa 15-30 -

I-I e<IieJ1111-1 0-10 -

Omrmrn 10-20 0-10
;\IarHeTHT 5-10 3-7
OcTaTo•nwe cTerwo - 5-15

Ha OCHOBamrn nOBLllJJeH!IH ):\OJIH m1pm,cerra B OTJJIIBlrnX li HX MemwaepHI!CTOfr TeRCTYPb! 
paccMaTp11aaeTCl1 II 060CHOBJ,1BaeTCl1 ABYXHpaTHOe fIOBJ,UIIeIHle MeXUHil'JeCl{HX CBOHCTB 
(npo11HOCTL np11 C;J{aTJIH H a6pa3I1BIIal1 TBep}:\OCTb) no cpaarremno C np11pOAHOÍi ropnofr 
nopO/.\OiÍ. 

Puc. l. OJi11.1Ju1-tu1tec1.uií, 6aaaJibm HotJa B(ll,111, - npupoa�ui11, nopoaa c 60Jibutu;1iu 1Jnpa1Me-
1-tu11,.m1 0Jl,UIJl/H(l u (llJi!Wna (1-,2 MM), 

Puc, 2, Cgjepo.11,wnu•tec/ioe paatJunwe 1J�t01Jb 06paao1Ja1Juteaoc.rr, nuponce1-ta tJ pacnJiatJJieHHo,11 
6aaaJibllte HotJa Ba1-t11,, 1;pucma1lJl,uay1oilfeao npu me,1inepamypax 1-tu,1ce 1000 °G. 

Puc. 3. CHeJiemo1Ju81-toe paatJwnue tJH0IJb 06paao1Ja1Juteaoc,q, nupo1ice1-ta tJ omJiuone ua pacnJiae
JiťHHoeo 6aaaJibllta H otJa B aH.rr,, 1,;pucmaJiJiuay10u1eao npu me,1inepamypax ebnue 
1100 °G, B ,,wcce co8ep,1camc,q, 1.:pucmaJiJiUKu nep1Jo1-ta1taJibHoeo oJiiwuHa, rie noa
tJepewueoi noJirio.,iiy pacnJirwy. 

Puc. 4, I'pagiun 1wJiu6pa!fuu 8Ji.ri h:0.11,u•iecmtJeHH.oao pe1-t1naenoapagiu•iec1,;oao onpe8eJiertl/R, 
llUJJ0liCťH(l U, (llJ2WIW, flpo6a l/8 ClU/,11WlnU1lťC/i020 auoncuaa. 
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F'ig. 1. Ol·iv·in-it-ic basalt Nová Ba·1íct - 11atural rucl.- with coarser phenocry,18 
oj olivi11e ctncl augite (1 to 2 mm), 

F'ig. 2, Spherol·itic clevelopment of neicly formecl pyroxene in the Nová Bm'ía 
fiisecl basa!t which has cr!Js;allize.l at l3mpJral'ttres below 1000 °0.



J.-Volclán: 

li'ig. 3. Slceletal clevelopment oj newly j onnecl pyi·oxene in a Nová Baifo 
basalt casting which has crystallizecl at temperattires above 1100 °0. 

'L'he material contCťins ·imfusecl crystals oj oriJinal olivíne. 




