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According to qualitative evaluation the pyrovene-augite amount in
natural basalt is markedly lower than that of the newly formed pyroxene
in fused basalt castings. T'hese differences are explained and the qualita-
tive finding has been proved gquentitatively by X-ray determinations on
the example of nass-produced fused olivine-basalt from the Novd Baiia
localzty.

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 intermediate basalts, namely olivine-basalts and
basanites [1] 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 comply with the petrurgical specifications contain
the basic crystalline phases within the following limits [1]:

augite 45 to 60 % by vol.
feldspars—yplagioclases 15 to 30 9, by vol.
foids (nepheline) 0to 10 %, by vol.
olivine 10 to 20 % by vol.
magnetite 5 to 10 9, by vol.

Crystallization of melts of these natural basalts [2] yields materials containing
mostly pyroxene (similar to augite) the amout of which as compared with the
original raw material is substantially increased at the expense of all the other
phases. There are also minor amounts of olivine which usually grows on the
imperfectly fused particles of natural basalt, and magnetite may likewise be
present. No feldspars and foids arise during 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 olivine and magnetite during 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 residual glassy phase which does not occur nearly
at all in natural basalts but constitutes about 109, or more of fused crystallized
basalt.

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

pyroxene 70 to 90 9, by vol.
olivine 0 to 10 9% by vol.
magnetite 3to 7 9% by vol.
residual glass 5 to 15 9, 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:
Whereas natural basalts are characterized by larger phenocrysts in particular
of olivine or augite (sometimes even of feldspar) embedded in a fine-grained
matrix (IFig. 1), a fused crystallized product typically comprises fine-grained
skeletal or spheroidal pyroxene crystals surrounded by the residual glassy phase
and thus has a texture quite different from that of the original natural basalt
(Figs. 2 and 3). These differences are due to a number of factors (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 years)
so that there was time 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 fused basalt casting soli-
difies within several minutes (3 to 5) so that the crystallization proceeds without
any partial equilibrium states and the phases precipitating at the highest tem-
peratures (magnetite and olivine) barely manage to crystallize; in the crystal-
lization of pyroxene a significant role is played by the ability of wider 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 Nové Bana type. (Iligs 1, 2, 3 in Appendix.)

VERIFICATION OF THE PRELIMINARY CONCLUSIONS
Evaluation of the Nova Bana natural basalt

According to petrographic analysis of the Nova Bana basalt the augite
content in the entire igneous formation varies to a quite considerable degree in
its individual magmatic streams.

Tiala [3] reports on data determined on the basis of precise planimetric
measurements of polished sections. The following augite contents were found at
the individual places: 60.7, 52.4, 57.4, 62.9, 59.2 9, that is in the range of
52 to 63 9%. Kopecky [2] estimates an approximate mean augite content of
50 9% in basalt from the old quarry.

Quantitative X-ray determination of augite and pyroxene

Since optical analysis had not been found suitable for quantitative determi-
nation of pyroxene content in fused basalt tiles owing to the fine-grained 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.

Kitaigorodskii et al. [5] determined quantitatively the quartz, rutile and
spinel phases in glass ceramics in the system SiO,—Al,0;—MgO using the
internal standard method (Cal;) 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
(TiO,) with that of X-ray diffraction of the amorphous phase (20 = 22.5 deg.)
on variously heat treated cordierite and spodumen based materials. The B-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
Novéa Bana 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 individual types of basalts is subject to considerable
variations and the composition of pyroxene precipitating during crystallization
of the basalt melt is unknown and would obviously also vary to a substantial
degree with the individual basalt types. However, since the structure of pyro-
xenes both crystallized in nature and prepared artificially is basically identical
in spite 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 group, has been chosen as standard.

Preparation of diopside

As the composition of natural diopsides also shows marked variations, use
was made of synthetic diopside CaMgSi,O¢ 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 ground 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.

Preparation of samples and measurement

Standard mixtures of crystallized diopside and of the original diopside glass
(frit) with a constant addition of the NaCl internal 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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Irig. 4. Standard diagram for quantitative X-ray diffraction determination of
pyroxene and augite.
Synthetic diopside sample.

d = 2.821 A Jines were chosen for evaluation for diopside and NaCl respecti-
vely. More accurate results were obtained by evaluating the peak heights of
the individual 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 internal standard method:

in natural raw material from the new quarry 54.2 4 7.5 9%, augite,

in primarily crystallized tile 80.6 4+ 8.1 9, 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 4 7.5 9%, 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 residual 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 basic
mechanical properties of the initial raw material (Table I).

Table 1

The basic mechanical properties of the natural rock
and of a Nova Bana fused basalt casting

Property Natural basalt Tile
Compression strength 310 MPa I 540 MPa
Abrasion
grinding hardness 790 cm?fem? ‘ 1600 em?/em?

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 Nova Baila 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 may result in considerable stresses which
in many cases would create fine cracks. During the mechanical tests these points
exhibit the lowest strength and 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 considerable
losses of the abraded material; moreover, these crystals themselves take part
in the abrasion process.

On the other hand, basalt castings exhibit substantially finer crystallization.
The individual spherolitic, skeletal or dendritic 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 individual 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.

References

[1] Voldén J.: Sklat a keramik 4, 14, 27 (1955).

[2] Kopecky L., Voldan J.: Crystallization of Fused Rocks. (in Czech), Geotechnica,
Vol. 25, CSAV, Prague 1959.

[3] Tiala F.: Papers of the National Museum in Prague (in Czech), Geol. et Paleont. B.,
No. 2, Prague 1952.

[4] Johan Z., Rotter R., Slansky E.: X-ray Analysis of Substances (in Czech). SNTL,
Prague 1970.

[6] Kitajgorodskii I. I., Pavlushkin N. M., Chodakovskaya R. J.: TAN SSSR Neorg.
mater. 2 4 726 (1966).

[6] Tokareva L. V., Bondarev K. T.: Proc. Shlakositally 1, 92, 1970.

[7] Doubrava, J.: Sklar a keramik, 4, 175 (1954).

OBSAH AUGITU V CEDICOVE SUROVINE A PYROXENU
V TAVENEM CEDICI A JEHO VLIV NA MECHANICKE
VLASTNOSTI TECHTO MATERIALU

Jan Voldéan

Statni vyzkumny wstav skldaisky, Hradec Kralové

Pro rovnovédznou krystalizaci pomalu tuhnouciho éediéového magmatu v prirodé je
charakteristické vylu¢ovani fady minerdlti a hrubozrnné textura. Nerovnovazné krysta-
lizace rychle ochlazované ¢edidové taveniny se naopak vyznaéuje mensim poétem vylu-
¢ovanych fdzi, jinym jejich procentudlnim zastoupenim, piitomnosti zbytkové skelné
fdze a podstatné jemnozrnnéjsi texturou.

U petrurgicky vhodnych basanitt a olivinickych ¢ediéu lze podil jednotlivych fazi
v piirodni suroviné a v pretavené rekrystalované hmoté zhruba odhadnout (viz tab.).

Ve vyrobceich z taveného ¢edice silné prevldda pyroxen na tikor plagioklasu a nefelinu
(které se po pretaveni nevyluéuji) a &dsteé¢né olivinu a magnetitu (které se vyluduji
v niz8im obsahu).

Porovnéani obsahu augitu v prirodni horniné s pyroxencem v odliteich z taveného ¢edide
bylo provedeno u provozné taveného &edi¢e Nova Batia pomoci kvantitativniho rent-
genografického stanoveni metodou vnitiniho standardu (NaCl). Ke stanoveni kalibraé-
nich kiivek bylo pouZito synteticky piipraveného diopsidu. Obsah atgitu v pfirodnim
¢edi¢i Nova Bana ¢inil 54,2 + 7,5 9%,. Obsah novotvoreného pyroxenu v éedidové dlazdici
ginil 80,6 + 8,1 %.
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Pretavena
. Prirodni ¢edi¢ | rekrystalovana
= % obj. hmota
% obj.
augit—pyroxen 45—60 70—90
plagioklas 15—30 —
nefelin 0—10 —
olivin 10—20 0—10
magnetit 5—10 3—17
zbytkové sklo — 5—15

Na zdkladd zvyseného podilu pyroxenu v odliteich a jejich jemnozrnngjsi textury
bylo v diskusi zdavodnéno prakticky dvojndasobné zvyseni mechanickych viastnosti
(pevnost v tlaku a brusnd tvrdost) ve srovnani s piirodni horninou.

Obr. 1. Olwinicky Eedi¢ Novd Baiia — piirodnt hornina s vétsimi vyrostlicems olivinu
a augite (1 ag 2nmm).

Obr. 2. Sféroliticky viyvoj novotvoieného pyroxenw v taveném dfediéi Novd DBana, ktery
zkrystaloval piv teplotdch pod 1000 °C.

Obr. 3. Kostrovity vyvoj novotvoieného pyroxeni v odlithw z taveného éediée Novd Baria,
ktery zkrystaloval pii teplotdich nad 1100 °C. Hmota obsahuje nedotavené krystalky
plwodniho olivina.

Obr. 4. Cejchovni graf ke kvantitattvnimu rentgenografickému stanovent pyrozvenu a augitu.
Vzorek synteticky diopsid.

COUEPHAHUE ABFHTA B BA3AJADLTOBOM CbIPbIE
H IHHPOKCEHA B PACHJABJEHNIIOM BASAJILTE II EI'O BJIITAHIIE
HA MEXAHHUUECKHE CBOHCTBA HPUBEIAEHILIX MATEPHAJOB

An Bospan

I'ocyda pemeeniwiii nayuno-uccaedosamenvcruli wricmurmym cmeraa 1'padey i panose

Jlim paBHOBecHOIT KpPHCTAJNIBALUIN MEJICHHO 3aCTHIBAIONIEr0 0a3aIbTOBOIO MarMarta
B IIPUPOJIC TINIMHO BRLIEJCHIE PsIjla MHHEPAJIOB I KPVIHO3EPHICTas TCRCTYPA, B TO BPEM;sI
RaK HepaBHOBECHAsI KPICTAILIN3aUlsl OBICTPO OXIaK/QeM0ro 0a3adbTOBOI0 paciiaBa oT-
JHIYAETCH MEHLUIIIM KOJINYECTBOM BLIICTISACMLIX (Ja3, JAPYIIM 1X IIPOUEHTHLIM COCTaBOM,
HPHCYTCTBICM OCTATOYHOII CTEKIOBIHOIL (Jaspl 1t CYIIECTBCHHO 00J1CC MCHAKO3EPHHCTOI
CTPYRTYPOIl.

VY HeTPYPIHUCCKH UPHIOAHLIX 0a3aHHTOB I OJIBIHIMECKIX 0a3aJILTOB MPCUI0NIAIAIOTCS
B HPHPOHOM CHIPLC Il B PACINIABJICHHOH PERPICTAIIM3IIPOBAHIOIN Macce clej[yIolIe Kol
OTACHBLHLIX (a3 (Tadiiua).

B nspemisx 13 paciiiaBIeHHOIo 0a3alIbTa CIUIBII0 MPcodialacT IHPOKCEH 3a CUeT IIa-
rnoriiaza I Hedhesura (KOTOpHIe 1I0CiEe HepelniaBa I1e BLIeIHIOTCs) 11 YACTHUHO OJIIBIHA
Il MArHETHTA (KOTOPDLIC BBLIAC/ISIOTCST B 3HAUIITCILHO MEHLLICM KOMIIUECTBE).

ConocraBiienne COAEpRAMIA aBIITA B IPIPO;L110ii TOPHOIT 110POjiC ¢ IIHPORCCHOM B OTJIIB-
Rax (13 PACIITABICHIION0 0a3alihTa HPOBOJIIII B 1[PONBBOjICTBEILIO PACILIIABICHIIOM 0a3aiibTe
HoBa Baus ¢ 10MOMBLIO KOJNUCCTBEHHOIO PCHTICHOAIP(IUCCROIO ONIPCACHEHIsT METOA0M
puyTpensero cramapra (NaCl). Ilust onmpenencist KpuBLIX KaJudpaluni HC1I0IIB30BaJIL
CIHTETHYECKIT 110J1yueHHBIH jutonciy. Cojepskamiie aBrira B IpupoaHoM Oasasibre Hoa
Bawust cocrapiisuio 54,2 4 7,5 %. Copepskaiiiie BHOBL 00pasoBaBHICIOCS iilIpokcelia B Oa-
3aJIbTOBO 1mTKe cocrasisiio 80,6 + 8,1 %.
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[ Pacnaapiennas
ITpupojimiii | pexpucraiuii-
Maza 0azanwT 30BaHHASL
% 10 00'BeNTy Macca

% 10 06BeMYy

ABI'IT-NINPOKCEH 45—060 70—90
[Lzrarnoniias 15—30 —
Hedesnn 0—10 —
O:miBiint 10—20 0—10
Maruerut | 5—10 3—17
OcTraToiee CTCK:10 — 5—15

Ha ocHoBaHIII MOBLIICHIISE JOMI MiIpOKceHa B OTJIHBRAX I IIX MGJII\'OSGI)H[ICTOIUI TCRCTYPLI
paccMaTpiBaeTcss It 000CHOBLIBACTCST JABYXKpaTHOC [OBLINICHIC MCXAHITYCCKIIX CBOMCTB
(MpOYHOCTL IpM CIKATIUL Il A0paslBHAs TBEPROCTL) 1O CPABHEHINO C IPIPOJHOH IOPHOIL
opojloii.

Puc. 1.
Puc. 2.

Puc. 3.

Puc. 4.

Oavgunuvecruii 6azaavm Hosa Bars — npupodnas nopoda ¢ Goavuusu expanne-
Huasu oaugura u aseuma (1—-2 Mm).

Cgfepoaurnuuecrkoe paseumue 6108b 006pA306asUE20CE NUPOKCEHA 6 PACNAALALILHOM
6asaavme Hosa Bans, kpucmaanusyioweeo npu mennepamypax nuxce 1000 °C.
Creaemosudroe pazeumue 6rosb 06pas3osasutezocs NUPOKCEHA 6 OMAULKE U3 DACNAAB-
aennoeo 6azaavma Hosea Lans, kpucmanausylouezo npu mesnepunypax eviue
1100 °C. B awacce codepscamcs kpucmasauki NePeoHAUAALIHOZ0 0AUGUHA, Tte Nn00-
gepauLUecs NOAILOMY PACRAAGY.

I'pagiur  raaubpayuu 0as KOAUMECINGEHH020 PEHINZEHO02DAYHUMECK020 0NpedeseHUn
nuporcena u aceuma. IIpoba ua cunmemuuneckozo duoncuda.
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Iriy. 1. Olvindtic basalt Novd Baia — natural rock with coarser phenocrysts
of olivine and augite (1 to 2 mm).

Irig. 2. Spherolitic development of newly formed pyroxene in the Novd Bara
Sfused basalt which has crysiallizel at t2mp ratures below 1000 °C.
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Itiy. 3. Skeletal development of newly formed pyroxene in a Novd Baiia
basalt casting which has crystallized at temperatwres above 1100 °C.
The material contains unfused crystals of original olivine.





