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Abstract

The supermolecular structure of the solid bitumen (SB) inclusions present in Ordovician
kukersite oil shale has been studied and its similarity to that of crude oil asphalts has been
demonstrated. Differences in the composition of the saturated hydrocarbons extracted with
chloroform from SB and kukersite have been established. Among the n-alkanes of SB "even"
homologues prevail, contrary to "odd" ones predominating in the extractable n-alkanes of
kukersite. The different pristane to phytane ratio of SB (0.78) and kukersite (1.10) is
indicative of different environments of their source organic matter deposition.

The relatively high content of isoprenoid and branched alkanes (predominantly 2- and 3-
methylsubstituted) is characteristic of SB. In the composition of SB steranes diasteranes
prevail, while regular steranes are abundant in kukersite. On the whole, the composition of
the saturated hydrocarbon fraction of SB is similar to that of biodegradated and/or water
washed crude oils. The §"*Cppp values of the extractable (—31.2 %o) and insoluble organic
matter of kukersite (—32.0 %o) and its semicoking oil (—32.0 %o) are even lower than those
of the saturated hydrocarbon fraction of SB (—30.5 %o). The 6"°C value of SB asphaltenes
(—29.4 %o) differs from that of asphaltenes isolated from the kukersite extract (—30.7 %o),
being similar to the §'°C value of asphaltenes isolated from Baltic Cambrian oils (on an
average —29.5 %o).

Introduction

SB inclusions in kukersite have been investigated for over 40 years already but no
unanimous opinion about their genesis has been formed yet. In two recent works
[1, 2] an exhaustive bibliography of the previous works and different conceptions of
SB genesis has been presented. Based on the results of lithological investigations as
well as those of group and elemental composition of SB, the autochthonous genesis
of the latter has been proposed. Contrary to the current opinion about the immaturity
of kukersite organic matter the probability of local thermolysis of kukersite has been
assumed [2]. On the other hand, the mineral composition of SB inclusions and
kukersite as well as the elemental composition of SB and the extractable and
insoluble organic matter of kukersite have been established to differ. No correlation
between n-alkanes and n-alkenes-1 of kukersite semicoking oil and SB pyrolysate has
been observed. The data obtained suggest the allochthonous origin of SB inclusions
present in kukersite [1].


https://doi.org/10.3176/oil.1993.2/3.03

112

Solid Bitumen Inclusions in Kukersite Oil Shale:
Structure and Genesis: E. Bondar et al.

Experimental

Sample Location. The SB sample was taken from the lense found in the commercial
kukersite layer B ("Estonia" mine, northeastern Estonia) (for the commercial
zonation of kukersite see [3]). SB lenses (up to 25—30 cm long, 3—5 cm thick) bed
in conformity with kukersite layers and are timed predominantly to the lower part
of Kukruse horizon. By the appearance SB are coal-like black brittle rock.

Analytical Procedure. The SB sample was examined by scanning electron
microscopy with a "TESLA BS 300" (acceleration voltage 25 kV, probe current
100 pA, decoration with gold). Thermal analysis was carried out in air (100 ml/min)
using an OD-102 Q 1000 derivatograph; the heating rate was 283 K/min.
The powdered SB was extracted with chloroform. From the extract obtained
asphaltenes were precipitated with n-pentane. The n-pentane-extracted malthenes
were separated into fractions by thin layer chromatography [4]. The saturated
hydrocarbon fraction was analyzed using a "Hewlett Packard 5942A/5985A" GC-MS
system equipped with a capillary column (10 m X 0.25 mm i.d.) coated with OV-
101; the electron energy was 70 eV. The other fractions were not accessible to gas
chromatographic analysis. The elemental composition was determined with a
"Hewlett Packard 185 CNH" analyser. Carbon isotopic composition (relative to PDB
standard) were obtained using a "Finnigan MAT Delta E" mass spectrometer. Infra-
rea spectra were recorded using a "UR-20 Jena Zeiss" i.r. spectrophotometer.

Results and Discussion

According to chloroform solubility (85.5 %) and elemental composition (Table 1),
the SB under study may belong to the greemite subclass of asphaltite class and is
similar to other SB findings in kukersite [1]. In coordinates H/C and (N +S)/O in the
Hunt diagram [5] SB and greemites plots are grouped closer to petroleum asphaltenes
and apart from pyrobitumens and coals (Fig. 1).

Scanning electron microscopic examination demonstrated SB to consist of associates
(up to 50 u in diameter) (Fig. 2). The same microheterogeneity is distinctive of
petroleum as a system and persists in each of its fraction from light cuts to
asphaltenes [6, 7]. After dissolution in chloroform the supermolecular structure of
SB is destroyed and the chloroform extract becomes quite homogeneous (Fig. 2).
Changes in the structural order were established by differential thermal analysis
(DTA) (Fig. 3). The behaviour of the chloroform extract of SB during DTA is
similar to that of petroleum asphaltenes [8].

Table 1. Comparison of the Elemental Composition (wt. %) of SB and Kukersite
Organic Matters (OM)

Organic matter (& H N O&: S H/C,,
SB chloroform extract 86.2 8.7 | 2.4 .07 1.21
Kukersite chloroform extract 83.3 11.6 - S 1.67

Kukersite insoluble OM 79.9 9% 0.3 11.0 1.46
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Fig. 1. Atomic H/C ratio vs atomic (N +S)/O ratio (Hunt diagram): I - SB, 2 - greemite [5]

The high molecular mass of petroleum asphaltene molecules is due largely to an
electrostatic association of individual asphaltene units. In the medium of a solvent
with a sufficiently high dielectric constant the break-down of 7-electron interactions
between individual asphaltene units and, hence, a lower-degree association take place
[9]. In DTA profile of SB an exotherm at 603 K corresponds to the release and

Fig. & Scanning electron photomicrographs of SB (I) and its chloroform extract (2)
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combustion of volatile compounds. An exotherm at 733 K presented in the form of
two coalescent peaks corresponds to the combustion of asphaltene associates. Due
to dissolution in chloroform and, hence, dissociation of -associates, the second
exotherm of SB in DTA curve bifurcates into two peaks at 683 and 763 K
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corresponding to the thermooxidation of the peripheral and basic structure of the
asphaltene macromolecule [9]. DTA profile of the asphaltenes precipitated with
n-pentane is similar to that of SB except for the absence of the first exomaximum (at
593 K) due to the volatile components going into malthene fraction as well as
resinous ones. In the DTA profile of malthenes the main; partially resolved
exomaximum is similar to that of SB. The ability of resins to convert into

—
—

Transmittance, %

4,000 3500 3,000 2500 2,000 1,500 1,000 0500
Wavenumber, cm—’

Fig. 4. Infra-red spectra of SB (/) and kukersite (2) chloroform extracts
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Fig. 5. The relative distribution of n-alkanes of SB (1) and kukersite (2) chloroform extracts
and Ladushkin crude oil (3) [24]
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asphaltenes upon the Friedel-Crafts alkylation already under mild conditions in the
presence of catalyst (metal ions in SB) has been confirmed [9].

A comparison of the DTA curves of the chloroform extracts of SB and kukersite
shows them to differ (Fig. 3). The same applies to their infra-red spectra (Fig. 4).
In the spectrum of the former the absorption band of the carbonyl group (at
1720 cm™) is absent, being intensive in that of the other. The absorption band of
methylene groups in long aliphatic chains (at 720 cm™') is of low intensity in the
spectrum of the chloroform extract of SB contrary to that of kukersite (Fig. 4).

As indicated above, SB (Table 2) and petroleum asphaltenes are similar in structure
which is clustered [5] and the hydrocarbons entrapped in an interlaminar space of the
asphaltene macromolecule are of geochemical significance [10]. The distribution of
SB n-alkanes, with "even" homologues predominating (carbon preference index
(CPI) 0.87) (Fig. 5), is characteristic of the organic matter deposited in the reducing
environment [11]. In the extractable n-alkanes of kukersite, inversely, "odd"
homologues prevail (CPI 1.58). The below one pristane to phytane ratio (in SB 0.78)
as a rule is related to the reducing environment, too. In kukersite, this ratio (1.10)
is indicative of the oxic depositional environment [12, 13]. Unlike the kukersite
extract, in the saturated hydrocarbon fraction of SB isoprenoid hydrocarbons and iso-
alkanes (predominantly 2- and 3-methyl-substituted) are abundant. Among the latter
2-methyl and 3-methyl tridecanes (iso- and anteiso-tetradecanes) prevail, originating
from decarboxylation of iso- and anteiso-pentadecanoic acids, which are specific
bacterial biomarkers [14]. The abundance of isoprenoids and branched alkanes is
characteristic of asphaltenes rich crude oils, suffered a change because of
biodegradation and/or water washing [15, 16].

As a result of biodegradation, in the composition of other biomarkers, steranes,
diasteranes (10aH,138H,17aH) become predominant, being the most resistant to
bacterial degradation [14]. In SB, diasteranes prevail over regular (SaH,14aH,17aH)
steranes, which are abundant in kukersite (Fig. 6). As to the occurrence of
diasteranes in sedimentary organic matter, the catalytic effect of clay minerals plays
the most role in their origin and in carbonate oil shales (similar to i(ukersite)
diasteranes have not been found [17—19].

By the relative abundances of biogenic regular SaH,14aH, 17aH-20R steranes C,;,
Cx and Cy in sedimentary organic matter and by the positions of their plots in a
triangular diagram the depositional environments can be determined*[20, 21]. The
precursors of steranes in sediments are sterols. The sterols of phytoplankton, the
main biological source of Early Paleozoic sedimentary organic matter, are

Table 2. Group Composition of SB Chloroform Extract (rel.wt. %)

Group of chemical compounds Yield

Asphaltenes 86.8

Malthenes: 13:2.
Saturated hydrocarbons 2.1
Mononuclear aromatic hydrocarbons 0.8
Polynuclear aromatic hydrocarbons 1.6
Neutral heteroatomic compounds 3.1
Polar heteroatomic compounds 5.6
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represented mainly (up to 70 % by weight) by C,; sterols, whose concentration in
zooplankton is high too. Phyto- and zooplankton are a suitable source of Cy sterols
too but the highest concentrations of C, sterols are characteristic of fungi and
protozoa [20]. The source of C, sterols, being the most abundant in higher plants,
in the Early Paleozoic could be marine invertebrates, i.e. crustaceans, known from
the Cambrian. Despite the uriformity of biological sources of Early Paleozoic
organic matter, the relative abundances of biogenic regular SaH,14aH,17cH-20R
steranes C,;, C,; and C,, in SB and kukersite do not coincide in the triangular
diagram (Fig. 7). SB parent organic matter seems to be deposited in more shallow
bay environment than kukersite organic matter.
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Fig. 6. Mass fragmentograms for steranes (m/z 217) and triterpanes (m/z 191) from SB
(1, 2) and kukersite (3, 4). Diasterane and 17aH,218H-hopane peaks are darkened, regular
sterane and 178H,21aH-moretane peaks are shaded. 20S- and 20R-epimers of steranes
and 22S- and 22R-epimers of hopanes are marked with S and R, 178H,218H-hopane

peaks are marked with points
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Table 3. Some Geochemical Parameters of SB and Kukersite

Parameter SB Kukersite Il
CPI of n-alkanes 0.87 1.58
Pristane/phytane 0.78 1.10

Pristane + phytane/n-C,; + n-Cy, 0.77 0.40
5aH,140H,17aH-20R C,, : Cy : Cy 27, :423,:150 29)::353:36
178H,218H/17«H,218H 0.10 0.34

C,, 17aH,218H 228/22S + 22R 0.58 0.63

C, 5aH,140H,17aH 208/20S + 20R 0.47 0.50

In the composition of kukersite triterpanes biogenic 178H,218H-hopanes are
preserved being indicative of immaturity of kukersite organic matter (Fig. 6). In SB
as well as in crude oils biogenic hopanes are present in insignificant quantities. The
maturation index (178H,218H/17aH,218H ratio) amounts to 0.10 in SB and is close
to that in crude oils [22] being 0.34 in kukersite (Table 3). The migration indices of
SB and kukersite calculated on the basis of both sterane and triterpane epimers
composition are surprisingly similar (Table 3).

The carbon isotopic composition of SB (§'°C —29.3 %o) is markedly "heavier"
than those of the extractable (—31.2 %0) and insoluble organic matter (—32.0 %o)
of kukersite and correlates with that of Cambrian organic matter amounting to
—29.3 %o [23]. There are two pathways of the natural SB generation: crude oil
thermal cracking or deasphalting with light hydrocarbons [5]. As shown above
(Fig. 1), the position of SB under study in the Hunt diagram is apart from
pyrobitumens and SB seems to originate from deasphalting of some hypothetical
crude oil. Deasphalting do not practically influence upon carbon isotopic composition
(0.6 %0 may become "lighter" in asphaltenes) [S] and §'*C of the parent crude oil
to form SB ought to be near —30 %o. Such §"°C values are characteristic of low
sulfur Baltic Cambrian crude oils (Table 4). Moreover, in those crude oils branched
alkanes may

Table 4. Comparison of the Isotopic Composition
of Organic Carbon in SB, Kukersite and Baltic Crude Oils

Organic carbon of: 6"Cppp, %o
Solid bitumen —29.3
Chloroform extract: —29.5
Asphaltenes —29.4
Malthenes —30.0
Saturated hydrocarbons —30.5
Kukersite total organic matter: —32.0
Semicoking oil —32.0
Extractable organic matter: —31.2
Asphaltenes —30.7
Saturated hydrocarbons —31.2
Cambrian organic matter [23] —29.3
Baltic Cambrian crude oils [23] —30.3
Asphaltenes [23] —29.5
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Fig. 7. Triangular
diagram of the
relative abundance
of Cy, Cy and Cy
SaH,14aH,17aH-
20R steranes of SB
(I) and kukersite
samples (2, 3)
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form up to 45 % of the total alkanes and the relative abundances of n-alkanes [24]
are like those in SB studied (Fig. 5).

According to the hypothesis about the allochthonous origin of kukersite [12, 25],
the parent material to form kukersite being in semiliquid state (globules) have been
transported by water stream from the southwest (northeast Poland). On the way to
the location of kukersite deposit water stream have passed Cambrian crude oil beds
in Kaliningrad (K6nigsberg) district (Russia), Latvia and Lithuania. Native asphalts
are widely spread in this oil-bearing region in the Cambrian to Silurian strata and
great losses of light hydrocarbons from crude oil beds have been ascertained [26].
It is supposed that crude oils and asphalts could be carried away by water together
with kukersite protokerogen. In the present work signs of biodegradation and water
washing in the SB composition have been established. The possibility of crude oil
origin of SB has been excluded earlier [2]. However, if one approves a hypothesis
about the allochthonous genesis of kukersite such a possibility seems real. Indeed,
at the recent time (up to 1950s) large blocks of mineral free SB have been found
floating on the surface of the Dead Sea. These blocks can be of enormous
dimensions and 20—50 tons in weight [27]. The H/C ratio (1.22) and infra-red
spectrum of the SB from the Dead Sea are similar to those of SB investigated. Like
the SB of kukersite, that from the Dead Sea contains oxygenated compounds in low
amount. The above SBs differ mainly in sulfur content, that being higher in SB from
the Dead Sea (9.4 %). The idea of the crude oil origin of SB from the Dead Sea has
been put forward [27].

Conclusions

The similarity of SB inclusions in kukersite with crude oil asphalts has been
demonstrated. By the composition of the saturated hydrocarbons, CPI of n-alkanes,
pristane to phytane ratio, §'°C values, sterane and triterpane compositions, SB and
the extractable and insoluble organic matter of kukersite differ. The geochemical
parameters calculated on the basis of SB composition data are indicative of the



Solid Bitumen Inclusions in Kukersite Oil Shale: 120
Structure and Genesis: E. Bondar et al.

different genesis of SB and kukersite organic matter. Biomarkers composition is
indicative of biodegradation and water washing of SB. A hypothesis about the
incorporation of SB into kukersite because of its allochthonous genesis has been
advanced. Asphalts from Cambrian crude oils deposited southwest of kukersite oil
shale basin are considered probable precursors of SB inclusions of kukersite. The
genetic relationship between the SB inclusions of kukersite and the Baltic crude oils
requires further study.
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E b. BOHIAPD, X. A. TAAJIb, M. M. BHTIOKOB

BKIIIOYEHH S TBEPIOI'O BUTYMA B CIIAHIIE-KYKEPCHTE:
CTPYKTYPA H I'EHE3HC.

Pesrome

XO0Ts BKIIOYeHHS TBepaoro 6utyma (TB) B KyKepcuTe H3y4daroTcs yxe 6oJee 40 jet, g0
CHX IIOp HET €IMHOr0 B3IVISila Ha HUX FeHEe3HcC.

HUccnemoBamu TB M3 JHH3BI B cjoe B Kykepcuta (mmaxta <«BcroHus»). Ilo
pacTBOpUMOCTH B xiIopodopMme (85,5%) u anemeHTHOMY coctaBy (C 86,2, H 8,7, N 1,7,
(O+S) 3,4%, H/C 1,21) ator o6pa3ery Tb MOXHO OTHECTH K Kijaccy acdalbTHTOB,
MOJIKJIaCCy TPEAMHUTOB.

C T1OMOIIBIO  pPAacTPOBOM  BJIEKTPOHHOWM  MHKPOCKONMH  YCTAaHOBHIH, YTO
HaIMOIIeKyJIApHash CTpYKTypa HccienyeMoro TB momo6Ha TaKOBOH HedTSHBIX
achanbreHoB. IIpu guddepeHIHaIbHOM TeDMHYECKOM aHaimm3e TB BemyT cebs
aHaJIOTHYHO HeTAHBIM acdalbTeHaM U OTJIMYHO OT OUTYMOHMIA U KePOreHa KYKEPCHTa.

Cpelll H-aJIKaHOB, ®KCTPAardpoBaHHBIX U3 TH, mMpeoOIaJatoT YeTHbIE TOMOJIOTH, B
OTJIUYUE OT H-aJIKaHOB, ODKCTParupyeMbIX U3 KYKEpPCHTa, B COCTaBeé KOTOPBIX
npeo6iagaloT He4YeTHble roMoJord. B TB W KyKepcHTe pa3HOE€ OTHOIICHHUE
npucrad/durad (0,78 u 1,10 cOOTBETCTBEHHO), YTO CBS3aHO C Pa3HBIMH YCIOBUSIMH
HaKOIUUICHUS UX MAaTEePHHCKOr0 OPraHUYecKoro Bemecrsa. s ajkaHoB TH B oTiIMYHE
OT KYKEPCHTa, XapaKTepPHO OTHOCHUTEILHO BBICOKOE COINEP>KaHUE H30NPEHOUIHBIX H
Pa3BETBIICHHBIX aJKAHOB (MPEUMYIIECTBEHHO 2- U 3-METHUJI3aMEIICHHBIX), a B COCTaBe
CTepaHOB NpPe00JafaloT JUACTePaHbl, a HE PEryJsipHbIC CTEPaHbl, KaK B KYKEDCHUTE.
TakHe Xe OCOOCHHOCTH XapaKTepHbI MU cocTaBa HedTeH, MOIBEPIIIHXCS
OUOferpalalliid ¥ BHIMBIBAHUIO BOJIOH. i

ITo u3oromHOMy cocTaBy (6°C —29.5 %o) yrumepon TB «TsixXejee», 4eM yriaepon
ourymounna (—31.2 %o), keporeHa (—32.0 %o) ¥ CMOJIBI MOJYKOKCOBaHHUS KYKEPCHTA H
OMM30K K yriiepony acdaliTeHOB, BbIISJIEHHBIX M3 KeMOpHICKMX HedTed BanTuku
(—29.5 %o).

CornacHo runorese 06 aJUIOXTOHHOM FeHe3Uce KYKePCHTa, ero MpOTOKEPOreH B BHIE
100y ObIT TPAHCIOPTHPOBAH BOMHBIM MOTOKOM K MECTY €r0 3aJicraHHsl C CeBepo-
BocToka ITompu. ITpeanonaraeTcsi, YTO MPH 3TOM MOIIH OBITh 3aXBa4eHbl OUTYMBI,
LIKPOKO pacnpocTpaHeHHble B KaJMHUHIpajncko# = oOmactu, JiuTee, JlaTBUH B
OTJOXKEHUSAX OT KeMOPHHCKOr0 M0 CHJIYDPHHCKOrO BO3pacTa. DTH OHTYMBl He
[IUPOTEHETHYECKHE — OHM 0Opa30BaHCh 3a CYET JeacdalbTU3AUKA HedTEH JErKUMHU
YrIIeBOAOPOIaMU. BONIpOC reHETHYECKOM CBS3H MEXIY BKIIIOYCHHUSIMH TB B KYKEpCHUTE
U KeMOpHUHCKUMHU HedTAMH [IpUOaITHRCKOTO PErHOHA TPeOyeT JadbHeHIIEer0 H3yYeHHS .
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