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GEOLOGICAL SETTINGS

The Kostolac Coal Basin, covering an area of 145 km2, is located about 90
km east of Belgrade. It is divided into three coal fields: the Drmno field in the
eastern, the Cirikovac field in the central and the Smederevsko Podunavlje field
in the western part of the Basin (Fig. S-1). The Drmno field is exploited, while
the Smederevsko Podunavije field is still under preliminary exploration.
Exploitation in the Cirikovac field was ceased a few years ago.

The basement of the Kostolac Basin is formed of Devonian crystalline rocks
overlain by Neogene sediments. The total thickness of the Neogene sediments
ranges from 300 to 5000 m in the central part of the depression.! The complete
Neogene generally dips towards the north—west at a low angle of 5-15° with the
coa seams following the same dip. The Neogene complex consists of several
units, which were explained in detail in a previous paper.2

The Upper Pontian coal-bearing series in the Smederevsko Pomoravlje field
were studied in detail by Zivoti¢3 and were found to consist of sand, clayey sand,
siltstone, clay, sandy clay, carbonaceous clay and five coal seams, named from
bottom to top I, I1-a II, I-a and I, respectively. Coa seams Ill, Il and | are
considered to be important for rational exploitation, whereas coal seams Il-a and
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I-a are only locally developed. About 100 exploration boreholes were drilled in
the Smederevsko Pomoravlje field.

Fig. S-1. Location and coal fields of the Kostolac Basin.

The thickness of coal seam Il varies over a wide range due to interbedding,
from 18.50 m to 76.00 m (average 38.47 m). Coal seam |1l splits into three coal
layers, the thicknesses of which, from bottom to top, are 0.15-9.00 m (average
2.81 m), 1.00-15.70 m (average 6.93 m) and 0.80-12.40 m (average 4.35 m), res-
pectively. The interbedded waste rocks consist of sand, clay, carbonaceous clay,
marly clay, silt and thin coal layers. Their thicknesses between the third and sec-
ond, and, second and first coal layers vary from a few to 32 m and 36 m, res-
pectively. The coal seam I1-awas formed locally in the southern part of the field.
The seam thickness varies from 0.15 to 1.00 m. The coal seam Il occurs across
the entire Smederevsko Pomoravlje field. Typical features of this coal seam are
stratification followed by a high content of clayey—sandy sediments. The seam
thickness varies from 0.20 to 16.20 m (average 5.69 m). The coa seam I-ais
developed in the central, north, north—east, north—west and west parts of the field.
The seam thickness varies from 0.10 to 6.00 m (average 2.11 m). The coal seam |
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occurs in the central, north, north—east and north-west parts of the field, and it is
sratified across the entire area. The thickness of coa seam | varies from 1.40 to
47.50 m (average 28.30 m). Coal seam | splitsinto two coal layers with thickness
from bottom to top of 0.20-12.70 m (average 5.74 m) and 5.65-20.90 m (average
15.70 m), respectively. The interbedded waste sediments between the second and
first coal layers comprise sand, carbonaceous-, sandy- and marly-clays, and silt.
The thickness of this package varies from 1.72 to 24.50 m (average 8.95 m).

The youngest Upper Pontian sediments, overlying coa seam |, include sand,
clayey sand and clays with thin layers of carbonaceous clays, coal and limestone.
The thickness of this package varies from 0.80 m to 76.50 m (average 26.92 m).

Quaternary series of Pleistocene age is made of gravel and sand, occasion-
aly with clay and loess. The thickness of the Quaternary sediments varies from
16.70 to 42.40 m (average 22.59 m).

ORGANIC AND OTHER GEOCHEMICAL PARAMETERS

TABLE S-I. Vaues of group organic geochemical parameters

e f Bitu-
Bore- Coa Sam- CAshab Corg” 02 ’ 0,/1 N M\?lzg’l, Mfig’l, men, Cap’ Csa HC" CaromHc Cnsol
hole seam ple %, db> %, db ppm, % % % %
do db db db
db
A-339 | 1 9.7 553 15 0.8 80.6 215 211 29228 532 52 49 36.7
| 2 121 532 10 0.7 887 20.2 193 32872 49.1 59 48 403
| 3 183 509 10 0.6 99.0 18.4 176 27302 434 57 56 452
| 4 255 441 14 08 643 17.1 16.4 34673 404 6.0 65 471
| 5 281 473 13 06 920 146 140 24641 428 60 53 459
I 6 362 400 10 07 667 132 126 31312 470 56 54 420
A2l- | 7 112 552 13 09 716 21.0 20.1 31034 528 53 43 376
414 | 8 348 441 12 0.7 735 14.2 135 27608 483 4.7 50 420
| 9 16,8 510 13 0.7 850 19.1 184 34698 426 5.6 58 46.0
| 10 435 360 0.7 0.6 700 9.9 9.4 15662 50.3 4.7 38 412
| 11 467 299 08 05 698 10.0 95 20828 471 54 50 425
| 12 315 443 13 0.7 738 134 12,7 33387 46.2 5.0 54 433
1 13 268 452 17 0.6 879 15.2 144 21443 421 54 6.2 46.3
AlJ | 14 113 545 09 09 706 25.3 245 23841 419 54 6.6 46.1
369 | 15 474 300 06 03 1167 116 114 29638 479 54 43 424
| 16 152 515 22 06 1001 231 223 36409 493 47 43 418
| 17 111 538 10 0.8 785 22.9 221 27510 524 34 3.7 405
| 18 418 405 10 0.6 788 15.1 146 19315 525 40 39 397
| 19 308 435 09 06 846 16.9 16.4 24335 485 4.4 47 424
Il 20 457 297 10 05 69.3 9.0 85 16870 40.1 6.6 6.3 470
1 21 453 334 14 06 64.9 10.2 9.7 12754 434 53 50 46.3
Drmno 8.7- 30.7- 0.6-N.D. 6642— 41.4- 22— 13.7-
field? 11, 111 Range 470 581 34 X N.D. N.D. N.D. 79400 709 132 2.2-55 503
“A” 1,1l Range 126- 8.9 0.2- 0.3- 55.2- N.D. N.D. 3326- N.D. 1.2-5.22.0-2.8 N.D.
fiedd* 826 609 17 12 971 28145
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(Table S-I footnote) 8cagh — ash content; Bab — dry basis, CCO,—g — organic carbon content; de/N — carbon to
nitrogen ratio is given as the molar ratio; ng — gross calorific value;_de — net calorific value; gcAsp -
asphaltene content; hCSat HC — content of saturated hydrocarbons, 'carom HC — content of aromatic
hydrocarbons; JcN 50 — content of NSO fraction (polar fraction, which contains nitrogen-, sulphur- and oxygen-
-containing compounds); KN.D. - not determined

TABLE S-1. Results of the Rock Eval pyrolysis

ﬁ;ree“ ;Zi S;rg TCO)/OC Mg HC (g mgHC (gmg CO, (1gTTgX PI9 Sy/S3 mgHC (9 M COz (g
sample)™™ sample)™™ sample)” TOC)” TOC)”
A-339 | 1 51.06 4.66 86.89 32.44 349 0.05 2.68 170 64
| 2 4951 5.62 93.86 28.79 348 0.06 3.26 190 58
| 3 4381 4.86 85.93 27.89 349 0.05 3.08 196 64
| 4 3994 411 79.57 3153 350 0.05 252 162 64
| 5 3742 441 67.59 2621 366 0.06 258 169 66
1 6 3341 4.65 68.22 23.19 352 006 294 182 62
A21-414 | 7 49.15 521 83.17 31.72 347 0.06 2.62 169 65
| 8 3585 3.59 70.33 21.89 347 005 321 196 61
| 9 4654 6.60 91.97 2715 347 0.07 3.39 198 58
| 10 26.55 1.07 43.20 19.86 350 0.02 218 163 75
| 11 26.72 1.88 44,12 17.15 347 0.04 257 165 64
| 12 36.83 491 72.59 23.26 371 006 3.12 197 63
1 13 38.11 3.46 76.33 22.89 346 0.04 3.33 200 60
A1J-369 | 14 52.31 5.27 90.73 33.02 346 0.05 275 173 63
| 15 2412 161 44.77 1505 346 0.03 297 186 62
| 16 47.48 6.66 89.16 2745 346 0.07 3.25 188 58
| 17 50.66 4.27 84.75 30.94 346 005 274 167 61
| 18 32.61 2.34 53.24 21.17 349 0.04 251 163 65
| 19 37.85 3.23 70.21 22.72 349 0.04 3.09 185 60
1 20 25.35 1.10 44.69 13.96 354 0.02 320 176 55
1l 21 26.93 1.20 42.37 20.34 387 0.03 2.08 157 76

arOC — total organic carbon obtained from Rock—Eval pyrolysis; bS]_ — free hydrocarbons, ®HC -
hydrocarbons; dSQ — pyrolysate hydrocarbons; eSg — amount of CO» generated from oxygenated functional
roups, 'Tmax — temperature corresponding to the Sy peak maximum; 9PI — production Index = S1/(S1+Sp);
HI — hydrogen index = (Spx100/TOC); 10l — oxygen index = (S3x100/TOC); note: Rock—Eval pyrolysis was
not performed on samples from the Drmno and “A” fields; therefore, data could not be compared

TABLE S-1I. Values of parameters cal culated from distributions and abundances of n-alkanes
and isoprenoids

n-Al-

Cod n-Alkane a p, OEP OEP Pristane/
Borehole Sample krz;r:; ((; maximum CPl1g.342 CPlyg.og 1 20 phytane
A-339 16-35 n-Cy 4.30 1.09 124 334 075

16-35 n-Cy, 512 098 174 365 095
1535 n-Cp 437 133 168 320 114
1535 nCy  6.14 211 253 408 142
1535 n-Cp 431 171 217 319 150
1535 nCy 495 160 233 375 127

OO WNPR
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TABLE Sl Continued

n-Al- .
Borehole =03 Sample kaneC n-Alkene op, 16382 CPlygog® OECP O%P Pristanef
seam range maximum 1 2% phytane
A2-414 | 7 1635 nCyx 367 091 146 299 107
| 8 1635 nC, 490 075 201 364 072
| 9 1535 nC, 791 253 180 312 115
| 10 1635 nChx 400 141 158 283 1.09
| 11 1635 nCx 335 171 142 342 067
| 12 1635 nCyx 415 258 194 277 105
I 13 1535 n-Cyx 346 214 325 378 165
A1}369 | 14 1535 nCx 459 041 280 367 113
| 15 1535 nCx 407 081 126 313 1.06
| 16 1635 nCx 385 045 166 339 112
| 17 1535 nCx 362 059 133 342 105
| 18 1535 nChx 380 063 127 335 140
| 19 1635 nCyx 301 101 165 296 066
I 20 1535 nCh, 382 156 200 308 1.07
I 21 1535 nC, 378 064 177 319 097
ﬁggg‘o Il Range 1633 n-C, 2.87-5.30 0.50-2.34 05'?520‘ 3;_)2;43— 01'_02%‘
“A" field n-Cyy OF N- 114~ 168 0.74-
LIl Range 15-33 "% "123.504065-161 Tor By, 11

8CPl16.34 — Carbon Preference Index determined for the full distribution of n-alkanes C1g-C34 (mass
chromatogram m/z 71), CPI15_36; = 1/2 [Zodd(n-C17 — n-C33)/Zeven(n-C16 — N-C3p) + Zodd(n-C17 — n-
-C33)/Xeven(n-C18 — n-C3y4)]; “CPl1g-20 — Carbon Preference Index determined for the distribution of
n-alkanes C16—Cp( (mass chromatogram m/z 71), CPl1g.20 = 1/2 [Zodd(n-C17 — n-Cq1g)/Zeven(n-C16 — N-
-C1g) + Zodd(n-C17 — n-Cqg)/Zeven(n-C1g — n-Coq)]; “OEP 1 = 1/4 [(n-Cpq + 6 n-Co3 + n-Cog)/(n-Cop +
+ n-Cpy)], OEP — odd—even predominance; doEp 2= 1/4 [(n-C25 + 6 N-Co7 + N-Cog)/(n-Cog + N-Cog)]

TABLE S1V. Vaues of parameters calculated from the distributions and abundances of
diterpenoids and non-hopanoid triterpenoids

Bicyclic Tricyclic Tetracyc- Tricyclic  Pimarane/ éggg%ep
Coal diterpe- diterpe- lic diter- diterpenoids/ 16c(H)- ;

Borehole Sample X X . . terpe-noids

seam noids® noids® penoids® tetracyclic  -phyllo- .

. . + XTriter-

% % % diterpenoids  cladane - d
penoids)
A-339 | 1 0.07 36.01 63.93 0.56 0.52 0.9983
| 2 0.04 36.05 63.90 0.56 0.48 0.9990
| 3 0.39 33.44 66.17 0.51 0.47 0.9958
| 4 0.29 8.20 91.51 0.09 0.07 0.9765
| 5 0.47 24.38 75.16 0.32 0.27 0.9879
I 6 0.90 27.47 71.64 0.38 0.32 0.9746
A2l-414 | 7 0.07 42.74 57.19 0.75 0.65 0.9975
| 8 0.10 46.94 52.96 0.89 0.84 0.9899
| 9 0.05 30.50 69.45 0.44 0.25 0.9896
| 10 0.19 31.58 68.23 0.46 0.44 0.9936
I 11 0.03 46.87 53.10 0.88 0.89 0.9945
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TABLE S1V. Continued

Bicyclic Tricyclic Tetracyc- Tricyclic ~ Pimarane/ ézgg%ep
Coa diterpe- diterpe- lic diter- diterpenoids/ 16c(H)- ;
Borehole Sample X . . . terpe-noids
seam noids® noids® penoids® tetracyclic  -phyllo- .
% % % diterpenoids cladane > et
p d
penoids)
A21-414 I 12 0.13 5.61 94.27 0.06 0.05 0.9915
I 13 025 3531 6444 0.55 0.51 0.9933
A13-369 I 14 029 4475 5496 0.81 0.79 0.9975
I 15 005 4225 57.69 0.73 0.69 0.9980
I 16 004 4890 51.06 0.96 0.90 0.9996
I 17 009 3166 68.25 0.46 0.43 0.9958
| 18 0.15 52.92 46.94 113 111 0.9972
I 19 020 4828 5152 0.94 0.93 0.9938
I 20 058 2589 7354 0.35 0.31 0.9923
I 21 0.47 36.09 63.44 0.57 041 0.9331
Drmno 1,11l Range N.D.6 439- 24.81- 0.05-3.03 0.03-3.22 0.8096-
field? 7519  25.60 1.0000
“A” field* I,Il Range N.D. 1297- 4263- 0.15-1.35 0.06-0.69 0.9441—
57.37  87.03 1.0000

3Bicyclic diterpenoids = (o+labdane + B-labdane)x100 / £Diterpenoids, EDiterpencids = ¢-labdane + p-labdane
+ isopimaradienes + norisopimarane + pimaradiene + atisene + norpimarane + beyerane + isophyllocladene +
isopimarane + fichtelite + pimarane + 164(H)-phyllocladane + 160(H)-phyllocladane + 16(H)-kaurane, cal-
culated from the TIC of the saturated fraction; btrit:yclic diterpenoids = (isopimaradienes + norisopimarane +
pimaradiene + norpimarane + isopimarane + fichtelite + pimarane)x100 / ZDiterpenoids, calculated from the
TIC of the saturated fraction; Ctetracyclic diterpenoids = (atisene + beyerane + isophyllocladene + 168(H)-phyl-
locladane + 16o(H)-phyllocladane + 160(H)-kaurane)x100 / IDiterpenoids, calculated from the TIC of the
saturated fraction; “EDiterpenoids = o~labdane + S-labdane + isopimaradienes + norisopimarane + pimaradiene
+ atisene + norpimarane + beyerane + isophyllocladene + isopimarane + fichtelite + pimarane + 164(H)-phyllo-
cladane + 16a(H)-phyllocladane + 16a(H)-kaurane, Triterpenoids = (des-A-olean-13(18)-ene + des-A-olean-
12-ene + des-A-olean-18-ene + des-A-urs-13(18)-ene + des-A-oleanadiene + des-A-urs-12-ene + des-A-lupane
+ des-A-triterpene + des-A-oleanane), calculated from the TIC of the saturated fraction; ®N.D. — not determined

TABLE S-V. Vaues of parameters calculated from the distributions and abundances of
steroids and hopanoids

sSte- Caolp
Cor Cas - Co7p- Coafp- C30Bp- C314p- Hopane
29 roids/
Bore-  Coa Sample Stere-  Stere- SterenesCHop- Hopane Hop- Hop- Hop- Hop- toCgp
hole  seam P€ e ned o anol-j maximum® ane  anel  and  and’  (BBrap)
% % R % % % % -Hop-
anes
A-339 202 874 89.24 0.15 Co7p 3981 2791 2052 1176 0.80

182 618 9201 018 Cpy7p 3879 2843 2028 1250 0.80
135 747 9117 009 C3108(R) 36.15 2541 2046 1798 0.78
173 641 918 008 Cpy7p 4055 2625 2083 1237 0.78
179 489 9331 009 Copyp 4406 2839 1773 982 0.77
354 796 8850 006 Copyp 4287 2573 2019 1121 0.78

o O WN P
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TABLE S-V. Continued

sSe Caofp
Co7 C8 : Co78- Co9Bf- C3086- C3156- Hopane
29  roids/

Bore-  Coa Samole Stere-  Stere- Sterene<CsHo Hopane Hop- Hop- Hop- Hop- toCgp
hole  seam Pe et ned % anopmaxmume and  and  andf el (BBrap)
9 9 0 % % % %  -Hop-

) % id sd (} () () () Hop

anes

A2l-414 226 849 8924 002 Cz106(R) 4320 3179 930 1571 0.62

7

8 422 1091 84.86 003 Cz108(R) 4843 2334 1559 1265 057
9 217 982 8301 0.04 Cz10p(R) 4125 2769 1715 1391 0.71
10 346 657 8997 011 Copyp 4335 2712 1935 1018 0.74
11 402 449 9150 0.24 Cz10p(R) 56.97 2418 1164 721  0.52
12 306 711 8983 008 Cpys 5136 2533 1449 881 0.65
I 13 111 575 9314 026 Copy7p 4385 2536 1969 1110 0.63

A1J369 | 14 253 865 8882 012 Cp7p 4547 2546 1815 1093 0.64
| 15 396 1085 8520 009 Cp78 5388 2425 1399 788 057
| 16 1.02 725 9173 0.02 Czj06(R) 4554 2359 1821 12,67 0.59
| 17 162 9.07 8931 006 C3108(R) 4512 2619 18.06 10.64 0.67
| 18 213 10.04 8783 003 Copys 4359 26.20 1847 11.74 0.59
| 19 310 746 8943 017 Copyp 5856 2591 1044 510 061
Il 20 307 614 9078 002 Cp7f 5190 24.04 1557 848 0.58
I 21 445 788 8767 004 Co7p 4357 2531 1968 1144 0.68
Drmno I, 11l Range 0.00- 0.00- 84.06- 0.07— Cp7for 26.93- 23.98- 11.52- 8.38- 0.53-
field4 455 1594 100.00 0.25 Cziof(R) 5024 36.78 31.17 1393 0.90
“A” I,II Range 1.20- 2.88- 86.95- 0.04— Cp7por 24.93- 23.38- 1516- 891- 0.52-
field® 416 1064 9540 020 C3108(R) 46.13 39.11 23.93 2535 0.82

8Cy7-Sterenes = 100 x C27(A2 +A%+ A5) sterenes/ [2( 527—(:29)(A2 +A% 4 A5) steren% + Co A22_sterene
+ ngzsterene] bC28 Sterenes = 100 x C28(A +A% A )- steren%/iz(c Qgg(Az + A% + AO)-sterenes +
CogA -Sterene + C%? sterene] CCog._Sterenes = 100 x [ng(A +A )-sterenes + Cog-sterene] /
[2(C27—C29)(A + A +A ) -sterenes + ngA 2_sterene + Cog-sterene]; d):Stermds/ ~Hopanoids = [2(Co7—
Coo)(A2 + A% + AD)-sterenes + CogAZZ-sterene + Cogrsterene] / [2(Cpg-Cap)17a(H)218(H)-hopanes +
3(C29—C32)17p(H)21a(H)-hopanes + X(Cpg—C3z2)174(H)215(H)-hopanes + Co717a(H)-Hopane +
Co717B(H)-Hopane + C3g-Hop-17(21)-ene + Cp7-Hop-17(21)-ene +Co7-Hop-13(18)-ene]; €Hopane maximum
— The most abundant hopanoid in the m/z 191 mass chromatogram, £ and of designate the configurations at
C17 and Co1 in hopanes, (R) designates the configuration at Co2 in the hopanes; Sterenes were quantified from
he nmV/z 215 mass chromatogram, hopenes and hopanes were quantified from the m/z 191 mass chromatogram,;

against (C27+2Cp9-C31)-#-hopanes
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CHROMATOGRAPHIC AND SPECTROMETRY DATA
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Fig. S-2. Total ion current (TIC) of the saturated fraction typical for the investigated samples.
Peak assignments: n-alkanes are labelled according to their carbon number; Pr — pristane;
Ph — phytane; D1 — isopimaradiene; D2 — 84(H)-Labdane; D3 — isopimaradiene; D4 — nori-
sopimarane; D5 — 8a(H) — labdane; D6 — atisene; D7 — norpimarane; D8 — beyerane;

D9 —isophyllocladene; D10 —fichtelite; D11 — pimarane; D12 — 164(H)-phyllocladane;
D13 —-16(H)-phyllocladane; D14 — 16 (H)-kaurane; T1 — des-A-olean-13(18)-ene; T2 — des-
A-olean-12-ene; T3 — des-A-olean-18-ene + Des-A-urs-13(18)-ene; T4 — des-A-oleanadiene;
T5 — des-A-urs-12-ene; T6 — des-A-lupane; T7 — des-A-triterpene;® T8 — des-A-oleanane;® i,
Pa and aff designate configurations at C;7 and C»; in hopanes; (S) and (R) designate
configuration at C,, in hopanes.
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Fig. S-3. GC-MS mass chromatograms of : @) n-alkanes, m/z 71, b) sterenes, m/z 215 and
¢) hopanoids, m/z 191, typical for the investigated samples. For peak assignments,
seethelegend to Fig. S-2.
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