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Fig. S-1. Simplified geological map of the Kovin deposit with sample locations.

* Corresponding author. E-mail: ksenija@chem.bg.ac.rs
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SAMPLING LOCATIONS AND SAMPLE PREPARATION

Samples of four lignite lithotypes: matrix coal (MC), xylite-rich coal (XC), mixture of
matrix and mineral-rich coal (MMiC) and mixture of matrix and xylite-rich coal (MXC) were
taken from four boreholes, GD-601 and GD-603 (the “A” field), and KB-79 and KB-91 (the
“B” field), representing different parts of all three coal seams (I, II and III), hosted in the
Kovin deposit (Fig. S-1; Table S-I). The sampling interval was determined on the basis of
lithological changes. The macroscopic description of the lignite lithotypes followed the
nomenclature adopted by ICCP' (Table S-1).

TABLE S-1. The list of studied samples
Borehole Coal Sample Depth interval

Field D Seam  ID m Lithotype
B KB-79 1 2/79 35.35-36.00 Matrix coal (MC)
II 3/79 36.80-37.60 Mixture of matrix and xylite-rich coal (MXC)
II 4/79 38.00-38.20 Xylite-rich coal (XC)
I 5/79 38.50-39.00 Mixture of matrix and xylite-rich coal (MXC)
II 6/79 39.00-39.10 Mixture of matrix and mineral-rich coal
(MMiC)
II 8/79 40.15-40.65 Mixture of matrix and xylite-rich coal (MXC)
I 11/79  67.90-69.30 Mixture of matrix and mineral-rich coal
(MMiC)
I 14/79 114.10-114.25 Xylite-rich coal (XC)
I 16/79 114.75-114.85 Xylite-rich coal (XC)
I 17/79 115.00-115.30 Mixture of matrix and mineral-rich coal
(MMiC)
I 18/79 115.30-115.45 Mixture of matrix and xylite-rich coal (MXC)
I 19/79 115.45-116.00 Mixture of matrix and mineral-rich coal
(MMiC)
I 20/79 116.05-116.30 Mixture of matrix and mineral-rich coal
(MMiC)
KB-91 I 2691 22.50-24.25 Matrix coal (MC)
1 27/91  24.60-25.00 Xylite-rich coal (XC)
I 28/91  25.50-25.75 Matrix coal (MC)
1 29/91  25.75-26.35 Xylite-rich coal (XC)
1 30/91  26.35-27.65 Matrix coal (MC)
1 31/91  27.65-28.15 Mixture of matrix and mineral-rich coal
(MMiC)
I 33/91 45.00-45.60 Mixture of matrix and xylite-rich coal (MXC)
I 34/91 45.60-46.05 Xylite-rich coal (XC)
II  36/91 47.05-48.35 Mixture of matrix and mineral-rich coal
(MMiC)
I 3891 49.30-49.50 Xylite-rich coal (XC)
II 3991 50.60-50.90 Mixture of matrix and mineral-rich coal
(MMiC)
II 4091 51.60-52.85 Matrix coal (MC)
A GD-601 I(Ia) 42/601 42.65-43.10 Xylite-rich coal (XC)

I (Ia) 43/601 43.10-43.50 Matrix coal (MC)
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TABLE S-I. Continued

Borehole Coal Sample Depth interval

Field D Seam  ID m Lithotype
A GD-601 I(Ib) 45/601 75.50-76.00 Mixture of matrix and xylite-rich coal (MXC)
I1(Ib) 46/601 76.00-76.40 Matrix coal (MC)
II 48/601 96.40-97.00 Mixture of matrix and mineral-rich coal
(MMiC)
I 49/601 97.00-97.50 Matrix coal (MC)
GD-603 I (Ia) 50/603 39.00-39.55 Xylite-rich coal (XC)
I(Ib) 51/603  65.15-65.35 Matrix coal (MC)
I(Ib) 52/603 65.60-65.70 Xylite-rich coal (XC)
I(Ib) 53/603 65.70-66.65 Mixture of matrix and xylite-rich coal (MXC)
A GD-603 II  54/603 88.00-88.12 Xylite-rich coal (XC)

II  55/603 88.40-88.60 Mixture of matrix and xylite-rich coal (MXC)
II  56/603 88.60-88.80 Mixture of matrix and mineral-rich coal
(MMiC)

The area of the Kovin deposit consists of Palacozoic schist, Tertiary, and Quaternary
sediments. The basement of the Kovin deposit is formed of Devonian low grade schist over-
lain by Neogene sediments. Neogene of the Kovin deposit consists of the following units:
Sarmatian (Middle Miocene), Pannonian (Late Miocene), Pontian (Late Miocene), Lower
Pliocene and Quaternary. Three lignite seams: oldest III seam, middle II, and the youngest I
seam, having maximal thickness of 48.7, 7.6 and 15.2 m, are respectively hosted in Pontian
series. The detailed geological description of the Kovin deposit is given in the previous
article.”

For the maceral analyses, the lignite samples were crushed to a maximum particle size of
1 mm, mounted in epoxy resin and polished. The maceral analysis was performed on a Leitz
DMLP microscope in monochromatic and UV light illumination on 500 points. The maceral
description follows the terminology developed by the ICCP for huminite,’ liptinite* and iner-
tinite’ nomenclature. Elemental analysis, determination of ash content and calorific value
measurements were performed according to procedures which were explained in detail in the
previous papers.”®

Extractable OM (bitumen) was obtained from pulverized lignites (<150 um) in a Dionex
ASE 200 accelerated solvent extractor using dichloromethane (DCM) for approximately one
hour at 75°C. Copper was added in order to remove elemental sulphur during the extraction
process. The asphaltenes were precipitated with n-hexane-DCM solution (80:1) and the rem-
ainder (maltenes) was separated into saturated, aromatic and NSO (polar fraction, which con-
tains nitrogen, sulphur, and oxygen compounds) fractions using medium pressure liquid chro-
matography (MPLC) with a Kshnen-Willsch instrument.”

Vials of the aliphatic and aromatic fractions of the Kovin lignite samples after MPLC
separation were weighted.
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TABLE S-II. The maceral composition of lignite lithotypes based on mineral matter-free, vol.
%; values of parameters for individual samples are given in Table S-1II of the Supplementary
material; SD — standard deviation

Mixture of matrix Mixture of matrix and

Com- Matrix coal Xylite-rich coal . . N
and mineral-rich xylite-rich coal

ponent MC) (XC) coal (MMiC) (MXC)
Maceral MeanMax. Min. SD MeanMax.Min. SD MeanMax.Min. SD MeanMax.Min. SD
T 11.6 23 40 6.6 21.3 52.712.0114 7.5 19.1 2.6 48 129 240 53 64
(08 26.6 45.6 143 8.5 40.0 479172 87 21.3 322 9.0 7.0 24.9 372 6.6 10.1
A° 25 40 02 13 19 42 02 1.5 6.0 12,513 33 6.7 166 1.3 6.2
D¢ 40.5 52.1 17.8 9.6 19.5 24910.2 4.6 42.6 58.432.6 8.8 36.1 47.530.6 5.4
G° 43 72 19 18 47 77 1523 51 86 3320 35 54 13 12

Ch' 34 69 16 1.7 35 72 14 17 31 60 16 14 36 68 13 2.1
HUM® 88.8 94.3 81.4 4.5 91.0 95.084.2 3.2 85.6 93.574.56.1 87.8 95.081.2 44

Sp}f 12 1.8 02 06 1.1 19 0504 11 1.7 06 04 14 22 05 0.7
Cu' 04 08 00 03 03 1.0 0003 03 1.0 0003 03 04 0.0 0.1
R’ 04 12 02 03 06 20 0205 06 1.1 0003 06 1.6 00 05
Su* 04 10 00 03 04 10 0003 0.1 0.7 0002 04 1.0 02 03
Al 02 07 00 03 00 00 0000 01 03 0001 02 0.7 00 03

Ld" 1.8 32 04 09 14 22 0306 1.7 29 06 07 26 39 16 1.0
Lip* 44 68 20 13 38 59 26 09 40 73 1.1 16 54 74 3.0 1.7

F° 1.5 27 02 09 14 42 02 14 23 94 0226 12 28 02 1.1
Nl 06 25 02 07 08 39 02 1.1 1.1 3.0 0009 06 12 0.0 04
Ma? 04 12 00 04 02 05 0002 04 12 0003 05 1.6 0.0 05
Fg' 08 16 02 05 06 17 02 04 06 14 02 04 08 1.8 02 05
Id* 35 106 06 3.1 22 44 0.7 14 6.1 133 14 40 3.6 88 0.8 2.6
IN' 6.7 148 22 41 52 132 2.0 3.5 105244 26 6.7 6.7 146 2.0 4.0

MM* 9.7 16.8 43 41 76 114 33 2.8 175 29.711.45.6 15.1 239 8.6 5.1
*T — textinite; °U — ulminite; °A — attrinite; ‘D — densinite; °G — gelinite; ‘Ch — corpohuminite; SHUM — total
huminite; "Sp — sporinite; ‘Cu — cutinite; 'R — resinite; “Su — suberinite; 'Al — alginite; "Ld — liptodetrinite; "LIP
— total liptinite; °F — fusinite; PSf — semifusinite; ‘Ma — macrinite; 'Fg — funginite; *Id — inertodetrinite; ‘TN —
total inertinite; "MM — total mineral matter

TABLE S-III. The maceral composition based on mineral matter-free, vol. %
Lithotype ~ SampleID T* U° A° D' G° Ch' HUM® Sp" Cu' R Su*

MC 2/79  23.0 142 40 402 54 20 888 1.8 02 02 02
MXC 3/79 240 6.6 166 314 28 22 836 1.8 03 00 03
XC 479 527 172 42 102 34 23 9.0 15 00 02 0.0
MXC 5/79 174 129 158 33,6 32 53 882 22 04 04 1.0
MMiC 6/79 19.1 172 89 348 36 60 896 16 02 02 02
MXC 8/79 152 284 7.0 344 32 68 950 06 00 04 02
MMiC 11/79 95 9.0 125 535 33 28 906 09 00 03 00
XC 14/79 18.0 372 26 224 46 72 920 07 00 05 04
XC 16/79 120 409 06 180 7.7 50 842 1.1 00 02 1.0
MMiC 17/79 2.6 172 84 406 42 16 746 06 00 00 0.0
MXC 18/79 112 258 6.8 306 54 14 812 18 04 02 02
MMiC 19/79 58 238 42 350 86 16 790 12 06 0.6 00

MMiC 20/79 4.0 168 52 508 44 23 8.5 1.0 0.0 08 03
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TABLE S-III. Continued

Lithotype ~ SampleID T* U° A° D' G° Ch' HUM® Sp" Cu R Su*

MC 26/91 16.6 198 3.0 40.0 6.0 69 923 0.7 02 04 04
XC 27/91 184 38.0 22 249 62 20 91.7 08 1.0 04 04
MC 28/91 88 254 36 414 24 26 842 18 04 12 00
XC 29/91 238 36.1 39 182 29 46 895 12 02 08 08
MC 30/91 40 251 24 398 72 31 8l6 1.1 08 02 0.6
MMiC 31/91 30 173 7.7 584 34 23 921 10 06 08 0.0
MXC 33/91 63 29.1 22 396 40 59 871 05 02 13 02
XC 3491 146 474 16 236 22 44 938 07 02 02 04
MMiC 36/91 80 294 36 326 84 42 8.2 10 02 03 00
XC 38/91 242 478 1.7 141 3.0 28 936 0.7 02 12 05
MMiC 39/91 72 229 13 419 61 23 817 13 05 07 00
MC 40/91 82 288 30 460 46 3.0 936 06 04 02 04
XC 42/601 220 39.1 32 237 56 14 950 10 06 05 02
MC 43/601 84 25.1 22 521 40 26 944 16 00 02 02
MXC 45/601 79 273 22 475 46 25 920 07 02 07 02
MC 46/601 54 275 0.8 476 19 16 848 18 08 02 02
MMiC 48/601 10.4 268 4.7 428 49 39 935 08 02 1.1 02
MC 49/601 9.8 282 3.7 395 41 56 909 02 02 04 1.0
XC 50/603 132 447 04 168 74 43 8.8 12 02 04 04
MC 51/603 20.0 456 02 178 26 34 896 14 04 06 02
XC 52/603 13.0 474 02 226 75 19 926 19 02 02 02
MXC 53/603 53 372 21 345 38 35 8.4 1.7 02 02 0.7
XC 54/603 227 443 02 202 15 3.0 919 12 02 20 02
MXC 55/603 15.8 32.0 13 376 13 14 8.4 1.7 02 16 02
MMiC 56/603 5.8 322 33 361 38 42 8.4 17 1.0 1.0 0.7

TABLE S-III. Continuation
Lithotype Sample ID Al' Ld™ LIP® F° S Ma® Fg Id& IN' MM"

MC 2/79 07 27 58 20 04 00 16 14 54 80
MXC 3/79 07 39 70 28 12 03 04 47 94 239
XC 4/79 00 19 36 30 04 02 02 26 64 99
MXC 5/79 00 34 74 05 04 00 18 1.7 44 86
MMiC 6/79 02 24 48 06 03 02 10 35 56 13.0
MXC 8/79 00 18 30 04 00 00 08 08 20 94
MMiC 11/79 0.3 14 29 13 07 04 09 32 65 297
XC 14/79 00 18 34 12 04 05 08 1.7 46 88
XC 16/79 00 03 26 42 39 02 04 45 132 33
MMiC 17/79 00 06 12 94 12 02 02 132 242 114
MXC 18/79 00 16 42 28 08 16 06 88 146 144
MMiC 19/79 03 22 49 28 18 12 08 95 161 135
MMiC 20/79 00 07 28 20 30 04 03 80 137 204
MC 26/91 00 04 21 10 04 04 12 26 56 168
XC 27/91 00 14 40 08 02 02 02 29 43 42
MC 28/91 02 32 68 22 02 02 10 54 90 55

XC 29/91 00 20 50 10 04 04 05 32 55 88




S282 MITROVIC et al.

TABLE S-III. Continued
Lithotype Sample ID Al' Ld™ LIP"® F° S Ma' Fg' 18 IN' MM

MC 30/91 00 10 37 24 05 12 02 104 147 150
MMiC 31/91 00 16 40 14 00 03 06 16 39 229
MXC 33/91 02 25 49 18 02 02 08 50 80 148
XC 34/91 00 17 32 02 04 00 17 07 3.0 8.1

MMiC 36/91 00 17 32 26 08 02 06 64 106 139
XC 38/91 00 14 40 07 03 00 07 07 24 114
MMiC 39/91 00 1.8 43 10 15 00 14 101 140 159
MC 40/91 00 24 40 02 02 02 12 06 24 93

XC 42/601 00 07 30 05 02 00 02 11 20 112
MC 43/601 00 15 35 02 04 00 02 13 21 74

MXC 45/601 0.5 1.7 40 02 07 02 09 20 40 124
MC 46/601 06 1.0 46 27 25 06 06 42 106 115
MMiC 48/601 02 14 39 02 05 02 02 15 26 150
MC 49/601 04 21 43 10 04 04 08 22 48 99
XC 50/603 00 14 36 32 10 04 06 44 96 46
MC 51/603 00 22 48 20 04 02 04 26 56 43

XC 52/603 00 09 34 02 08 04 08 1.8 40 55

MXC 53/603 02 39 69 09 02 09 12 35 67 193
XC 54/603 00 22 58 02 02 00 09 1.0 23 78

MXC 55/603 00 23 60 05 1.1 05 02 23 46 178

MMiC 56/603 0.0 29 7.3 1.7 07 04 04 4.1 7.3 19.2
*T — Textinite; U — ulminite; °A — attrinite; ‘D — densinite; °G — gelinite; ‘Ch — corpohuminite; tHUM — total
huminite; "Sp — sporinite; ‘Cu — cutinite; 'R — resinite; “Su — suberinite; 'Al — alginite; "Ld — liptodetrinite; "LIP
— total liptinite; °F — fusinite; PSf — semifusinite; ‘Ma — macrinite; 'Fg — funginite; *Id — inertodetrinite; ‘TN —
total inertinite; "MM — total mineral matter
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TABLE S-V. Petrographic indices and bulk organic geochemical parameters

Lithotype ~Sample ID  £G*/vol.% GI° TP VI GWIF TOC /% S%/%

MC 2/79 43.85 1.86 093 086 1.35 56.06 1.88
MXC 3/79 30.44 0.84 0.74 065 1.28 24.23 1.67
XC 4/79 24.03 048 5.15 397 035 52.90 2.87
MXC 5/79 39.69 146 0.73 0.65 1.10 44.67 0.78
MMiC 6/79 44.43 1.81 098 0.79 127 20.21 0.51
MXC 8/79 52.12 297 123 1.03 1.06 45.79 3.34
MMiC 11/79 47.96 248 034 031 2.88 8.31 0.21
XC 14/79 51.73 2.86 249 205 0.74 51.64 1.53
XC 16/79 52.11 3.01 330 271 0.64 57.01 1.33
MMiC 17/79 44.47 1.77 0.63 049 2.05 27.16 0.82
MXC 18/79 44.58 201 1.06 090 1.18 43.97 1.45
MMiC 19/79 49.60 276 084 0.71 1.74 48.90 1.70
MMiC 20/79 51.94 366 045 043 3.00 27.52 2.13
MC 26/91 52.96 2.89 1.02 086 1.77 37.36 1.80
XC 27/91 50.31 268 217 191 0.64 50.80 1.98
MC 28/91 49.82 348 086 074 137 29.97 1.73
XC 29/91 43.82 1.86 291 236 054 49.29 1.41
MC 30/91 53.67 360 0.80 0.65 2.07 29.58 3.33
MMiC 31/91 56.37 572 036 035 3.1 26.10 4.40
MXC 33/91 55.86 489 1.03 080 1.71 39.65 1.46
XC 34/91 54.14 441 264 232 0.60 48.67 1.65
MMiC 36/91 54.10 322 121 095 144 26.22 1.35
XC 38/91 47.38 237 478 422 042 51.58 0.80
MMiC 39/91 51.74 342 077 0.64 2.11 39.27 1.00
MC 40/91 57.69 6.50 0.82 075 1.57 33.71 0.92
XC 42/601 49.16 240 234 223 0.65 40.44 2.28
MC 43/601 58.25 6.60 0.67 063 1.85 39.93 2.85
MXC 45/601 57.17 630 0.76 070 1.79 40.72 1.86
MC 46/601 53.77 590 0.76 0.76 1.86 41.38 1.69
MMiC 48/601 55.49 439 087 079 1.59 23.70 2.94
MC 49/601 55.02 441 1.02 086 142 41.01 0.97
XC 50/603 52.91 312 372 280 0.57 53.16 1.67
MC 51/603 48.49 2.70 390 3.10 043 57.97 0.82
XC 52/603 56.28 476 269 251 0.62 56.69 1.68
MXC 53/603 55.17 6.45 125 1.05 137 27.12 1.63
XC 54/603 47.72 2.80 344 301 048 56.06 1.67
MXC 55/603 49.30 359 126 122 1.18 17.14 1.07

MMiC 56/603 53.73 486 1.10 097 1.53 8.04 0.22
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Fig. S-2. Evaluation of usefulness of investigated lithotypes in fluidized bed gasification based
on petrographic composition. For the abbreviations of parameters, see the legend of Tables
S-II and S-III.
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Fig. S-3. Gl vs. TPI (a) and GWI vs. VI (b) plots. For the abbreviations of parameters, see the
legend of Tables S-IV and S-V.
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Fig. S-4. Total ion current (77/C) of saturated fraction typical for investigated lithotypes. Peak
assignments: n-alkanes are labelled according to their carbon number; Pr — pristane;

Ph — phytane; APr — pristene; D1, D2 — isopimaradienes; D3 — norpimarane; D4 — beyerane;
D5 —isophyllocladene; D6 — fichtelite; D7 — pimarane; D8 — 16 (H)-phyllocladane; D9 —
16 o(H)-kaurane; D10 — dehydroabietane isomer; D11 — dehydroabietane; T1 — des-A-olean-
-13(18)-ene; T2 — des-A-olean-12-ene; Std — standard; T3 — des-A-lupane; T4 — des-A-urs-
-13(18)-ene; Sp, fo and af designate configurations at C-17 and C-21 in hopanes; (R)
designates configuration at C-22 in hopanes.
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Fig. S-5. TIC (Total lon Current) of aromatic fraction typical for investigated lithotypes. Peak
assignments:_l — dihydro-ar-curcumene; 2 — cuparene; 3 — calamenene; 4 — eudalene; 5 —
cadina-1(10),6,8-triene; 6 — methyldibenzofuran; 7 — 5,6,7,8-tetrahydrocadalene; 8 —
cadalene; 9 — isocadalene; 10 — phenanthrene; 11 — 19-norabieta-8,11,13-triene; 12 — 19-
-norabieta-6,8,11,13-tetraene; 13 — 16,17-bisnordehydroabietane; 14, 15 — hibaenes;
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Fig. S-5. (Continued) 16 — 18-norabieta-6,8,11,13-tetraene; 17 — 18-norabieta-8,11,13-
-triene; 18 — 160y(H)-phyllocladane; 19 — fluoranthene; 20 — dehydroabietane isomer;
21 — dehydroabietane; 22 — pyrene; 23 — 1,2,3 4-tetrahydroretene; 24 — 2-methyl, 1-(4’-
-methylpentyl), 6-i-propyl-naphthalene; 25 — simonellite; 26 — totarane; 27 — semper-
virane; 28 — Retene; 29 — 4-methyl, 4,5-dihydropyrene; 30 — des-A-olean-diene; Std —
standard; 31 — 2-methylretene; 32 — 3,4,7,12a-tetramethyl-1,2,3,4,4a,11,12,12a-octa-
hydrochrysene; 33 — 3,3,7,12a-tetramethyl-1,2,3,4,4a,11,12,12a-octahydrochrysene; 34 —
pentamethyldodecahydrochrysene; 35,36 — methylchrysenes; 37 — 3,4,7-trimethyl-
-1,2,3,4-tetrahydrochrysene; 38 — 3,3,7-trimethyl-1,2,3 4-tetrahydrochrysene; 39 —
perylene; 40 — pentanorlupa-1,3,5(10)-triene; 41 — C,;Hop-17(21)-ene; 42 — D-ring
monoaromatic hopane; 43 — 24,25-dinorursa-1,3,5(10),12-tetraene; 44 — 24,25-dinorlupa-
-1,3,5(10)-triene; 45 — Norlanosta(eupha)hexaene; 46 — C,D-ring diaromatic hopane; 47 —
1,2,4a,9-tetramethyl-1,2,3,4,4a, 5,6,14b-octahydropicene; 48 — 2,2 4a,9-tetramethyl-
-1,2,3,4,4a,5,6,14b-octahydropicene; 49 — 4-methyl, 24-ethyl, 19-norcholesta-1,3,5(10)-
-triene; 50 — B,C,D-ring triaromatic hopane; 51 — A,B,C,D-ring tetraaromatic hopane
(7-methyl, 3’-ethyl, 1,2-cyclopentanochrysene); 52 — 1,2,9-trimethyl-1,2,3,4-tetrahyd-
ropicene; 53 — 2,2,9-trimethyl-1,2,3,4-tetrahydropicene; 54 — C3; benzohopane
cyclised at C-16.

TABLE S-VI. Contents of biomarkers, pg (g TOC)" and values of biomarker ratios

Lithotype Sample ID Di* Tri® n-Alkanes Hopanoids Steroids
MC 2/79 1139.31 84.63 590.43 259.21 25.84
MXC 3/79 1108.06 318.22 1483.32 322.86 13.82
XC 4/79 1626.55 131.93 300.02 499.94 18.87
MXC 5/79 2934.05 203.75 275.28 228.14 20.05
MMiC 6/79 613.16 130.70 373.30 176.00 33.36
MXC 8/79 390.34 155.99 598.21 312.20 35.09
MMiC 11/79 741.27 118.40 578.86 128.63 17.27
XC 14/79 981.63 5591 111.70 243.18 54.84
XC 16/79 321.58 49.55 178.48 111.41 10.54
MMiC 17/79 23591 40.32 195.62 53.71 3.45
MXC 18/79 667.59 30.43 296.06 162.14 20.43
MMiC 19/79 1030.30 15.60 507.78 263.41 15.13
MMiC 20/79 691.39 111.94 292.94 220.98 27.81
MC 26/91 3463.61 84.66 567.22 417.51 45.51
XC 27/91 1544.68 77.73 179.78 135.10 23.63
MC 30/91 1152.86 206.61 149.17 213.27 25.20
MMiC 36/91 1973.07 187.79 255.32 143.52 15.22
XC 38/91 361.40 92.68 251.35 93.81 14.46
MMiC 39/91 1228.42 277.47 493.94 355.86 28.80
MC 40/91 439.23 196.65 529.10 152.65 27.95
MXC 45/601 1297.23 63.75 248.43 148.95 25.00
MC 46/601 401.86 90.64 639.55 187.27 9.21
MMiC 48/601 1154.87 133.22 104.93 59.10 17.27
MC 49/601 2603.85 59.40 708.22 239.95 22.39
MC 51/603 343.12 64.56 239.35 139.64 10.04
XC 52/603 286.72 65.96 263.16 156.83 33.57

MXC 53/603 1176.59 149.07 458.98 288.81 21.11
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TABLE S-VI. Continued

Lithotype Sample ID Di* Tri® n-Alkanes Hopanoids Steroids
XC 54/603 1986.93 52.67 62.40 93.62 12.36
MXC 55/603 1842.38 124.73 388.71 117.31 8.78
MMiC 56/603 1278.70 130.57 1076.70 301.19 8.56

Proportion Diterpenoids/

Lithotype Sample ID of Di n-Alkanes Di/(Di+Tri) Aromatic Di Perylene
MC 2/79 0.54 1.93 0.931 215.68 7.36
MXC 3/79 0.34 0.75 0.777 182.78 23.16
XC 4/79 0.63 5.42 0.925 481.57 18.16
MXC 5/79 0.80 10.66 0.935 408.89 21.42
MMiC 6/79 0.46 1.64 0.824 192.67 14.50
MXC 8/79 0.26 0.65 0.714 157.46 3.60
MMiC 11/79 0.47 1.28 0.862 139.40 9.44
XC 14/79 0.68 8.79 0.946 148.89 7.03
XC 16/79 0.48 1.80 0.866 43.90 1.94
MMiC 17/79 0.45 1.21 0.854 97.99 3.65
MXC 18/79 0.57 2.25 0.956 135.81 7.40
MMiC 19/79 0.56 2.03 0.985 117.19 0.57
MMiC 20/79 0.51 2.36 0.861 384.65 19.87
MC 26/91 0.76 6.11 0.976 213.45 2.36
XC 27/91 0.79 8.59 0.952 165.34 4.26
MC 30/91 0.66 7.73 0.848 383.88 15.68
MMiC 36/91 0.77 7.73 0.913 280.98 24.99
XC 38/91 0.44 1.44 0.796 48.69 441
MMiC 39/91 0.52 2.49 0.816 122.27 20.92
MC 40/91 0.33 0.83 0.691 97.65 16.64
MXC 45/601 0.73 5.22 0.953 173.16 8.19
MC 46/601 0.30 0.63 0.816 56.51 3.69
MMiC 48/601 0.79 11.01 0.897 366.77 N.D-*
MC 49/601 0.72 3.68 0.978 100.47 8.49
MC 51/603 043 1.43 0.842 71.38 5.26
XC 52/603 0.36 1.09 0.813 35.67 2.06
MXC 53/603 0.56 2.56 0.888 147.25 15.51
XC 54/603 0.90 31.84 0.974 377.30 7.12
MXC 55/603 0.74 4.74 0.937 139.48 11.63
MMiC 56/603 0.46 1.19 0.907 135.59 20.04

“Di — diterpenoids; °Tri — non-hopanoid triterpenoids; °N.D. — not determined. Note: biomarkers in the samples
28/91,29/91, 31/91, 33/91, 34/91, 42/601, 43/601 and 50/603 have not been analysed
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TABLE S-VII. The 6"°C values of individual diterpenoids and non-hopanoid triterpenoids of
selected samples; A — 24,25-dinorlupa-1,3,5(10)-triene; B — 2,2,4a,9-tetramethyl-
-1,2,3.,4,4a,5,6,14b-octahydropicene; N.D. — not determined

. . 160(H)- .
Litho-  Sample Beyer- Pima- Phy(llo)- Dehydro- Slmpn- Retene A B
type 1D ane  rane abietane  ellite
cladane

MC 2/79 -253 259 -269 -25.5 259 -27.6 -28.1 N.D.
MXC 3/79 N.D. N.D. -26.4 -26.8  -283 -289 -30.7
XC 4/79 -253 259  -263 -26.4 -26.9 N.D. -293 N.D.
MXC 5/79 N.D. ND. N.D. -27.0 274 N.D. ND. N.D.
MMiC 6/79 N.D. ND. ND. -26.8 -26.7 N.D. ND. N.D.
MXC 8/79 -26.0 -254  -269 N.D. ND. ND. ND. ND.
MMiC 11/79 -269 274  -273 -25.2 -252  N.D. -293 -30.5
XC 16/79 -27.3  -27.0  -26.7 -26.6 -27.3  -28.1 -282 -30.0
MXC 18/79 N.D. N.D. N.D. -27.0 -27.5 N.D. N.D. N.D.
XC 27/91 -258 -264 -264 -27.4 -282 N.D. -30.3 N.D.
MC 30/91 -25.1 259  -26.0 -27.2 -28.1  -293 N.D. -303
MXC 33/91 -26.0 -26.1  -26.1 -25.8 -26.2 N.D. -29.6 N.D.
XC 34/91 -258 -26.1  -26.6 -26.8 -26.8  -28.1 -29.2 -29.6
XC 38/91 -263 275  -278 -26.4 -26.6 -29.6 -29.0 -30.0
MC 40/91 -255 -262  -269 -26.7 -269 279 -292 -29.8
MXC 45/601  -25.7 -26.5  -26.8 -27.0 -26.5 289 274 -278
MC 46/601  -26.1 -257 -264 -27.1 -273  N.D. -28.6 -29.1
MMiC  48/601 -256 -256 -27.1 -27.2 -284 285 -279 -279
MC 49/601  -27.0 -27.0 -274 -27.1 -277  N.D. -27.6 -285
XC 50/603  -26.1 -27.1 -26.3 -27.5 -27.8  N.D. -28.6 -28.7
MC 51/603  -25.6 -26.0 -269 -26.7 -259 28,0 N.D. -285
XC 52/603 N.D. N.D. N.D. -27.2 -26.7  -30.7 -28.6 -299
MXC 53/603 N.D. N.D. N.D. -26.2 -264 N.D. -29.7 -298
XC 54/603  -26.9 -26.74 -27.3 -27.0 -28.1 -274 -281 -28.6

MMiC  56/603  -25.8 -26.64 -26.7 -25.5 -25.8  -282 N.D. N.D.
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Fig. S-6. Average carbon isotopic compositions of individual biomarkers for investigated
lithotypes. Beyer. — beyerane; Pim. — pimarane; 16 (H)-Phyl. — 16 o(H)-phyllocladane;
Dehab. — dehydroabietane; Simonel. — simonellite; Dinorlupatriene — 24,25-dinorlupa-
1,3,5(10)-triene; tetramethyloctahydropicene — 2,2,4a,9-tetramethyl-1,2,3,4,4a,5,6,14b-
octahydropicene; f designates configuration at C-17 in C,; hopane; S designate
configurations at C-17 and C-21 in C,9 hopane; D-MH — D-ring monoaromatic hopane;
ABCD-TeH — A,B,C,D-ring tetraaromatic hopane.



MITROVIC et al.

5294

SOUAIAS((V + ,V + V)(FD-HD)T/SUBIANS(V +,V + V)FIX001 =S %D,
meQEBmAmQ +,V+ NSAao-zovw\mucﬁﬁm-p< +,V+ Nﬂﬁoxooﬁ =9 57, ‘SouaIa§-( V+,V+ N<xcmo.zovw\mocﬁﬁm.ﬁ% +,V+ NﬂzoéoH =840, [y - ¥y
UYULASZ/(FE Dt - FYUPPOT + (U - FD-UUAIZ A DU - ¥ D-U)PPOX] T/ = [dD ¥£D-HD SuB[e-4 JO UONNQLISIP 10J PAUILLINIIP XIPU SOURIRJAL] UOGIR) — /D,

8I'C vL'¥8 09P6 LLO6 PST €L08 1¥S6 SCT68 66'¢ €1'€8 €€L6 T0'16 09T 0998 vS+6 0516 % /S %D
60°¢ 9LC 0Tl 60°L ¥I'C 10v PO'IL 99°L ¥0°€ 80C OCII ¥TL 681 €0Fv SO0l 689 % /S 5D
¢80 690 66C VvI'CT v6'C 850 858 60¢€ &I 650 L9C CLT +v80 €80 <€E 1971 % /S D

ouo-(81)¢1-doy-
ILS $8T OF'61 TO0T SO TIT 000 +E8E 9L 11 696 +vTT €€LT T8TI 0101 $F'€ SSOE OI'FI  -09U-IousIg-0¢ 8T 5D
suedoH-(¥)TT

SPEL LV 101y 9C°IL €FPl 6L°0 PO6'Ly o6V Sl 81°CT9 9¥'C 00°TLI OF'FE 1691 000 6L°E€hr €9°¢l AIV.Q_NEVBBA_H:U
ouedoy-
IL°€ Ty L¥'SL T8 19°L 000 ovvc 668 STT L6'1 €T8 8SY 9T8 €81 68'LC 1€ -diz (HYLL D
6S°L 9€9 9S°LT T1'Cl 88°€E 9¢€C €CL0I 09°€C €L'E 96°€ €LC€l L8L v9'€l 86'L 8ECH 0T8I ouedoH-(H)/L1 D
SOEE OI'IT TOo'CLl 9€°L9 09°0€ 000 PEI8 ¥6'LE 8TTC ILSL 1€CL 6C6E 08°Cr OTLI 66'6C1 SO9L oud-(17)L1-doH D
souey[e-u
0’0 9¥'0 080 €90 600 9¢0 0L0 €S0 900 9¢0 €L0 €90 900 LSO 9.0 L9O $£3-72D Jo uontodold
souey[e-u
90°0 91'0 S€0 ¥T0 600 0C0 IS0 1€0 SO0 8I'0 €€0 920 ¥0°0 91'0 9C0 <TTO $€D-17) jo uontodoid
souey[e-u
600 ¥0°'0 1€0 <I'0 €00 LOO 0C0 ¥I'0 €00 €00 8I'0O 600 ¥0O0 800 0CO0 110 0€)-¢1D jo uonodoid
180 6SC 88F 99°¢ 6£1 68T 689 €€E €61 ¥TL LS ¥TE 9TT €TL S6'9 T8E o/ dD
dS CUN CXBN UBON (7S CUIA  XBJN  UBS]N  (JS UL XBJN UBSN (S CULA  CXBJN UBON
(OXIN) 800 yoLI-911[AX (DUAN) 1200 YoLI-[BIdUIW (9X) 609 YOL-OAX (OI) [B00 XLIEI JojowWRIR ]
puE XLIJBU JO QINIXIA] pue XLIJBUL JO QINIXIA] A :
[eLIoyeW

Kreyuawaiddng ayy jo X[-S 9[qe] ul UdAIS are sojduwes [enprapul Joj sidewered jo senjea isadfoyn| sy jo (OO 8) 3r ‘sprouedoy
[ENPIAIPUL UIBW JO S)USIUOD PUB ‘SOUAID)S pUB SOUBY[E-U/ JO $IOUBPUNQE PUB SUONNQLISIP WO paje[nofes siopuwered [[[A-S ATAV.L



SUPPLEMENTARY MATERIAL 5295

TABLE S-IX. Parameters calculated from distributions and abundances of r-alkanes and
sterenes, and contents of main individual hopanoids, ug (g 7OC)™

Litho-  Sample Proportion of Proportion of Proportion Cyo Hop- Cy;
tvpe ID cer Ci5—Cy Coi—Cos of Cy6—Css 17(21)-ene 17ﬂ(H)'
yP n-alkanes n-alkanes  n-alkanes -Hopane
MC 2/79 5.47 0.08 0.16 0.76 87.09 9.95
MXC 3/79 4.88 0.04 0.35 0.62 102.17 27.56
XC 4/79 1.67 0.03 0.23 0.73 72.31 13.73
MXC 5/79 2.59 0.04 0.16 0.80 57.75 6.36
MMiC 6/79 2.44 0.10 0.20 0.70 68.37 9.81
MXC 8/79 4.05 0.07 0.24 0.69 112.92 21.39
MMiC  11/79 4.38 0.13 0.33 0.54 35.55 10.63
XC 14/79 3.51 0.12 0.23 0.65 66.89 8.43
XC 16/79 1.24 0.06 0.28 0.66 40.77 7.38
MMiC  17/79 2.78 0.20 0.32 0.47 9.01 6.39
MXC 18/79 2.97 0.11 0.25 0.64 48.38 11.50
MMiIC  19/79 3.35 0.07 0.35 0.58 81.34 19.30
MMiIC  20/79 3.25 0.09 0.32 0.59 22.68 7.06
MC 26/91 N.D. 0.09 0.25 0.66 129.77 45.38
XC 27/91 5.72 0.12 0.18 0.70 21.81 5.00
MC 30/91 1.23 0.14 0.23 0.62 17.20 7.98
MMiIC  36/91 2.39 0.13 0.51 0.36 29.33 2.36
XC 38/91 2.86 0.07 0.27 0.66 24.16 4.76
MMiIC  39/91 6.89 0.19 0.20 0.61 78.48 107.53
MC 40/91 3.06 0.08 0.18 0.73 70.82 10.01
MXC  45/601 3.26 0.14 0.19 0.66 46.45 10.83
MC 46/601 6.95 0.08 0.26 0.66 66.28 25.61
MMiC  48/601 2.45 0.18 0.28 0.53 16.72 5.49
MC 49/601 5.73 0.20 0.22 0.57 129.99 19.34
MC 51/603 1.26 0.11 0.24 0.65 31.22 9.13
XC 52/603 3.71 0.07 0.35 0.58 33.40 11.80
MXC  53/603 3.37 0.11 0.23 0.66 82.76 18.60
XC 54/603 4.85 0.18 0.26 0.56 15.71 3.96
MXC  55/603 4.67 0.31 0.23 0.46 21.10 9.51
MMiC  56/603 2.87 0.20 0.25 0.54 0.00 43.84
Coo Cs, C.zg 28.30- p ¢
Lithotypesail]l)ple 17AH)215 17o(H)21ZH) f‘snl";lfg' Cf; Cf,jgt Ci,j
(H)-Hopane 22(R)-Hopane Op:eng )>- ¢ ’ ?
MC 2/79 8.87 0.00 14.60 1.43 4.03 94.54
MXC 3/79 15.47 8.73 12.04 2.64 2.76 94.6
XC 4/79 8.25 172.00 6.15 5.67 11.20 83.13
MXC 5/79 4.52 10.40 2.84 2.76 12.50 84.74
MMiC 6/79 5.32 21.21 3.90 1.69 6.23 92.08
MXC 8/79 9.41 41.01 19.40 0.69 7.48 91.83
MMiC  11/79 8.18 7.33 11.45 8.24 11.04 80.73
XC 14/79 4.02 41.11 16.67 0.71 6.29 93.00

XC 16/79 3.02 2.85 23.08 0.59 2.08 97.33
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TABLE S-IX. Continued

s e Cas 28.30- R B

Lithotypesaﬁl)ple 174H)214 17o(H)21ZH) f‘snlo;lfé" Cf,; Ci,jsc Cf;
(H)-Hopane 22(R)-Hopane Op:eng )- ’ ’ ?

MMiC 1779  0.00 10.22 0.00 1.53 834  90.13
MXC  18/79 825 453 10.45 1.84 9.66 88.5
MMIC  19/79  10.24 22.54 15.31 1.00 703 91.98
MMIC  20/79  4.84 6.87 6.78 0.69 955  89.76
MC 26191 27.89 43.79 30.55 N.D. ND. ND.
XC 2791 347 531 7.93 1.33 740  91.26
MC 3091 4.83 426 3.48 3.35 10.05  86.60
MMIC  36/91  6.02 3.88 12.94 2.56 892  88.52
XC 38/91 431 5.41 7.34 1.43 9.99  88.58
MMiIC 3991  16.22 18.66 16.31 0.58 401 9541
MC 4091  6.57 7.52 24.58 0.85 6.52  92.63
MXC  45/601  6.40 1.47 6.38 1.45 485 9370
MC  46/601  15.85 2.94 9.69 0.95 565  93.40
MMiIC 48/601  1.96 0.79 0.81 3.39 6.63  89.98
MC  49/601  10.32 5.48 11.28 1.25 6.50 9225
MC  51/603  4.83 31.38 4.55 1.63 791 90.46
XC 52/603  7.05 2.46 27.33 1.72 2.88 9540
MXC  53/603  11.08 8.88 13.87 1.84 741 90.76
XC 54/603  1.97 11.65 1.24 1.61 10.64  87.75
MXC  55/603  5.94 4.49 5.19 2.99 757  89.44
MMIC  56/603  24.49 47.94 38.34 2.68 552 91.80

*CPI — carbon preference index determined for distribution of n-alkanes Cy;—Cs;, CPI = 1/2 [Zodd(n-Cy; —
— n-Cy3)/Zeven(n-Cy, — n-Csy) + Xodd(n-Ca; — n-Cs3)/Zeven(n-Cos — n-Csa)]; °Co; S = 100Cy (A% + A* + A%)-
Sterenes/E(Ca7-Cao)(A? + A* + A%)-Sterenes; “Cas S = 100C5(A> + A* + A)-Sterenes/Z(Car-Cao)(A? + A* + A%)-
Sterenes; “Ca S = 100C6(A* + A* + A°)-Sterenes/E(Car-Cao)(A? + A* + A%)-Sterenes; °N.D. — not determined
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TABLE S-XI. The 6"°C values of individual n-alkanes and hopanoids of selected samples

;1}‘;}610 SainDp le n-Cys n-Cy n-Cyg n-Cs; n-Cs; ISE; ﬁ?el:)ne
MC 2/79 -30.2 -31.5 -31.7 -31.8 -30.2 -44.9
MXC 3/79 N.D.? N.D. N.D. N.D. N.D. N.D.
XC 4/79 -29.7 -31.4 -31.2 -31.7 -30.5 -39.0
MXC 5/79 N.D. N.D. N.D. N.D. N.D. N.D.
MMiC 6/79 N.D. N.D. N.D. N.D. N.D. N.D.
MXC 8/79 -30.2 -30.9 -31.1 -31.5 -31.3 -41.7
MMiC 11/79 -29.7 -30.6 -30.9 -29.2 -31.0 -45.8
XC 16/79 -27.2 -29.1 -28.9 -29.7 -29.0 -39.9
MXC 18/79 N.D. N.D. N.D. N.D. N.D. N.D.
XC 27/91 -29.1 -30.7 -30.6 -31.4 -30.2 -39.1
MC 30/91 -29.7 -30.7 -30.0 -30.2 -29.4 -41.6
MXC 33/91 -30.5 -31.0 -31.7 N.D.* -30.7 -46.1
XC 34/91 -30.2 -31.0 -30.9 -31.6 -29.5 -47.4
XC 38/91 -28.8 -30.1 -30.6 -30.8 -30.4 -40.3
MMiC 39/91 N.D. N.D. N.D. N.D. N.D. N.D.
MC 40/91 -30.2 -31.6 -32.0 N.D. -31.4 -46.5
MXC 45/601  -28.9 -30.5 -31.1 -31.3 -30.3 -45.5
MC 46/601  -28.2 -29.4 -29.4 -29.5 -30.6 -45.5
MMiIC  48/601 -29.8 -31.5 -31.0 -31.3 -30.4 -44.5
MC 49/601  -29.3 -31.5 -31.6 -31.7 -30.6 -44.7
XC 50/603  -29.0 -30.2 -29.2 -29.7 -29.0 -42.4
MC 51/603  -29.7 -30.9 -30.8 -31.3 -31.5 -44.0
XC 52/603  N.D. N.D. N.D. N.D. N.D. N.D.
MXC 53/603  N.D. N.D. N.D. N.D. N.D. N.D.
XC 54/603  N.D. -31.9 -31.8 -31.8 -30.9 -51.3
MMiIC  56/603 -28.9 -30.8 -30.8 -31.3 -31.1 N.D.
. Sam Cyy Cao | a(C3 1) 218 Cy528,30- D-ring ABCD-ring
Litho- ample To(H Bisnor- monoaro- tetraaro-
type 1D g (’i(;)e; 17'[_))(&2 )saln/z(H) (H)22(R)- neohop-13  matic matic
Hopane (18)-ene  hopane hopane

MC 2/79 -41.3 -44.3 N.D.? -35.0 N.D. -34.1
MXC 3/79 N.D. N.D. N.D. N.D. -34.4 N.D.
XC 4/79 -36.8 -38.0 -25.9 N.D. -32.3 N.D.
MXC 5/79 N.D. N.D. N.D. N.D. -37.5 N.D.
MMiC 6/79 N.D. N.D. N.D. N.D. -32.5 N.D.
MXC 8/79 -37.0 -38.3 -27.5 -34.0 N.D. N.D.
MMiC 11/79 -43.9 -44.0 N.D. -36.1 N.D. -31.3
XC 16/79 -38.4 -39.0 N.D. -34.3 -36.0 -33.3
MXC 18/79 N.D. N.D. N.D. N.D. -34.9 -33.3
XC 27/91 N.D. N.D. N.D. N.D. -33.3 -31.3
MC 30/91 -38.7 -40.7 -25.7 -36.3 -33.2 N.D.
MXC 33/91 -42.0 -45.2 N.D. -35.3 -33.4 N.D.
XC 34/91 -38.4 -45.1 N.D. -34.1 -35.0 -31.1
XC 38/91 -38.2 -39.8 -26.1 -34.1 -33.1 -30.1

MMiC 39/91 N.D. N.D. N.D. N.D. N.D. N.D.
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TABLE S-XI. Continued

Cy Cy28,30- D-ring ABCD-ring

: Cyy Cyo :
Litho-  Sample 170(H)213 Bisnor- monoaro- tetraaro-
type ID gcﬁ)(fn)e; 17’?(&:) )jal Ii(H) (H)22(R)- neohop-13  matic matic
Hopane (18)-ene  hopane hopane
MC 40/91 -41.3 -46.0 N.D. -36.5 N.D. -32.0
MXC 45/601  -39.0 -40.5 N.D. -33.8 -32.7 -30.3
MC 46/601  -37.7 -38.4 N.D. -33.6 -32.9 -30.9
MMiC  48/601  -42.0 -43.8 N.D. N.D. N.D. N.D.
MC 49/601  -41.7 -42.6 N.D. -36.6 -33.7 -31.0
XC 50/603  -39.6 -40.4 -25.2 -35.8 -32.8 N.D.
MC 51/603  -38.9 -40.8 -27.3 N.D. -36.5 -31.3
XC 52/603  N.D. N.D. N.D. N.D. -38.0 -32.7
MXC 53/603 N.D. N.D. N.D. N.D. -35.8 -32.3
XC 54/603  N.D. N.D. -24.2 N.D. -35.9 -34.4
MMiC 56/603 -38.4 -41.4 -26.1 N.D. N.D. -34.5

*N.D. — not determined

9}
oe

P
L B —
7
Cjg 28,30-Bisnomeohop-13(18)-ene  C3g 28,30-Bisnorneohop-3(18),16-diene D-ring Monearomatic hopane
(MW = 380; Base peaks 380, 351, 159) (MW = 364; Base peak 211)

(Peak 42 inthe Fig. $-5)
\

A A oy
oo = oD

A B,C D-ring Tetraaromatic hopane B,C,D-ring Triaromatc hopane C,D-ring Diaromatic hopane
(MW =310, Base peak 281) (MW = 328; Base peaks 313, 299) (MW = 346; Base peaks 346, 317)
(Peak 51 in the Fig, 8-5) (Peak 50 in the Fig, S-5) (Peak 46 in the Fig, 8-5)

Fig. S-7. Diagenetic scheme showing the formation of series of orphan aromatic hopanoids
bearing an ethyl group at C-21 from the C,5 28,30-bisnorneohop-13(18)-ene.
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