Teoji. aH. BajiK. noji. 60 359-376 Beorpafl, flei;eM6ap 1996
Ann. Geol. Penins. Balk. ) Belgrade, Decembre 1996

YJJK 552.517(497.11-15) OpnrHHajiHH HayHHH paji

IIH30JIHTH y CEJJHMEHTHMA "OIbEr TOKA PEKE CABE

0«

MHJiHBoja JoBaHOBHha n BnjiojKa JoBHha

Yy pany cy npnKaiaiie ceAHMeHTo;ioiiiKec KapaKTepHCTHKe nn30JiMTa H3 Jion.er TOKa peKe CaBe (ko:i
Illanna). O;ipcl)en je ca«p>Kaj nH30JiHTa y necKOBHTOM uiJbyHKy, npoyieii h>hxon MHHepaliHH HxeMHjcKH eacTaB
HHHCKYTOB3H HHIXB nocTaHaK.

K.by«e pcia: nn3ojinT. neckOBHTH uiibyHak, CaBa, Kap6oHaTH.
yBojj

11h30jihth y peneiiTHHM ce/niMeirniMa Shjih cy /io cal/ia Heno3HaTH y Hamoj JiHTe-
He MemaBHHe HeBe3aHHX ce/iHMenaTa (necaK, mJbyHaK, npax) H3 KopHTa /ion,er TOKa
peKe CaBe, yTBp”~eHo je npiicycmio 3iiaTiior 6poja 3pHa ca OBojHMa - nH30jiHTa.

riH30JiHTH cy npoHa”eHH y necKOBHTOM uiJoyHKy Kojn je eKcnjioaTHcaH H3 KopHTa
peKe CaBe ca /iy6Hiie o/( 9 /jo 12 m Ha MecTy v/iaJbcnoM 300-700 m inriBo/iHO oji MocTa
ko/i IllanHa. /l,e6jbHiia necKOBHTor mjbyHKa y tom /iejiy peHHor KopHTa Giuia je oko 2 m.

Y ¢jjpaKHHOHOM arperaTy Kojn ce kophcth 3a npoH3Bojiiby 6eTOHa nojia3H jio h.h-
xoBor pa3JiHHHTor KoimempHcaiba, a HCTOBpeMeHo h jjo /jejiHMHHHor JioMJbeiba OBoja
Ha HeKHM 3pHHMa npn npocejaBaiby. To je y BejiHKoj Mepn noMorjio jja ce hh3ojihth
JiaKiue iifienTHflJHKyjy h yBpcTe y pe/ioBiie cacTojKe necKOBHTor mjbyHKa jioii.ei’ TOKa
peKe CaBe. Obo je npBH Hajia3 thx je/iniicTBeiiHX c}opMii y cnaTKOBojiHHM, pe'iiniM
ce"HMeHTHMa koji Hac.

aEOHHHHHJA H HOMIHK TAITM’A IIH JO.IHI A

(Donahue, 1969). Ohh ce cacToje oji je3rpa h OBOja y KOMe ce noHerj"e yonaBajy
KOHijeHTpHHHe JiaMHHe. OBojn cy iiaj'ienihe nsrpahieHH oji(KajmHTa h aparoHHTa, a Beo-
Ma peTKO oji OKCHjia MamaHa, xnjiporeTHTa, nmcHTa, JIHMOHHTa, CHJiHHHje h cj)oc(f)aTa
(Carozzi, 1960). EIh30jihth ce CBpcTaBajy y Kap6oHaTHe cejiHMeHTe, h y OKBHpy h,iix y
BeliHKy rpyiiy "o6aBHjeHHX 3pHa" (W olf, 1960). llpeMa W olf-y (1960) h Peryt-y

*HHCTHTYT HMC n.jr, ByjieBap BojBone MHHiHha 43, Beorpaji
PyHapcKO-reojiouiKH cfiaKyjiTeT, ByuiHHa 7. Eeorpan.
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(1983) Kojn cy H3BpmHJiH no/(ejiy "o6aBHjeHHX 3pna" (coated grains), nH30JiHTH cnajjajv
y ooHfle (hjih Bajtoiine) on Kojnx ce jeflIHHO pa3JiHKyjy 110 BeJiHHHHH (2 mrn).

OBaKBO rjieHHUiTe npnxBaheHo je o® MHornx ayTopa (Donahue, 1969). C npyre
CTpaHe, HeKH ayTopu Kao Fliigel (1986) nH30JiHTe jacHo pasnnajajv ojj oon/ia KakKO no
HHMeH3HjaMa (2 mm) TaKo n no neMapHHCKoj reHe3H. rpaHHii;a H3Mey oonjia n nH30-
JiHTa oj( 2 mm y iipouiJiocTii je jiyro Giuia ocHOBa no Kojoj cy CBe c|)opMe Behe 0ji 2 mm
Ha3HBaHe nH30jiHTHMa. TaKO ce jianac npec}MiKc "piso" KopHCTH nciipen Ha3HBa 3a
cftopMe MHja B esiiriHHa h3hoch H3Mel)y 2-10 mm (nH300iifl).

Cji. 1. KapTa nojio>Kaja Jie>KHmTa mjbyHKa y KopHTy CaBe.
Fig. 1. Map with location of the sandy gravel deposit in the showing Sava riverbed.

HH30JIHTH ce cJ)OpMHpajy y KOHTHHeHTaJIHHM je3epCKHM H Ba;i<)3110-MapHIICKHM

pHTCKe Kope (jiypiiKpacT), nehnne, pyjjminn, Kao h rej3iipn h TonjiH H3Bopn. Je3epcKH
IIH30JIHTH cy no3H3TH H3 cJiaTKOBOfIHHX h H3 cjiaiiHX je3epa (Braithwait, 1979). HpHO-
6ajicke XHnepcajiHHCKe cpejiime cy MecTa Ba/io3iio~Mapiinck HX nH3o0jiHTa (Estaban,
1976; Peryt & Piatkowsky, 1977).

0 6 jink nii30jiHTa 3aBHCH oj( ycjiOBa cpejinne H.nxoBor cmiapan,a. 11h3ocjinth C}Op-
MiipaHH y KpeTaHHM BojiaMa (nehHHe, rej3iipn) HMajy 06.uaKe koji Kojnx cy npBo6HTHe
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HenpaBHJiHocra je3rpa 3ao6jbeHe nyTeM aKpeipje Konu;eHTpHHHHX JiaMHHa, j~ok ce koji
nH30JiHTa MHpHHX Bojja HenpaBHjmocTH je3rpa ry6e jioj(aBan,eM hobhx JiaMima, uito
JJOBOJH Jio c4)epH'IHTHX 06 jIHKa.

y 3 00oHj(e h ajiraJiHe oHKonjie, nH30JiHTH npejjcTaBJbajy 3HagajHe 06jiHKe 3a HHTep-
npeTau,Hjy jieiio3MnnoHHX cpejiHiia.

| PAHY.JIOMETPHJCKA HCIIHTHBAH.A ni.IbYHKA 1011.11 TOKA CABE

FpaHyjioMeTpHjcKH cacTaB HV'ienor HaHOca uiJbyHaK-necaK-npax jioiter TOKa CaBe

Y 3opaK 1 je y3eT mctojom 6pasjie Ha cpejiHHH »lejia jieiionnje ii3Met)y 4. n 5. MeTpa oji
ropifce noBpiiniHe cra>Ke. Y3opaK 2 je npHKynjbeH TaKO™e mctojiom 6pa3jje Ha oko 5 M oji
ropibe noBpiiiHHe eTa>Ke, a Ha yjjaJbeiiocTH oko 120 M oji y3opKa 1y npaBHy npeMa CaBii.
Y3opaK 3 je y3eT Ha oci'aTKV jienoiinje ("'ocTpBy'") cTape oko 7 rojinna Ta'iKacToM mctojiom
ca cbhx cTpaHa "ocTpBa'.

rpaHyjioMeTpHjcKa ncnHTHBaiba BprneHa cy noMohv jlBa cjiora CHTa. 3a npocejaBa-
ibe "KpynHor arperaTa" (‘iecTime Behe oji 2 mm) KopHiuheiia cy CHTa OTBopeHor npe'i-
HHKa: 125, 90, 63, 45, 31.5,22.4 mm h 16,11.2, 8 h 4 mm. 3a npocejaBaibe "chthot" arpe-
raTa HOCJiy>KHJia cy OKpyrjia CHTa TaKolje ca OTBopHMa iipe'iiiHKa: 2, 1, 0.5, 0.25, 0.125 h
0.063 mm.

npocenaH cacTaB npnpojiHe MemaBHHe mjbyiiKa floiber TOKa CaBe Ha Tpii y3opKa
h3hoch: HiJoyHaK 70.10 %, necaK 29.51 %, npax 0.39 % n npeMa TpOKOMnOHeHTHOM
HiijarpaMV najja y nojjpv'ije necKOBHTOr uiJbyHKa. 1lpoce'ina Bejin'iinia 3pna obot HeBe-
3aHor cejjHMeiiTa h3ahoch 12.50 mm, a npoceHHa copTHpanocT SO = 4.73 yKa3yje Ha n>e-
roBy Bpjio cjiaby copTHpaHOCT.

Ojipel)HBaii,e cajip>Kaja imsojiHra y ccjiiiMciiTiiMa jion.er Toke CaBe BpmeHo je y
y3opu,iiMa npHKynjbeHHM Ha jjenoHHjn. Ha 0CHOBy jjo6njeHHX pesyjiTaTa y TabejiH 1, y
npoceKy Ha 14 kg cejTHMeina, jio6nja ce 0.6 kg nH30JiHTa, ihto npejjcTaBJba oko 4.5 % oji
yKynHe Mace necKOBHTor mjbyHKa.

Ta6ejia 1. Canpscaj riH30JiHTa y necKOBHTOM uui>yHKy peKe CaBe.
Table 1. The pisolite content in sandy gravel of the Sava river.

TeacHHa y3opaKa Cajip>Kaj nH30Jinra

Bp. y3opKa . Lo
Sample vveight Pisolite content %
Sample No.
(kE> (kg)
1 10.855 0.710 6.54
2. 10.845 0.470 4.33
3. 20.300 0.735 3.62
b caiio>Kai
CpejibH cajip>Kaj 14.000 0.638 4.56

Average content

OBJIHK NnH30JIHTA

3a HenHTHBaibe 06jiHKa hh30jiiitckhx 3pna, oji npiiKynjbeHe Mace (oko 5 Kg) cj)paKHHje
31.5-16 mm mctojiom cjiv'iajnor y3opKa oji6pojano je 30 3pna ca oBojem. Ona cy osna'iena
6pojeBHMa 0j( 1 jio 30. 03HaKe a h a0ojuiocc ce Ha ocy je3rpa ca oBojeM (nH30jniT) h ocy
je3rpa ca Kora je CKHHyT OBoj. /(06iijciiH pe3yjiTaTH npHKa3aHH cy y Ta6ejiH 2.
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TaSena 2 (HacTaBaic).
Table 2. (continued)

Ilth3ojihth y cegHMeiiTHMa gOH>eI’TOKa pexe CaBe
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McniiTHBaH>e o06jiHKa Bpiueno je MeTojjoM Zingg-a (1964). Elo tom ayropy Mory ce
H3HBOjHTH 'ICTHpH OCHOBHa O7JIHKa BaliyTaKa, H TO Ha OCHOBy Ofl[HOCa IbHX()BHX oca:
b _ cpejjiba oca ¢ _ KpaTKaoca
altyra oca b cpejpba oca
HajBehn 6poj HH30JiHTa HMa JionTacT (ccepoHflan) o6jihk. Ofl yKynHo 30 nH30JiHTa
17 (56,7 %) najjay nojbe JionTacTHX, 7 (23,3 %) y nojbe BpefreHacTHX, 5 (16,5 % ) y nojbe
AHCKOiiflajiHHX, a caMo 1 (3,3 %)y nojbe HJ[0’iacTHX 3pHa.
HaKOH cKHjjaibaoBoja ca nH30Jiirra H3MepeHe cy oce MaTHMHHX je3rapa. IllecT je3ipa je najio
y nojbe Jioirracn« 3pHa, jma cy Ha ipaini‘inoj JiHHHjH H3Met)y JionracnK h BpeTeHacrHX, ocaM je
maBajy" o6jihk Mani'iniK je3rapa h jia ce jaBJba 'rciijjennnja cTBapan.a a))epoHj(HHX r[)opMH.
3a ojipet)HBaii,e 3ao6jbeHocTH h ccj)cpii'iHocTH Kopiiniheiia je MeTojia W ent-
worth-a (1922):

Di + Di
— - HiijteKc 3ao6jbenocTH R =
R 4
rj - HajMaH>H iioJiyripe'iHHK D ,— ;iy>KHiia 3pHa
R — cpejliILH lipe’IHHK D2 —HIHpHHa 3pHa

OjiaGpano je j(ecem nH30JiHTa, a pe3yjiTaTH cy npHKa3aHH y Tab6ejiH 3. OjipeJ)HBan,e

0.15-0.25 cy6yraacTa, 025-0.40 cy63ao6jbeHa, 0.40-0.60 3ao6jbeHa h 0.60-1.00 3ao6jbeHa 3pHa.

Tabejia 3. c_);ipet)HBaii,e 3a06jbeHOCTH nH30jiHTa.
Table 3. Determination of roundness of pisolites.

6poj (No.) 21 22 23 24 25 27 28 29 30 31
3pho (grain)
ca npeBliaKOM
(with coat)
0.346 0.752 0.752 0.689 0.585 0.592 0.444 0.827 0.610 0.410

6e3 npeBnaKe
(without coat)

0.366 0.450 0.540 0.500 0.256 0.127 0.312 0.533 0.610 0.410

6poj (No.) 21 22 23 24 25 27 28 29 30 31
3pHO (grain)
NH30JIHT c>63a06TbeH  floBpo jjo6po flo6po 3a06jben  3ao6ji.e 3a06ji.en flo6po Aobpo  3ao6jben
(pisolite) siibromided 3a061leH  3ao6.iveH 3aoGjien  rounded H rounded ~ 3ao6jbeH 3aoBjbe  rounded
well well well rounded well H
rounded  rounded rounded rounded ~ Well
roiuided

M3THHHO 3pHO 3ao6jbeHo 3ao6;i>eHo 3ao6T.eno 3ao06ji.eHO cy6yrjiacro yrjiacro cy63a06ibeHo 3a06.ibeno yrjiacro yrliacro-
(parent grain) rounded  rounded rounded rounded cy63aobjteH angular subrounded rounded angular Cy6yrjiacr
subangular- angular-
subrounded subangular

MHHEPAJIOffIKO-HHETPO.11ONiKA HCIIMTHBAIDA [11JI>5yHKA H 1IH30.HHI A

MHHepajioniKO-neTpojiomKa ncniiTHBaii,a necKOBHTOr uiJbyHKa paj)ena cy Ha kom-
n0O3HTHOM y3opKy Kojn je HanpaBlJlbeH oji y3opaKa 1, 2 h 3. HciiiirnBan,a cy o6aBJbeHa no
rpaHyjioMeTpnjcKHM cj)paKi®njaMa (Ta6edia 4).
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Tabejia 4. MHnepaliouiKo-neTporpatljcKH cacraB (JjpaiajHja iii;i,yiiKa.
Table 4. Mineralogical and petrographical compositions of gravel.

<t>paKHHja (y mm)

- . 63-31.5  31.5-16 16-8 8-4 4-2
Fraction (in mm)

Tnn crene hjih Mimepajia
Type of rock or mineral
Ma/MauicKe cmene (Magmatic rocks)

ByjiKaHHTH (Volcanic rocks) 9 9 4 4 6
CeduMemtiHe cuiene (Svtlimenlmyv rocks)

nerniap (Sandstone) 33 33 46 41 32
KoHrjioMepaTHHHii neuiiap (Conglomeratic sandstone) 6 2

Kpe'iibak /floJioMHT (Limestone/Dolomite) 9 5

Po*Haq (Chert) 9 9 7
KBapijHTHa 6peMa (Ouartzite breccia) 1

ITh30jihth (Pisolites) 1 1
MeuiaMopipne cuiene (Metamorphic rocks)

KBap™HT (Ouartzite) 24 13 6 16 16
KBapnHH iiik pnjhan (Ouartz schist) 1 2 2 1
fHajc (Gneiss) 1
Kbhph-jihnckvhckh LUKpHJbaii (Ouartz-mica schist) 2 3

A mchh6ojickh uikPHIbau (Amphibole schist) 1 1
Munepajiu (Minerals)

KBapq (Ouartz) 9 20 20 18 36
KBapu-(heliflcnaTCKa 3pna (Ouartz-feldspathic grains) 1

TaGejia 4. (HacraBak) MHHepajiomKO-neTporpacJjcKH cacraB neck OBHTHX (JjpaKiiH ja
Table 4. (continued) Mineralogical and petrographical compositions of sand fraction.

<J>paKgnja (y mm)

- . 4-2  2-1 1-05 0.5-0.25 0.25-0.125 0.125-0.063
Fraction (in mm)

Thii creHe hjih MHiiepajia
Type of rock or mineral
Ma?MouicKe cmeue (Magmatic rocks)

ByjiKaHHTH (Volcanic rocks) 6 4

CeduMenuiue cuieue (Sciliiiicntnrv rocks)

neuiiap (Sandstone) 32 23 12 10 8

Kpe'iitaK (Limestone) 2 2 2 1 2 5
PoiKiiau (Chert) 5 17 12 9 10 16
MemaMombne cuiene (Metamorphic rocks)

KBapifliT (Ouaitzite) 16 22 20 30 21 10
KBapuHH uiKpHJbau (Ouartzite schist) 1 1 1 1
Amcljh6ojickh uiKpHJbau (Amphibole schist) 1

Munepajiu (Minerals)

KBapu (Ouartz) 36 32 51 >47 >50 55
KBapu-(helijicnaTCKa 3pHa (Quartz-feldspatliic graius) 1 <1 <1 <1

OejijjcnaT (Feldspar) <1 <1 2

Jlhckvh (Mica) <1 6
KBapg-jiHCKVHCKa 3pna (Ouartz-mica grains) <1 <1
Am@h6oji (Amphibole) <1 <1
FpaHaT (Gamet) <1 <1

KajiuHT (Calcite) <1 8
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Caflp>Kaj BajiyTaKa cTeHa hjih MHHepajia y (JipaKijHjaMa 63-31.5 mni, 31.5-16 mm,
2-1,1-0.5, 0.5-0.25 h 0.25-0.125 mm y npon,eHTHMa (Kao 6poj 3pHa mctojiom cjiyTajHor
y30pKa).

Y cfipaKnnjaMa KpynHor arperaTa 3ana>Ka ce jja npeoBJia™yjy BaliyijH cejuiMeHTHHX
cTeHa (54-64 %), 3aTHM MeTaMopc|Minx cTeHa (12-24 %), a iiajMan.n cajip>Kaj je
noBehana je 3acTynjfceHocT KBapija (32->50 %) h MeTaMopcj)HHX cTeHa (10-31 %), jjok
cy cejiiiMcirnie n ByjiK3HCKe cTeHe Man,e 3acTyiiJbciie Hero y c¢()pakKHHjn niJbyHKa.

11h30jihth y uubyHKOBHTOj c|)paKHnjn nojaBJbyjy ce y 3pHHMa (Ta6jia 1, cji. 1) 'inja
1, cji. 2). M3rpa”eHH cy o” jpja ocHOBHa jjejia: npiiMapHor 3pHa (je3rpo) Koje Hajneiuhe
'ihhh ojiJioMaK CTeHe hjih opraiiH3Ma (niKOJbKe n ny»ceBH), h ceKynj?apHor jiejia -
6ejiHHacTor, CBeTJiOCMet)er, a pe”e u;pHor Kap6oHaTHor OBoja oko je3rpa. 11h3ojihtckh
OBoj ofljiHKyje ce xpanaBOM h nepaBHOM noBpniHiioM Koja je BeoMa nopo3iia h TpouiHa,

06 jink NH30JiHTa Bapnpa oji noTnyHo HenpaBHJiHor jjo iijjeajnior oKpyraacTor h y
BejoiKoj Mepn 3aBHCii ofl jie6jbiiHe OBoja. TaKO koji nH30JiHTa Kojn HMajy OBoj n jo
HeKQJiiiKO nyTa jic6ji>h oji npHMapHor je3rpa neinhe cy npaBHJiHHje cjjopMe.

Koji Behime nii30JiiiTa Ha nonpeHHOM npeceKy jacHO ce yoHaBajy H3pa*ene koh-
HeHTpHHHe JiaMime oko je3rpa (Ta6jia 1, cji. 2; Ta6jia 2, cji. 1). Bpoj thx JiaMima Kao h
ibiixoBa fle6jbHHa, Bapnpa oj; nH30JiHTa jio nH30jiHTa. KoHi"eHTpHHHe JiaMHHe y OKBiipy
jejiHor OBOja 06iriHO cy npH6jiFthCHHX j(HMeH3Hja, a oHe Haj6jiH>Ke je3rpy npaTe iberoB
06jihk. Ohc cy jejuia o Jipyre ojiBojeHe TaHKHM h BeoMa KOMiiaKkTHHM MaTepnjajioM,
jie6jbiiHe naj'iciithe 1-2 mm h TaMHHje 60je (HajBepoBaTHHje oj( Mn hjih Fe) Hero okoji-
Ha Kap6oHaTHa cpefliiHa. llocMaTpajyhH JiaMHHe ojj cnojbHHX Ka yHyTpainibiiM j*ejioBii-
Ma oBoja yo’iaiiajy ce HeKe 6hthc pa3JiHKe MeMy ibHMa. CnojbHe JiaMHHe cy MeKine, no-
po3He h TponiHe, jiok ce yHyTpauiibe JiaMHHe, HapoHHTO one Haj6jiH»:e je3rpy, ojjJiHKyjy

3ao06jbeHor. Jl,iiMen3iije je3rpa cy o0j( HKOQJIHKO MiuiHMeTapa jjo iickojiiiko caHTHMeTapa.

MiiKpocKoiicKa npov'iaitaiba nH30JiHTa BpuieHa cy Ha 5 y3opaKa. 360r vjejina'ieiior
cacTaBa h o06jiHKa Mory ce H3Byhii onuiTe MHHepajiouiKe KapaKTcpncTiiKe 3a CBe y3op-
ija, ByjikKaHHTa, pe”e KpeTu>aKa, ojjJioMaKa Jbyurrypa cfiocnjia hjih uejinx cJ)ociuia (ny>Ke-
Ba H UIKOJbKH).

OBojn cy H3rpai)eiiii 0j| MHKpirra ca eKCTpaKliacTHMa KBapna, Kaliu;iiTa h c|)elijicnaTa y
uiynJoHHaMa. KBapn h Kajiuirr ce HajTeuihe nojaBJbyjy y HenpaBHJiiiHM 3pHHMa 'Mija je

JacaH npejia3 H3Mey jejjne 30He y Jipyry npejjcTaBJbajy TaHKe JiaMHiie, ne6jbiiHe oj*
0.1 jio 0.2 mm. Y jiejionnMa oBoja Kojn cy iiaj6jih>kh je3rpy, TaHKe JiaMHHe jacHO npaTe
06jihk npiiMapHor je3rpa. One ce Haj6ojbe yonaBajy y yHyTpaiuibHM jjeJioBHMa, a y
cnojbiiHM j~ejioBHMa oBoja HajHeuihee cy oj~cyTiie. yHyTpauiibe 30He, noce6no one oko
je3rpa, noKa3yjy HajBehy KOMnaKTHocT, j*ok cy cnojbaiuibe 30He pa3JiHHHTe ruynJbH-
KaBOCTH HHBpCTohe.
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XEMHJCKA HCnHTHBAIbA HH30JIHTA

XeMiijcKO HcnHTHBaite hhsojihtckik OBoja BprneHo je na nocefino iipniipeMJbciniM
yhiopiiHMa. npBH y3opaK Jiofmjen je cKHjiaibeM TaMHHjiix OBoja ca 17 iiH30JiHTa <t>paKnnjc
31.5-16 mm. Lleo Marepnjaji je npBo H3MemaH, a noTOM aHajiH3Hpan. Jlpvm y3opaK je
jiofinjeii ojiiiajaihCM GecjiH’iacTor OBoja ca jejinor nnsojiH Ta cjipaKiinje 41-31.5 mm.

XeMHjcKe aHaJliH3e yKa3yjy Ha bhcok cajjp>Kaj CaO (jio 50 %) Kao n Ha BejiiiKH ry-
SHTaK >Kapen,CM Ha 1000 °C (Ta6ejia 5). Cajjp>Kaj ocTajinx cacTojaKa jiocTa je hhsch ii
h3hoch jjo HeKOJIHKO npoijeHaTa. Caj?p*ajH Si02, A120 3, Na20 h jioHeKJie K20 y o6a
y3opKa cy vjejiiia’ieiin, jiok cy cajip>KajH Fe20 3, MnO h MgO h jio mecT nyTa nehn y
y3opKy 1. Jlpvi'H y3opaK noKa3yje Behe cajip>Kaje CaO h C02. Jl,06HjeHii pe3yjiTamra
naBojie Ha 3aKJbyiaK jia iihsojihth ca CBeTJinjHM OBojHMa HMajy Behn cajip*aj CaO h
C 02, a Maite cajjp>Kaje Fe20 3, MgO h MnO 03 nH30JiHra ca TaMHiije o0 60jeHHM OBojeM.

Pe3yjiTaTH cneKTpoxeMHjcKHX HcnHTHBaifca y3opaKa 1 h 2 npHK33aHH cy y Ta6ejm 6.
No6Hjeim pedyjiTaTH noKa3yjy j*a 06a y3opKa HMajy noBHmeH caflp*aj eJieMenaTa H3
rpyne c}epHAa. Y y3o0pKy 2 jaBJba ce jiBocTpyKo Behn cajjpacaj xpoMa, jiok cy cajip>Kajn
BaHaj*HjyMa npH6jiH»CHH. HHKaji h Co cy Henrro 3acTynjbeHHjn y y3opKy 1. Ochm Tora,
HCTH”e ce jejiaH h no nyT Behn cajip”caj Tiy y3opKy 2 Hero y y3opKy 1. H3pa3HTO noBii-
pajia KojH H3rpa”yjy oBoj nH30JiHTa. IloBHmeHii cajjp~cajn Ni, Co, Sc h V y TaMHiije
060jeHHM nii30jiHTCKHM OBojHMa ycjioBJbeim cy Be3HBaH>eM thx ejieMeHaTa 3a aMopcjme
MHHepajie Mn h Fe.

TEHE3A nH30.HHTA

CTBapaibe nii30JiHTa HHje jom yBeK y noTnyHocTH pa3jamibeHO. Y jiiiTepa'ivpn ce
HaBojie Tpn M oryha HaHHHa: c)H3H'iKH, xeMHjcKH h 6hojioiukh (TiSljar, 1987). H jiok cy
MapHHCKH H BBJIOBHH nH30JIHTH 3HaTHO BHme npoyiaBaHH, O reHe3H peHHHX nH30JIHTa
HMa M ajio nojiaTaKa. JIBa ocHOBHa npo6jieMa Tpe6a pemiiTii jia 6h ce pa3jacHHJia reHC3a
je3rpo KpeTaHO npeKO Beh cTBopenor KajiniijyM-Kap6oiiaTiior Myjba, Kao h yTBpt)HBaibe
Kojn oji c})aKTopa nojjcTH'ie ncTajiorcaBaibe KajmHjyM-Kap6onaTa. Kao iiito je n03HaTO
HCTajiO/Kaian.e KajinnjyM -Kap6oHaTa H3 bojiciiof pacTBopa Moace jia 6yjie nojic raKiiv'ro:
noBehaibeM pH-BpejiHocTH Bojie, noBehaibeM TeMnepaType bojic, nphcyctbom aMoim-
ja’iHHX jej(H ii,eii,a h pajiOM ojipe®ene BpcTe ajirn (hjih 6aKTcpnja).

HoBehaibe pll-iipejiiiocTH Bojie jaBJba ce y ncpnojiHMa HHCKor BojiocTaja Kajia ce h
noBehaBa TeMnepaTypa Bojie, ojihocho cMaibyje pacTBopjbiiBOCT C 02y iboj, a to je .ne'm.H
nepnoji. n PH jiocTH3aiby pll = 7.8 jiojia'ui jio HCTajio>KaBaii,a KajinHjyM-Kap6oiia'ra.

CaBCKH poB je jiyraiaK pacej” jiy>K Kora je Moryhe nocTojaibe TepMajiHiix H3Bopa y
Kopn'ry hjih peHHoj Tepacn, a Kojn 6h y jjejiy j*Ha hjih Tepace noBehaBajiH TeMneparypy
BOj”e 11 HHiiniipajiH HCTano>KaBaibe KalJiu,HjyM-Kap6oHaTa. Y tom cjiv'iajv, 1la TaKO orpa-
HH’ieHOM npocTopy 6h 6hjih cTBapaiiH nH30JiHTH oko cbhx 3pHa 6e3 pa3jiHKe.

Y kojihko ce pajiH o yTHnajy ajirn hjih 6aKTepnja, HaMehe ce nHTaibe 360or ’iera cy OHjia
ciiTHHja 3pna (<4 mm) HeBe3aHor cejiHMeHTa 6e3 OBoja (iuto Ba>KH h 3a ocTajie cjiaKTope
Kojn yTH>iy 1la HCTajio>KaBaii>e). M oryhe je ji,a cy CHTHHje (t)paKiinje "BV'ienor HaHoca"™ h no

Tpeiba KajmnjyM-Kap6oHaTHH 0B0j He MO>Ke 3ajip>Ka'['H. Ochm Tora, oBojn CTBopeHH pajiOM
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Ta6e.ua 5. XeMHjcKe aHanH3e oBoja nH30JiHTa
Table 5. Chemical composition of pisolitic coats.

Si02
A2 3
Fe20 3
MnO
CaO
MgO
Na20
K,0
P20 5

so03
h2o0+

h 2o
\Y

1
3.82
1.66
3.54
1.95
46.64
151
0.20
0.11

39.63
1.15
100.21

Tabejia 6. CneKTpoxeMHjcKe aHajiH3e OBoja nH30JiHTa (ppm).
Table 6. Spectrochemical analysis of pisolite coat (ppm).

B
Be
Ga
Cr
\Y%
Nb
Mo
Ni
Co
Cu
Zn
Zr
Sn
Sc
Y
Sr
Pb
Ba
Ag
Ti

X X X B

130

32

630

34

>1000
X

580

3.42
1.37
0.95
0.30
50.47
0.60
0.20
0.05

41.93
0.67
99.96

X X XN

48

560

86

160
X

820

x - Hcnon rpaHHite jjeTeKijHje (below detection limit)
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ajirn Ha peHHOM flHy 6h tokom nepHORa HHCKor BOHOCTaja h HajnoBOJbHHje TeMnepaType
bojic (Kajia je ajirajiHO pa3Biihe HajHHTeiisnBiiHje) MopalJiH 6hth MacoBiinja nojaBa. Jlpv-
thm peTHMa, Tpe6adio 6h j(a 6y;;e cTBopeHO MHoro BHine nH30JiHTa Hero uito hx cana
HMa (4,56 %) y neckoBHTOM iiijlvhkv jioii.ci TOKa peKe CaBe.

Ha Ta6jiH 2 (cji. 2) npHKa3aHa cy nymgaHa 3pHa npoH3Bej~eHa 1913. rojjHHe y Cp-
6Hjn (KparyjeBHy), a HiBa”*ena cy mlajejino ca canjtVkKOM ca hctot MecTa ojiakKJic noTHTY h
nH30JiHTH. CBa 3pHa cy 6iuia ca OBojHMa, HeKa Man.e, a HeKa Bimie, iiito HCKJbyTyje
MO ryhHOCT jja cy KajiHHjyM-Kap6onaTHH oiiojn cTBopeHH pajioM ajirn.

Ha 0CHOBy H3BpnieHHX HcnHTHBaiba yTBpt)eno je jja cy oBojn nH30JiHTa H3rpat>eiiH
yrJiaBHOM oj( Kajinirra, a cnopajiHHiio ce Haldia3e jorn KBapn, rligjijiciiaTH, jiojiomht n
MHHepaJiH raHHa. Kaliii,HT ce jaBJba Kao neJiHTOM)pcflaH jjo MHKpoKpncTajiacT. OBaKBo
nojaBJbHBaibe KajiHHTa yKa3yje jia je ayTHreHH MHHepaji Kao n jiojiomn i. KBapH, rjogjijE-
cnaTH n MHHepajiH rjiHHa cy HajBepoBaTHHje 3axBaheiiH y iiponecv Tajiosceiba oBoja h
BOj"e nopeKJio H3 MyjbeBHTe cycneH3Hje Koja ce KpeTajia no peHHOM jHy.

Moxe ce saKIBV'iIHTH jja ce CTBapaH>e nH30JiHTa y cejiHMCHTHMa peKe CaBe cbojih
Ha xeMHjcKO Tajio>Keibe KajiHHjyM-Kap6oHaTa oko HeKor je3rpa h cTaJiHO KOTpjbaibe
BajiyTKa no jiny (iK)j(jcjinaka jje6jL,nna KoiineH TpH'iiiHX jiaM ima 0Ko0 je3rpa).

3AK.ItyHAK

PeitetHTHH nH30JiIHTH npBH nyT cy iipoiiafjenn koji Hac Yy necKOBHTOM mjbyHKY ko-
pHTa jjon.er Toka peKe CaBe. Hsrpa®enn cy ojj KaliHHjyM-Kap6oiiaTa, pe”™e oji OKcnjia

obhx cjiopMH HajBepoBaTHHje ce Be3yje 3a xeMiijcKO Hcrajio>KaBaii.e KajiniijyM-Kap6o-
HaTa h HenpecTaHO KOTpjbaibe BajiyTaKa no jrmy. C 063HpoM Ha 3acTynjbeHOCT nH30JiHTa
(oko 4.5 %) CBe yKa3yje j;a je h>hxob HacTanaK JioKaliHa nojaBa Koja je Be3aHa 3a ojtpe-
tjeiie jieJioBe KopHTa jjon.er TOKa peKe CaBe.
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PISOLITES IN THE LOWER SAVA RIVER DEPOSITS
by
Milivoje Jovanovi¢ and Vidojko Jovic

The sedimentologic character of pisolites from the lower Sava river, near Sabac, is described in this
paper, including the description of pisolite content in sandy gravel, its mineral and chemical compositions,
and discussion of its origin.

Key words: Pisolite, sandy gravel, the Sava, carbonates.
INTRODUCTION

Pisolites in recent sedimentary deposits have not been considered in the national ge-
ologic literature. A significant presence of crusted grains - pisolites was found in a natu-
ral mixture of loose sediments (sand, gravel, silt) from the lower Sava riverbed.

Pisolites were found in sandy gravel, excavated from 9 m to 12 m deep in the Sava
riverbed, some 300-700 m downstream of the Sabac bridge. The sandy gravel deposit in
the excavation place was 2 m thick.

In the fraction aggregate used for concrete production, the pisolite concentration va-
ried and the crusts of some grains were broken in the sieving. It helped identifying and
classifying pisolites as regular constituents of sandy gravel in the lower part of the Sava.
This was the first discovery of the unique forms in freshwater. river sediments of this
country.

DEFINITION AND NOMENCLATURE OF PISOLITES

Pisolites are spherical or ellipsoidal bodies of 2 mm or more in radius (Donahue,
1969). A body consists of a nucleus and a crust showing in places concentric laminae.
The crust is mostly composed of calcite and aragonite, rarely of oxides of manganese.
hydrogoethite, gibbsite, limonite, silica. or phosphate (Carozzi, 1960). Pisolites are clas-
sified into carbonate sediments. the group of "coated grains” (Wolf, 1960). Wolf (1960)

* Institute IMS, Bulevar Vojvode MiSi¢a 43, Belgrade.
Faculty of Mining and Geology, Djusina 7, Belgrade.



372 M. Jovanovi¢ and V. Jovié

and Peryt (1983), who classified coated grains, assigned pisolites to ooids (or vadoids)
from which they differ only in size (2 mm).

This was generally accepted (Donahue, 1969), though some authors, Fliigel (1986)
for one, clearly distinguish pisolites from ooids both in size (2 rnm) and in nonmarine derivati-
on. The boundary between ooids and pisolites of 2 mm has long been the basis on which all
forms larger than 2 mm were named pisolites. Thus, the prefix "piso" is presently added to the
name of the form sized between 2 mm and 10 mm (piso-ooid).

Pisolites are formed in continental lacustrine and vadose-marine environments. Im-
portant continental environments are calcareous caliches, laterite crusts (duricrust), caves,
mines, as well as geysers and hot springs. Lacustrine pisolites are known from freshwater
and saline lakes (Braithwait, 1979). Lithoral hypersaline environments are the places of
vadose-marine pisolites (Estaban, 1976; Peryt & Piatkowsky, 1977).

The shape of pisolites depends on the environmental conditions of their formation.
The pisolites formed in flowing waters (caves, geysers) are shaped by accretion of con-
centric laminae over the originally irregular nuclei, whereas calm-water pisolites have ir-
regular nuclei rounded by the application of new lamina to the spherical form.

Besides ooids and algal oncoids. pisolites are signilicant bodies for interpretation of
depositional environments.

GRANLLOMETRY OF GRAVEL FROM THE LOWER SAVA

The grain-size composition of the lower part of the Sava bedload, gravel-sand-silt,
was analysed on three samples collected from the stockpile of Dumaca building industry
in Sabac (Fig. 1).

Sample 1 was collected from a trench in the stockpile front face, between 4 m and
5 m from the bench upper surface. Sample 2 also was taken from a trench some 5 m be-
low the bench upper surface, about 120 m from the sampling site 1 toward the Sava.
Sample 3 was collected from the remains (“island") of a seven-year old stockpile by the
point method from all sides of the "island".

For the grain-size analysis, two sets of sieves were used. The "coarse aggregate"
(particles of 2 mm or more) was collected from sieves of mesh diameters 125, 90, 63,
45, 315, 22.4 mm and 16, 11.2, 4 mm. For "fme aggregate", circular sieves were used of
mesh openings 2. 1, 0.5, 0.25, 0.125, and 0.063 mm.

The average composition of the natural gravel mixture in three samples from the
lower Sava riverbed was: 70.10% gravel, 29.51% sand, 0.39% silt, falling into the sandy
gravel area of the three-component diagram. The average grain size of this loose sedi-
ment was 12.50 mm, and the average sorting S0=4.73 indicated its very low sorting.

Pisolite content in the lower Sava sediments was determined in the samples collected
from a stockpile. It was 0.6 kg of pisolite in an average of 14 kg of sediments, or 4.5%
of the total sandy gravel mass, as given in Tab.l.

PISOLITE SHAPE

For observation of the pisolite grain shape, 30 coated grains were counted from a
random sampled mass (about 5 kg) of 31.5-16 mm fraction. Symbols a and a0 refer to
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axes of the coated (pisolite) and the peeied grains, respectively. The obtained results are
given in Tab. 2.
Pisolite shape was analysed by Zingg (1964) method, who distinguished four main
shapes of pebbles on their axes ratio.
b medium axis ¢ _  short axis
a _ longaxis ' b medium axis

Most of pisolites were spherical in shape. Of the analysed 30 pisolites, 17 (56.7%)
fell in the field of spheroidal, 7 (23.3%) in the field of fusiform, 5 (16.5%) in the field
of discoidal, and only 1 (3.3%) in the field of tabular grains.

Axes of primary grains were measuresd on peeled pisolites. Six fell in the field of
spherical grains, two at the borderline between spherical and fusiform grains, eight were
discoidal, ten fusiform, and three tabular grains. This indicated that accretion "improved"
the shapes of the primary grains and a trend to spherical forms.

The Wentworth method (1922) was used to determine roundness and sphericity of
the grains:

r ) D + D,
— - roundness index R = -
R 4

- least radius D, - grain length
R - average radius D2 - grain width

Ten pisolites were selected, andthe results are given in Tab. 3. Theroundness was
determined by Pettijohn classification(1975):0.00-0.15 angular, 0.15-0.25subangular,
0.25-0.40 subrounded, 0.40-0.60 rounded and 0.60-1.00 well rounded.

MINERALOGICAL-PETROLOGICAL STUDY OF GRAVEL AND PISOLITE

Sandy gravel was analysed form mineralogical and petrologic compositions on a
composite specimen of samples 1, 2 and 3, by granulometric fractions (Tab. 4).

The rock pebble or mineral contents in fiactions of 63-31.5 mm, 31.5-16 mm, 8-16 mm, and
4-8 mm are expressed in mass percents, and in fractions of 4-2, 2-1, 1-0.5, 0.5-0.25,
and 0.25-0.125 mm in percents (random number of grains).

Prevailing in the coarse fractions are sedimentary rock pebbles (54-64%), followed
by metamorphic rocks (12-24%), and the lowest are fragments of quartz (9-20%) and
volcanic rocks (4-9%). The sand fraction contains increased quartz (32->50%) and meta-
morphic rocks (10-31%), whilst sedimentary and volcanic rocks are lower than in the
gravel fraction.

Pisolites in the gravel fraction are granular (Tab. 1, Fig. 1) varving in size from 5 mm to
few centimetres (gigantic pisolite 21 cm; Tab.l, Fig. 2). Each grain is composed of two main
parts: primaiy grain (nucleus), commonly a rock or an organism (shell or gastropod) fragment,
and secondary part - whitish, light-brown, or rarely black carbonate coat over the nucleus.
The pisolite coat has a rough, uneven surface and is very porous and Iriable, which mainly
distinguishes it from other gravels.



374 M. Jovanovid and V. Jovi¢

Pisolites vary in shape from highly irregular to ideally spherical, chiefly depending
in the coat thickness. Pisolites which have the coat several times thicker than the primary
grain are more regular in shape.

In cross sections, most of pisolites show distinct concentric laminae around the nu-
clei (Tab. 1, Fig. 2; Tab. 2, Fig. 1). Both the number and thickness of laminae vary from
one pisolite to another. Concentric laminae of a coat are usually similar in size; those
nearest the nucleus conform with its shape. The laminae are separated by thin compact
material, 1-2 mm thick and darker (probably from Mn or Fe) than the carbonate envi-
ronment. The laminae essentially differ from the extemal to the intemal ones. The exter-
nal laminae are softer, more porous and friable, unlike the intemal lamina, particularly
those nearest the nucleus, which are compact and hard carbonate material.

Interstices, numerous in outer coats, often contain small grains of quartz, dolomite or
calcite, and small mica flaces.

Primary grains vary in shape, from irregular to rarely well rounded, and in size,
from a few millimetres to several centimetres.

Pisolites were observed under the microscope on five specimens. Their uniform
composition and shape allow some general mineralogical inferences for all the specimens.
Primary grains are mainly sandstone, quartzite, chert, volcanic, rock, or rarely limestone
pebbles, fossil shell fragments or whole fossils (gastropods or pelecypods).

The crusts are of micrite with extraclasts of quartz, calcite, or feldspar in interstices.
Quartz and calcite are usually in coarse grains of about 0.1x0.4 mm, highly variable in
rate.

Thin laminae, 0.1 mm to 0.2 mm, are distinct transitions from one zone to another.
In parts of the coat nearest to the nucleus, thin laminae distinctly fit the shape of the
primary grain. They are best observed in the inner, and are generally absent in the outer
parts of the coat. The inner zones, those around the nucleus in particular, are compact,
unlike the outer ones which vary in porosity and hardness.

CHEMICAL ANALYSIS OF PISOLITES

For chemical analysis of the pisolite crusts, specially preparad specimens were used.
One specimen was produced by peeling dark coats off 17 pisolites of 31.5-16 mm frac-
tion. The material was mixed before the analysis. The other specimen was obtained by
separating the whitish coat from a pisolite of 41-31.5 mm fraction.

Chemical analysis indicated liigh CaO (to 50%) and a high loss of ingition at 1000°C
(Tab. 5). The contents of Si02, A120 3, Na20, and partly K2, in two specimens, were similar.
whereas those of Fc"Oj, MnO and MgO were up to six times higher in specimen 1 The other
specimen was higher in CaO and C02. The obtained results lead to the conclusion that
light-coated pisolites have higher CaO and CO02, and lower Fe*Oj, MgO and MnO contents
than the dark coated pisolites.

Spectrochemical results for specimens 1 and 2 are given in Tab. 6. They show that
both specimens have increased elements from ferride group. Specimen 2 has twice higher
chrome, and almost equal vanadium. Ni and Co are slightly higher in specimen 2 than 1
The notably increased barium in specimen 1 cannot be associated at present with any of
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the minerals forming the pisolite coat. Increased Ni, Co, Sc and V in the dark-coloured
pisolite crusts are results of these elements linking with amorphous minerals Mn and Fe.

GENESIS OF PISOLITES

The formation of pisolites has not been fully explained. Three possible derivations
are stated in literature, viz.: physical, chemical and biological (TiSljar. 1987). While ma-
rine and vadose pisolites have been studied more thoroughly, the information on the gene-
sis of fluvial pisolites is scanty. For an explanation of the freshwater pisolite origin. two
principal problems should be solved: has calcium-carbonate precipitated over the nucleus
or the nucleus was moved over the earlier formed calcium-carbonate mud. and which of
the factors enhanced the precipitation of calcium-carbonate? Precipitation of calcium-car-
bonate from aqueous solution can be provoked by: increased pH of water, increased vvater
temperature, presence of ammonium compounds, and activity of certain algae (or bacteria).

The increased pH of water occurs in periods of low water levels. when also water
temperature rises or C02 solubility in it is reduced, which is the summer season. Calci-
um-carbonate precipitates when pH reaches 7.8.

The Sava trough is a long fault along which thermal spring occurrences are likely in
the river bed or terrace, which could increase the water temperature on a part of the bed
or the terrace and initiate deposition of calcium-carbonate. If so, pisolites could have
formed around all grains in a limited area.

As to the algal or bacterial factor, the question is why small grains (<4 mm) of
loose sediments are coatless (which also refers to other factors controlling the deposition).
A speculation is that small fractions of the bed load are always moved at this depth
(about 12 m) even at the lowest water level and are thus prevented by friction from the
calcium-carbonate coating. Besides, the coats produced by algal action on a river bed
would have been a massive occurrence during the low water level and suitable water
temperature (when the algal growth is flourishing). In other words, there would have been
many more pisolites formed than there are now (4.56%) in the sandy gravel of the lower
Sava river-course.

Table 2 (Fig. 2) shows rifle-bullets manufactured in 1913 in Serbia (Kragujevac).
extracted in a case from the same place where pisolites were found. All grains were coa-
ted, some more some less, which excludes the possibility of the calcium-carbonate for-
mation by algal action.

The analyses concluded that pisolite coats were dominantly formed of calcite. and
sporadically quartz, feldslpars, dolomite and clay minerals as well. Calcite is pelitomor-
phic to microcrystalline. This occurrence of calcite indicates it as a autigenic mineral. like
dolomite. Quartz, feldspars and clay minerals have probably been caught during the coat-
ing and originate from mud suspension that moved over the riverbed.

It may be inferred from the above stated that pisolites in the Sava river sediments
formed by the chemical precipitation of calcium-carbonate over some nuclei and the con-
tinuous rolling of pebbles over the riverbed (uniform thickness of concentric laminae
around the nucleus).

Recent pisolites were first found in this country is sandy gravel on the lower Sava
riverbed. The pisolites are composed of calcium-carbonate, rarely of manganese oxides.
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hydrogoethite or dolomite. In the present state of our knovvledge, pisolites are the likely
products of chemical precipitation of calcium-carbonate and continuous rolling over the
riverbed. The rate of pisolites (about 4.5%) indicates their local origin related to certain
riverbed areas of the lower Sava.
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