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NEOGENE LACUSTRINE SEDIMENTS AND AUTHIGENIC MINERALS
GEOCHEMICAL CHARACTERISTICS
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During Neogene, especially from Oligocene to Pliocene, many lacustrine basins were developed on the
territory of Serbia due to activity of several tectonic cycles that generally were controlled by formation and
evolution of the Pannonian basin. This paper concerns the occurences of authigenic minerals within sedi-
ments of lacustrine basins, especially silicates, aluminum-silicates, borosilicates, carbonates, complex bo-
ron-phosphate minerals and sulfides, and their geochemical characteristics.
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Tokom HeoreHa, noceSHo o« olinroneHa NO rijiHoueiia, Ha xepHTopHjii «aHanm>c Cpfinjc c|lJopM Mpann CY
jc3epcKH 6aceHH no;; yiHnajcM hckojihko tcktohckhx nmuryca, kojh ce Mct)yco6Ho paMHKyjy no pajliHMHTMM
tcktohckhm 4>a3aMa h kojh cy Kom’pojiHcaHH o6pa30BaH>eM h eiiOJiynHjoM riaHOHCKor 6accHa. Pa/t cc o/(hoch Ha
nojaise ayinrciiHx MHHepajiay ce/iMMcm HMa jJc3epcwix 6aceHa, iipn >ieMy je nocebHa na>KH>a jtara MHHepajiHMa H3
rpync CHjjHKara, ajtyMocHjiHKaTa, SopocjiHKaxa, KapOotia'ia, T€ cjiokchhm MHHepajiHMa 6opa h 4 >oc4 >opa h cyjrcjDH-
/tHMa H HjHXOBHM reOXCMHjCKHM KapaKTCpHCTHKaMa.

K.i.yiiie pciii HeoreH, je3epcKa ceAHMeHTaunja, ayrnreHH MHHepajiH, reoxeMnjcKe KapaKTephcthke.
INTRODUCTION

In Serbia, in Neogene especially during Oligocene to Pliocene, many lacustrine ba-
sins were developed due to several tectonic cycles that differ from each other in different
tectonic phases. Generally they were controlled by the formation and evolution of the
Pannonian basin.

According to Marovic et al. (1999) individualized basins are associated with local
crustal extensions or transtensions of NE-SW and WNW-ESE faults, as well as by two
stage subsidence. The first Karpathian-Badenian-Sarmatian stage resulted from the crust
extension, it was fast and bounded by faults. The second subsidence, Pannonian-Plio-
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cene, was slower and caused by cooling and contractions of the lithosphere following the
extension phase.

The common characteristics of Neogene lacustrine basins in Serbia are: huge influ-
ence of volcanic activity; change of humid and arid periods of sub-tropic to tropic cli-
mate; stronger or weaker lake water stratification; facies distribution and the similar pa-
leo-temperature of lake water around 25°C.

The differences between the basins are influenced by: distribution patterns of some
depositional clastic and volcaniclastic systems which fed detritus into the basin; rate of
sedimentation; lowstand and highstand lake stages; hydrologic closed or open lake system
phases; occurrences of different authigenic minerals (some of them being of economic
interest).

The geochemical characteristics of lacustrine sedimentary rocks - carbonates were
given in the paper by Obradovic et al. (1994). This paper concerns the geochemical
characteristics of shale, oil shale, mudstone and claystone with more or less quantity of
carbonate and tuffaceous material.

Product of authigenesis - authigenic minerals are connected specifically to sediments
and sedimentary rocks. Like so many other terms in this field, the term authigenesis has
been often liberally interpreted and randomly redefined since its introduction, owing of
disparity of opinion as to the score of interrelated terms aplied to sedimentary genesis
(Orme, 1978). According to Fairbridge (1967), authogenesis is a collective term en-
compassing those processes, operating throughout diagenetic evolution, which result in
the formation of new minerals, regardless of form, provided they are generated more or
less within the sedimentary body. Some authigenic minerals are good environmental indi-
cators and give information regarding the physicochemical nature of the beds or provide
clues to subsequent trend of diagenesis.

Authigenic minerals occur in many lacustrine basins which were connected between
each other for longer or shorter period. They belong to zeolite, carbonate, silicate, borate,
silicoborate and contain borate and phosphate minerals. Among the authigenic minerals
analcime is the dominant one (Djurdjevic, 1988; Obradovic et al., 1995a). It occurs
in many basins in smaller or bigger amount, sometimes forms separate beds ("analcimo-
lithes") together with carbonate (Razanj basin). Minerals from heulandite groups (heulan-
dite and clinoptilolite) are also common, forming economic deposits. Other authigenic
minerals appear only in some basins, like searlesite (Valjevo-Mionica, Jadar, Kremna),
borate minerals and lueneburgite (Jarandol basin), carbonate - trona, shortite, gaylussite
(Valjevo-Mionica basin). Opal CT, chalcedony, quartz, K-feldspar and albite appear also
in some of the basins (Valjevo-Mionica, Vranje). Gypsum is very common in numerous
basins, pyrite and other metallic minerals too.

METHODS
Complex investigation were run of many samples to determine the composition of

the sedimentary rocks, their geochemical characteristics and authigenic minerals occurring
in them. In Valjevo-Mionica basin were analyzed 93 samples, in Aleksinac 42, in Vranje



basin with deposit Zlatokop 19, in Pranjani 12 and in basins of Gomji Milanovac (Neva-
de, Silopaj and Kacer) 7 samples. Besides optical and chemical analyses gravimetric
methods and Electron Microprobe Analysis (Modena, Italy; Moscow, Russia; Thessaloni-
ki, Greece), the content of As, Ca, Mg, K, Na, Sr, Li and B is determined by Aqua
Reggio Dipast ICP-OES; Si - by Peroxide Fusion AAS; CO, - by HC1 Leach-Leco
C/S Analyzer; S04 - by Carbonate Leach lon Chromatography; Cl - by Water Leach
lon Chromatogtaphy; F - by Water Leach lon Chromatography (Lakefield, Canada).

Content of trace elements on the whole rock was determined in Moscow, Russia, with
Spectrometer FRE-30 Karl Zeiss, Jena, XRD analyses were used to determine authigenic
minerals and as correlation tool with microscopic and chemical analyses. XRD were run in
Lab. for Crystallography, Faculty of Mining & Geology, Belgrade, on the automatic powder
diffractograph PW-1710, 1 Philips, with CU anti-catode (= 1.54178 A) using scanning tech-
nique (step 0.02°, counting stop 2.5"). In some case thermal investigations were done on na-
tural and heated samples (Derivatograph -C, MOM; Sedimentology Lab., Faculty of Mining
& Geology, Belgrade), as well as IR analyses (Perkin-Elmer 597, pastille method; KBr,
1:100; Mineralogy Lab., Faculty of Mining & Geology, Belgrade).

RESULTS

Sediments and sedimentary rocks from the Valjevo-Mionica basin —mostly oil-
-shale (thin beds of kerogen alternating with beds of dolomicrite or mud), shale and
marlstone (all of them with various content of tuffaceous material) consist mostly of do-
lomite, calcite, clay (mostly smectite), quartz, plagioclase, muscovite, rarely lepidolite and
contain also searlesite, analcime, K-feldspar and silica minerals, shortite, trona and gay-
lussite (Obradovic et al., 1990, 1997; Obradovic & Jovanovic, 1987).

The parent rock in which authigenic minerals occur expectedly shows variation in
composition (Table 1) since different sediments are concerned, but variation occurs among
the same group of rocks due to diagenetic processes and formation of the new minerals.
Chemical analysis of 93 samples show: Si02 varies from 23.90 (oil shale) to 47.90%
(shale - oil shale); A1 3 from 3.77 to 13.40%; MgO - 2.49 to 7.90%; CaO - from 3.95
to 24.3%; Na2d from 1.56 to 3.30- rarely 6.06%; KD - 0.59 to 4.57%; CO, from 6.50 to
26.70% and B from 0.04 to 0.85- rarely 1.66%.

The content of some elements, As, B, Ca, Cl, F, Li, Mg, Na, K, Sr and S04 from
the same basin is given on the Table 3.

In the Aleksinac basin, within the so called Aleksinac series with shale, oil shale,
clay, marlstone with tuffaceous material analcime appears (especially in marlstone and
shale; Kasanin-Grubin, 1996). Chemical analyses of the basin sediments are given on
the Table 2. Variation in composition is huge (like in the Valjevo-Mionica basin).
Chemical analysis of 42 samples show that Si02 varies from 19.40 to 46.40%; Al2),
from 7.55 to 16.90%; MgO from 0.70 to 5.19%; CaO from 2.69 to 12.60%; NaXd from
0.16 to 3.40%; K20 - 1.27 to 3.47%; CO, from 4.98 to 12.60%; B from 0.009 to
0.013%.



Table 1. Chemical composition of some sedimentary rocks from the Valjevo-Mionica basin.
TaSejia. 1 Xcmhjckh cacxan o/iaopanHx cejtHMcnaTa BaJbeBCKO-MHOHHMKOr 6aceHa.

(%}
Sioz
Ti02
AlA
Fed,
MnO
MgO
CaO
Na20
k20
PA
Cro,
vds
so4
Co,

B
GZ(LO)
Total

1

32.90
0.43
12.00
3.58
0.06
5.54
12.70
3.01
2.59
0.03
0.02
0.01
<0.40
18.20
0.27
7.60
99.34

2

32.80
0.45
12.20
3.95
0.07
5.02
9.15
2.18
4.57
0.03
0.02
0.02
<0.40
13.60
0.45
13.10
98.01

3
47.10
0.51
13.40
4.94
0.03
2.49
3.95
6.06
3.93
0.03
0.03
0.02
<0.40
6.50
1.66
10.90
101.95

4

23.90
0.15
3.77
3.89
0.03
5.75

24.30
3.30
0.59
0.01
0.02

<0.01

<0.40

26.70
0.85
6.30

99.97

5

36.00
0.44
11.60
4.08
0.08
7.90
11.90
1.56
3.23
0.03
0.02
0.02
<0.40
22.50
0.04
0.80
100.60

6

40.90
0.45
12.20
331
0.12
5.76
9.66
1.76
3.96
0.02
0.03
0.02
<0.40
17.30
0.09
3.60
99.58

7

47.90
0.50
13.40
4.07
0.11
4.50
6.85
1.83
3.49
0.04
0.02
<0.01
<0.40
13.50
0.06
3.60
100.28

8

30.60
0.34
9.52
2.66
0.11
4.37

10.60
5.13
2.15
0.03
0.02

<0.01
3.40

13.30
1.24

15.90

99.38

9

42.50
0.35
13.40
3.57
0.07
7.16
8.29
2.75
2.74
0.02
0.02
0.02
<0.40
17.40
0.31
1.10
100.10

10

31.60
0.44
13.00
4.13
0.08
5.82
10.30
2.15
3.70
0.02
0.03
<0.01
<0.40
15.80
0.05
11.60
99.13

1 oil-shale - shale; 2. oil-shale; 3. shale (with searlesite and analcime); 4. oil-shaie (with searlesite and
analcime); 5. shale; 6. shale - oil-shale; 7. shale - oil-shale; 8. oil-shale (with searlesite and analcime); 9.
oil-shale (with searlesite); 10. oil-shale (with analcime). All samples are from surface profiles. Analyst: R.

Pang.

1. vji>hh uiKpnji>au -

aHaJiIUHMOM); 4. y;i>nn iiiKpH.n>an (ca CHpjicBHTOM h aHajiiyiMmOM); 5. JiaMHHHpaHH rjimian; 6. JaMHHHpaHH
rjiiHHait - yjtHH iiiKpHlJi>art; 7. JiaMHHHpaHH rjiHHan -
aHajiuHMOM);

noiipwiHHC. AHajiH3H pao: P. flaHr.

The content of As, B, Ca, Cl, F, Li, Mg, Na, K, Sr and S04 is given on the Table 3.
Within the oil shale series (oil shale, shale, marlstone) in the Vranje basin (Jovano-
vic & Novkovic, 1988; Ercegovac et al., 1995) analcime occurs; this mineral appears
also in the Zlatokop deposit, in the same basin, in zeolitized tuffs with clinoptilolite, rare

yjbHH W KpHJtan; 8. yjbHH m kphjm h (ca chpjic3htom h
9. yji>HH iukphjmh (ca CHpjie3HTOM); 10. yjtHH uiKpHJhau (ca anajinHMOM). CBe npo6e cy ca

jiaMHHHpaHH rjiHHan; 2. yji.nit iuicpHji>au; 3. JiaMHHHpaHH rjiHHau (ca CHpjieBHTOM h

gmelinite, chalcedony and fine grained quartz (Obradovic & Dimitrijevic, 1987).

The content of As, B, Ca, CI, F, Li, Mg, Na, K, Sr and S04 in the series with oil

shale and zeolitized tuff is given on the Table 3.

In the Zlatokop deposit the fine grained ash-fall tuffs are clinoptilolitized up to
80-90%. The series with tuffs transits into the silicificated bed with analcime and gmeli-
nite while this one further into marlstone with diminishing content of tuffaceous material
and dolomite - calcite transition upward the layer. Chemical analyses of tuffs and clino-

ptilolite are presented in the paper by Obradovic & Dimitrijevic (1987).



Table 2. Chemical composition of some sedimentary rocks from the Aleksinac basin.

(%)

Si02
Ti0 2
ALjO,
Fe0,
MnO
MgO
CaO
Na2
K20
P2 5
(r0.
AV
so4
co.
B

GZ(LO)

Total

TaSejia. 2 XeMHijcKit cacxaB 0fla6 paHHX ce®HMeHaTa AjteKcnHa*tKor SaceHa.

1
46.40
1.01
16.90
7.20
0.09
3.64
6.91
1.32
3.47
0.18
0.03
0.03
<0.40
6.68
<0.01
6.82
101.09

2 3 4
43.70 19.40 44.80
0.88 0.21 0.65
16.30 7.55 15.10
6.25 4.14 5.92
0.09 0.04 0.09
3.24 0.70 4.17
10.10 2.69 7.69
1.39 0.16 171
2.98 1.27 2.65
0.24 0.27 0.14
0.02 <0.01 0.03
0.02 0.01 0.02
<0.40 0.40 <0.40
10.50 4.98 9.88
<0.01 <0.01 0.01
6.68 57.72 7.82
101.80 99.56 101.09

5
44.70
0.63
15.10
5.09
0.12
4.30
8.04
3.40
2.75
0.09
0.02
0.02
<0.40
11.60
0.01
3.70
99.97

6
46.00
0.68
16.68
6.74
0.11
4.07
5.78
3.11
3.18
0.14
0.02
0.02
<0.40
7.50
<0.01
6.30
100.74

7
42.50
0.70
15.90
7.23
0.09
5.19
6.02
1.83
2.82
0.10
0.02
0.02
<0.40
12.60
0.01
5.40
100.83

1. shale; 2. claystone; 3. oil-shale; 4. shale; 5. shale; 6. shale - marl; 7. shale. All samples are
from surface profiles. Analyst: R. Pang.

1. jiaM HHiipaHH
riiHHat;; 6. JiaMHHHpaHH rjiHHan -

rjiH H ai;; 2.

AHajtH3Hpao: P. ffaHr.

Content
(Cajtp*caj)
(ppm)

As

B

Ca (%)
Cl

=

Li

Mg (%)
Na

K

Sr

so4

rjiiHHan; 3. yjiHH
jianopati; 7. JiaMHHHpaHH rjiHHait. Cue npoSe Cy ca noBpitiHHe.

iJUKpHJbait; 4.

JiaMHHHpaHH

rjiiH H ai;: 5.

Table 3. Content of certain elements in basins with oil shale.
Tabejia 3. Caflpxcaj Heiotx ejieMeHaTa y SaceHHMa ca yjtHHM imcpHjbitHMa.

Valjevo-Mionica

20-138
50T20.0; 1.66%
3.30-8.90
27-80
*
38-349
0.81-6.92
0.40-6.30%
1322-6702
200-1140
30-507

Aleksinac

20-35
19-146
2.75-10.47
17-38
x
8-47
0.51-5.75
700-7000
1479-8577
250-606
36-11,500

Vranje

10-338
10-28
0.42-16.70
28
5
12-192
0.71-8.15
105-2750
3.05 %
31-1340
102

Zlatokop

<20
51
2.46
22
156
2.14
920
6486
384
102

Pranjani

20-54
41-585
10.00-13.30
28-35
5
145-478
8.48-10.40
606-4270
1770-2870
895-1330
51-90

JiaMHHHpaHH

Jadar

27-334
46-146
5.04-25.20
29-46
5-13
192-1010
4.07-8.77
423-801
2790-aXK)

*

*



In the Jadar basin, within the oil shale series (oil shale, shale, marl, mudstone)
analcime and searlesite were found, together with pyrite and elongated crystals of Fe sul-
fides (pyrrhotite?). The content of As, B, Ca, CIl, F, Li, Mg, Na, K, Sr and S04 in the
sediments of the Jadar basin is presented on the Table 3 (9 samples).

In the Pranjani basin in the series of oil shale and pyroclastic roks analcime and
K-feldspar appear (Djurdjevic, 1992).

Another group of basins with magnesites and/or borates as Jarandol, Kremna, Ka-
cer, Gornji Milanovac (Nevade and Silopaj) besides magnesite contain also dolomite,
rarely limestone, marlstone, shale, claystone, sandstone and conglomerate with higher or
lower content of tuffaceous material (tuffs and tuffites). The content of some elements
(same ones as in the first group of basins) is given on the Table 4. Characteristics of this
group of basins with dominant carbonate rocks are given in the papers by Obradovic et
al. (1990; 1992a; 1994; 1995b) and Pavlovic & Radukic (1961).

Table 4. Content of certain elements in basins with magnesites and/or borates
Ta6ejia4 Ca<<p>Kaj hckhx ejieMeHaxa Y SacemtMa ca MarHe3HTHMa h/hjin SoparHMa.

Content
(Ca«p>Kaj) Jarandol Kremna Kacer Nevade Silopaj
(ppm)
As 10-49 20 * * 10-91
B 430-4400 18-300 * * 10-3700
Ca (%) 1.16-5.60 3.00-3.54 3.99-6.38 7.80-8.51 2.84-3.64
cl 28 30.59 * > *
F 5 5-92 * * *
Li 38-158 5-92 * * 10-182
Mg (%) 3.35-23.60 17.80 18.20-23.73  13.05-17.01  20.97-26.11
Na 99-900 520-4080 80 ~ 3340-3520 65-4640
K 3470-3997 * * * *
Sr 142-1000 173-1500 110-870 110-300 49-1340
S04 111-186 31-108 * * *

Chemical analyses of the sediments (including volcaniclastic rocks) from the investi-
gated basins indicate not only the composition and the characteristics of rocks, but also
the presence of some authigenic minerals. The content of Na and Ca, especially in the
Valjevo-Mionica basin indicates the presence of shortite and trona moulds (Obradovic
et al., 1990; 1997) and possibly gaylussite. The content of S04 indicates the presence of
gypsum, boron on searlesite (Valjevo-Mionica, Jadar and Kremna) and borate (Jarandol
basin).

The presence of boron in sediments and sedimentary rocks from lacustrine basins is
very interesting, especially from the economic point of view (Obradovic et al.,, 19923;
1992b; 1995b; Joksimovic et al., 1995; Jovanovic-Jankovic, 1996). The average
content of boron in sediments is 100-120 ppm while in the investigated basins content of
boron varies from 1ppm up to 1.66%, Valjevo-Mionica basin, (the boron deposit in Ja-
randol basin is not including here). This relatively high concentration of boron is



probably the consequence of the mobility of boron compounds in geothermal vapors and
volcanic emanations.

The content of Na is also interesting, since in some samples goes up to 6% (Valje-
vo-Mionica basin). Such a content is supposed to be the result of leaching of volcanic
glass (ash-fall tuffs) in the lake water; leaching of pre-deposited tuffs; other source (bot-
tom thermal spring).

The content of K goes up to 3.05% (Vranje basin) indicating the presence of
K-feldspar, clay or lepidolite (Valjevo-Mionica).

Mg is present in all of the investigated basins. Higher content is observed within the
basins with magnesite (up to 23.60%) or with dolomite and Mg-calcite (up to 10.40% - Pra-
njani basin). Mg originates from basement and surrounding serpentinite, or older dolomite.

Within the closed-hydrology lake Li can be connected to micas, Li chlorides in
evaporates and solutions (brine), crystal lattice of montmorillonite and lime deposits of
bottom thermal springs. Sediments of a closed lake system usually contain Li from 30 to
1500 ppm, while in the open system from 20 to 150 ppm. Average content of Li in
shale is 60 ppm. The content of Li in investigated sediments varies from 5 to 478 ppm,
rarely to the 1010 ppm (Jadar basin). Li is connected to shale, clay and maybe carbonate.
Keith & Degens (1959) reported that Li and B in shales seemed to be indicators of
non-marine vs. freshwater depositional environment. Depositional environment in our
case corresponds to lacustrine, alkaline and saline environment, thus explaining relatively
high content in some cases.

The content od F varies from 5 to 92 ppm (Kremna basin). The average content of
F in sedimentary rocks, especially in shale varies from 10 to 600 ppm. The presence of
F in investigated lacustrine basin is in connection with the clay content in shale, and it is
smaller than the average content.

Higher content of Sr is characteristic for investigated basins. Average content of Sr in
shale is 400 ppm, in sandstone much lower (up to 20 ppm), in carbonate to 610 ppm. Shale
from investigated basins contain up to 2700 ppm of Sr, while magnesite up to 1500 ppm.

As appears in many of investigated basin sediments with variation from 10 to 338 ppm
(Vranje basin). In non-marine bituminous shale content of As varies from 3-12 ppm (or
1-10 ppm). According to Onishi (1972) average content of As in oil shale is 32 ppm. In
investigated basins the highest content of As occurs in oil shale basins, obviously much
higher then the average content, but so far without determined As minerals.

Content of CI is lower then the average in shale (180 ppm). Basins with oil shale
contain up to 80 ppm, while with magnesite up to 60 ppm.

AUTHIGENIC MINERALS

Silicates and aluminume-silicates: fine-grained quartz and opal CT appear as authi-
genic in investigated basins, the first quite often, while opal CT only in Valjevo-Mio-
nica, Vranje and Gomji Milanovac (Nevade locality; Djuric et al., 1989/90).

Authigenic K-feldspar is determined by XRD associated with analcime and searlesite
within tuffite in the Valjevo-Mionica basin, and within tuffs in NW part of the Pranjani
basin. Appears as euhedral replacing pre-formed piagioclase, and connected to analcime.



Authigenic albite is very rare. It occurs associated with K-feldspar and analcime. It
was observed in siltstone, shale and dolomicrite in the Valjevo-Mionica basin.

Clays, especially smectite, are common compounds of altered tuffs. They are deter-
mined in Slanci, Aleksinac, Pranjani, Jadar, Valjevo-Mionica basins, in the lower parts
of series (except in the Slanci basin). Beside smectite, other kinds of clays appear too (il-
lite and kaolinite).

Zeolites - the composition of sedimentary zeolites can serve as a criterion of envi-
ronment. The richest and more diverse composition of zeolites can be observed in the
tuffaceous sediments from lakes, especially from the alkaline and saline ones.

Among the sedimentary zeolites analcime is widespread mineral which occur in sedi-
ments from many lacustrine basins. In the investigated lacustrine sediments analcime occurs
in association with tuffaceous rocks (Djurdjevic, 1988; Obradovic et al., 1995b).
Analcime amount is different, only in the Razanj basin it builds separated beds, some cm
thick (“analcimolithe™), with calcite as cement. In the Valjevo-Mionica basin, in sediment
from drill-hole analcime builds beds together with searlesite and also thin beds of anal-
cime with mud cement.

The main characteristics of investigated analcime are: 1. besides the dominant Na it
contains small quantities of Ca and Mg (influence of host rock; Slanci basin); 2. Si/Al
ratio indicates the sedimentary origin and mostly medium content of silica (2.20-2.70);
3. transition of clinoptilolite to analcime (Slanci basin) and clinoptilolite + gmelinite
((Na2Ca)AIlZSi40 IBHD) to analcime (Vranje basin, Zlatokop deposit); transition of anal-
cime to K-feldspar and albite (Valjevo-Mionica basin).

The heulandite group of zeolites ((Ca, NadAIXSi0 BHA) (series heulandite-Ca,
-Sr, -Na, -K, and clinoptilolite series -K, -Na, -Ca) is also widespread.

Ca- clinoptilolite from the Zlatokop deposit (Vranje basin; Obradovic et al., 1984)
was formed from volcanic glass of fine-grained ash-fall tuffs in the alkaline, slightly sa-
line lakes. With the clinoptilolite (up to 90% of rock volume), small quantities of quartz,
plagioclase (30-35% An) and rarely biotite occur too. Between zeolitized tuff beds and
cover of marly rock black chert bed occurs, composed of chalcedony and fine-grained
quartz with analcime and small amount of gmelinite.

Zeolitized tuff from the Igros deposit (near Brus, Krusevac basin) is built up of
heulandite, small quantities of quartz, plagioclase, biotite and amphibole (D imitrijevic
et al,, 1997a).

Toponica deposit (Kosovo basin) contains zeolitized tuff which corresponds to heu-
landite (up to 82%), errionite (Na2,K2Ca,MQg)45AI9SiZ0 2 27HD - up to 17%) and small
quantities of quartz, plagioclase and mica (Dimitrijevic et al., 1997b).

Borosilicates - Searlesite (NaBSiZBH2) occurs in the Valjevo-Mionica, Jadar and
Kremna basin within oil shale, mudstone and dolomicrite. Appears as spheroidal, and
elongated (Il generation) in the moulds of easy-soluble minerals. Associates with anal-
cime and K-feldspar.

Borates - although borates are not characteristic authigenic minerals, they will be men-
tioned here since they often associate with authigenic minerals in lake systems. Borate depos-
its are determined only in the Jarandol basin (Pobrdski potok and Piskanja deposits) where



appear as lenses within analcime-rich tuffite. The most often are colemanite, howlite (calcium
borosilicate), inyoite, nobelite, probertite, ulexite, vichite, tincalconite (Joksimovic et al,
1995) and new boron minerals (studenicit - NaCaZB®D W(0H)&LHD ; serbianit - CaZBfi0 §0H)6).
Beside them, gypsum, bituminous mater and calcite occur too, the last often builds porous
calcite rock - tuffa, very near to the ore body.

Complex minerals with boron and phosphates - Lueneburgite (Mg,BA0H)§P046HD)
was observed only in the Jarandol basin as coarse crystal (few mm to cm) within magnesite
(Obradovic et al., 1984).

Sulfates - Gypsum is very often in almost all of the investigated basins. Appears in
the crystal shapes of cm size, sometimes with only moulds preserved filled with calcite
or dolomite.

Sulfides - Pyrite is very often in oil shale which were probably formed on the lake
bottom, beneath the mud/water border. Pyrite crystals were formed later during sediment
compaction, together with elongated Fe-sulfides (pyrrhotite?).

Carbonates - moulds of shortite, trona and probably gaylussite so far were observ-
ed only in the Valjevo-Mionica basin, mostly in the drill-core material.

Shortite (Na2C032CaCO03 appears mostly as isolated, submicroscopic crystals in oil
shale and dolomicrite, now representing only moulds filled with calcite (Obradovic et
al., 1990, 1997).

Trona (Na2ZC0,HCO23H;0) or more precisely moulds of trona crystals of radial
shape, were observed in oil shale.

Gaylussite (NajCOjCaCO”F~O) is rare mineral, its presence was determined on XRD.

DISCUSSION

Complex composition of lacustrine basins of Neogene age in Serbia is very well re-
ported. Their economic significance concerns not only the sediments (magnesite, clay,
etc.) but authigenic minerals too (sedimentary zeolites, borates, Na and Na-Ca carbona-
tes). Some authigenic minerals (analcime, K-feldspar, silicates, lueneburgite) serve as
important tool for environment determination.

The parent rock in which authigenic minerals occur shows variation in composition
(Tables 1, 2, 3, 4) since different sediments are concerned, but variation occurs among
the same group of sediments due to presence of the tuffitic material, diagenetic processes
and formation of the new minerals.

Origin, physicochemical conditions and geochemical characteristics of forming of
some minerals is still unknown and further investigations of basins where they appear
will give the answers.

Among authigenic aluminum—silicates, zeolites can be formed under various conditions
though originating from the same material - volcanic ash and glass, connected to the
certain volcano eruption of mostly acidic to middle acidic lava, in the case of our basins.

Analcime can be formed by transition from a pre-formed zeolite (mostly clinoptilo-
lite) following the horizontal zoning (volcanic glass, bentonite, clinoptilolite - analcime)
that appears in the saline lakes (Slanci basin case); from clinoptilolite directly formed
from glass (without bentonite) and gmelinite (Zlatokop deposit, Vranje basin). Gmelinitr



is determined by XRD and we cannot discuss any possible transition into analcime,
though experimental data of such a transformation exist (Joshi et al., 1991). Presence of
analcime within tuffaceous sediments with no other zeolite as source indicates the possi-
bility of direct precipitation from lake or interstitial waters. Si/Al ratio in analcime corre-
sponds to salinity of interstitial solutions thus the high ratio indicates the lower salinity
and vice versa (ljima & Hay, 1968). Sodium enrichment of lake and especially intersti-
tial waters is probably connected to leaching of ash fall (glass) or pre-deposited tuffs.
Certain enrichment can come from the thermal springs on the lake bottom. Hence, using
all the possibilities we can explain the formation of pure-analcime beds ("analcimoli-
thes") cemented by calcite (Razanj basin) or occurrence of analcime within mud cement,
or together with searlesite (Valjevo-Mionica basin).

Heulandite and clinoptilolite are also connected to volcanic glass transformation with
or without bentonite in the chain, or to aluminum-silica gel rich in sodium within the
alkaline or saline environment. Associations of these zeolites with errionite, phillipsite,
clay, K-feldspar or searlesite are well known. Some of these associations were observed
within the investigated basins: with errionite (Toponica deposit, Kosovo basin), bentonite
(Slanci basin), analcime (Slanci basin, Vranje basin).

Zeolites and other associated minerals were formed during diagenesis through the
reaction of volcanic glass with interstitial solutions (waters), regardless they are meteoric,
conatic or trapped within saline lake waters (Hay, 1964; 1966; Hay & Moiloa, 1963).
Zeolites and K-feldspars, formed under low surface temperature and pressure conditions
are dependent on relatively high ratio of alkaline ion/hydrogen activity. This ratio exists
in saline lakes, but what zeolite is going to be formed in that environment depends on
Si02activity, HD activity and K/Na+Ca+Mg ratio within the interstitial waters. For in-
stance, clinoptilolite and errionite need high Si02 activity and low K/Na+Ca+Mg ratio,
while the reverse case will form phyllipsite.

Same environment is indicated by searlesite which occasionally can represent the
only silica mineral connected to the saline non-marine environtnent (Hay, 1964), like in
the Valjevo-Mionica, Jadar and Kremna basin.

Saline alkaline lake is also necessary environment for analcime into K-feldspar
transformation, on temperature of 25°C and low pressures. It is possible for shortite to be
formed on analcime, but before its transformation into K-feldspar, and in the presence of
sodium-carbonate-bicarbonate-chloride solutions (brines), which was not observed so far
in the investigated basins. Si02 and Al12 3 necessary for K-feldspar or analcime forma-
tion originate from volcanic ash.

Shortite can be formed from pirssonite: NajCOjCaCO”O + calcite = shortite
Na2ZC 032CaCo0, + HD.

Trona, and moulds of trona, indicate the saline environment. The mineral is formed
in the later stages of diagenetic processes, strictly after compaction and can often replace
pre-formed shortite.

Lueneburgite is so far determined only in the Jarandol basin, within sedimentary
magnesite series. This mineral is also typical for saline environments: in Lueneburg,
Germany it appears together with boracite in gypsum marls or within salt deposits in
New Mexico and Texas (USA).



Borate minerals are also found only in the Jarandol basin (Pobrdski potok and Pis-
kanja deposits) where appear within tuffaceous sediments rich inanalcime. Borates were
formed in shallow lake system fed with boron solutions by thermal springs connected to
volcanism. Fast evaporation in worm arid climate supersaturated the basin with boron and
did not allow the borate leaching. Tuffa limestone (spring deposit) following borates was
also formed serving as source of Ca and Sr necessary for some borate mineral formation.
The origin of sodium was previously discussed (Obradovic et al., 1992b).

Presence of authigenic minerals within lacustrine sediments indicates the conclusion
that lake systems in Serbia during Neogene and partly Paleogene (Vranje basin) were al-
kaline saline, regardless their watsrs were fresh and stratified only at the top
column, or there was a changement of fresh to saline regime.
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PE3NME

HEOINeHW JE3EPCKNN CEOVMEHTU N AYTUTEHW MNMHEPANN
FTEEOXEMNICKE KAPAKTEPUMNCTUKE

YBO/,

Y Cpbuju, TOKOM HeoreHa, a noce6HO oA O/MroLeHa A0 MAMOLEeHa, DOpPMUpaHu cy
jesepckn 6aceHU nop yTuLajeM HEKONIMKO TEKTOHCKUX LUKIYyca, Koju ce pasnukyjy mehy



co60M MO pasNNUNTUM TEKTOHCKUM hasama. YrnaBHOM, CBW TW MPOLECU CY KOHTpPO-
nucaHu obpasoBareM 1 eBONyLIMjoM MNMaHOHCKOr 6aceHa.

Mpema Maroylc el al (1999) nojeanHa4yHn 6aceHn Be3aHW Cy ca JIOKaSTHOM eKCTeH-
31joM UM TpaHCcTeH3njoM Kope (omoTauda) fgajyhu pacege npasya CUN-J3 n 3C3-NIN,
Kao U1 ca ABa cTagmjyma cybcmngeHumje. Mpeu ctagnjym y kapnat-6aneH-capmarty HacTao
ycnep eKcTeH3uje Kope, 610 je 6p3 1 orpaHnyeH paceguma. Apyrv, y naHoH-M/INOLEHY,
610 je cnopuju M HacTao je noj ytuuajem xnahewa v KOHTpakumje nutocdhepe Koja je
npatuna pasy eKcTeH3uje.

naBHe KapaKTepuUCTUKE HeOoreHux jesepckmx baceHa y Cpbuju cy: 3HaraH ytuuaj
BY/IKAHCKE aKTMBHOCTW; MPOMEHa XYMUAHUX U apuaHUX nepuoga CynTporcke - TPOMCKe
Knme; cnabuja uav jada ctpatudukaymja Bofe jesepa; auctpubyumja daumja n cnuyHa
naseotemMmnepaTtypa Boje jesepa - oko 25°C.

Pa3nnke Koje ce jaB/bajy BesaHe cy 3a AUCTPUBYLMjY HEKUX KTACTUYHUX U BYJIKAHO-
KNacTUYHMX cuUCTemMa KOju XpaHe baceH; 6p3vMHY ceguMeHTauuje; XUAPOOLKY OTBOpe-
HOCT WM 3aTBOPEHOCT je3epCKUX CUCTeMa, Te MNojaBy pas/IMuNTUX ayTUreHUX MUHepana,
0f, KOjUX CY HEKN €KOHOMCKW MHTEPECAHTHN.

leoxeMujcke KapaKTepuUCTUKE je3epCKUX KapboHaTHUX ceguMeHaTa - MarHesmTa,
nonomuTa M nanopaua gate cy y pagy Ofragoyje el al (1994). Y oBoM pajy rnokasaHe
Cy TeOXeMUjCKe KapaKTepuUCTMKe aneBpuTa, Y/bHUX LWKpWUbala, NaMmuHupaHnx ravHaua,
MY/bEBUTUX CTEHA W FNNHA, ca BehoM Manm mawoM KONMYMHOM KapboHaTa M nupokna-
cTuTa.

AYTUTEHN MUHepann, NPoAYKTU ayTUreHese, BesaHW Cy crneumjasHo 3a ceAUMeHTe n
cegMeHTHe cTeHe. Kao n MHOru apyru TEpPMUHN 13 0Be 06/1aCTU, TEPMUH ayTuUreHesa je
yecTo cN060A4HO MHTEPMPETUPaH N HaHOBO odpefeH 360r pasnNMUMTOr cxBaTarwa TepMnHa
Be3aHor 3a cegmMmeHTtoreHesy (OrTe, 1978). Mpema Palhricl8e (1967), ayTureHesa je
CKYMHW TEPMUH KOju 0byxBaTa MpoLece Koju ce jaB/bajy y TOKY AujareHese, Koju f0BoAe
00 obpa3oBaka HOBUX MUHepana, 6e3 o063upa Ha HUX0B 06/IMK, ako cy obpa3oBaHW,
Mare MM BULle yHyTap ceAUMeHTHOr Tena. Hekn ayTureHn mmHepann cy o6pu nHAn-
KaTtopu cpeanHa v gajy nHgopmaumje o Gr3NYKO-XeEMUJCKOj NPUPOAN Hacnara Wim yka-
3yjy Ha TpeH[ AwnjareHese.

AYTUTEHN MUHeEpasn jaB/bajy Ce Yy MHOMMM je3epCKuUM BaceHMma Koju Cy KOMYHU-
umpanu mehy cobom y gy>xkem mnm kpahem nepuogy. OHM obyxBaTajy MHOre mMuHepane,
Kao HMp. kapboHaTte, cunukare, anymocunmkare, 60pocunKate, Kao n CNOXKeHe MUHe-
pasie 6opa n pocpopa, cynduae v gpyre.

Mehy ayTureHUmM MUHepasiMMa Koju ce jaB/bajy Yy je3epCckmmM baceHMMa HeoreHa Cp-
6uje, nopep paHunje NpukasaHux KapboHaTta, nocebHO ce u3gBaja aHanuum (Bjurcljeylc,
1988; OhracloYlc el al, 1995a). JaB/ba ce y BehuM waM MawbUM KONMUYMHaMa, Hekaf,
rpagehn "aHanuumonuTte" ckyna ca KapboHaTHUM UV CUTMLUCKUM Be3BOM. MuHepanu
XejnaHauTcke rpyne (xejnaHAnT N KINHONTUMIONNUT) Takohe cy yecTn n popmupajy ne-
XULWITa 0ff EKOHOMCKOr MHTepeca. Apyrn ayTureHn MUHepasin Be3aHu Cy 3a MnojefunHe
6aceHe: cupnesut (Bammeso-MuoHuua, Jagap, KpemHa), MuHepanu 6opa n AnHebyprut
(JapaHpon), kapboHaTn - TpoHa, WopTUT, rejnycut (BasbeBo-MunoHnya). Onan CT, kan-
LenoH m KBapu, kKao n K-tbenacnat n anout, Takohe ce jaBmbajy y nojeamHum baceHuma
(BasveBo-MuoHuMLa, Bpawe). unc je yecT MUHepasn y MHOTFMM 6aceHnMa, Kao U AnMpuT m
ApYyrn MeTasInvyHN MUHEpasn.



METO/E

[a 6n ogpegmnu cactaB CefUMEHTHUX CTEHA, HMXOBE FE0OXEMUjCKE KapaKTepucTuke
M ayTUreHe MMHepasie Koju ce jaBrbajy y wuma, ypaheHa cy KoMmuieKkcHa ucnntusama Ha
Behem 6pojy y3opaka. ¥ BasbeBo-MMOHMYKOM b6aceHy aHaniu3vpaHo je 93 y3o0pka, Yy
anekcMHauykom 42, y BparbaHCKoOM ca nexuwtem 3natokon 19 y3opaka, y jagapckom 9,
roppommnaHosaukom (Hesage, LLUwunonaja, Kayep) 7 m y npawaHckom 12 y3opaka.
lMopes ONTUYKUX N XEMWUJCKUX UCMUTUBAHA TFPaBUMETPUJCKUM MeTodamMa N eneKTPOH-
CKOM MukpocoHaom (MopgeHa, Utanunja; MockBa, Pycuja; ConyH, Mpuka), cagpxaju As,
Ca, M§, K, Na 6r, LI 1B aHaim3npaHun cy eMUCUOHOM CMEKTPOMETPUjOM MHAYKOBaHe
cnperHyTe nnasme, 51 atomckom agcopnumjom, a 604, CL n P joHCKOM XpomaTorpacgujom
(JTejknng, KaHaga).

Cagpxaj enemeHarta y Tparosmma ogpefjeH je Ha Lle/IOKYNMHOj Macu CTeHe Ha Criek-
Tporpady Bucoke aucnepcunje 5TE-1 n Ha cnektomeTpy PKE-30 Kapn Lajc, JeHay Moc-
KBUW, Pycuja. PeHareHcke aHanuse paheHe cy pagu ogpenbde ayTUreHMX MmHepana n Kope-
nauyje pesyntarta oNTUYKUX N XeMUjCKNX UCMTUTUBara. CHUMaHE je BPLLIEHO Ha ayToMaT-
CKOM audpakTorpamy 3a npax P\Y-1710, ®ununc, Cu aHTukatogama (x=1.54178 A) y3
npuMeHy TexHWKe ckKeHoBawa (Kopak 0.02°, 3agp>aBawe 6pojaya y BpemeHy 2.5"), y
JNabopaTtopujun 3a kpucTanorpadgunjy Pro-a, Beorpag. Ha ogpeheHom 6pojy y3opaka us-
BPLUEHA Cy TepMMYKa CHMMara Ha NPUpPogHUM W XapeHuMm npobama Ha [epwvsaTtorpa-
¢dy-C, MOM, y JlabopaTopuju 3a ceaumeHtonorujy Prd-a, beorpag, kao n 1K ncnutu-
Barwa (MepkuH-Enmep 597, meTtoga nactuse ca MHepTHUM KBr, og4HOC nacTusie 1 y3opka
1:100, y TabopaTopujn 3a muHepanornjy, Pr®, beorpag).

PE3YNTATU

CegVIMEHTU U cegMMeHTHe cTeHe Ba/beBCKO-MMOHUYKOI 6aceHa (cepuja ca y/bHUM
WKpUbLUMMa) ofrosapajy Y/bHUM WKpUbLMMa (CMeHa namMuHa KeporeHa ca jJaMmHama
LONOMUKPUTA TN MYJbEBUTE MaTepuje), anesputmmMa, 1aMmHUpaHnuM ranHuyma n nanop-
uMma ca Behm nnu mawum cagp>kajeM nupoknacTuyHor matepujana. OBe cTeHe, Nopef,
[onomuTa, KanuuTa, rnvHe (NMpeTexkHo CMEeKTUTCKOr KapakTtepa), Ksapua, nsarvoknaca,
MYCKOBWUTA, PEeTKOr fenuaonnTa, cajgpxxe n cupnesut, aHanuum, K-thengcnat, anut u
MWUHepane cunuumje, Kao M WOPTUT, TPOHY U rejnycut (Ohracloylc el al, 1990, 1997
OhraJdoyjc & Joyanoylc, 1987).

McnutuBaHe cTeHe y Kojuma ce jaB/bajy NOMEHYTU MUHepasiv nokasyjy Bapujauyunje y
cactasy (Tabena 1) wTo je pasym/bMBO, MNOLWITO Ce pagn 0 pas/INYNTUM CTeHama, aln pas-
NVKe ce jaB/bajy M Mehy MCTOM BPCTOM CefMMeHaTa Yy 3aBMCHOCTU 04, MpucycTsa nupo-
KnacTUYHOr MaTepujana v pgujareHeTckKux npoueca. Xemujcke aHamse 93 y3opka
nokasane cy ga 5102Bapupa og 23,90 (y/bHU WKpubal) Ao 47,90% (anesponut (JlaMUHU-
paHu rnvHay) - y/bHW wkpusbal); Al20 3opg 3,77 po 13,40%; M§0 op 2,49 pgo 7,90%; CaO
og 3,95 no 24,3%; ~ O og 1,56 po 3,30, n3ysetHo o 6,06%; K2 opg 0,99 no 4,57, C03o04
13,50 go 26,70 n B og 0,04 no 0,85 u pehe go 1,66%.

Capp>xaj Hekux enemeHata: A3, B, Ca, C1, P, I, M§, Ne, K, 8r n 804y cegu-
MeHTMMa 13 UCcTor 6aceHa gaTu cy Ha Tabenu 3.

Y AsnekcuHaukoMm 6Gacewny, y AnekcnmHaukoj cepmjun (Kasant-OruhTt, 1996) y
NPUCYTHUM CefMMeHTUMA - anNeBpuUTUMAa, Y/bHUM LWKPW/bLKWMA, T/IMHama, narnopumma ca
NUPOKIaCTUYHMUM MaTepujasioM, a creumjasHo y anespuTuma W fanopuuma, jaBrba ce



aHanumMMm. XeMujcke aHanmse ofgabpaHuMxX WCMUTUBAHUX CTeHa MpeAcTaB/beHe Cy Ha
Tabenn 2. Ha ocHoBY 42 y30pKa Bapujauumje y cacTaBy ce, Takohe, jaB/bajy Kao vy npeT-
xoAHOM 6aceHy: 8102 Bapvpa of 19,40 po 46,40%; A1, og 7,55 po 16,90%; M 80 og 0,70
0o 5,19%, CaO og 2,69 oo 12,60%, Nad opg 0,16 go 3,40%, KD op 1,27 go 3,47%, CO, og
4,98 no 12,60%; B og 0,009 fo 0,013%.

Cappykaj enemeHata A6, B, Ca, C1, P, 1n, M§, Ka, K, 6r v rpyne 6 04 npukasaHu cy Ha
Tabenn 3.

Y Bpawckom baceHy (Joyanoyjc & Koykoylc, 1988; Erce§oyac e! al, 1995), y
cepujn y/bHUX WKpubaua (Y/bHU LWWKPUbLUKW, aneBpuTU, NaMUHUPaHU FVHUW, Nanoplm)
jaB/ba ce aHanuuMm, ay nexknw Ty 371aToKon n3 NcTor 6aceHa, y 3e0/IMTUCAHOM Tydy, Mo-
pes, KAWHONTWUI0/INTA, KOHCTaTOBaHU Cy U aHa/luuM, pefak rMeIHUT, KanuefoH Kao w
CUTHO3pHU KBapL, (OhracloyYlc & BlrwlnjeY1C, 1987). Cagpykaj rope rnoMeHyTuX ere-
MeHaTa, Kao un rpyne 804 13 cepuje ca y/JbHUM LUKPW/bLUMA N N3 3e01UTU3NPpayuX Tydo-
Ba, fjaTu cy HaTabenu 3.

Y nexxnwty 3natokon, nagasuHcku Tyd (ash-rall) kavHonTUAONUTU30BaH je [0
80-90% opf mace cTeHe. Cepuja ca TyoBMMa npesiasym Hasulle y CUNUPUKOBAHWN CA0j,
LpHe poXXHaLe ca aHa/IUMMOM W PeTKUM TMeIMHUTOM, a W3Hag WX ce jaBrbajy [0/0-
MUTCKM /1anopuu, Koju NoCTeNeHO MMajy CBe Maky KOMYUHY TYOUTUYHOT MaTepujana, u
Yy Kojuma ce AO/IOMUT 3aMewyje Kanuumtom. XeMujcke aHanmse TydoBa M K/IANHOMTUIO-
NinTa npeseHToBaHe cy y pagy Ofracloylc & BlTtHnjeY1C (1987).

Y JapapckoM GaceHy, Y cepujy ca y/bHUM WKPU/bLMMa (Y/bHU WKPWU/bLMW, aneBpuTHy,
nanopuu, My/beBUTE CTEHE) jaBsbajy ce aHa/ILMM U cnpnesnt. Uy oBoM, Kao 1y paHuje
NOMeHYTMM 6aceHMMa, KOHCTaToBaHO je MPUCYCTBO NMMPUTA, Make WM BULLe OKCuauca-
Nor, Kao v N3ay>KeHux, Hekaj NpuTKacTux Kpuctana cyngpuga rsoxxkha (nupxotnHa?). Ca-
apxaj A6, B, Ca, C1, P, 1n, M§, Ne, K, 6r n 604npukasaH je Ha Tabenu 3 (9 y3sopaka).

Y TMparaHCKOM 6aceny, y cepujn ca Y/bHUM WKPWbLUUMA NY TYDUTUYHNUM CTeHama,
KOHCTaToBaH je aHanuum, kao n K-penacnat (Ojurcljeylc, 1992).

[pyra rpyna 6aceHa ca marHesMtuma n/mnn 60pHUM MUHeEpanMma, Kao wTo cy Ja-
paHgonckn 6aceH, KpemaHcku 6aceH, Kadepcku 6aceH n MoprwomuniaHoBadkm 6Gacen
(HeBage v LLwnnonaj), cagpXun nopes marHesuta, [o0/10MUTe, pehe Kpeurwake, nanopLe,
anespuTe, rMNHOBUTE CTeHe, MNellyape M KOHr/omeparte ca BULIE WAN Make Nupokna-
CTUYHOr MaTepujana (Tydosa 1 Tyuta). KapaktepucTtnuke ose rpyne 6aceHa ca goMu-
Hupajyhum kapboHaTHMM cTeHama, rnpukasaHe cy y pagosmma OhracloYlc e! al (1990,
1992a, 1994, 1995h), Te y Payloyjc & Kacluklc (1961). Cagp>kaj ogpeheHux eniemeHaTa
oBe rpyre 6aceHa fart je Ha Tabenu 4.

Xemujcke aHann3e ceMMEHTHUX CTeHa, YK/byuyjyhun n By/IKaHOKNacTUYHe CTEHe, He
caMo LWTO Cy Aasle KapaKTepucTuke cTeHa, Beh cy ykasase 1 Ha NpoMeHe y cTagunjymy au-
jareHese, kaga cy o6pasoBaHu HoBU MUHepanun. Cagpxkaju Ne n Ca, cneumjanHo y Barbes-
CKO-MMOHMYKOM baceHy, yKasasm cy Ha NpuUcycTBO Kanyna TpoHe, wopTtuTa (Ohraclo-
Vic eix ah, 1990, 1997) n eBeHTyasiHO rejnycuta. Cagpxaj 604 ykasyje Ha NpuUcCycTBO
rmnca, 4ecTor MuHepasa y CKOpO CBMM baceHuMma, a cagpxaj 6opa Ha cupnesnt (Ba-
beBo-MuoHunya, Jagap n KpemHa), kao n 6opate (JapaHgon).

MpucycTBo 60pa y cefuMeHTUMa U CeAMMEHTHUM CTEHaMa je3epCcKux 6aceHa je BpJio
UHTepecaHTHO (Ohrapgoyjc e! ah, 1992a, 1992h, 1995h), Ha wWTa cy yKasaiu u apyru ay-
Topu (Jokb6lToylc e! ah, 1995; Joyanoylc-Jankoylc, 1996, u gp.), cneymjasiHO ca eKo-
HoMcKe Tauke rnegmwita. Cpeghn cagpkaj 6opa y ceaumeHTMma ce kpehe oko 100-120 ppr.



Y mncnutmeaHumM b6aceHnma cagpxkaj B nsHocm og 1 ppT Ao 1,66% (y Ba/beBCKO-MUOHUYKOM
baceHy, fok JapaHgoncku 6aceH ca 6opaTtmma 0BAe Huje y3eT y pasmaTpare). PenaTuBHO
noBuLLIEHa KOHUeHTpaumja 6opa je BepoBaTHO Be3aHa 3a MO6MIHOCT 6opa y reoTepMasiHUM
racosmma 1 n3BoprMa Kao ¥ BYJIKAHCKMM eMeHauujama.

MHTepecaHTHO je 3HATHO nNpucycTBo Ne uumjn cagp>kaj y nojejuHuUM cefuMeHTMMa
nge £o npeko 6% (Ba/beBCKO-MMOHMYKK 6aceH). HberoBa 3acTyn/beHOCT Be3aHa je 3a
pacTBapake BYJ/IKAHCKOr cTakna (nenena) u/mnn seh uctanoxeHor Tyga y Boau jesepa
Wnu je, nak, 4o oboraherwa AOLWA0 N U3 HEKOT APYror pasnora (TepMasiHM U3BOPU Ha OHY
jesepa).

K je 3acTyn/beH ca cagpyxajem o 3,05% (Bpamcku 6aceH). YKasyje Ha NpuUcycTBo
K- hengcnata v rnnHa, Kao 1 nenugonuta (Ba/beBCKO-MNOHNYKUN BaceH).

M§ je mpucyTaH y CBMM uUcnuTMBaHUM 6aceHuma. MoBuweH cagp>kaj M$§ jaBrba ce
cneumjanHo y bacemmma ca marHeantuma (go 23,60 %), maga u y baceHuma rae ce jaB/ba
pgonomur nnu M§-kanunT weros cagpxkaj uge no 10,40 % (MpanaHcku 6aceH). Mopekno
MarHesujyma Besyje ce 3a CeprneHTUHUTE, KOju ce jaBsbajy y noanosm n oko seher 6poja
6aceHa, Kao 1 3a cTapuje gonoMuTe.

11y XMAPOMOWKN 3aTBOPEHMM BaceHMa MoXKe Aa Gyfe Be3aH 3a JIMTUjyM Xopuje y
eBanopuTMMa 1 pactBopumMa (6pvHE), Yy KPUCTaslHOj PEeLIeTKU MOHMOPUjoHUTa U Y
Kap6oHaTHUM Tasio3MMa TepMasIHUX U3BOpa U je3epcKux baceHa. Y cefjMMeHTUMA 3aTBO-

peHuX je3epcKkMx cuctema cagpykaj 1n sapupa og 30 go 1.500 ppT, AOK je Y XUAPONOLIKUN
0TBOpPeHUM Mawn of 20 go 150 ppT. Cpearu cagpykaj 1ny nammHUpaHUM [VHUUMA
($hale) nsHocm 60 ppT. Y MUCNMTUBAHUM ceAMMeHTMMA Bapupa of 5 fo 478 ppT, peTKo 4o
1.010 ppT (Jagapcku 6aceH) 1 Be3aH je 3a aneBpuTe, rMUHOBUTE CTEHE U MakbUM [es10M

3a kap6oHaTte. Kelilh & Oe8en$ (1959) caonwTtunm cy ga 1J n B mory 6utn nHgnka-
TOPWN HEMapWHCKe, 0LHOCHO CNaTKOBOAHE Aeno3numnoHe cpefunHe. Y Hallem ciydajy, fe-
nosnuMoHa cpeuHa je jesepcka, 4ecTo XMAPOIOLWIKM 3aTBOPEHOT je3epa, MOBPEMEHO al-

KaJIHa 1 3aC0/beHa, LTO BEPOBATHO MOXe 06jacHUTM NOBULLEH cagpxKaj 1n.
MpucyctBo P Bapupa og 5 go 92 ppt (KpemaHckn 6aceH). Cpeawin cagpxkaj Py
cejUMeHTHUM cTeHama, crneumjanHo y anesputuma, Bapupa og 10 go 600 ppT, wWTO je

MHOTO BUMLUEe HEr0 Y UCMUTUBAHMUM 6aceHMMa. MpucycTBo P BepoBaTHO CE MOXE A0BECTU
y B3y Ca caAp>kajeM r/ivMHe y NaMUHUPaHUM FAVHUMMA U afleBpUTUMa.

lMoBuLLeH cagpXkaj 8r je KapakTepucTuyaH 3a ncnutneaHe baceHe. Cpefrbn cagpxkaj 8r
y NaMmrUHUpaHUM ravHuumMa n3Hocw 400 ppT, y newyapuma je MHoro mamu, 1o 20 ppT, AOK je
y KapboHaTHUM cTeHama HewTo Behu, fo 610 ppT. Y ucnutMBaHUM 6aceHMMa ca rMHEHNM
LKpu/bLMMa cagpikaj 8r nge fo 2.700 ppT, ay 6aceHnma ca marHesuntuma 4o 1.500 ppT.

Y MHOruM cejuMeHTMMa UCMNTUBaAHUX 6aceHa jaB/ba ce AB ca KOJIMYMHOM Koja Ba-
pupa of 10 go 338 ppT (BpahCcku 6aceH). Y HeMapUHCKUM GUTYMUHO3HUM LLUKPWU/bLIUMA,
A6 Bapupa og 3-12 ppT; npema Ow 5h1 (1972), y y/bHUM LLUKPWBLUMA CpefHUn caapXaj
Ak nsHocm 32 ppT. Kog Hac je A$, Takohe, Be3aH 3a y/bHe LUKpWU/bLE, OA4HOCHO HajBehun
cajp>kaj ce jaB/ba y kbMMa, anu je nnak MHoro Behu of cpefmer cagpxaja y ceUMeHTUMa.
3a caga, y cefMeHTMa NCINTUBAHMX 6aceHa HUCY KOHCTaTOBaHW MUHepann apceHa.

Cagpxkaj O je HeLWTO HVXKW 04, CPeAHEer cagpXKaja y naMuHupaHim rivHumma ($hale),
rae n3Hocm 180 ppT. Y 6aceHUMa ca y/bHUM WKpubumma nge Ao 80 ppT, 40K je y 6aceHnMa
ca MarHesuTMma HWXn cagpxkaj, 4o 60 ppT.



AYTUTEHW MNHEPATAN

Cunukatu n altyMoCUIMKaTW: CUTHO3PHU KBapy, 1 onas CT jaB/bajy ce Kao ayTUreHu
MUHepann UCNNTUBAHMX je3epCcKnx baceHa. ok je kBapy yewhu, onan CT KoHcTaToBaH
je y Ba/beBCKO-MMOHNYKOM, BpawCkoM v FopwOMMIaHOBAYKOM 6aceHy, fioKanuTter
Hesage (Ojunc el al, 1989/90).

AyTureHun K-chengcnart KOHCTATOBaH je peHAreHCKMM MyTeM Yy acouujaumju ca aHan-
LMMOM M CMPNE3NTOM Y TYPUTUYHUM cTeHama BarbeBCKO-MMOHNYKOT 6aceHa, Kao ny Ty-
¢y ceseposanagHor gena lNMpawaHcKor 6aceHa. Jaesba ce y eyxegpasiHUM 06/1Mumma, Moxke
[a 3aMenyje paHuje hopMUpaH naarvoknac, ay Hallem cny4ajy BesaH je 3a aHa/IuyM.

AnN6GUT je pocTa pegak ayTUreHU MUHepasl, jaB/ba ce y acouumjaumjn ca K-cpengce-
naTtom v aHanuumom. KoHCTaTOBaH je Uy aneBputuma, nammHupaHum ravHuuma (3hale)
Uy LOTOMUKPUTMA BarbeBCKO-MMOHMYKOT 6aceHa.

"NyHe, cneumrjanHo CMEKTUTCKOr KapaKTepa, YeCcTu cy cacTojun antepucaHux Tydo-
Ba. KoHcTaTtoBaHu cy y CnaHa4ykom, AnekcuHadkowm, MparwaHckom, Jagapckom n Basbes-
CKO-MWOHUYKOM 6aceHy 1N TO MpeTexXHo y AowUM Aenosuma cepmnja (y CnaHadykom ba-
CeHy cny4aj je 06pHYT). Mopes cMeKruTa, KOHCTATOBAHO je MPUCYCTBO U ApYrux BpcTa
rNYHa (MNnuTa N KaoIMHUTA).

3eo0nnTn - cacTaB CefMMEHTHUX 3e01UTa MOXE Ja MOCAY>XW Kao KpUTepujym 3a
n3gBajarbe cpeanHa. Hajéoratnju v HajpasnMunTmju cactas 3e0/1MTa Be3aH je 3a Tydu-
TUYHE CTeHe je3epcKe cpefuHe, crielmjasiHo 3a CpefuHe anKalHUX U CaHuX jesepa.

Mehy ceAMMEHTHUM 3e0/IMTUMA, aHaNLUMM je HajpacrnpocTpareHuju M1uHepan cegu-
MeHaTa je3epCckmx 6aceHa. Y MCANTUBAHUM je3epCKMM bGaceHMMa aHa/IuMM ce jaB/ba Haj-
yewhe y acouujaumjn ca TyOuTMYHUM cteHama (Bjurcdjcyjc, 1988; OhracloyJc el al,
1995H). AHanuuM je 3acTyrn/beH y pas/iIMunTuM KonmumHama, camo y PaxkawCKoM baceHy
rpagv usgBsojeH cnoj, ae6eo 10-12 ¢t ("faHanuumonut"), rae cy aHanuMmMm BesaHu Kap6o-
HaTHUM LEeMeHTOM. Y Bas/beBCKO-MUOHUYKOM b6aceHy aHanuuMm cKyrna ca CUpiesntom
rpagu nocebHe crojuhe, a Takohe 1 TaHKe cf0jeBe aHaNUMMa y MY/beBMTOM BE3MBY.

naBHe KapaKTepuCTUKe MCMUTMBaAHUX aHanuuma cy: 1. nopep AOMUHaHTHoOr Wa,
cagp>xe 1 mane KonnymHe Ca n M§ (ytuuaj cteHe gomahuHa, CnaHauyku 6aceH); 2. ogHocC
81/Al yKa3syje Ha CeJMMEHTHO MOPEKI0 aHa/IuMMa U NPETEXHO CpefHU cafpkaj cunuymje
(2,20-2,70); 3. npenas kAMHonTuaoNMTa y aHanuum (CnaHadyku 6aceH) m KAMHOMNTUIIO-
nuta = rmennHuTa y aHanumm (BparwCckn 6aceH, nexxuniwite 3naTokon); 4. npenas aHanuu-
Ma y K-penacnat n anbut (Ba/beBCKO-MUOHUYKMN 6aceH 1 MNMpawaHCKU 6aceH).

XejnaHgntcka rpyna 3eonuta ((Ca, Ma2) A1H1M0 BHAD) -xejnaHAuTCKa cepuja ca
xejnaHgntom-Ca, -5r, -Ne, -K; n knuHontunonutcka cepuja -K, -Ma, -Ca ca KIuHO-
NTUI0/INTOM je Takohe pacrnpocTpareHa.

Ca—KNuHONTUNONNT N3 nexnwTta 3natokon (Bpakwcku b6aceH; OHracloylc c( al,
1984), o6pa3oBaH je 04, BY/IKAHCKOI CTak/ia nagaBuHcKor Tyda (akh-Mal 1A(T) y ankanHowm, 3a-
co/beHOM 6aceHy. Caxknunontunonutom Koju rpagm no 80-90% mace CTeHe, jaBrbajy ce Mavie
KoNu4uHe KBapua, nnarvoknaca (30-35% An) un pegak 6uotut. M3mehy cnojesa Tycosa un
NaropoBUTUX CTeHa Koje feXke MU3Hag, KoOHCTaTtoBaH je €/10j LpHOr poXkHaua msrpafeHor of
KanueaoHa Y CUTHO3PHOI KBapLa ca aHaILMMOM Y PETKUM TMeTUHUTOM.

3eonntusupaH Ty nexxuwta Mrpow, 6num3y Bpyca (Kpywesauku 6aceH) ogrosapa
XejnaHanTy ca MalMm KonmumHama Keapua, niarvoknaca, 6uotnta n amgmoéona (bJItJ-
Cnjeyjc e! al, 1997a).



NexunwTte TonoHuya, kog KocoBcke KameHuue (KocoBckm 6aceH) cagpiXXu 3eonun-
TncaHu Ty - xejnaHauT (8o 82%) n epuoHuT (Ma2,K2,Ca,M8)4A1%120 727HD) oo 17%
Mace CTeHe ca MaMM KoMMYuMHaMa Ksapua, niarvoknaca v nuckyHa (OJrrilnjeY:c el
al, 1997n).

Bopocununkatn - Cupnesut (KaB816BHA) jaBrba ce y Ba/beBCKO-MUOHUYKOM, Ja-
fapckom v KpemaHCKOM 6aceHy Yy Y/bHUM LUKPU/bUMMA, MY/LEBUTUM CTEHaMa 1 y [0/10-
MUKpUTY. Mopes cheponnTHOr, KOjU je Haj3acTyrn/beHUjU, KOHCTATOBaHU CYy N U3LYXKEHU
kpuctanu (Il reHepauuja) Koju ce jaBrbajy y Kanynuma s1ako pacTBOPHUX MUHepasia. Aco-
uMpa ca aHanuumom u K-chengcnaTtom.

BopaTtn - nako MHoOrn 6opatu HUCY KapakKTepUCTUYHWN ayTUTEHU MUHepPanu, y 0BOM
pagy 6uhe NMoMeHy rm, NOLWTO Cy ca HUMa YeCcTo YAPYXXEHW U Be3aHU 3a je3epcke baceHe.
Hacnare 6opaTta KoHCcTaToBaHe cy jeAUHO y JapaHposickom 6aceHy (Mobpackm NOTOK U
Muckaka), rae ce jaBrbajy NpeTexkHo y 06NMKy coumBacTux Tesa y TYPUTUYHUM CTeHa-
Ma, boraTmux aHasuumom. Mopen KosleMaHUTa, xaynuta (6opocuinkaTt Kanuujyma), Nko-
nTa, HobenuTa, NpobepTnTa, yNekcyTa, BUUYMTA, TUHKa/IKOHMTA U Ap. (JoKsiwoYic €C
al.,, 1995), kao 1 HOBUX MuUHepana 6opa (cTyaeHuumT - \mCaB® KOH)4L2H,0; cpbujaHnt
- CazBm 8o H)6), jaBrbajy ce n runc, 6UTyMuja 1 Kanuut, o4 Kojux nocrefwn Hekag rpagu
MOPO3HY Kas/lUUTCKY CTeHY- "Tyda" n Hasa3wu ce y HernocpeaHoj 6M3nHu pyaHor Tena.

CnoXxeHV MUHepasin ca 6opom n dpochaTuma - JinHebyprut (M§,B2A0H)GP04)6HD)
je KoHcTaToBaH jeAnHO y JapaHAosickoM 6aceHy U1 jaBrba ce y AocTa KPYyNHUM KpucTasimma
(o4 HEKONMKO LWL A0 CL) Y MarHeanTuma, nopef octaka gope (OhracloYlc el al., 1984).

Cyndatn - 'vinc je Beoma 4YecT cacTojak ceAMMeHata CKOPO CBUX MCAUTMBaHWUX
6aceHa. JaB/ba ce y KpucTaslHUM 06MumMa 40 BuLUe W BennduHe. Hekag cy cadyBaHM
camMo Kanynu rurica Koju cy Make UM BuLle UCNyHeHU KanumTom n pefle 4010MUTOM.

Cyndmgn - MnpuT je 4ecT cacTojak cegMMeHaTa ncnutuBaHuUx 6aceHa, cneymjanHo
Y/BHUX LUKpW/baLa, y Kojuma ce jaB/ba y BUAY CUTHUX cheponmTta. OHW Cy BEpoBaTHO
thopmmnpaHu Ha fHy jesepa, HewTo Mcnog MoBpLMHe Mys/b-Boga. Kpuctanu nuputa cy
obpasoBaHM KacHWje, Kafa je noyesia KoMmnakuuvja cegumeHTta. opes Hera, KoHcTaTo-
BaHO je M NPUCYCTBO U3AY>XEHUX KpuUcTasna Koju 4ecTo rpage arperate reoxhe cynduga
(nupxoTnHa?).

Kapb6oHatn - Kanynu woptuta, TPOHE 1 BEPOBaTHO rejsiycmta KOHCTaToBaHu cy A0
cafia camMo y BasbeBCKO-MWOHMYKOM b6aceHy, W To Hajsehum genom y matepujany w3
6yLwioTnHa.

Woptut (N@XC0.,2CaCO0,) ce jaB/ba MPETEXHO Y WU30/10BAHUM KpuUcTanuma y Y/bHUM
LWKpWbLUMA 1 JONOMUKPUTY. Kpuctanu cy yrnasHoM nanoMopgHu, cybMMKPOCKOMCKMX Be-
NIMyYvHa, faHac nNpeAcTas/bajy Kanyne ucnyweHe kanumtom (Ofra(loylc el al., 1990; 1997).

TpoHa (1483 C03(HCO.,)2H2D) oaHOCHO Kanynu KpucTtasna TPoHe, KapaKTepucTtuyHe
pagnjasiHo 3pakacTte rpafe, KOHCTATOBaHU CY Y/bHUM LUKPW/bLIMMA, O4HOCHO Y CeAUMEH-
TMa 6oraTum OpraHCcKoM MaTepujoMm.

ejnycut (Ne ,00,0”00,5HD) je pegak MuHepas M HeEroso NpPUCYcTBo NMoTBpheHo
je pPeHAreHCKNM MnyTeM.

AVNCKYCNJIA
O KoMmnieKcHOj rpahu jesepckmx baceHa y Cpbuju HeoreHe CTapoCcTu, MPETEXHO

OO U-cpen MUOLLEH, MMa A0CTa nojartaka y nutepaTypu, Tako ga ce Ha Tome Hehemo
Oy>Xe 3agp>kasaTu. Nopes eKOHOMCKOI 3Hayaja caMUX CeAMMEHTHUX CTeHa (MarHesuTa,



rvuHa n ap.) opmMmmpaHux y ctagujymy CUHreHese u gmjareHese, HoBO(HOpMMUpPaHU MU-
Hepasiv, NPETEXHO ayTUreHU, UMajy 3HayajHy eKOHOMCKY Ba>KHOCT (CEAUMEHTHW 3e0/1U-
™, 6opaTtun, Ne n Ma-Ca kapboHaTtu). Apyrn mmHepanu, Takohe obpasoBaHun y ctagnjymy
OuvjareHese, MMajy Bulle HayydHuU 3Hadaj (aHanuum, K-cpengcnat, 5JO0 MuHepanu, fnHe-
6ypruT, cMpnesnT n 4p.) ykasyjyhn Ha ycsioBe 1 KapakTepuUcTuKe cpeguHe.

CegVMEHTU M CeAMMEHTHe CTeHe ca ayTUreHUM MmHepanMma nokasyjy sapujauuje y
cactaBy, LUITO je U pa3ymM/bMBO MOLWITO Ce pagu 0 pasNMUnUTUM CTeHaMa, an pasfivke ce
jaBr/bajy 1 mefy ncTom BPCTOM cejMMmeHaTa y 3aBMCHOCTM 04, NpucycTBa TYQPUTUYHE MaTe-
puje n anjareHeTckmMx npoueca. NMopekno, PU3NYKO-XEMUJCKU N FEOXEMUJCKU YCOBU Y
Kojuma cy hopMupaHu rojeguHuU MuHepanun y ogpeheHnm jesepckum 6aceHUMa Hucy y
MOTHYHOCTMU joll o6jallikbeHU N TEK HOBUja U fleTasbHa UcMnUTUBaBawa fahe oarosope.

Mehy ayTUreHMm anymocMankKaTmma, 3eoqiMTu mory 6mtm obpasoBaHu Nog pasnnyu-
TUM yC/I0BMMa, MakKo MoTU4y 0f WUCTe BPCTe MaTepujana- BY/NIKAHCKOI nernena-ctakna
Be3aHor 3a oapeheHy epynuujy, anu mory 6MTn Be3aHu 1 3a BYJ/IKAHCKa cTaksa pasnmym-
TOr cactaBa. ¥ WUCNUTUBaAHWUM bGaceHMMa TO Cy MPEeTeXXHO CTak/a KUCENUX [0 Cpefre
KUCENNX CTeHa.

AHanuum HacTaje npeobpaxkajeM paHuje popmMuMpaHOr 3eoqMTa, NPETEXXHO KNHO-
nTunonnta, cnegehu XopmM3oHTasIHY 30HA/IHOCT Koja MAe 04 BYJ/IKAHCKOr cTakna, 6eHTo-
HUTa, KIMHONTWU/I0NINTA A0 aHa/ILMMa Koja ce jaB/ba Y 3aC0/bEHUM je3epCKUM cpeanHama
(CnaHaukun 6aceH); NpeKo KANHONTWUIONNTA, BE3AHOr 3a AUpeKTaH npeobpaxkaj BYyJ/IKaH-
cKor ctakna (6e3 nojaBe 6eHTOHUTA) U rMeNIMHUTA (NexXnwiTe 3n1atokon). Mocnegkwn je
KOHCTaTOBaH PEeHAreHCKMM NYTEM M TO Kao pefak MuUHepas, Tako fa 3a caja He MOXKemMo
pasmarpaTtn TpaHchopMauujy rMesiMHMTa Yy aHa/luMM, Mako MocToje eKcrepuMeHTaslHU
nogaumn o 1oj TpaHcopmaynju (Joxhj e( al, 1991). Hanasak aHa/iuuma y cepuju ca Ty-
PUTUYHUM 1N TY(O3HMM CTEeHaMa Yy KOjuMa Huje KOHCTaToBaH HujefaH ApYyrn 3e0nnT u3
Kora 6u morao 6uUTK popmMupaH, ykasyje Ha MOryhHoCT AMpPeKTHe npeunnutmsaumje u3
jesepcke v nopHe Boge. OaHoc 5J/Al aHanuMma ofrosapa BepoBaTHO Ca/IMHUTETY UHTep-
CTULMasTHNX pacTBopa. Buwmn ogHoC yKasyje Ha HUXXM cCallMHUTET, a HUXXM 04HOC Ha rnoBe-
haHu cannHUTeT MHTepcTUUUMjanHux pacteopa (ljlwa & Hay, 1968). O6orahewe ca
HaTpMjymoMm jesepcke BoAe, a CreuunjasiHoO NopHe Bode (MHTepcruymjanHmMx pacTseopa)
BEpPOBATHO je Be3aHO KaKo0 3a pacTBapare BYJ/IKAHCKOI MagaBMHCKOP nenena (ctakna),
Tako 1 3a N3nyxmneare Hatpujyma 13 seh nctanoxeHux Tygosa u tyduta. o nssecHor
oborahewa morso je gohn n n3 TepmasiHUX U3BOpa Ha AHY je3epckux baceHa. Ha Taj
HauvH, y3nmajyhu y 063mp cse Tpyu MoryhHocTu, BepoBaTHO ce MOXe 1 06jacHUTW HacTa-
HaK cfojeBa CKOpPO YUCTOr aHanuuma y "aHanuumonmtmma' Koju cy Be3aHun KapboHaT-
HUM Be3nBOoM (PakarCKu 6aceH), Kao 1 3a nojaBy caMor aHa/iunuma y My/beBUTOM BE3UBY
WM y acouujagmju ca cmpnesntom (BarbeBCKO-MUOHMYKM 6aceH).

XejnaHanT n KAMHONTMNONUT Takohe cy Be3aHM 3a TpaHchopmaunjy BYNKaHCKOT
cTakna npeko 6eHTOHUTa WM AUPEKTHO N3 anyMOCU/IMKATHOTN resla 60raTtor HaTpMjymMom
y je3epckKoj asikasiHoj M 3aco/beHoj cpeauHU. Mo3HaTe cy acouuvjaumje oBUX 3eonmTa ca
WwabasmMToM, epUOHMUTOM, PUINNCATOM, MUHepanuma ruHa, K-hengcnatom v cupniesun-
TOM. Y mcnutmBaHMM 6aceHMMa 3a caja je KOHCTaToBaHa HMXoBa acoumjaumja ca epmo-
HuToM (TonoHuua, KocoBcku 6aceH), 6eHTOHMTOM (CnaHayku 6aceH) M aHa/ILMMOM
(CnaHaukun 6aceH, 3natokon, Bpawckn 6aceH).

3e0/IUTN 1 ca bKMa y acouunjaumjn gpyru ayTureHu mMuHepanu opMmupaHu cy 3a
BpeMe JujareHese peakLMjoM BYJ/IKAHCKOP CTak/fa ca WHTepcTUumjasiHUM pacTBopuMa
(Bogama), 6110 fa OHWM NOTUYY Of METEOPCKUX BOAA, KOHATHE BOAE WWN YKJIOM/bEHE BOJE
cnaHux jesepa (Hay, 1964; 1966; Hay & Molloa, 1963). 3eonntu n K-pengcnatu,



obpa3oBaHN y ycnoBMMa HUCKWUX, MOBPLUMHCKUX TeMnepaTypa U nputucaka, 3aBUCHU cy
0/l penlaTUBHO BUCOKOI OfHOCA as/IKasHOr joHa rnpemMa aKTUBHOCTW BOAOHUKA. TakaB o[-
Hoc, noTpe6aH 3a o6pa3oBare 3e0nMTa y TY(OBMMA, jaB/ba Ce Y CPeAUHWN CraHor ankani-
Hor jesepa. Koju he 3eonntn 6utn hopMupaHun 3aBUCK 0, aKTUBHOCTU 8102 aKTUBHOCTU
H2 v ogHoca K/Ne+Ca+M§ y nopHUM Bogama; Tako 3a hopMmupare KJAUHONTUA0AUTA U
epuoHuTa, akTMBHOCT 55102 ce nosehaBa, a ogHoc K/1UHa+Ca+M§ ce cmamyje, a y 06pHYy-
TOM cniyyajy obpa3syje ce hmunamncut.

Ha ucTy cpefvHy yKasyje 1 cCUpnesnT, Koju HeKag npeactaB/ba jeAuHN ayTUTeHU CU-
NIMKaTHU MWHepas Be3aH 3a cfiaHy HemMapuHCKy cpeanHy (Hay, 1964), (Ba/beBCKO-MMNO-
HU4YKN, Jagapcku, KpemaHcku 6aceH).

CnaHa asnikasnHa cpefuHa jesepa je, Takohe, HeonxogHa 3a TpaHcdopmauujy aHan-
umma y K-thengcnat, Koju ce Taga opmmpa npu Temrnepatypama oko 25°C M HUCKUM
nputucumma. Moryhe je ga y n3BecHUM cny4vajeBuma wopTuT 6yae hopMupaH Ha padvyH
aHa/IuMMa, anv npe Hero WTo Ucty npehe y K-thenacnat, n To Kaga ce jaBrbajy HaTpujym
KapboHaTHO-6MKapboHAaTHO-X/TOPUACKN pacTBopu (6puMHe), WITO Y UCAUTUBAHUM bGace-
HUMa [0 cafa Huje 3anaxkeHo. 8j02un A1D 3noTpebHU 3a hopmumpare K-hengcnarta, Kao
W aHanumMma, NopeKsiom cy 13 ByJSIKaHCKOr nenena.

LopTUT, 04HOCHO HEroBU Kanlynun, KOHCTaToBaHN y BarbeBCKO-MUOHUYKOM 6aceny,
MOXe HacTtatum u3 nupcoHuta - Ma™CO3-CaCO3HMO + kaiumt -CaCO03 = wopTut -
NaZl 0RCaC03 + HD

TpoHa, 0AHOCHO HEroBM Kasynu, NCTO Kao N LWOPTUT yKa3syje Ha 3aco/beHy CpefuHy.
dopmMmupa ce y KacHujeM cTagmjymy aujareHese, ob6aBe3HO nocsie Komnakyuje, m 4ecTto
3aMetbyje KpucTasie WopTUTa, Kao nNpeo hopMupaHor M1MHepasna.

JInHebypruT, KoHcTaToBaH 40 caga camo y JapaHfosickom 6aceHy y cefMMeHTHUM
MarHesMTuma, TUMUYaH je MUHepan cnaHUxX cpeAuHa, Yy Kojuma ce jas/ba cKyna ca 60-
pauuTom y narnopuuma ca runcom (JInHebypr, Hemauka) win y coHom nexuwty Hosor
Mekcnka n Tekcaca.

Bopatu cy, Takohe, Be3aHu camo 3a JapaHaosnckm 6aceH (Mobpacku noTok m Mucka-
Ha) rae ce jaBsbajy y TY(O3HUM ceguMeHTMMa 6oratmm ca aHanuumom. PopmMmpaHu cy y
NANTKOM je3epCKOM 6aceHy, rae cy TepMasiHu WU3BOPU Be3aHW 3a BY/IKaHU3aM [OHOCUIN
6opHa jeaukersa W oborahmeanm Boay jesepa. bpsa eBanopauuja y apugHoj Torsoj
KNMMK foBOAMIIA je [0 cynepcaTypauuje pactsopa ca 60poM 1 HUje fo3Bo/baBana pacTea-
pane 6opaTta. Ty cy o6pa3oBaHe 1 NojaBe 6UrpoBUTUX Kpedrwaka ("CulTa' 5pnng aepokn)
KOoju npate 6opaTte n Koju cy nssop Ca u genom 8r noTpedbHUX 3a obpasoBame MnojeguHUX
BpcTa 6opata. O nopekny Ne je Beh 6mno guckytoBaHo (Ohra<3oY:ic el al.,, 1992h).

MpucycTBo ayTUreHux, HOBO (MOPMUPaAHUX MUHepasia Y je3epCKUM CefuMEHTUMA,
yKasyje, Kao WTo je To Beh M paHMje HANOMEHYTO, Aa Cy je3epCKM 6aceHu y HeoreHy, a
fenom u 'y naneoreHy (BpakCku 6aceH) MMasin CBe KapaKTEPUCTUKE aNlKasTHUX Cr1aHnX
jesepa, 61no0 ga ce pagm o cTpaTUPUKOBAHOM je3epy ca C/1aTKOM BOLOM Camo Mpu BPXY
BOAEHOr cTy6a WM 0 CMeHW peXuma Boje je3epa 04 craTke A0 C/laHe M o4 cnaHe o
cnaTke Boje.



