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GEOCHEMICAL-MINERALOGICAL CHARACTERISTICS OF SPRING
SEDIMENT OF THE IRON-SULFATE MINERAL WATER LJEPOTICA
NEAR SREBRENICA (RS)

by
Adam Dangi¢” and Jelena Dangi¢””

The Srebrenica area in Eastern Bosnia (Republika Srpska) is characterized by numerous Pb—Zn sulfide
ore bodies and several iron—sulfate mineral water springs. The spring Ljepotica appears in the central part
of the area and has similar water composition and spring sediment "limonite" mass like nearby the famous
medical iron—arsenic water spring Crni Guber. The sequential chemical analysis of iron and XRD-studies
of the relative shortly aged spring sediment showed that it is composed by ferrihydrite, jarosite and some
goethite. The ratio Fey/Fe,, of 0.76 indicates that jarosite appears as a main constituent, in contrast to the
Crni Guber spring sediment in which occurs irregularly and in traces. Trace elements pattern is character-
ized by appearance of As, Pb, Sb, and Sr as the most abundant (>5000 and up to 1450, 780, and 210 ppm,
respectively), small contents of Cr, Cu, Ti, V, and Zn (up to 60 ppm), and traces of Mn, Ni and Sc (below
10 ppm). Chemical analysis of the sediment indicates that jarosite is of the jarosite—hydronium jarosite type.

Key words: geochemistry, mineralogy, spring sediment, ferro—sulfate mineral water, ferrihydrite, jarosite,
redox processes, Ljepotica spring, Srebrenica, Eastern Bosnia, Republika Srpska.

Honpyuje Cpebpennne y Mcrounoj Bocuu (Peny6muka Cpricka) Kapakrepuiny 6pojaa Pb—Zn—cyndugna
pyAHa Tejla Kao M HHU3 H3BOpa rBoxbeBHTO-CyIhaTHHX MUHepanHuxX Boja. M3pop JbemoTuma ce Hamasu y
[EHTPATHOM Jelly Ofpy'ja ! OJIKYje ce CIIMIHAM CacTaBOM BOJie U "JIMMOHHTCKAM" MacaMa H3BOPCKOT Cefl-
MEHTa Kao KOJi OONMXmer u3Bopa uyBeHe nekoBute Boae Llpuu I'yGep. CekBeHIMjalHa Xe€MHjCKa aHaNIU3a
rBoxba U peHAreHCKa IIpoydaBama y30paKa pellaTHBHO Majio "ocTapeinx' H3BOPCKHX CeMMeHaTa IoKa3ala
Cy Jla U3BOPCKH CEMMEHT usrpabyjy depuxuapur, japo3ut u Hemro rerura. Kommunuk Feg/Fe,, je 0,76 u
yKasyje [ia je japo3uT INIaBHI MHHepall H3BOPCKOT CeIUMEHTa, HacyNpoT U3BOpckoM ceguMmenTy Llpror I'y6epa
y KOMe ce japo3HuT IOjaBibyje HeperylapHo H y TparoBmMma. AcOLHjalijy MHKpoeJIeMeHaTa KapaKTepHILIy
BHUCOKH cafpxaj As, Pb, Sb u Sr (>5000 u o 1450, 780 u 210 ppm=mg/kg, pecnekTuBHO), HIXH canpxkaju Cr, Cu,
Ti, V u Zn (o 60 ppm) u Tparosu Mn, Ni u Sc (<10 ppm). Xemujcka aHanu3a cejUMeHTa yKasyje jia je japosur
THUIA japO3UT—XUPOHHjyMjapO3HT.

Kibyune peum: reoxemuja, MUHEpAJOruja, U3BOPCKU CEJUMEHT, MUHepanHa (epo—cyidaTHa Bofa, dhepuxu-
APHUT, japo3uUT, pefloKc npomuecu, u3sop Jbenoruna, Cpedpenuna, ucrouda bocna, Peny6nuka Cprcka
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INTRODUCTION

The broader area of the town of Srebrenica, in Republika Srpska, in the eastern
Bosnia, is a well known mining area, having a mining history longer than two thousand
years. It is situated at the boundary with Serbia and belongs to the Tertiary Serbo-—
—Macedonian eruptive and Pb—Zn metallogenic province. In the Roman time, as having
been an important producer of silver and lead, the Srebrenica area was the center of the
large mining province Dalmatia. In the Medieval, it was also an important mining and
lead and silver producing area. The modern mining started about 40 years ago and the
ore is using as a source of lead, silver zinc and cadmium.
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Fig. 1. Geological map of central parts of the Srebrenica eruptive and ore-bearing area. D= dacite,
Dpy= pyritized dacite (andesite), KM= contact—-metamorphic rocks, Pz= Paleozoic schists; 1-5 ore
veins: 1. quartz—pyrite—pyrrhottite, 2. quartz—pyrite—Pb—Zn, 3. siderite—quartz—Pb—Zn, 4. quartz—Sb—
—(Zn, Pb), 5. quartz—pyrite.

Cn. 1. Teonomka KapTa LEHTpalHHUX [I€JIOBa €pYyNTUBHOr M pyaHor mnopapydja Cpebpenune. D= pauurt,
Dpy= mupurucan gamut (ange3ut), KM= KoHTakTHO-MeTaMopcdHe cTeHe, Pz= maneo30jcKu IIKPUIBbIH;
1-5 pynne xuue: 1. KBapu—INUPUTCKO—MUPOTUHCKE, 2. KBapu—nupuT—Pb—Zn, 3. kBapu—cugepur—Pb—Zn,
4. kBapu— Sb—(Zn, Pb), 5. kBapu—mnupurcke.

The Srebrenica area is also well known due to a famous mineral water spring Crni
Guber (Fig. 1), with water of the unique iron—arsenic—sulfate composition (Ludwig,
1890; Miholi¢, 1955; Dangi¢ & Dangié, 1989). The spring is situated near the town
of Srebrenica and based on medical applications of its water there exists the Guber spa
for several tens of years. At the Crni Guber spring a larger mass of spring sediment was
formed and for a long time it was treated as a "limonite mass". Detail mineralogi-
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cal-geochemical studies (Dangi¢ & Dangic¢, 1982; 1983a; 1983b; 1989; 1992) showed
that the mass is of specific mineralogical and geochemical characteristics. It is composed
of ferrihydrite and goethite but sporadically contains also some jarosite. It was found that
"jarosite" has rather specific mineralogical and geochemical features — it is represented
by more than one member of the jarosite group and is enriched by several trace elements
(Dangi¢ & Dangi¢, 1982; 1989; 1992; 1996; 1998).

Nearby the Crni Guber spring few other mineral water springs appear. Among them,
the spring Ljepotica has some similarities with the Crni Guber spring in the water com-
position and spring sediment formation. The paper presents geochemical-mineralogical
studies of the Ljepotica spring sediment and its comparison with the Crni Guber spring
sediment.

BASIC GEOLOGY

The Srebrenica eruptive and ore—bearing area appears to be a western part of the
Podrinje district which makes the NW part of the Tertiary eruptive and metallogenic
Serbo—Macedonian Province (Dangi¢, 1994). It is characterized by andesite—dacite—
—quartzlatite volcanic and subvolcanic masses and masses of their pyroclastics, localized
in/on Paleozoic schists, as well as quartz—tourmaline rocks appearing in the central part
of the eruptive area.

In both igneous rocks and schists numerous hydrothermal sulfide ore assemblages
appear, forming either typical ore veins or disseminated mineralizations (Ramovic,
1963; Dangi¢, 1979-80). Hydrothermal activity in the area started with a pneumatholi-
tyc—hydrothermal stage, producing disseminated mineralization and quartz—tourmaline
veins in the central part of the area, and has continued by formation of ore veins up to a
low temperature stage. In all ore veins quartz and Fe—sulfides (pyrrhotite, pyrite, marca-
site) are present and in most of them galena and sphalerite are abundant, but several
other minerals appear in some of hydrothermal stages. Due to high content of silver in
the ore, the area was in the Roman and Medieval times known as important producer of
silver and lead. Both Roman and present names of town/area Argentaria and Srebrenica,
respectively, are derived from the noun silver. At the present, the ore is also a source of
zinc and cadmium.

The ferrous—arsenic—sulfate mineral water spring Crni Guber occurs in the central
part of the area, which is characterized by several sulfide ore veins, mostly of higher
temperature, and disseminated mineralizations (Fig. 1). Sulfide assemblages are localized
in volcanics and quartz—tourmaline rocks (former Paleozoic schists) and a few patterns of
the wall-rock (hydrothermal) alteration are found around ore veins (Dangié, 1977;
1979-80). The mineral water comes out from an ancient (Roman or Medieval) mining
work (tunnel) draining underground works which collect descending water mineralized by
sulfide ore oxidation (Dangi¢ & Dangi¢, 1984). This underground reservoir is enough
large to enable that water is of the constant composition at the spring (Dangi¢ &
Dangi¢, 1989). At the spring, a large mass of "limonite" is formed due to a rapid oxi-
dation of ferrous—ion in the water—air interaction. It is composed of ferrihydrite, goethite
and, sporadically, jarosite (Dangi¢ & Dangié, 1982; 1983a; 1983b; 1989).
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The Ljepotica mineral water spring is situated nearby the Crni Guber spring and is
characterized by similar water composition but with higher iron content (237 and 125.2 ppm,
respectively). At the spring, a "limonite" mass like that at the Crni Guber is forming.

MATERIAL AND METHODS

The spring sediment of the mineral water Ljepotica was studied in an appropriate
profile as thick as 0.8 m. In the profile, few samples of the spring sediment material
were taken. Based on macroscopic and other preliminary studies, two samples, repre-
senting the lower and upper parts of the profile, were selected for detailed geochemi-
cal-mineralogical studies.

The study of samples included: X-ray diffraction analysis (XRD), sequential chemical
analysis of iron (determination of oxalate— and dithionate—soluble iron and total iron), par-
tial chemical analysis (Fe,O,, Na,O, K,O, PbO, SO,), and trace element analysis.

In the XRD study, the powder diffraction patterns were obtained on a Philips
PW-1050/25 diffractometer equipped with a CuKo radiation, and a graphite monochromater.

In the analyses of oxalate— and dithionate—soluble iron, the procedure of sample
treatment was that described elsewhere (Dangi¢ & Dangi¢, 1982; etc.) and iron con-
centrations were measured by atomic absorption spectrophotometry (AAS). Chemical
composition of samples was analyzed by a combination of AAS, spectrophotometric
(SPH), and classical methods of chemical analysis. In AAS and SPH a Perkin—Elmer 373
equipment (and the flame technique) and a "Zeiss" UV VIS SPECORD were used, re-
spectively. Trace elements were analyzed by the emission spectrography (ES), using a
EST-1 spectrograph with crossed dispersion and the d.c. arc in a controlled atmosphere
(Ar+0,). In ES, 30 elements were analyzed and average precision and accuracy, controll-
ed by the internal standards (Ge and Pd) and geochemical (international) referent stan-
dards were +12%.

RESULTS AND DISCUSSION

The spring sediment of the Ljepotica mineral water is represented by "limonitic"
masses at and bellow the spring, which looks to be almost similar to those formed at the
Crni Guber spring. It is composed by rather porous brown—yellowish to brown materials,
mostly of laminar texture. The freshly precipitated material is softer and brown-yel-
lowish, but aged material (in the lower parts of the profile) is harder and more brownish.
The more complexly investigated samples, from the upper (sample #54) and the lower
(#52) parts of the spring sediment profile, represent a younger and an aged sediment
material, respectively.

Mineral composition of investigated samples was identified by both appropriate se-
quential chemical analysis of iron and XRD analysis.

Sequential chemical analyses of iron involved determination of oxalate— and dithio-
nate—soluble iron and total iron and their ratios. In this type of material, these ratios may
indicate presence/quantity of ferrihydroxide/ferrihydrite, goethite and jarossite. It was
found that the Ljepotica spring sediment (sample #54) is characterized by the high total
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iron content, as high as 30.68%, and relative lower contents of the oxalate— and dithio-
nate soluble iron (Table 1). The Fe /Fe  and Fe,/Fe , ratios indicate the follows: ferri-
hydrite appears to be a main constituent of the sediment, goethite is present in the small
amount, and an other phase which may be jarosite is significantly abundant.

Table 1. Ratio of oxalate—soluble iron (Fe ) and total iron (Fe) in the
Ljepotica mineral water spring sediment and related phases (sample #54).
Ta6ena 1. CekBeHIMjaTHa XeMHUjCKa aHAJIM3a IBOXba y M3BOPCKOM CETUMEHTY
MuHepaiHe Bofie Jbenoruia u ogroapajyhe Munepanue dasze (y3opax #54).

Fe fract.ion1 Fe (%) Fe,/Fe,, Fe,,/Fe,, Mineral phases’
dpakuyja Fe' MuHepaise ¢ase’
Fe,, 21.30 0.694 Fh
Fey, 23.16 0.755 Fh, Gt
Fe, 30.68 Fh, Gt, J

'— Fe, = oxalate (okcanatho) Fe; Fe,= dithionate (murionarso) Fe; Fe, = total (ykymuo) Fe.
’~ J= jarosite (japosur); Fh= ferrihydrite (pepuxunput); Gt= goethite (reTur).

The XRD study showed that spring sediment contains jarosite, which appears to be
a relative abundant constituent. Indeed, in XRD patterns of samples, jarosite appears as
only detectable crystal phase. The XRD patterns (diagrams) of bulk samples are charac-
terized by several jarosite lines (peaks) but also there are some very weak bands which
may be indications of presence of a non/short crystalline phase like ferrihydrite. In the
pattern of more aged material (sample #52) there is a very weak band which may be the
indication of presence of goethite in traces (?). In XRD patterns even of bulk spring
sediment for both samples, jarosite is represented by numbers of lines (the most intense
are given in Table 2). There is not any significant difference in jarosite patterns between
studied samples. They are characterized by d—values and peak intensities similar to those
of jarosite from the Crni Guber spring deposit and the synthetic jarosite (Table 3).

Table 2. X—ray powder diffraction data for jarosites from the Ljepotica springs deposit.
TaGena 2. [TapamMeTpr peHAreHCKOr Anjarpama mpaxa (d BpeJHOCTH 1 HHTEH3UTETH [IMKOBA)
japo3uTa U3BOPCKOT cefiMeHaTa u3Bopa Jbenoruma.

d (A) I hk!' d (A) I hkl
5.941 21 101 2.868 25 006
5742 24 003 2548 19 024
5.111 43 012 2292 35 107
3.658 14 110 1.982 33 033
3.109 62 021 1.826 32 220
3078 100 113 1540 14 226
2.969 12 202 1511 19 02,10

- According (mpema): Brown (1980).
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Table 3. Selected X—ray powder diffraction data for jarosites from Ljepotica
and Crni Guber spring deposits and syntethic jarosite.
TaGena 3. KapakTepucTuuHe BpeJHOCTH PEHITEHCKOT injarpaMa rpaxa 3a japo3ure
n3BOpCKUX ceuMeHaTa Jbenoruie u Llpror I'yGepa i CHHTETHIKH japO3HUT.

Ljepotica Crni Guber' Synthetic jarosite”

hkl (Jbenoruua) (Upuu T'yGep)* (CHHTETHYKH japo3uT)>
d (A) I d (A) 1 d (A) I

101 5.941 21 593 45 5917 30
012 5.111 43 5.09 70 5.076 45
113 3.078 100 3.08 100 3.076 100
107 2.292 35 2.287 40 2285 33
033 1.982 33 1.977 45 1.977 38

'~ Dangi¢ & Dangi¢ (1982); >~ Brown (1980)

The sample representing younger sediment (L-54) was chemicaly analyzed. In par-
tial chemical analysis, components relevant to jarosite composition: Fe,O,, Na,O, K,O,
PbO, and SO,, were analyzed (Table 4). It was found that chemical composition of
spring sediment is characterized by a very high content of ferric—oxide, high SO,, rela-
tive high potassium and low sodium and lead oxide contents. Contents of Fe,O,, SO,,
and K,O are as high as 43.87%, 14.27% and 1.75%, respectively. Contents of Na,O and
PbO are 0.08% and 0.09%, respectively. Molecular and related atomic abundances of
these components and atomic ratios against sulfur are also calculated and presented in the
Table 4.

Table 4. Partial chemical composition of the Ljepotica spring sediment and
atomic relations of ions relevant to jarosite composition (sample L-54).
TaGena 4. [TapuujanHu XeMHUjCKH cacTaB M3BOPCKOT ceiuMenTa Jbenoruue

1 aTOMCKH OIHOCH jOHa BaXKHUX 3a CacTaB japo3uTa (y3opak L-54).

Weight/Tex. Molecul. abundan. Atoma Atoms based on 4 S

(%) (Monexyn. komud.) (Aroma) (Aroma Ha 6a3u 4 S)
Fe,0, 4387 0.2747 Fe™ 0.5494 12.332
Na,O 0.08 0.0013 Na* 0.0026 0.058
K,0 1.75 0.0186 K* 0.0372 0.835
SO, 1427 0.1782 N 0.1782 4.000
PbO 0.09 0.0004 Pb* 0.0004 0.009

Trace element analyses showed that spring sediment contains several trace elements
and that their distribution is relative homogenous, as the both analyzed samples have
similar trace element patterns (Table 5). The following elements were detected in both
samples: As, Cr, Cu, Mn, Pb, Sr, Ti and V, and Ni, Sb, Sc, and Zn were detected only
in one sample. If one excludes arsenic, the most abundant trace elements are lead, with
contents 810-1450 ppm, antimony, with contents up to 780 ppm, and strontium, with
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contents of 90-210 ppm. Chromium, copper, titanium, vanadium, and zinc appear in con-
tents bellow 60 ppm, and manganese, nickel, and cadmium in contents bellow 10 ppm.

Table 5. Trace elements in samples of the Ljepotica, and Crni Guber spring sediments (in ppm).
Ta6ena 5. MUKpOeNeMeRTH y y30pLuMa U3BOpcKuX ceumenara Jbenoturie u Lpuor I'y6epa (y ppm=107* %).

Element Ljepotica Ljepotica Ljepotica Crni Guber
(Enement) (JbiIE)STEIIIa) (Jbiri’;fua) (H’eIiOTHHa) (HPHI/I_I;yGCp)
mean—cpemhe n=
As >5000 >5000 5000 ~5000
cr 60 10 35 815
Cu 15 8 11 9
Mn 9 3 6 3
Ni 7 < _
Pb 1450 810 1130 185-520
Sb 780 1410-3800
Sc 6 < _
Sr 210 90 150 _
Ti 26 45 35 9
v 32 40 36 160
Y <6 <6 <6 <6-17
Zn 66 <30 43 <30
Ag B Ba Be Bi Co Ga ! - _ _
La Mo Nb Sn W Zr - - - _

I_ Bellow detection limit (Ucnop rpannne gerekuuje) — ppm: Ag<l, B<8, Ba<6, Be<l, Bi<S8,
Co<3, Ga<4, La<10, Mo<1, Nb<15, Sn<3, W<l1, Zr<18.

The trace element pattern of the Ljepotica spring sediment is rather similar to that
of the Crni Guber spring sediment (Dangi¢ & Dangi¢, 1982). However, the Crni Gu-
ber sediment has significantly higher contents of antimony, zinc, and vanadium
(1410-3800, 115-290, and 160 ppm, respectively), and lower contents of lead and stron-
tium (185-520 and <10 ppm, respectively).

In the Crni Guber spring sediments, two types of jarosite were identified, both ap-
pearing to be transition members of solid solution series: jarosite—hydronium jarosite and
jarosite—plumbojarosite (Dangi¢ & Dangi¢, 1992; 1996). Similar types of jarosite may
be also expected in the Ljepotica spring sediment. Based on data in Tables 4 and 5,
composition and type of jarosite mineral in this spring sediment may be recognized.

Assuming that in the spring sediment all sulfate, potassium, sodium, and lead appear
to be bounded in jarosite, a formula of this mineral may be calculated. The atomic abun-
dances in the Table 4 are normalized against 4S, according to an ideal formula of
jarosite: K,Fe,(SO,),(OH),,. The iron atomic content is expected to be much higher than
in the jarosite ideal formula, as most of iron is bounded in ferrihydrite. Potassium atomic
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content is 0.893, less than in jarosite, as in the jarosite structure, potassium may be sub-
stitued by Na*, H,0*, Pb*, and some other ions. In our case, the sum of K*, Na*, and
Pb** is as high as 0.902 and the sum of their charge is 0.911. This indicates that in an
ideal case 1.089 of the hydronium (H,O") ion may be present. Based on this, mineral of
the jarosite group appearing in the Ljepotica spring sediment appears to be a transition
member of the jarosite—hydronium jarosite solid solution series. Its structural formula is:

(H;07, g9 K80 Na¥ 00 Pb2+o.009) Fe, (SO,), (OH),,

According to the formula, it is hydronium jarosite—jarosite. However, in this type of
materials considered components may be present also partly in ferrihydrite and some
others (as As) in jarosite (Dangi¢ & Dangié, 1982; 1983b; 1996). Taking that into
accaunt, a little higher proportion of the hydronium-—jarosite component is possible.

The Ljepotica spring sediment is forming by a rapid oxidation of ferrous ion at the
spring, in the contact of the ferrous—sulfate water with air, in the same way like it is
forming the spring sediment of the Crni Guber water (Dangi¢ & Dangi¢, 1983a;
1989). The investigations of synthesis of ferrioxide minerals from ferrosulfate solution
(Dangié¢, 1984) indicated that in systems which correspond to the studied mineral wa-
ters, rather small changes of pH and iron activity my favor formation of jarosite or ferri-
hydrite. Some differences between these spring sediments appear due to the differences in
their water geochemistry (ferrous ion is near twice more abundant in the Ljepotica water
than in the Crni Guber water).

CONCLUSIONS

The Ljepotica iron—sulfate mineral water spring in the Srebrenica area is character-
ized by the deposition of spring sediment in the form of "limonitic" masses. These
masses appearing at/bellow the spring consist of rather porous brown—yellowish to brown
materials, mostly of laminar texture.

The ratios of oxalate— and dithionate—soluble Fe/total Fe and XRD-studies showed
that spring sediment is composed by ferrihydrite and jarosite with traces of goethite and
that jarosite is a rather abundant phase. Chemical composition of the sediment is charac-
terized by very high iron, high sulfate and relative high potassium contents. Among trace
elements, arsenic, lead and antimony appear to be most abundant.

Relations of jarosite—relevant ions in the sediment indicate that the jarosite mineral
is the most probably a transition member of hydonium jarosite—jarosite solid solution se-
ries, with a little prevalence of the hydronium—jarosite component.
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PE3UME

TEOXEMHNJCKO-MUHEPAJOIIKE KAPAKTEPUCTHUKE
MN3BOPCKOI CEIMMEHTA ®EPO-CYJI®ATHE MUHEPAIJIHE
BOJE /JbEITIOTUIA KO CPEGPEHMIIE (PC)

Mupe nmoapyyje Cpebpenune y uctouHoj bocuu, y Penyomumu Cprckoj, npumaja
TTopgpumckoj obmactu TeprujapHe Cprcko—MakeoHCKe Marmarcke U Pb—Zn metano-
reHeTCKe MPOBUHIMjE W BaXKHO je PyAapcKo MOApydje jomn of aHTHIKOr foba. Cem Tora
BeoMa je mo3HaTto u no Oawu ['ybep, ca m3BopoM MuHepasnHe Bofe Llpuu I'yGep, je-
AUHCTBEHOT TBOXbHEBUTO—apCEHCKO—CYN(haTHOT cacTaBa W W3BAHPEAHMX JIEKOBHTHUX
cBojcraBa. Ha u3Bopy je popmupana Beha Maca M3BOpPCKOr ceiUMEHTa Koja je paHuje
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O3HavyaBaHa Kao "JIMMOHWTCKA' Maca, a JAeTa/bHUjUM MHHEPAIOMIKO—TEOXEMHUjCKAM
ucrpaxuBamuma (Dangié & Dangid, 1982; 1983b; 1989; 1992; 1996) je yrBpbeHo nia je
u3rpabyjy (pepuxugpuT, TeTUT U HEILITO japo3uTa, Kao M [1a je japo3uT MpefiCTaBbEH ca
nBa BapujereTta. M3Bop Jbenornma Hanasu ce y 6mmsunan Llpaor 'yGepa u cimyaH my je
10 cacTaBy BOJE WM WM3IVIEly M3BOPCKOI cefuMeHTa. Paj mpukasyje pesynrare reoxe-
MHjCKO—MHUHEPAJIOMIKAX NUCTPakWBama CeJUMEHTa OBOT M3BOpa M pa3MaTpa OfroBapa-
jyhe reHeTcKe UMIUTHKALHje.

Munepanan u3Bop epo—cyindarae Bofe JbenoTnia ce Hanasy y HEHTPAITHOM JEITy
epYNTUBHOTI U pyaHOr mnoppyyja CpeOpeHmle, y KoMe Cy 3acTyIUbeHe OpOjHe pyjaHe
cynungHe NHPUTCKO-TIONMMETANNYHEe pYy[HE >KWIE, JAlWTH, W3MCHECHU AaluTH |
KOHTaKTHO MeTaMopdHe crene (ci. 1). Munepanua Boga JbenoTuie ce BEpoBaTHO Kao 1
Bofa OOmIKme MuHepanHe Bope Llpum I'yGep cdopmupa y crapum (puMmMckuM ?) py-
napckuMm papoBuma. M3Bop Jbenoruia ce kapakrtepuile o0pa3oBameM H3BOPCKOT ce-
AuMeHTa y o6nuKy "muMoHUTCKEX' Maca. OBe Mace, oOpa3oBaHe Ha M3BOPY W HCIIOf
W3BOpa cacToje ce Off JocTa MOPO3HOT MaTepHjalia MpKo—XyhKacre o MpKe 60je, KOju je
BehnHOM JTaMuHapHE TEKCType.

ITpoydaBama M3BOPCKOT CEAMMEHTA MUHEPAIHOT Bpeia Jbenornia cy m3BefieHa Ha
npoduny nebbuHe oko 0,8 m. Y3ser je Behm Opoj y3opaka cemuMeHTa a Ha OCHOBY
MaKpPOCKOIICKUX M HEKNX APYIHX IpEeINMHUHAPHUX NpoydYaBama 3a jieTajbHhja TeOXeMU)-
CKO—MHHepaJollKa NCTpaskuBama offadpaHa cy ABa, Off KOjUX jeflaH pelpe3eHTyje HIXKH,
a Ipyrd BUILH Jleo npoduia.

CexBeHIMjajTHA XeMHUjCKa aHajM3a rBoXbha M peHAreHCKO—Au(paKIMoHa IpoydaBa-
Ba peslaTUBHO Miaber (He MHOIO CTapor) M3BOPCKOr CEMMEHTa MOKa3syjy fa ra m3-
rpabyjy depuxuaput u japos3ut ca Hemro retuta. Konnunuk Fe,/Fe, on 0,76 ykasyje na
je japo3uT 3acTymsbeH Kao IJIaBHU MUHEPaJl 3a pa3iMKy Off M3BOPCKOTr cepuMeHTa LpHor
I'ybepa y KoMme ce mojaBibyje HeperylapHo U y TparoBuMa. CeJuMEHT ce OMJIUKYje
penaTuBHO BUcOKMM caapxkajeM SO, u K,O n Huckum Na,O. HajoOunnuju mukpoesne-
MeHTH ¢y As, Pb, Sb u Sr (>5.000, go 1.450, 780 u 210 ppm, pecneKTHBHO), MaHe 3aCTyI-
mwenu cy Cr, Cu, Ti, V u Zn (g0 60 ppm), a Beoma mMasno Mn, Ni u Sc (<10 ppm). OgHocu
pelIeBaHTHUX KOMIIOHEHTH y CEANMEHTY YKa3yjy /ia je japo3uT NpeAcTaBIbeH NpeIa3HuM
YJIaHOM CepHje YBPCTOT PacTBOpPA japO3UT — XUAPOHU]YM—japO3HT.

Y m3BopckoM cepuMenTy Bpena Llpau I'ybep oTkpmBeHa cy ABa THIa japo3uTa, a
06a mpefCcTaBibajy Mpeja3He WIAHOBE CepHja UYBPCTHX PACTBOpPA: japO3UT—XUAPOHHjYM
japosut u japosut—tutym6ojaposur (Dangi¢ & Dangié, 1992; 1996). Cauvnu TUTIOBH
japo3uTa Mory Takobe fla ce o4eKyjy u y M3BOPCKOM celuMeHTy m3Bopa Jbenoruma. Ha
OCHOBY pe3yJTaTa NpHKa3aHHX y Tabemama 4 W 5 MOry fa ce JeTajbHHje pa3MoTpe
BEpPOBATHU CacTaB M THII jAPO3UTCKOT MUHEpaIa y OBOM H3BOPCKOM CEJIUMEHTY.

IIpeTtnocrasspajyhu fa cy y N3BOPCKOM CEIMMEHTY caB cyiaT, KaJaujyM, HATPHjyM 1
OJIOBO BE3aHM 3a japO3UT, MOXeE J1a ce popavyHa NpuOamkHa opMysia TOr MUHEpaa.
AToMcKe KonauumHe y Tabenu 4 cy HOpManu3oBaHe Ha 4S, mpeMa upeanHoj opmynu
japosura:

K,F((SO,), (OH),,
AToMcKa KoJmunHA TBOXba je MHOTO Beha of oHe y ueannoj opMyiu japo3ura,

cTora 1ITO je Behu ieo rBoxkba Be3aH 3a (pepuxupuT. ATOMCKa KOJIWYUHA KalujyMa je
0,893 1 Mama je Hero y japo3uTy, 3aTO IITO Y japO3UTCKO] CTPYKTYPH KalldjyM MOXe a
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Oyne 3amemen Na', H,O", Pb®*, Kao u HeKuM JApyruM joHEMa. Y OBOM Cilydajy, 36HMp
konuuuHa joHa K*, Na*, u Pb* je 0,902, a 36up muxoBux HaGoja (Banenuu) 0,911. OBo
yKasyje ma OM y Mjea HOM CIIydajy Morio aa Oyae 3actymbeHo 1,089 xunponujym (H,0%)
joHa. Ha ocHOBy wu3HeTOr, MHHEpajl japO3UTCKE TIpyle 3acTYIUbeH y HN3BOPCKOM
cequMeHTy m3Bopa Jbemormma Omo OW TpeiasHW WIaH CepHje UBPCTHX pacTBOpa
japo3uT—XUAPOHUjYM japo3uT. beroBa npubnm:kHa CTpyKTypHa popmMyia je:

(H;07, g9 K g840 Na¥ o0 Pb2+0.009) Feq (SO,), (OH),,

ITpema oBOj hopMyu, MUHEPAT je XUAPOHUjYM japo3uT—japo3ut. Nmak, y oBOM TH-
Iy MaTepujaja aHaJIM3WpaHe KOMIIOHEHTEe MOry fa Oyay HpucyTHe Takobe heloM u y
(epuxuapury, a Heke gpyre (kao As) y japosury (Dangi¢ & Dangié, 1982; 1983b;
1996). Axo ce oBO y3Mme y 003up, Moryha je Hernro Beha 3acTyM/BEHOCT XHUIPOHUjYM—
—japO3HUTCKE KOMIIOHEHTE.

M3Bopcku cemuMeHT n3Bopa Jbemotniia o6pasyje ce 6p3oM okcupanujoM depo—jo-
Ha IIpH KOHTAKTY (hepo—cyidaTHe BOAE ca Ba3AyXxoM, Ha UCTH HAYMH Kako ce (popmupa n
u3Bopcku cegumMeHT n3Bopa Lpuu I'y6ep (Dangié & Dangidé, 1983a; 1989). IIpoyuaBa-
BeM CHHTe3e (DEPUOKCUIHUX MUHEpana u3 gepocyidaraor pactsopa (Dangié, 1984) je
yTBpbeHo f1a y cucTeMMMa KOju OAroBapajy NpoydyaBaHMM MHHEpaTHHM BOjlaMa peJa-
TUBHO Maje npoMeHe pH u akTuBHOCTH (pepo—joHa MOry Aa (paBOpH3yjy 0O0pa3oBame
japo3uTa mnm gepuxunpara. MzpecHe pasznuke nu3mebhy nu3Bopckux cemumenarta Jbenoru-
ne u lpuor I'yGepa mpoy3pokoBaHe Cy pa3jiHKaMma y TeOXeMHji MHHEpalHHX BoOja
(bepo—joH je ckopo ABOCTPYKO oOmiHUju y Bogu JbenmoTuile Hero y Bogu u3Bopa Llpau
T'y6ep).

3AK/bYYAK

M3Bop muHepanne reoxbeButo—cyigarHe Boae Jbenotuna y noapyyjy CpebpeHu-
I[e ce OJIMKYje JETNOHOBAmbEM M3BOPCKOT CEIMMEHTAa Yy OOJUKY "IIMMOHHMTCKUX' Maca.
OBe Mace ce 10jaBibyjy y3 U3BOP M HCIIO M3BOpA a YMHE UX JJOCTA IIOPO3HU MaTepHjajm,
MPKO—3KyTe [0 MpKe 00je, MpeTesKHO JIaMuHapHe TeKCType. KonuyHuim okcajaaTHO—
—pacTBOPHOTI TNpeMa YyKYIMHOM ¥ JAWTHOHATHO—PACTBOPHOT IIpeMa YKYIMHOM TIBOXbHY
(Fe,,/Fe,, Fey/Fe,.) Kao U peHAreHCKa NMpOyYaBama IOKa3yjy fa ce M3BOPCKHU Ceu-
MEHT cacToju off (PepUXHApPUTA M japo3uTa ca HEIITO TFeTHTa W fAa je japo3uT JocTa
OOWIIHO 3aCTYIUbEH. XEMHMjCKH CacTaB CENMEHTA Ce€ KapaKTEepHIIe BPJIO BHCOKUM Ca-
Apkajuma TBoXba m cyndaTa M peJaTUBHO BHUCOKHM cafpxkajeM Kanmjyma. Meby
MUKpOEJIeMEHTIMA HajOOMITHUjHU CY apCeH, OJI0BO U aHTHMOH.

Mebyco6Hr OHOCH joHa 3HAYajHHX 3a CacTaB japoO3WUTa MPHUCYTHHUX y CEIUMEHTY
yKa3syjy jAa je japo3uTCKU MUHEPaJl BEPOBATHO IIPENIa3Hu WIaH CepHje YBPCTOT pacTBopa
XUAPOHUjYM japO3UT—japO3UT, Ca MAJIOM NMPEBAIICHIAjOM XUNPOHHUjYM—japO3UTCKE KOM-
TIOHEHTE.



