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AREA AND SAMPLING LOCATION

The Kremna Basin covering an area of 15 km? is a lacustrine basin of the
Zlatibor complex and is located in southwest Serbia, about 200 km from Bel-
grade (Fig. S-1). Zlatibor Mountain is one of the largest serpentinite massifs on
the Balkan Peninsula and is an ecologicaly exceptional area with 960 plant
species, 280 insect species, 10 amphibians and reptiles, 150 bird species and 54
mammal species.!

Kremna Basin landscape is hilly—-mountainous with pastures, meadows and
agriculture as the dominant vegetation type (Fig. S-1). The areais sparsely popul-
ated with mountain villages, which are dispersed and mostly isolated. The main
water supplies for the villages are springs.

Duetoitsvery interesting geological setting, this basin has been explored for
magnesites and borates. During the last few decades, the Kremna Basin was stu-
died for presence of searlesite in the magnesite deposit,2 magnesite and dolo-
mite34 and sepiolite and palygorskite clays.® The total thickness of sediments is
about 350 m, and their ageis of Lower Miocene, between 19 and 17 Ma.6.7

Obradovi¢ and Vasi¢ (2007)8 distinguished two main sedimentation series,
dluvia and lacustrine, and the latter was further divided into margina and
intrabasinal facies. The aluvia series consists of conglomerates and sandstones
containing fragments of ultramafic rock,® while the marginal lacustrine and
intrabasinal lacustrine facies consists of carbonate sediments.®
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Fig. S-1. Locations in the Kremna Basin, borehole ZLT-2, reference soil samples and soil
samples (1-7).

Pedogenic factors influenced the formation of humus silicate soil type on
serpentinites in the Zlatibor region.10 These soils vary in color from black to
brown with a dominant silt component and fairly stable aggregates.1! The humus
silicate soils in the investigated area are shalow with depth varying between a
few cm up to 20-30 cm. Usually only the A-R profile is developed on these
soils, but the A—AC-R profile can also really be observed.

There were two main criterions for soil sampling location: proximity to the
borehole and outcropping sediments bellow soil. Only seven locations filled one
or both of these criterions (Fig. S-1; Table 1). Soil sample 1 was taken above the
outcropping coa layer about 1.4 km north from the borehole site ZLT-2. At this
location, the soil is very thin, up to 10 cm. Samples 2, 3 and 4 were taken in the
central part of the basin, close to the location of the borehole ZLT-2. Sample 2
was taken 20 m west from the borehole, sample 3, 30 m east from the borehole,
and sample 4 at the borehole site. Sample 5 was taken about 600 m, and sample 6
about 1 km northwest from the borehole site. Both soils are thin and light brown.
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Sample 7 was taken about 1 km west from the borehole site and it is darker with
more organic matter present.

The reference soil sample (Table 1) was determined by a statistical method.
The contents of trace elements in the reference soil sample were calculated based
on data for sixty soil samples (at depths up to 30 cm) surrounding the Kremna
Basin (Fig. S-1), reported by the Agency for Environmental Protection, the
Ministry of Energy, Development and Environmental Protection of the Republic
of Serbia,l2 using the following approach: for every element the mean +2
standard deviation were used to eliminate the top and bottom outlying data.13

For studying of the Kremna Basin sediments, 43 core samples (510 cm in
length) were taken from the ZLT-2 borehole, located in the central part of the
Basin (Fig. S-1), at depth from 11.5 to 343 m (Table S-1). The borehole samples
were taken for two purposes. The first one was the reconstruction of the origin
and geological evolution of the sediments based on the determination of the
gualitative mineral composition, content of major and several trace elements,
which are important for understanding sedimentation processes, as well as a
detailed investigation of the sedimentary organic matter. These results are given
in a previous paper.14 The second purpose of the sampling was to determine
background levels of heavy metals in the Kremna Basin. For this purpose, the
contents of heavy metalsinterpreted in this study (As, Cr, Cu, Hg, Ni, Pb and Zn)
were determined, whereas the contents of the major elements used for the
calculation of the weathering parameters were taken from a previous paper.14 As
was aready mentioned, this location was chosen due to its importance as a
potential evaporite (magnesite) deposit and boron occurrence, as well as because
of its proximity to the Tara National Park. In the ZLT-2 borehole, the Lower
Miocene sediments are more than 340 m thick. The borehole ends in weathered
serpentinite, which is characterized by the occurrence of rare fragments of
serpentinite, sepiolite and small amounts of quartz and dolomite. Background
levels of heavy metals in the Kremna Basin sediments were calculated using the
same statistical method as for the reference soil sample.13
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TABLE S-. Contents of heavy metals (mg kg1) and several major compounds (%) in sediment samples from ZLT-2 borehole of the Kremna
Basin, reference standard values and values of weathering indices

a
ﬁ?)r'np'e Denfth Litlogy As C Cu Hg Ni Pb 2Zn AlLO; CaO NaO P05 C(';OA C!%Vb
1 115 Clayey 1850 103.77 859 0.05 159.86 121 910 094 888 012 001 8249 7020
carbonates

2 135 Clayey 11.90 11728 1250 0.03 179.07 091 807 102 2219 009 001 8721 7733
carbonates

3 27 Marly 514 10341 655 005 11909 312 1511 303 2158 041 002 9433 89.27
dolomite

4 32 Marly 313 4842 4.04 004 4529 172 1011 187 2243 0.11 0.01 9109 8364
dolomite

5 425 Marlstone 27.07 89.85 9.80 006 15224 293 1111 304 3764 0.07 002 9632 9289

6 54 Silty Mg- 79.35 11956 1881 0.12 159.83 524 2672 680 924 008 001 98.05 96.18
-marlstone

7 55.5 Marly 3005 6273 825 004 10564 194 1121 197 1886 008 0.03 9362 88.00
dolomite

8 64.5 Marly 6.64 688 191 002 2262 050 402 061 2315 008 001 8225 69.86
dolomite

9 70 Marlstone 35.29 105.28 10.67 0.08 114.07 503 1744 6.04 2770 006 0.01 9835 96.76

10 78 Dolomitic 34.86 2766 394 0.04 5558 212 808 209 3277 013 001 90.64 8287
marlstone

11 80 Dolomitic 37.89 2085 488 0.07 3484 163 1016 238 3677 011 002 9282 86.60
marlstone

12 83 Marlstone 3542 4888 521 0.09 4327 29 1735 331 4181 015 0.04 9292 86.78

13 96 Marlstone 64.70 90.49 13.12 0.10 136.83 366 2035 318 4284 013 011 9360 87.98

14 111 Marlstone 4750 48.61 7.31 008 7552 264 1218 259 3633 0.14 0.15 91.72 84.70
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a
ﬁa'o”_“p'e Derﬁth Lilogy As G Cu  Hg Ni  Pb Zn A0, CaO NaO PO, i CL}(’)‘P
15 113 Marlstone 32.32 265.12 17.74 006 156.11 897 2447 546 3535 020 004 9421 89.05
16 127 Marlstone 3141 195.39 18.77 007 27037 694 1836 518 3801 025 004 9251 86.06
17 1375 Marlstone 1169 5516 635 004 7285 191 504 118 4458 0415 006 8258 70.33
18 150 Marlstone 7.78 112.00 10.85 0.06 240.02 399 1125 187 3243 016 001 8742 77.66
19 164 Marlstone 8.00 131.69 932 004 24554 294 810 182 4383 020 012 8455 7323
20 185 Dolomitic 455 76.05 758 003 7518 182 1011 104 2938 0.23 007 7313 57.65
marlstone

21 189.5 Dolomitic 9.06 130.86 9.36 004 17405 272 13.09 139 2689 0.22 005 7922 6559
marlstone

22 216  SiltyMg- 330 16247 403 003 20359 093 516 031 1346 041 001 3131 1856
-marlstone

23 219 Marly 3.04 180.02 4.65 002 22708 132 607 08 599 029 001 6378 46.82
magnesite

24 224 Marly 11.60 323.14 10.27 0.02 44066 277 1232 179 1710 045 001 70.62 54.58
dolomite

25 238 Mg-clay 1019 87.11 180 0.01 26133 1040 2334 489 236 124 001 7054 5449

26 2435 Marly 244 13893 497 004 18985 112 914 094 629 119 0.01 3258 19.46
magnesite

27 245 Marly 411 55553 421 002 60473 092 822 073 479 069 001 3918 2436
magnesite

28 248.3 Marly 1.63 208.73 4.37 0.02 276.49 1.02 6.10 0.66 6.50 2.28 0.01 1499 8.10
magnesite

29 255 Marly 183 34085 336 002 26383 092 610 060 458 070 0.01 3420 20.63
magnesite
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a

ﬁi’f"p'e Denfth Litlogy As C Cu Hg Ni Pb zZn AlLO; CaO NaO P05 C(';OA C!,}(’J‘P

30 258  Silty Mg- 14.23 1279.03 1529 0.05 1989.27 4.46 29.74 340 6.15 171 001 5471 37.66
marlstone

31 265 Marly 286 22394 951 002 34612 235 1023 130 584 140 001 36.04 2198
magnesite

32 283 Magnesitic 259 25557 571 001 351.32 197 934 135 1379 116 001 4137 26.08
marlstone

33 286 Magnesitic 524 41615 797 003 68047 294 1363 227 1149 156 002 46.84 30.58
marlstone

34 2975 Magnesitic 291 21355 39.12 008 29848 354 4786 209 919 153 0.01 4539 29.36
marlstone

35 309 Silty Mg- 6.64 534.03 11.39 0.03 97131 506 2742 462 925 223 002 5579 38.68
marlstone

36 3175 Magnesitic 7.76 339.77 7.76 0.04 45686 279 1345 219 1259 145 001 4793 3152
marlstone

37 324  Silty Mg- 11.68 71272 11.89 003 80229 463 2210 365 770 198 002 5287 359
marlstone

38 329 Silty Mg- 6.92 75314 1384 0.04 89139 493 2306 405 1076 183 002 5728 40.13
marlstone

39 335 Magnesitic 179 3609 338 006 19515 042 211 006 1348 211 002 179 090
marlstone

40 336 Magnesitic 188 3578 157 002 5846 084 314 028 1430 210 002 755 392
marlstone

41 340 Mg-clay 9.76 67494 11.17 0.1 114450 098 2060 151 29 190 002 3256 19.45

42 341 Mg-clay 11.94 99559 1151 0.13 170572 1.74 2389 237 293 222 002 3938 2452
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TABLE S. Continued
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Sample DO ooy As Cr Cu Hg  Ni Pb Zn ALO; CaO NaO PO, G C!;(’)‘P
43 33 Mgday 173 139725 2712 013 242053 400 4430 439 068 212 002 5573 5558
Local background values® 579 11314 721 004 16569 254 1238 175 1912 086 001 - -
RS 50/201218 20 100 3 030 350 850 140 - - - - - =
FBiH 72/095 25 125 100 188 625 1250 250 - - - - - =
ONORM S 208820 20 100 100 100 600 1000 300 - - - - - =
PEL 17 90 108 049 - 913 2711 - - = - -  _

3Chemical Proxy of Alteration; CPA = 100Al,04/(Alo03 + Nay0O), al oxides are expressed in mole proportions15

DChemical Index of Weathering; CIW =

= 100A1,03/(Al,03 + CaO* + NapO), where CaO* represents Ca in the silicate-bearing minerals only and all oxides are expressed in mole proportions16 The
procedure for quantification of CaO content of silicate fraction involves subtraction of mole proportion of P>,Og from the molar proportion of total CaO. On subtraction,
if the “remaining number of moles” is found to be less than the molar proportion of NayO, then the “remaining number of moles” is considered as the molar proportion
of CaO of silicate fraction. If the “remaining number of moles’ is greater than the molar proportion of NayO, then the molar proportion of NayO is taken as the mole
proportion of CaO of silicate fraction; 17 for every element mean +2 standard deviation were used to eliminate the top and bottom outlying data; 13 dprobaple Effect
Level (PEL) characterizes the concentrations of pollutants that may affect the aquatic life?1.22
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