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Strucni rad

pavle Tancic |
\esna Janezic

RENDGENSKA !SPITIVANJA OPEKARSKO-KERAMIE}KIH
GLINA 1Z LEZISTA "SREDNJA STRANA" - NOVI BECEJ

Kljuéne reci: Novi Becej. leziéte, rendgenska ispitivanja, mineralni sastav, kvarc, gline,
feldspati, karbonati

lzvod: Rendgenskom metodom ispitani su brojni uzorci iz slojeva keramickih, opekarskih i
podinskih glina, kao i zajednickih kompozita iz lezista "Srednja strana” — Novi Beéej, koji su
uporedeni sa hemijskim | granulometrijskim ispitivanjima.

Rezultati dobijeni rendgenskim i hemijskim ispitivanjima su u vrlo dobroj saglasnosti, dok
rezultati koji su dobijeni pomocu granulometrijske metode pokazuju nesto vece neslaganje.

Sva ispitivanja ukazuju da je mineralni, hemijski i granulometrijski sastav opekarskih glina i
zajednickih kompozitnih uzoraka povoljniji od sastava keramickih glina.

Ustanovliena je promena mineralnog sastava sa dubinom, a najkarakteristiénije je da
Zastlupljenost karbonata opada od povrsine sa dubinom, dok sadrzaj glinovitih minerala i feldspata
raste.

U slojevima keramickih i opekarskih glina glinoviti minerali su dva do tri puta zastupljeniji
od feldspata, dok je u sloju podinskih glina njihova zastupljenost priblizno ista.

W Kvare je u svim slojevima najzastupljeniji mineral, a od minerala glina to su maontmorionit i
Ehl. Zastupljenost vermikulita opada sa dubinom. Kaolinita i hlorita uglavnom ima malo, a nesto vise
ih ima u sloju opekarskih glina.

UvOoD

~ Leziste opekarskih i keramickih glina “Srednja strana” je novo leziste- koje je
otkriveno i istrazeno u periodu 2001/02 god. (I 1i ¢, 2003). T
Produktivni deo lezista (opekarske i keramicke gline) Eine lesne tvorevine, Liale
ukupna debljina u domenu istrazivanog dela (36 ha) oko 9 m.
Opekarsko-keramicku sirovinu leZista sacinjavaju tri posebna sloja:
- sloj keramickih glina,
- sloj opekarskih glina i
- sloj podinskih glina. &
! Detaljni geoloski stub ovog leZista, debljine ovih slojeva i njihove tefinoloske
arakteristike prikazane su kod | 1i ¢-a (2003).
I, U ovom radu su prikazani rezultati ispitivanja koji su dobijen rendgencia
: |fr‘a_kc:|onom metodom, a koji su uporedeni sa rezultatima hemijskih i granulometnjsklh
ispitivanja.

—_——
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Na ovaj nacin su proucene i ispitane karakteristike sedimenata koji sacinjavaju
produktivnu seriju i utvrdene promene mineralnog sastava sa dubinom ovog lezista.

PRIPREMA MATERIJALA | PRIMENJENE METODE
ISPITIVANJA

Rendgenska ispitivanja uzoraka su izvrSena na rendgenskom difraktometru za
prah "PHILIPS", tip PW 1009 i PW 1051.

Upotrebljeno je kobaltno zraCenje talasne duzine 7.CoK,=179026A, koje je
filtrirano B-filtrom od gvozda. Anodno opterecenje je iznosilo: U=40 kV i 1=8 mA. Brzina
kretanja goniometra je iznosila V,=1° 20/min, a brzina kretanja papira 400 mm/h.
Koriscen je GM brojac sa sredinom platoa na 1550V. Osetljivost je bila 640 imp/s puna
skala, a RC konstanta 4s.

Uzorci su spraseni, a preparati napravljeni u standardnom aluminijumskom ramu
dimenzija 20 x 10 x 1,5mm, a zatim je snimljeno ugaono podrucje 20 od 4° do 76°.

Obavljeno je merenje Bragg-ovih uglova (20), i na osnovu tih vrednosti
izraCunata su medupljosna rastojanja (d).

Identifikacija prisutnih mineralnih faza uradena je uporedivanjem medupljosnih
rastojanja (d) i relativnih intenziteta (I) sa odgovarajucim podacima iz literature (JCPDS).
Difraktogrami dobijeni na ovaj nacin su koriSceni da bi se ustanovio mineralni sastav
celog uzorka.

Glinovita frakcija (< 5um) ispitivana je u ugaonom podrucju 20 od 2° do 16°, kao
orijentisani preparati na glatkoj povrsini stakla, i to: netretirani, tretirani glicerinom i zareni
na 450°C. Za svaki uzorak snimljena su po tri difraktograma (IIN, IIGL i 11450°C).

REZULTATI | DISKUSIJA

Rendgenska ispitivanja obavliena su na kompozitnim uzorcima koji su
sastavljeni od sledeceg materijala:

- keramickih glina,

- opekarskih glina,

- keramickih i opekarskih glina zajedno i

- podinskih glina.

Rezultati navedenih ispitivanja su prikazani kroz posebna poglavlja i tabelarno
radi bolje preglednosti i lak§eg pracenja promene sirovine sa dubinom.

U okviru rendgenskih ispitivanja prikazani su kvalitativni-semikvantitativni
sastavi, t.j. identifikovani minerali prema stepenu zastupljenosti u celom uzorku, kao i
glinovite komponente.

Dobijeni rezultati su praceni kratkim komentarima o semikvantitativnoj proceni
njihove zastupljenosti, koji treba da doprinesu boljem razumevanju.

1. Sloj keramickih glina

U okviru ispitivanja sloja keramickih glina ispitana su tri uzorka.
Identifikovan ukupni mineralni sastav, sastav glinovite komponente i kratak
komentar za uzorke keramickih glina prikazani su u Tabeli 1.
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Tabela 1: Mineralni sastav,

sastav glinovite komponente i komentar za uzorke keramickih

glina.
uzorak >5um < 5pum komentar
Kvarc, dolomit, llit, montmorionit, Dolomit i gline su priblizno podjednake
A-58401 gline, kalcit i vermikulit i neznatno zastupljenosti, kao i kalcit i feldspati, kojih
feldspati. kaolinit i hlorit. ima priblizno dvostruko manje od dolomita.
Kvarc, gline, Montmorionit, ilit, Glina ima nesto vise od kalcita. Feldspati
A-58406 | kalcit, feldspati vermikulit i neznatno su dvostruko manje zastupljeni od kalcita,
i dolomit. kaolinit. dok dolomita ima vrlo malo.
s Glina ima nesto manje od dolomita, dok
Kyare, dolami, Montmanigni, 1K, kalcita i feldspata (koji su priblizno
A-58410 gline, kalcltl Yetamillit L neznacho podjednake zaslﬁp[jer(msjti) img dvostruko
feldspati kaolinit 1 hlorit. manje.

Rezultati koji su dobijeni hemijskim i granulometrijskim ispitivanjima keramickih
glina (I |i ¢, 2003) prikazani su u Tabelama 2i 3.

Tabela 2: Hemijski sastavi uzoraka keramickih glina.

["uzorak | SiO; | AL:Os | Few [ TiO: | CaO | MgO | MnO | Na,O [ K:0 | HO | G.Z.
A-58401 | 51,89 | 8,73 323 | 105 | 11,10 | 4,51 | 0,07 1,14 | 1,80 | -1.28 | °15.16
A-58406 | 6185 | 1391 | 439 | 1,37 | 2,88 2,24 | 0.1 143 | 252 | 236 | 6,92
A-58410 [ 5388 | 933 [ 291 | 111 [ 917 [ 414 | 008 | 1,09 [ 1,93 [ 1,36 | 14,58

Tabela 3: Rezultati granulometrijskih ispitivanja uzoraka keramickih glina.
frakcija (%) pros. vel. zrna 0,02-0,005
k Se S
g peskovita | alevritska | glinovita (mm) i mm
A-58401 9,96 89,04 1,00 0,040 1,402 | 0,908 25,00
A-58406 8,32 90,68 1,00 0,032 1,692 | 0,863 46,00
A-58410 8,04 90,96 1,00 0,036 1,600 | 0,805 38,00

U okviru ispitivanja sloja opekarskih glina ispitano je deset uzoraka.

2. Sloj opekarskih glina

Identifikovan ukupni mineralni sastav, sastav glinovite komponente i kratak

komentar za uzorke opekarskih glina prikazani su u Tabeli 4.

Tabela 4: Mineralni sastav, sastav glinovite komponente i komentar za uzorke opekarskih

glina.
uzorak >5pm < 5pum komentar
Kvarc, gline Ty g o :
. s Montmorionit, ilit Feldspati, kalcit i dolomit su male
A-58413 | feldspati, kalcit i e S 3 :
dolamit kaolinit i vermikulit. zastupljenosti.
Kvarc, dolomit, Montmorionit, ilit, Dolomit i gline su priblizno podjednake
A-58416 | gline, feldspatii kaolinit, vermikulit i zastupljenosti, kao i feldspati i kalcit, kojih
kalcit. hlorit, ima pribliZno dvostruko manje.
Kvarc, gline Montmorionit, ilit i ik A
Rt il Glina ima dvostruko vige od feldspata, dok
A-58422 feldspati, neznatno vermikulit i R . ! 0
Holomittialch. kaolinit. su dolomit i kalcit male zastupljenosti.
A-58428 feﬁ‘ia':ﬁ g;?;f;}‘ .| Montmorionit, it i Feldspati, kalcit i dolomit su male
d%lo;nit neznatno kaolinit. zastuplienosti u odnosu na kvarc i gline.
Kvarc, gline Montmorionit, ilit i ; s i
} i ; el Feldspata i kalcita ima priblizno
A-58430 | feldspati, kalcit i manje vermikulit i y :
dola it kaolinit. podjednako, a dolomita neznatno.
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A-58432

Kvarc, gline,
feldspati i kalcit.

Montmorionit, ilit i
manje vermikulit i
kaolinit.

Feldspata i kalcita ima malo, a dvostruko
manje od glina.

Kvarc, gline, T ; A
A-58434 | feldspati, kalcit i ﬁgﬁ{rggzgl&jz}l illlr;(zliga_ gv?strgkolwge od feIdSpata. dok
dolomit. | it aolomit vrlo male zastupljenosti.
Kvarc, gline, Montmorionit, ilit i o 2 :
A-58437 | feldspati, kalcit i manje vermikulit i G:;i:?’; TESI? wISe odlfeldspa!a, dok su
dolomit. kaolinit. cft 1 dolomit vrlo male zastupljenosti.
Kvarc, gline, Montmorionit, ilit, o
A-58441 | feldspati, kalcit, kaolinit i manje il iu?siru_ko vise od feldspata,
i dolomit. vermikulit i hlorit. alcita i dolomita
Kvarc, gline, Montmoarionit, ilit, . R
A-58444 | feldspati, kalcit i Kaolinit i manje Glina ima ;’ﬁs‘;”k‘évl'se od feldspata,
dolomit. vermikulit i hlorit. . D

Rezultati koji su dobijeni hemijskim i granulometrijskim ispitivanjima opekarskih
glina (I i ¢, 2003) prikazani su u Tabelama 51 6.

Tabela 5: Hemijski sastavi uzoraka opekarskih glina.

uzorak SiO; | ALO; | Fewo | TiO; | CaO | MgO | MnO | Na;O | K;0 | H.O | G.Z
A-58413 | 5993 | 1346 | 518 | 153 | 297 | 223 | 009 | 148 | 280 | 225 | 7,28
A-58416 | 53,69 | 9,03 3,75 | 1,28 | 9.43 | 3,89 | 0,07 1,13 1.88 | 1,34 | 14,30
A-58422 | 61,88 | 13,10 | 550 | 1,47 | 231 | 2,07 | 0.09 142 | 222 | 198 | 6,84
A-58428 | 5932 | 13,77 | 565 | 161 | 347 | 205 | 0,10 130 | 272 | 194 | 7,90
A-58430 | 5932 | 1385 | 556 | 154 | 253 | 229 | 009 | 136 | 309 | 245 | 767
A-58432 | 60,24 | 1362 | 505 | 160 | 260 | 245 | 0,09 119 | 295 | 390 | 6,34
A-58434 | 63,75 | 1339 | 166 | 1,48 | 344 | 223 | 0.1 1,21 265 | 282 | 660
A-58437 | 6282 | 1249 | 460 | 1,52 | 299 | 226 | 0,07 140 | 261 | 268 | 6,26
A-58441 | 58,01 | 1315 | 594 | 1,41 | 387 | 2,29 | 0,14 1,01 2,72 ) 326 818
A-58444 | 5964 | 1339 | 557 | 1,40 | 327 | 207 | 0,11 1,02 | 258 | 3,04 7.44

Tabela 6: Rezultati granulometrijskih ispitivanja uzoraka opekarskih glina.
Gerak . frakciji? (%) i pros. vel. zrna s, s, 0,0?\;%005
peskovita | alevritska | glinovita (mm)
A-58413 6,34 91,66 2,00 0,041 1624 | 1,146 68,00
A-58416 8,50 89,50 2,00 0,046 1,226 | 1,002 4,00
A-58422 9,90 89,10 1,00 0,038 1,528 | 1,832 32,00
A-58428 11,26 87,74 1,00 0,044 1,577 | 0,823 34,00
A-58430 5,18 90,82 4,00 0.023 1,628 | 1,114 69,00
A-58432 9,02 86,98 4,00 0,028 1,835 | 1,015 53,00
A-58434 6,30 80,70 3.00 0,030 1,762 | 0,907 50,00
A-58437 4,24 92,76 3,00 0,041 1,720 | 0,069 60,00
A-58441 18,04 78,96 3,00 0,049 1,998 | 1,130 50,00
A-58444 15,46 81,54 3.00 0,034 1,926 | 1,057 50,00

U okviru ispitivanja zajednickih kompozita ispitano je Sest uzoraka.

3. Zajednicki kompoziti

Pod pojmom “zajednickih kompozita® se podrazumevaju kompozitni uzorci koji
su sacinjeni od kompletnog keramickog i kompletnog opekarskog sloja. U tom smislu
ispitivanjima je obuhvacen samo deo leZista sa utvrdenim rezervama A kategorije.
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Identifikovan ukupni mineralni sastav, sastav glinovite komponente i kratak
komentar za uzorke zajednickih kompozita prikazani su u Tabeli 7.

Tabela 7: Mineralni sastav, sastav glinovite komponente i komentar za uzorke zajednickih

kompozita.
uzorak >5um < 5um komentar
Kvarc, gline, Montmorionit, ilit, =N - ;
A-58449 | feldspati, kalcit i kaolinit i neznatno Glina ima ‘:"fs.:’ ”.kg “;'?’e_;"’ feldspata,
dolomit. vermikulit. SIS L S0P
Kvarc, gline, Montmorionit, ilit, o ;
A-58453 | feldspati, kalcit i kaolinit i manje Gllnane ﬁ:f;:’a”ikgo‘;f;ifad feldspata,
dolomit. vermikulit ;
Kvarg, gline, Montmorionit, ilit, Kalcita ima nesto manje od glina, dok su
A-58457 | kalcit, feldspatii kaolinit i neznatno feldspati i dolomit priblizno podjednake
dolomit vermikulit. zastupljenosti.
A-58461 Kvarc, gline, n:;z;‘tr:c?r\:'g::illlglilt i Minerala glina ima skoro tri puta viSe od
feldspati i kalcit. it feldspata i kalcita.
kaolinit.
Montmorionit, ilit i o : :
A-58465 Kvarc, _ghne._ RESRANA B RGI Glina ima skoro tri puta vise od feldspata
feldspati i kalcit e . i kalcita.
kaolinit i hlorit.
Kvarc, gline, i Glina i feldspata ima priblizno
A-58466 | feldspati, kalcit | ,.,Meoznr:;:ﬁgizglilrl::tl podjednako, isto kao i kalcita i dolomita,
dolomit, i a koji su znatno manje zastupljeni.

Rezultati koji su dobijeni hemijskim i granulometrijskim ispitivanjima zajednickih
kompozita (I | i ¢, 2003) prikazani su u Tabelama 8 9.

Tabela 8: Hemijski sastavi uzoraka zajednickih kompozita.

uzorak | SiO, | ALO; | Feuy | TiO, | CaO | MgOo | MnO [ Na,0 | K,0 | H,O0 | G.2.
A-58449 | 57,89 | 1349 | 505 [ 1,45] 502 | 222 | 0,09 | 1,49 | 253 | 2,74 | 7,94
A-58453 | 60,31 | 1341 | 485 [ 165| 358 | 2,16 | 0,10 | 146 | 268 | 278 | 7,10
A-58457 | 52,20 | 1119 | 399 | 1,28 | 963 | 3.06 | 006 | 1,14 [ 2,09 | 2,04 | 13,22
A-58461 | 58,49 | 1414 | 554 [ 1,34 [ 351 [ 2117 | 009 | 1,26 | 2,71 | 3,06 | 7,62

Tabela 9: Rezultati granulometrijskih ispitivanja uzoraka zajednickih kompozita.

A orak : frakcijﬁ (%) — pros. vel. zrna S, s, 0,0?;?1',1005
peskovita | alevritska | glinovita (mm)
A-58449 13,14 84,86 2,00 0,045 1,749 | 0,818 41,00
A-58453 12,32 85,68 2,00 0,063 1,660 | 0,799 36,00
A-58457 12,90 84,10 3,00 0,041 1,686 | 0,786 35,00

Plave, dosta masne gline &ine podinu produktivnog sloj
prethodnih slojeva po boji, makroskopskom izgledu i genetskim

2003).

U okviru ispitivanja sloja podinskih glina ispitano je pet uzoraka.
|dentifikovan ukupni mineralni sastav, sastav glinovite kom
komentar za uzorke podinskih glina prikazani su u Tabeli 10.

4. Sloj podinskih glina
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Tabela 10: Mineralni sastav, sastav glinovite komponente i komentar za uzorke podinskih

glina.
uzorak ~5um < 5um komentar
Kvarc, feldspati, =3 i ;
A-58346 | gline, Mg-kalcit, kalcit montrl::alnomt Kvarc preovladuje, 1dck glina i karbonata
i dolomit. : ima vrlo malo
Kvare, gline, Kvarc preovladuje, feldspata i kalcita ima

A-58347 feldspati, kalcit i Mon‘in::l’;'r?:'t' it priblizno podjednako, dok dolomita ima

dolomit. nesto manje.

Kvarc, feldspati, Kvarc preovladuje, feldspata i glina ima

A-58356 | gline, Mg-kalcit i MORnon| priblizno podjednako, dok su karbonati

ilit.

dolomit. malo zastupljeni
A-58357 Kvarc, feldspatii Montmorionit, ilit Kvarc dominira nad ostalim mineralnim
gline. i hlorit. vrstama
T T Feldspati i gline su priblizno podjednake |
| : !
A-58393 Kvare, feldspati, gline Montmerioalti zastupljenosti, dok je Mg-kalcit vrlo malo

i Mg-kaleit. iht.

Iz rezultata koji su prikazani u Tabelama 1, 4, 7 i 10, a koji se odnose na
mineralni sastav koji je ustanovljen rendgenskim ispitivanjima, mogu se izvuci sledeci
zakljucci:

Kvarc je u svim slojevima najzastupljeniji mineral.

Od minerala glina u svim slojevima najzastupljeniji su montmorionit i ilit.
Vermikulit je najzastupljeniji u sloju keramickih glina, mnogo manje ga ima u sloju
opekarskih glina, dok ga u sloju podinskih glina nema uopSte. Kaolinit i hlorit su,
uglavnom, vrlo male zastupljenosti, a ima ih nesto viSe u sloju opekarskih glina.

Minerala glina u slojevima keramickih i opekarskih glina ima vise od feldspata,
dok ih u sloju podinskih glina ima priblizno kao i feldspata.

Feldspata (u odnosu na minerale glina) ima manje u keramickim i opekarskim
slojevima, dok su u sloju podinskih glina priblizno iste zastupljenosti.

Karbonata (kalcita, dolomita, i ponegde Mg-kalcita) ima najviSe u sloju
keramickih glina, dok u slojevima opekarskih i podinskih glina njihova zastupljenost
opada toliko da ih ima cak i do dva i tri puta manje od minerala glina.

Kompozitni uzorci se uglavnhom sastoje od kvarca, minerala glina
(montmorionitsko-ilitskog, neznatno  kaolinitsko-vermikulitsko-hloritskog ~ sastava),
feldspata, kalcita i dolomita. Minerala glina i feldspata ponegde ima u skoro podjednakom
odnosu, a uglavnom glinovitih minerala ima dva do tri puta vise od feldspata i karbonata.

U Tabelama 2, 5 i 8 prikazani su rezultati hemijskih ispitivanja kompozitnih
uzoraka produktivnog sloja, tj. sloja keramickih i opekarskih glina i njihovih zajednickih
kompozita.

U Tabeli 11 prikazane su vrednosti uporednog srednjeg hemijskog sastava
sirovine po pojedinim slojevima. Nazalost, sloj podinskih glina nije hemijski analiziran.

Tabela 11: Srednji hemijski sastavi keramickih i opekarskih glina i zajednickih kompozita.

Glina Si0; | AlO; | Fewy | TiO, | CaO | MgO | MnO | Na,O | K;0 H,O | G.Z.

Keramicka | 55,88 | 10,95 | 4,10 | 1,04 | 6,57 | 345 [ 0,79 | 1,16 [ 2,17 | 186 | 11.77

Opekarska | 58,55 | 12,09 | 480 | 1,44 | 458 | 274 | 009 | 128 | 245 | 219 | 9,32

Zaj. komp. | 58,00 | 11,81 | 445 | 1,45 | 485 | 250 | 087 | 127 | 243 | 246 | 855

Sto se tie hemijskih komponenti, mogu se izvesti sledeci zakljucci:
Sadrzaiji SiO2, A,O3, Na;0, K20 i H,0 rastu sa dubinom i
Sadrzaji CaO, MgO, MnO i G.Z. opadaju sa dubinom.
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ZAKLJUCAK

Rendgenskom metodom ispitani su brojni uzorci iz slojeva keramickih,
opekarskih i podinskih glina, kao i zajednickih kompozita iz leziSta “Srednja strana” — Novi
Becej.

Identifikovani su mineralni sastavi u celom uzorku (> 5um), a takode i glinovite
komponente (< 5.m).

Rezultati ispitivanja koji su dobijeni rendgenskom difrakcionom metodom
uporedeni su sa rezultatima hemijskih | granulometrijskih ispitivanja.

Na osnovu rezultata ovih laboratarijskih ispitivanja koji su prikazani u Tabelama
1-11 moze se izvesti nekoliko zakljucaka o promenama mineraloSkog, hemijskog i
granulometrijskog sastava, koje su prvenstveno rezultat uslova njihove geneze (I | i ¢,
2003).

U tom smislu najkarakteristicnije je da zastupljenost karbonata opada od
povrsine prema dubini, dok sadrzaj glinovitih minerala i feldspata raste.

U medusobnom odnosu glinovitih minerala i feldspata moze se videti da su u
slojevima keramickih i opekarskih glina glinoviti minerali dva, pa ¢ak i tri puta zastupljeniji
od feldspata, dok su u sloju podinskih glina priblizno iste zastupljenosti.

Sva ispitivanja ukazuju da je mineraloski, hemijski i granulometrijski sastav
opekarskih glina 1 zajednickih kompozitnih uzoraka mnogo povoljniji od sastava
keramickih glina.

Takode, iz prikazanih rezultata moze se videti da su rezultati rendgenskih i
hemijskih ispitivanja u vrlo dobroj korelaciji, dok sa granulometrijskim pokazuju nesto
vece neslaganje.

Naime:

Tamo gde je rendgenskom metodom konstatovan veci sadrZaji karbonata, veci
su i sadrzaji Ca0, MgO i G.Z. koji su dobijeni hemijskom analizom.

Tamo gde su rendgenskom metodom minerali glina i feldspati konstatovani sa
vecom zastupljenoscu, poviseni su i sadrzaji SiOz, Al,03, Na O i KO koji su dobijeni
hemijskom analizom.

Ako su glinoviti minerali zastupljeniji od feldspata i karbonata, raste i sadrzaj
H-0.

Tamo gde je rendgenskim ispitivanjima ustanovljen porast sadrZaja glinovitih
minerala, to je takode potvrdeno i granulometrijskim ispitivanjima. Medutim, taj sadrzaj
glinovite komponente kod granulometrijskih ispitivanja je manji nego Sto ukazuju
rendgenska i hemijska ispitivanja.

U nasoj strucnoj literaturi postoji prilican nedostatak predstavljanja rezultata na
ovaj nacin, a pogotovu identifikovanog mineralnog, hemijskog i granulometrijskog sastava
pojedinih slojeva, kao i celog lezista.

Takode, retko se mogu videti uporedni rezultati dobijeni pomoéu nekoliko
razlicitih metoda.

Zbog toga, nadamo se da ce predstavljeni rezultati doprineti boljem razumevanju
geologije i mineralogije sa ovih prostora.

Recenzent: Dr. Mihovil Logar, redovan profesor
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Abstract: With the X-ray method there were investigated numerous samples from the
layers of the ceramic, brick and substratum clays, and also collective composites from the ore
deposit “Srednja strana” - Novi Becej, which were compared with the chemical and grain-size

investigations
The results which were obtained with the X-ray and chemical investigations are in very
good agreement, while the results which were obtained by grain-size method manifested something

bigger disagreement

All of the investigations indicate that mineral, chemical and grain-size compositions of the
brick clays and collective composite samples are favorable than compositions of the ceramic clays.

It was established variation in the mineral composition by depth, and most characteristic is
that carbonate content decrease from surface by depth, while content of the clay minerals and

feldspars increase
In the ceramic and brick clay layers clay minerals are with two to three times more content

than feldspars, while in the substratum clay layer they are of approximative contents,

Quartz is in all of the layers mineral with most content, and of clay minerals that are
montmorillonite and illite. Vermiculite content decrease with depth. Kaolinite and chlorite is mostly
with low content, and with something more content in the brick clay level.

INTRODUCTION

The ore deposit of the brick and ceramic clays “Srednja strana” is the new ore
deposit which was discovered and explored during the 2001/02 (I i ¢, 2003).

Productive part of the ore deposit (brick and ceramic clays) constitute from loess
components, which total thickness in the exploration area (36 ha) is about 9 m.

Brick-ceramic raw material of the ore deposit consists from three separate
layers:

- ceramic clay layer,

- brick clay layer and

- substratum clay layer.

Detail geological column of this ore deposit, thickness of this layers and their
technological characteristics were represented by | | i ¢ (2003).

3 Geoinstitute, Belgrade, Rovinjska 12, e-mail: geoins@beotel.yu
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In this paper there were represented investigation results which were obtained
by the X-ray diffraction method, and which were compared with the results of the
chemical and grain-size investigations.

At that manner there were studied and examined characteristics of the
sediments which constitute the productive series and there was established the variation
of the mineral composition by depth of this ore deposit

MATERIAL PREPARATION AND APPLIED INVESTIGATION
METHODS

The X-ray investigations of the samples were performed by the X-ray
diffractometer for powder "PHILIPS", model PW 1009 and PW 1051.

There was used cobalt radiation with the wave-length ACoK,=1,79026A, which
was filtered by iron B-filter. Anode load was: U=40 kV and 1=8 mA. Goniometer speed
was V,=1° 20/min, and running paper speed was 400 mm/h. It was used GM counter with
mean plateau at 1550V. Sensitivity was 640 imp/s full scale, and RC constant was 4s.

Samples were powdered, and preparations were made in the standard
aluminium frame with dimensions 20 x 10 x 1,5mm, and then they were recorded at
angle range 20 from 4° to 76°.

There were accomplished measurements of the Bragg angles (20), and at basis
of that values there were calculated interplanar spacings (d).

Identification of the present mineral phases was done with comparison of the
interplanar spacings (d) and relative intensities (I) with the responsable literature datas
(JCPDS). Diffractograms obtained at such manner were used to establish the mineral
composition of the entire sample.

Clayey fraction (< 5um) was investigated at angle range 20 from 2° to 16°, as
oriented preparations at smooth glass surface, that is: untreated, treated with glycerine
and heated at 450°C. For each sample there were recorded three diffractograms (IIN,
IIGL and 11450°C).

RESULTS AND DISCUSSION

The X-ray investigations were accomplished at composite samples which
composed from following material:

- ceramic clays,

- brick clays,

- ceramic and brick clays together and

- substratum clays.

The results of the named investigations are represented through separate
chapters and in tables because of better viewness and easier overlook of variation of the
raw material by depth.

Within the X-ray investigations there were represented qualitative-
semiquantitative compositions, i.e. identified minerals by their quantity of the entire
sample, and also of the clay component.

Obtained results are followed by short comments of semiquantitative evaluation
of their quantity which should contribute to better understanding.

1. Ceramic clay layer

Within the investigation of the ceramic clay layer there were examined three

samples.
Identified entire mineral composition, composition of the clay component and

short comment for the ceramic clay samples are represented at Table 1.
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Table 1: Mineral composition, composition of the clay component and comment for the
ceramic clay samples.

feldspars

inconsiderable kaolinite
~__and chlorite.

sample =5pm < 5um comment
Biaie dolomite lllite, montmarillonite, Dolomite and clays are of thereabout
A-58401 | I”a %y gl!e e vermiculite and equally content, and also calcite and
7 ‘ & ayfs.lga : inconsiderable kaolinite feldspars, which are of thereabout
_ R spar_s B and chlorite. double less content than dolomite.
I | " Clays are something over than calcite.
A-58406 ' ?”.[a”zf' lc;:ays_r MU”;Tﬁ?g'L?iT;ea'n'g"e' Feldspars are of double less content
E B CIded ‘? 'S.F:a s incor\:mderable eaoliife than calcite, while dolomite is of very
! e e 5 small content.
] Auane: dolomite Mantmorillonite, illite, Clays are something less than
A.58410 | clsss Zéalzitoe and vermiculite and dolomite, while calcite and feldspars

(which are of thereabout equally
content) has double less content.

Results which were obtained by chemical and grain-size investigations of the
ceramic clays (I | i ¢, 2003) are represented at Tables 2 and 3.

Table 2: Chemical compositions of the ceramic clay samples.

| sample | SiO, | ALO, | Feuum | TIO: | CaO | MgO | MnO | Na;0 | K0 | H:O e
A-58401 | 51,89 | 873 | 3.23 | 1.05 [ 11,10 [ 451 [ 0,07 | 1,14 [ 1,80 [ 1.28 [ 15,16
| A-58406 | 61,85 | 1391 | 439 [ 137 ] 288 [ 224 [ 011 ]| 143 [ 252 | 236 [ 6,92
| A-58410 | 5388 | 933 [ 291 [111] 9,17 [ 414 | 0,08 | 1,09 | 1,93 | 1,36 | 14,58

Table 3: Results of the grain size

investigations of the ceramic clay samples.

fraction (%) aver. grain size 0,02-0,005
sample Sa Sk e
| sandy | sity | clayey (mm)
A-58401 | 9,96 | 89.04 | 1.00 0,040 1,402 | 0,908 25,00
A-58406 | 8,32 | 9068 | 1,00 0.032 1,692 | 0,863 46.00
A-58410 8,04 90,96 1,00 0,036 1,600 | 0,805 38,00

2. Brick clay layer

Within the investigation of the brick clay layer there were examined ten samples.
Identified entire mineral composition, composition of the clay component and
short comment for the brick clay samples are represented at Table 4.

Table 4: Mineral composition, composition of the clay component and comment for the

brick clay samples.

sample =>5um < 5um comment
Quartz, clays, Montmorillonite, illite, ; -
A-58413 feldspars, calcite kaolinite and Feldspasrcalclieranc C!O|0I‘I1ﬂE Breiof
: S small quantity.
and dolomite. vermiculite.
Quartz, dolomite, Montmorillonite, illite, Dolc;lmlle atnd clay; a:’e °ff tII(}ereaboutd
A-58416 | clays, feldspars Kaolinite, vermiculite | Squally content, and aisoferdspars an
anri calcits e .chlorile calcite, which are of thereabout double
} : less content.
Quartz, clays, ﬂﬁzlmggggi’;ﬁéw;ﬁ Clays are double over than feldspars,
A-58422 | feldspars, dolomite et tlaand while dolomite and calcite are of small
and calcite. quantity.

kaolinite.
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Quartz, clays, Montmorillonite, illite Feldspars, calcite and dolomite are of
A-58428 feldspars, calcite and inconsiderable small quantity regard to the quartz and

and dolomite. kaolinite. clays.

Quanz, clays, Montmorillonite, illite Feldspars and calcite are of thereabout
A-58430 feldspars, calcite and less vermiculite equally quantity, while dolomite is of

and dolomite. and kaolinite. inconsiderable quantity.

Quartz, clays, Montmorillonite, illite Feldspars and calcite are of small
A-58432 feldspars and and less vermiculite quantity, and of double less quantity

calcite. and kaolinite. than clays.

Quartz, clays, e Clays are double over than feldspars,
A-58434 feldspars, calcite ;ﬂnodn:;nsosrttpr:i{:;il;:: while calcite and dolomite are of very

and dolomite. small quantity.

Quartz, clays, Montmorillonite, illite Clays are something over than
A-58437 feldspars, calcite and less vermiculite feldspars, while calcite and dolomite

and dolomite. and kaolinite. are of very small quantity.

Montmorillonite, illite,

A-58441 fe%t;?)gfé.,ctlzaa)!'giie kaolini_te a_lnd less Clays are double over than feldspars,

and dolomite. vermlcuh_te and calcite and dolomite.

chlorite.
Montmorillonite, illite,

i fe%g';‘:é'c;ﬁ;"e kaolinite and less Clays are triple over than feldspars,

R S e vermrt‘fiul!lle and calcite and dolomite.

chlorite.

brick clays (I | i ¢, 2003) are represented at Tables 5 and 6.

Table 5: Chemical compositions of the brick clay samples.

Results which were obtained by chemical and grain-size investigations of the

sample Si0; | ALO; | Fegusy | TiO; | Ca0 | MgO | MnO | Na,0O | K,O | H,O (K
A-58413 | 5993 | 1346 | 518 | 153 | 297 | 223 | 0,09 | 148 | 2,80 | 225 [ 7.28
A-58416 | 53,69 | 9,03 375 | 128|943 | 389 | 007 | 1,13 | 1,88 | 1,34 | 14,30
A-58422 | 61,88 | 13,10 | 550 | 147 | 231 | 207 | 0.09 | 142 | 222 | 198 | 6.84
A-58428 | 59,32 | 13,77 | 565 | 161 | 3,47 | 205 | 0,10 | 130 | 2,72 | 1,94 | 7,90
A-58430 | 59,32 | 1385 | 556 | 154 | 253 | 229 | 0,09 | 136 | 3,09 | 245 | 7.67
A-58432 | 60,24 | 1362 | 505 | 160 | 260 | 245 | 009 [ 119 | 295 | 390 | 634 |
A-58434 | 63.75 | 13,39 | 166 | 148 | 344 [ 223 | 0.11 121 | 265|282 | 660 |
A-58437 | 62,82 | 1249 | 460 | 152|299 | 226 | 007 | 140 | 261 | 268 | 626
A-58441 | 58,01 | 13,15 | 594 | 141 | 387 [ 229 [ 014 | 1,01 | 272 | 3,26 | 8.18
A-58444 | 5964 | 1339 | 557 | 1,40 | 327 | 2,07 | 0,11 1,02 | 2,58 | 3,04 [ 7,44

Table 6: Results of the grain size investigations of the brick clay samples.

ARk fracli'on (%) aver, grain size s, s, 0,02-0,005

sandy | silty | clayey (mm) mm
A-58413 6,34 91,66 2,00 0,041 1,624 | 1,146 68,00
A-58416 8,50 89,50 2,00 0,046 1,226 | 1.002 4,00
A-58422 | 9,90 | 89,10 | 1,00 0,038 1,528 | 1,832 32,00
A-58428 | 11,26 | 87.74 | 1,00 0,044 1,577 | 0,823 34,00
A-58430 518 90,82 4,00 0,023 1,628 | 1,114 69,00
A-58432 || 9,02 | 86,98 | 4,00 0,028 1,835 | 1,015 53,00
A-58434 6,30 90,70 3,00 0,030 1,762 | 0,807 50,00
A-58437 | 4,24 | 92,76 | 3,00 0,041 1,720 | 0,069 60,00
A-58441 || 18,04 | 78,96 | 3,00 0,049 1,998 | 1,130 50,00
A-58444 || 15,46 | 81,54 | 3,00 0,034 1,926 | 1,057 50,00
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3. Collective composites

Under the term “collective composites” it is implied composite samples which
consists from complete ceramic and complete brick layers. At that sense with the
investigations it is comprehended only the part of the ore deposit with the established
reserves of A category.

Within the investigation of the collective composites there were examined six

samples.

|dentified entire mineral composition, composition of the clay component and
short comment for the collective composite samples are represented at Table 7.

Table 7: Mineral composition, composition of the clay component and comment for the

collective composite samples.

sample l ~5um < 5um comment
J
| Quartz, clays, Montmorillonite, illite,
A-58449 | feldspars, calcite kaolinite and fegff'r:’ 28"'2i‘t‘;':n‘;":;g';?te
and dolomite. inconsiderable vermiculite. PAFS, ’
. Quartz, clays Montmorillonite, illite,
' 5 Clays are double over than
A-58453 | feldspars, calcite kaolinite and less : !
sl vermicaiite: feldspars, calcite and dolomite.
Quartz, clays, Montmorillonite, illite, Calcite is something less than
A-58457 calcite, feldspars, kaolinite and clays, while feldspars and dolomite
and dolomite inconsiderable vermiculite. are of thereabout equally content.
Quartz, clays, Montmorillonite, illite and ;
A-58461 feldspars and inconsiderable vermiculite CIaysf:lr;saI;'r::s:nt;:zlglé:ireer than
calcite. and kaolinite. P y
Quartz, clays, Montmorillonite, illite and :
A-58465 feldspars and inconsiderable vermiculite, Ciaysf:lrgsali;nrzsalr:g;::f;;::r than
calcite. kaolinite and chlorite. P i
Clays and feldspars are of
A-58466 fe%iagfg CL?;;"E Montmorillonite, illite and thereabout equally quantity, same
andpdoh.amite inconsiderable kaalinite. as calcite and dolomite, which are
of considerable less quantity.

Results which were obtained by chemical and grain-size investigations of the

collective composites (I | i ¢, 2003) are represented at Tables 8 and 9.

Table 8: Chemical compositions of the collective composite samples.

sample | SiO, | ALLOs | Feuom | TiO; | CaO | MgO | MnO | Na,O | K,O | H,O JiLE

A-58449 | 57,89 | 1349 | 505 [145 | 502 | 222 [ 009 | 149 [ 253|274 | 794
A-58453 || 60,31 | 1341 | 485 | 165|358 | 216 | 010 | 1,46 | 268 | 278 | 7.10
A-58457 | 52,20 | 11,19 3,99 128 | 963 | 3,06 | 0,06 1,14 ] 2,09 | 2,04 |513,22
A-58461 | 58,49 | 14,14 5,54 134 | 3,51 | 2,17 | 0,09 1,26 ): 2,711.]43: 065|087 62,

Table 9: Results of the grain size investigations of the collective composite samples.

samoia fractlpn (%) aver. grain size s, S, 0,02-0,005
sandy | silty | clayey (mm) mm
A-58449 | 13,14 | 84,86 2,00 0,045 1,749 | 0,818 41,00
A-58453 | 12,32 | 85,68 | 2,00 0,063 1,660 | 0,799 36,00
A-58457 | 12,90 | 84,10 3,00 0,041 1,686 | 0,786 35,00

4. Substratum clay layer
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Blue, quite greasy clays constitute the substratum of the productive layer. They
are clearly distinctioned than previous layers by colour, macroscopic appearance and
genetic characteristics (1 11 ¢, 2003).

Within the investigation of the substratum clay layer there were examined five
samples.

Identified entire mineral composition, composition of the clay component and
short comment for the substratum clay samples are represented at Table 10.

Table 10: Mineral composition, composition of the clay component and comment for the
substratum clay samples.

sample >5um < 5um comment

Quartz, feldspars,
A-58346 clays, Mg-calcite,
calcite and dolomite.

Quartz predominate, while clays and
carbonates are of very small quantity

lllite and

|
3
: !
montmorillonite. !

Quartz pr'edominate. feldspars and

Quartz, clays, :
A-58347 feldspare. calcits Mun;?grél:]cl:grlitg ilite | calcnlﬁlars ch thn{ereabc;ut equleriit_lyr q[uantlty,
R nolomie ! while dolomite is of something less
i guantity.

Quartz predominate, feldspars and clays
are of thereabout equally quantity, while

' Quartz, feldspars,

A-58356 | clays, Mg-calcite and | Montmerilionite and

i illite.
dolomite. ! carbonates are of small quantity.
Quartz, feldspars Montmorillonite, illite Quartz predominate over the other
A-58357 ‘ ; :
and clays. and chlonte. mineral kinds.
saass | _Quats fespars, | Monimorlonteang | ESCSP%S S0 aE ol e
clays and Mg-calcite. illite. ! fleaiy'a Y. 9

very small quantity

From the results which were represented at Tables 1, 4, 7 and 10, and which are
related to the mineral composition which was established by the X-ray investigations, it
can be made following conclusions:

Quartz is in all of the layers most quantity mineral.

From clay minerals in all layers montmorillonite and illite are with the most
content. Vermiculite is with most quantity in the ceramic clay layer, much less in the brick
clay layer, while in the substratum clay layer it is not present. Kaolinite and chlorite are,
mostly, with very small quantity, and they are of something more quantity in the brick clay
layer.

: Clay minerals in the ceramic and brick clay layers has more than feldspars, while
in the substratum clay layer they are of thereabout equally quantity as feldspars.

Feldspars (regard to the clay minerals) are less in the ceramic and brick layers,
while in the substratum clay layer they are of thereabout equally quantity.

Carbonates (calcite, dolomite, and somewhere Mg-calcite) are with most
quantity in the ceramic clay layer, while in the brick and substratum clay layers their
quantity decrease so much that they are even two to three times less than clay minerals.

Composite samples are mostly consisted from quartz, clay minerals
(montmorillonite-illite, inconsiderable kaolinite-vermiculite-chlorite composition), feldspars,
calcite and dolomite. Clay minerals and feldspars are somewhere of almost equally
quantity, and mostly clay minerals are two to three times over than feldspars and
carbonates.

At Tables 2, 5 and 8 there are represented results of the chemical investigations
of the composite samples of the productive layer, i.e. ceramic and brick clay layers and
their collective composites.

At Table 11 there are represented values of the comparative average chemical
compositions of the raw material from individual layers. Unfortunately, layer of the
substratum clays are not chemicaly analyzed.
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Table 11: Average chemical compositions of the ceramic and brick clays and collective
composites.

Clay | SiO; | AlO: | Fewuw | T10; | CaO | MgO | MnO | Na,O | K:O | H,0 | LL.

Ceramic | 55.88 | 1095 [ 4.10 1,04 | 657 | 345 | 079 | 116 | 217 | 1,86 [ 11,77

Brick | 58,55 | 12,09 [ 4.80 144 | 458 | 274 | 0.09 128 | 245 | 219 | 9,32

Col comp. | 58,00 | 11,81 | 445 [ 145 ] 485 ] 250 | 087 | 127 | 2,43 | 246 | 855

Regard to the chemical components, it can be made following conclusions:
Contents of the Si0;, ALOs, Na;0, K;0 and H;0 increase with depth and
Contents of the CaO, MgO, MnO and |.L. decrease with depth.

CONCLUSION

With the X-ray method there were investigated numerous samples from the
layers of the ceramic, brick and substratum clays, and also collective composites from the
ore deposit "Srednja strana” — Novi Becej.

There were identified mineral compositions of the entire sample (> 5um), and
also of the clay component (< 5um).

Results of the investigations which were obtained with the X-ray diffraction
method were compared with the results of the chemical and grain-size investigations.

At basis of the results of these laboratory investigations which were represented
at Tables 1-11 it can be made several conclusions about variation of the mineralogical,
chemical and grain-size composition, which are primary as the result of the conditions of
their genesis (1 1i ¢, 2003).

At that sense most characteristic is that carbonate content decrease from
surface to depth, while content of the clay minerals and feldspars increase.

From mutually ratio of the clay minerals and feldspars it can be seen that in the
ceramic and brick clay layers clay minerals are with two, and even with three times more
content than feldspars, while in the substratum clay layer they are of approximative
contents.

All of the investigations indicate that mineralogical, chemical and grain-size
compositions of the brick clays and collective composite samples are favorable than
compositions of the ceramic clays.

Also, from the represented results it can be seen that the results from the X-ray
and chemical investigations are in very good agreement, while with the grain-size they
manifested something bigger disagreement.

Namely:

Where with the X-ray method were established higher carbonate contents, there
are higher contents of the CaO, MgO and |.L. which were obtained by the chemical
analysis.

Where with the X-ray method clay minerals and feldspars are established with
higher contents, there are higher contents of the SiO;, Al,O3, Na;O and K,0O which were
obtained by the chemical analysis.

If the clay minerals are with more content than feldspars and carbonates, there
are higher contents of the H,0.

Where with the X-ray investigations were established higher contents of the clay
minerals, that is also confirmed with the grain-size investigations. However, that content
of the clay component at the grain-size investigations is lesser than the X-ray and
chemical investigations indicate.

In our vocational literature there is a considerable lack of representing the datas
at such manner, and especially of identified mineral, chemical and grain-size
compositions of the individual layers, and also of the entire ore deposit.
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Also, rarity is to see the comparative results which were obtained by several
different methods.

Because of that, we hope that represented results will contribute to the better
understanding of the geology and mineralogy from this area.
Recenzent: Dr. Mihovil Logar, redovan profesor
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