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Abstract: The study focused on inspecting the composition of n-alkane, sterane
and terpane biomarkers in healing mud (peloid) organic matter in the Rusanda,
Bujanovac and Vranje spas. It was assumed that the catalytic influence of min-
erals on changes in biomarkers could be effectively evaluated based on the dis-
tribution of their biolipid and thermodynamically more stable geolipid struc-
tural and stereochemical isomers. Quartz, illite, kaolinite, plagioclase, smectite
and chlorite were identified in the samples by powder X-ray diffraction. n-Alk-
anes, terpanes and steranes were analyzed in the solid parts of the peloids using
the gas chromatography—mass spectrometric, GC-MS, technique. In Rusanda
and Bujanovac samples, n-alkanes were identified with distributions character-
istic of immature sediments. In contrast, distributions of terpanes and steranes
are typical for the mature organic matter of old sedimentary formations. It was
concluded that the identified clay minerals do not have an obvious catalytic
effect on the maturation of n-alkanes. At the same time, the presence of illite,
chlorite, and smectite compensated for all other missing factors (heat, pressure
and geological time) by catalytic action and, as a result, gave terpanes and ste-
ranes with distributions that are characteristic for petroleum, as the most mat-
ure form of organic matter in the geosphere.

Keywords: biomarkers; GC-MS analysis; maturity; smectite.

INTRODUCTION

The organic matter of sedimentary rocks changes through diagenetic and cat-
agenetic processes. Under the influence of heat, pressure and mineral catalysts,
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changes occur towards forming more thermodynamically stable isomers of org-
anic compounds. Most of these alterations are slow and take a long geological
time, measured in millions of years. That is why geological time is justifiably
considered the fourth necessary factor in these processes.!=>

Crude oil (petroleum) is considered to be the most mature form of organic
matter in the geosphere. It is formed from an organic matter from the biosphere
that undergoes intense transformations through geological time. Everything takes
place in sedimentary formations, from recent to oldest, that is, to source and
reservoir rocks for oil. At the end of those transformations that have passed
through fulvic and humic acids, humin, kerogen and bitumen, the most mature
form, crude oil, will be created. It is natural and expected that the hydrocarbons
in it will have structural and stereochemical forms at the highest degree of ther-
modynamic stability. In organic geochemistry, the most attention is paid to the
examination of changes in hydrocarbon biomarkers of the n-alkane type, as well
as polycyclic alkanes of the sterane and terpane type.l->

Heat and pressure are considered the most critical organic geochemical fac-
tors influencing the transformation of biomarkers. In catagenesis, the temperature
ranges from 70 to a maximum of 150 °C, and the pressures are between 700 and
1300 bar. In such cases, minerals may act as catalysts, influencing the intensity
and speed of biomarker transformations. Some changes cannot even occur if the
organic matter is not in contact with certain minerals. For example, it is known
that the transformations of steroids into the most thermodynamically stable ster-
ane isomers, diasteranes, cannot take place without the catalytic action of silic-
ate-type minerals, even when they are under the influence of heat at high temp-
eratures and the influence of high pressure. The same applies to the transform-
ation of the hopane isomer Cy7-17(H)-trisnorhopane (Tm) into the thermodyn-
amic isomer Cy7-18 o(H)-trisnorneohopane (Ts).3:6:7 Our earlier works also pro-
ved that these changes, and many others, are significantly influenced by the clay
minerals, e.g., montmorillonite, illite, kaolinite and chlorite.6-8

This research studied the composition of n-alkane, sterane and terpane bio-
markers in the organic matter of sediments used as healing mud (peloids) in the
Serbian spas of Rusanda, Bujanovac and Vranje. These sediments contain a sig-
nificant portion of clays and do not belong to formations located at greater geo-
logical depths and, therefore, were not exposed to high temperatures and pres-
sures. Therefore, it was assumed that the catalytic influence of minerals on
changes in biomarkers could be effectively evaluated based on the distribution of
their biolipid and thermodynamically more stable geolipid structural and stereo-
chemical isomers.
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EXPERIMENTAL
Samples

The present study examined samples of the solid part of peloids, which are used as
“healing mud” in the Serbian spas of Rusanda, Bujanovac and Vranje. Peloids are two-phase
systems consisting of a solid and a liquid part.” The solid part mostly comprises of clay min-
erals, and the liquid part is thermomineral water. It can contain various inorganic and organic
components formed during geological, geochemical and biological processes. Peloid charac-
teristics depend on the composition of the solid and liquid phases and the duration of the
mixing process between these phases. This process is called maturation or aging.8!! Due to
various biological and biochemical processes, depending on the habitat in which the clay is
left to mature, during peloid formation, the amount of microorganisms (including microalgae)
increases. Microalgae, together with the cyanobacteria that grow on them, improve the dermo-
cosmetic properties of the peloid. It is described in the literature that they have soothing,
regenerating, antioxidant, anti-inflammatory and antimicrobial effects. All of this together
contributes to the strong positive cosmetic and healing properties of peloid.®-11-16

Earlier studies also proved that the presence of long-chain normal alkanes and some of
their substituted derivatives contributes to the thermotherapeutic and anti-inflammatory
effects of peloids.!”-!8 On the other hand, the presence of steroid and terpenoid compounds
contribute to analgesic, antioxidant and antitumor properties.!922 Other classes of organic
compounds contribute to the healing effect. For example, polyunsaturated fatty acids protect
against free radicals and have an anti-inflammatory effect,!”-18 and methyl esters of fatty acids
contribute to antibacterial and antifungal activity.2!-23

Methods

The solid parts of the peloid samples from the Serbian spas of Rusanda (Rus), Bujanovac
(Bu) and Vranje (Vr) were dried under ambiental conditions. The organic matter was isolated
using the Soxhlet method from the samples freed of hygroscopic moisture. An azeotropic
mixture of methylene chloride and methanol (88:12 volume ratio) was used as a solvent. The
saturated hydrocarbon fraction was isolated by column chromatography. Silica gel and alum-
inum oxide (2:1) were used as adsorbent and n-hexane was used as eluent.

Total aliphatic fractions were analyzed by gass chromatograpy—mass spectrometry (GC—
-MS, TIC mode), using an Agilent 7890A gas chromatograph (HP-5MS column, 30 mx0.25
mm, 0.25 pum film thickness, He carrier gas 1.5 cm? min™!), coupled to an Agilent 5975C mass
selective detector. For a more detailed analysis of n-alkanes, steranes and terpanes in aliphatic
fractions, typical mass fragmentograms (m/z 71, 217 and 191, respectively) were extracted.

The mineral composition in the samples was determined using the powder X-ray dif-
fraction method (PXRD). The data were collected at room temperature on a Rigaku SmartLab
X-ray diffractometer using Bragg—Brentano geometry and CuKa radiation. The presence and
type of clay minerals were determined from the oriented aggregates.

RESULTS AND DISCUSSION

The mineralogical composition of the samples was defined using powder
X-ray diffraction (PXRD) method. Fig. 1 shows the X-ray diffractograms of Rus,
Bu and Vr samples.

The Rusanda sample contained quartz, illite, plagioclase, calcite, chlorite
and smectite, with possible presence of kaolinite, K-feldspar, dolomite and para-
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gonite, Bujanovac — quartz, plagioclase, illite, kaolinite, chlorite and smectite,
with possible presence of K-feldspar and dolomite and Vranje — quartz, analcime,
illite, plagioclase, chlorite and smectite, with possible presence of calcite and cli-
noptilolite.
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Fig. 1. X-Ray diffractograms of the investigated samples Rusanda, Bujanovac and Vranje.
[t — illite, Chl — chlorite, Sme — smectite, Qz — quartz, P1 — plagioclase, Anl — analcime.

Previous studies of the effect of minerals on thermal changes in sedimentary
organic matter have shown that smectite, illite, chlorite and kaolinite can have
catalytic properties.>8 Smectite, chlorite and illite were identified in the inves-
tigated samples (Fig. 1).

Fig. 2 shows fragmentograms of n-alkanes obtained by GC—MS analysis of
isolated fractions of saturated hydrocarbons (m/z 71). Table I demonstrates com-
monly used organic geochemical parameters calculated based on their distribut-
ions.

The distribution of n-alkanes of the Rusanda sample shows a bimodal char-
acter. The most abundant member in the homologous series is n-Cyg9. However,
within the short-chain n-alkane series, a maximum at n-Cy7 is observed. In con-
trast, within the long-chain n-alkane group, a strong dominance of odd homologs
is noticed (CPIfy]l range = 2.77; Table I) and unambiguously originate from the
organic matter of higher terrestrial plants with a low degree of thermal maturity.5
The short-chain n-alkanes mainly originate from algal precursor biomass.> Given
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the proximity of the Rusanda oil field, these n-alkanes may be part of an alloch-
thonous organic matter originating from migrated crude oil.
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Fig. 2. Fragmentograms of n-alkanes obtained by GC-MS analysis of isolated saturated
hydrocarbon fractions (m/z 71). n-Alkanes are labelled according to their carbon number;
Pr — pristane; Ph — phytane; UCM — unresolved complex mixture.
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TABLE I. Parameters calculated from n-alkane distributions; CPI — carbon preference index

Sample The range of n-alkanes The most abundant n-alkane CPI
Rus Ci16Cs7 Cy7, Cy9 2.77
Bu C167C33 C29 3.78
Vr C137C22 C]g 0.91

n-Alkanes of the Bujanovac extract are characterized by the dominance of
odd homologs in the C15—C33 range with the most abundant n-Cp9 (CPI = 3.78;
Fig. 2, Table I). This distribution is characteristic of organic matter of terrestrial
origin and a low degree of maturation. In the Vranje sample, only lower n-alk-
anes in the C13—Cyy range and with a slight dominance of even homologs were
identified (CPI = 0.91; Table I). The second part belongs to the “unresolved
complex mixture” (UCM).24 Considering that there are no oil deposits near this
location, it can be assumed that these n-alkanes are autochthonous. In that case, it
can be concluded that they have an algal origin.

Fig. 3a and b show fragmentograms of steranes (m/z 217) and terpanes (m/z
191) of investigated samples. The peak identification is given in Tables II and III,
and the values of some maturation parameters calculated from the distributions of
steranes and tepanes are given in Table IV.

The distribution and abundance of terpanes in the m/z 191 fragmentogram
for the Rusanda sample (Fig. 3a) are typical for the mature organic matter of
sedimentary rocks, usually found in bitumens of source rocks for oil or in oils
themselves.1=> Numerous parameter values from Table IV confirm this unequi-
vocally. Hopane is distinctly more dominant than moretane (parameter 1), 225
isomers are more abundant than the corresponding 22R isomers (parameters 2
and 3), Cy7-18 (H)-trisnorneohopane (Ts), a typical geoisomer, is present in a
lower concentration than Tm, but is still present (parameter 4; Table IV).

A similar judgment can be made for steranes (Figure 3b) where the geolipid
isomers that are formed from the biolipid isomers, Co7—Cy9 14c(H),17 AH)(20R),
are found with them in ratios that are typical for oil. This can be said for 20S
isomers (parameter 5; Table 1V), ff isomers (parameter 6), as well as for dister-
anes. As expected, the concentration of Cy76a(20S) disterane is lower than Cy7
0a(20R) sterane. However, the ratio of relative concentrations of these two iso-
mers in the Rusanda sample is typical for mature organic matter (parameter 7;
Table 1V).

The distributions of terpane and sterane isomers in the Bujanovac and Vranje
samples are not identical to those in the Rusanda sample. However, their finger-
prints (m/z 191 and 217, Fig. 3) are typical petroleum. The ratios of geolipid iso-
mers, thermodynamically stable, and the corresponding biolipids from which
they were formed during maturation processes, shown through parameters 1-7
from Table IV, unequivocally confirm this.
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Fig. 3. Fragmentograms of steranes (m/z 217, a) and terpanes (m/z 191, b) obtained by
GC-MS analysis of isolated saturated hydrocarbon fractions.

Analysis of biomarkers in the solid parts of peloids showed that n-alkanes
have distributions that are characteristic of immature sediments (Fig. 1). This is
an expected result considering that these sediments were not exposed to the tem-
peratures and pressures that are characteristic for the creation of mature forms of
the organic matter, e.g., the bitumen of the source rocks for oil or oil itself.
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TABLE II. Identification of peaks from Fig. 3a

Peak Compound

1 Cy7 13 4(H)17 o(H)20(S)-diasterane

2 Cy7 134(H)17 (H)20(R)-diasterane

3 Cy7 13a(H)17 A(H)20(S)-diasterane

4 Cy7 13a(H)17 AH)20(R)-diasterane

Sa Cyg 134(H)17 o(H)20(S)24(S)-diasterane

5b Cyg 134H)17 (H)20(S5)24(R)-diasterane

6a Cyg 134H)17 (H)20(R)24(S)-diasterane

6b Cyg 134(H)17 (H)20(R)24(R)-diasterane

7 Cyg 13a(H)17 A H)20(S)-diasterane + C,7 140(H)17 A H)20(S)-sterane
8 Cyo 13 AH)17 a(H)20(S)-diasterane + Cy; 144H)17 A H)20(R)-sterane
9 Cyg 13a(H)17A(H)20(R)-diasterane + C,7 144H)17 A H)20(S)-sterane
10 Cy7 140(H)17(H)20(R)-sterane

11 Cy9 134H)17 (H)20(R)-diasterane

12 Cy9 13a(H)174(H)20(S)-diasterane

13 Cyg 140(H)17(H)20(S)-sterane

14 Cy9 13a(H)17A(H)20(R)-diasterane + C,g 144H)17 A H)20(R)-sterane
15 Cyg 144(H)17 ZH)20(S)-sterane

16 Cyg 14a(H)17 (H)20(R)-sterane

17 Cy9 14a(H)17 (H)20(S)-sterane

18 Cyo 144(H)17 A H)20(R)-sterane

19 Cyo 144(H)17 A H)20(S)-sterane

20 Cyg 140(H)17 (H)20(R)-sterane

TABLE III. Identification of peaks from Fig. 3b

Peak Compound

21 Cy7 18(H),22,29,30-trisnorhopane, Ts
22 Cy7170(H),22,29,30-trisnorhopane, Tm
23 Cy9 17a(H)21 f(H)-hopane

24 Cy9 18¢(H),30-norhopane

25 Cy9 174(H)21 o H)-moretane

26 Cs0 17a(H)21 A(H)-hopane

27 C30 7AH)21 a(H)-moretane

28 C31 17a(H)21 A H)22(S)-hopane

29 Cs; 17a(H)21 AH)22(R)-hopane

h Cs( hopene

30 C3, 17a(H)21 A H)22(S)-hopane

31 Cs3; 17a(H)21 AH)22(R)-hopane

32 C33 17a(H)21 A H)22(S)-hopane

33 C3317a(H)21 A H)22(R)-hopane

34 Cs4 170(H)214(H)22(S)-hopane

35 C34 17(H)21 f(H)22(R)-hopane

36 Cs5 170(H)214(H)22(S)-hopane

37 Cs5 17a(H)21 AH)22(R)-hopane
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TABLE IV. Sterane and terpane maturation parameters

Sample Terpanes (hopanes) Steranes (diasteranes)

C;3p moretane C3;(22S5) C31(225) Ts Cyp9aa(20S) Cy9fB(20R) Cy7pa(20S) disterane
Csphopane C31(22R) C31(22R) Tm Cy9aa(20R) Cr9aa(20R) Cy70a(20R) sterane

Rus 0.19 1.24 1.44 0.76 1.98 1.54 0.36
Bu 0.23 1.32 1.69 0.75 0.84 1.01 0.45
Vr 0.13 1.40 1.34 0.54 1.25 1.29 0.63
Parameter 1 2 3 4 5 6 7

However, the distributions of terpanes and steranes in all three examined
samples are surprising. These biomarkers have distributions that are character-
istic of mature organic matter of old sedimentary formations (Fig. 3; Table IV)
despite insufficiently high temperatures and pressures and, most likely, insuf-
ficiently long geological time.

The investigated samples characterize the significant presence of clay min-
erals (Fig. 1). The conclusion is that illite, smectite and kaolinite, with their
strong catalytic effect, actually compensated for all other missing factors, and, as
a result, gave terpanes and steranes with distributions that are characteristic even
for oil, as the most mature form of organic matter in the geosphere.

CONCLUSION

The composition of n-alkane, sterane and terpane biomarkers in the organic
matter of sediments used as medicinal mud (peloids) in the Serbian spas of Rus-
anda, Vranje and Bujanovac was investigated. These sediments are clays that do
not belong to formations located at greater geological depths, and therefore were
not exposed to high temperatures and pressures. Therefore, it was assumed that
the catalytic influence of minerals on changes in biomarkers could be effectively
evaluated based on the distribution of their biolipid and thermodynamically more
stable geolipid structural and stereoisomers.

Quartz, illite, montmorillonite, plagioclase and chlorite were identified in the
samples. Previous tests have shown that all identified minerals in the investigated
samples, except quartz, can catalyze the maturation changes of organic matter in
sediments.

Analysis of biomarkers in solid parts of peloids showed that n-alkanes have
distributions that are characteristic of immature sediments. Based on these res-
ults, it could be concluded that the identified minerals do not have an obvious
catalytic effect on the maturation processes of normal alkanes. Instead, they indi-
cate the precursor biomass from which they originated. Terpanes and steranes in
all three examined samples, Rusanda, Bujanovac and Vranje, have distributions
characteristic of mature organic matter in old sedimentary formations. Based on
this result, it can be concluded that illite, kaolinite, smectite and chlorite, with
their strong catalytic effect, actually compensated for all other missing factors

Available online at: http://www.shd.org.rs/JSCS

(CC) 2024 Serbian Chemical Society.



1568 NIKOLOVSKI et al.

(heat, pressure and most likely, geological time), and as a result gave terpanes
and steranes with distributions that are characteristic even for oil, as the most
mature form of organic matter in the geosphere.
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U3BOJI

MATYPAIIMOHE ITPOMEHE YIJbOBOJOHHKA Y UBPCTOM JEJIY ITEJIOUJA CPIICKUX
BPABA — KATAJTUTUYKYU YTULIAJ MUHEPAJIA TTTUHE

3JIATKO HUKOJIOBCKHU!, AJIEKCAHIPA ITAJHOBWR?, TOPIAHA TAJULIA%, HUKOJIA BYPA3EP?,
WJIWJA BPUECKU!, TIPEOPAT IABUR® u BPAHUMUP JOBAHUMREBUR!

"Yrueepsuiueini y Beoipagy, Xemujcku axyninei, Ciiygeniticku wpi 12—16, 11001 Beoipag, *Ynusep3uinein
y Beoipagy, Hnctuuitiy i 3a xeMujy, TexHonoiujy u mewanypiujy, Hayuonannu unciiuiayw PedyOonuke
Cpbuje, Ebetowesa 12, 11001 Beoipag u 2Ynueepsuiieins y Beoipagy, Pygapcko-ieonowku Qpaxyniies,
Bywuna 7, 11120 Beoipag

[TpoyyaBaH je cacTaB fuomMapkepa TUIla HOPMaJHUX ajlKaHa, CTepaHa ¥ TepnaHa y
OPraHCKOj CYNCTaHUU CefUMeHaTa KOju ce ynoTrpedbaBajy Kao JE€KOBUTO OnaTo (meno-
uOM) y cpnckum damwama Pycanna, Bpame u byjaHoBau. ITomo ce off IpeTnoCTaBKe fa
OM ce KaTanTUTHYKM YTHIIAj MUHEpana Ha npoMeHe buoMapkepa eukacHO Morao sa ce
NpPOLIeHN Ha OCHOBY pacnojiesna BhUXOBUX ODMOTUIHUX, U TEPMOJUHUMAUYKHU CTaOUITHUjUX
TEOJIUNMUIHUX CTPYKTYPHUX M CTEPEOXEMHjCKHX H30Mepa. Y y3opuuMa Cy pPeHATeHO—
—Ju(pakUMOHOM aHAAW30M HIEHTHU(MHUKOBAHM KBapl, MJIUT, IIaTHOKJIAaCcC, MOHTMOPH-
OHHUT U XJ0pHUT. [acHOXpoMaTorpad)CKO—MaCeHOCHEKTPOMETPHUjCKOM TEXHUKOM Yy UBPC-
TUM [e/I0BUMa MeJOouAa aHajJu3UPaHU Cy HOPMAalHU ajKaHH, TEpHaHU U CTepaHu. Y
y3opuuma u3 Pycanne u byjaHoBua upeHTH(UKOBAHH Cy HOpPMaJHHU aJikaHU ca paclo-
Ienama Koje Cy kapakTepUCTHYHe 3a HeMaTypucaHe CelMMeHTe. 3aK/by4yeHo je na UIeH-
TH(GUKOBAaHU MUHEPAIU HEMA]y OYHUITIeJHO KaTaJIUTHYKO NejCTBO Ha MaTypaluoHe Mpo-
1jece HOpMalHUX alKaHa. TeplnaHu U CTepaHu y CBa TPU UCIIMTHBAHA y30pka MUMajy pac-
nojesne Koje Cy KapakTepUCTHYHE 32 MaTypHCaHE OpPraHCcke CyIICTaHLle CTapUX Cefu-
MEeHTHUX dopmanuja. 3ak/byuyeHo je fa Cy WINT, KaOJHUHUT, CMEKTUT U XJIOPUT KaTalu-
THYKUM J[I€jCTBOM 3ampaBO HaJOKHALWIW cBe Jpyre Hemocrajyhe ¢axrtope (Tomsorta,
MPUTHCAK U HajBepOBaTHHje, re0J0MKO BpeMe), U Kao pe3yiTaT [Jaju TeplaHe U CTe-
paHe ca pacrnojenama koje Cy KapakTepUCTHUYHE Yak ¥ 3a HadTy, Ka0 HajMaTypHUCAHUjH
00MK opraHcKe cyncTaHlle reocdepe.

(TIpumsseno 12. centemdpa, peBuaupano 12. Hoemdpa, mpuxsaherno 1. genemdpa 2024)
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