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K. UROV

LATE-EPIGENETIC (HYPERGENETIC?) BITUMENS IN OIL SHALES

Worked out for oil-parent rocks (approaching the main oil-formation zone, oil-
generating and oil-generated), the division of bitumens into types (syngenetic,
epigenetic, as well as their derivatives - mixed, residual, para-autochthonous) and the
distinctive features established for them enable us to estimate, also quantitatively [1],
the contribution of individual varieties to total bitumen in sedimentite. The above-
mentioned sediments are, as a rule, timed to depths where the effect of hypergenesis may
be neglected.

Typical oil shales are not deep-deposited (usually at a depth of down to some
hundreds of metres) and from the mesocatagenesis stage they will lose one of the main
features - the ability of organic matter (OM) to produce a substantial amount of liquid
organic products on thermal decomposition (owing to realization of this potential).

Systematic investigations on oil shales have revealed that the existing criteria allow
attribution of the soluble part of OM of many oil shales to none of the bitumen types
distinguished for oil-parent rocks. Thus, the yield of bitumen on the OM of Suzak oil
shales of Uzbekistan [2] and Devonian shales of the Komi Republic [3] reaches 14 and
22 %, respectively. Proceeding from the law of Uspenskii and Vasoevich [4], this
suggests that the soluble part of OM of the above shales should belong to epibitumens.
However, by the heteroelements (8-23 %) and heteroatom compounds (50-90 %)
contents they are considered to be syngenetic. The same applies to the Irati Permian
shales of Brazil: the yield of bitumen on organic carbon is 17.4 %, the nonhydrocarbon
compounds content of bitumen is 52.3 % [5].

Then, although in elemental and group chemical composition bitumens of most oil
shales should be considered syngenetic, very often they so differ in individual chemical
composition from the insoluble part of OM (IOM) that their genetic relationship is
difficult to assume. For example, if, based on data of different investigations, in the
kukersite OM aliphatic chains C,-C, prevail [6, 7], then in bitumen chains C,,-C,5 do
[8, 9]. The n-alkanes of bitumen of Estonian Vendian shale are characterized by the
concentration maximum in the C,;-C,, range, with 'odd' homologues predominating [10].
The latter phenomenon gives evidence of a terrigenous origin of bioproduction [11]
which, however, did not exist in the Vendian.

The kerogen of Central Asian Lower Eocene shale is, in general, homogeneous in
composition, also petrographically, and is highly transformed, but bitumens of shales
from different localities and even different beds of the same location considerably differ,
leaving retained the specific features of the initial biological material: the carbon
preference index (CPI) of n-alkanes, aliphatic ketones and saturated fatty acids 1s 1.3-
1.6, ~1.2 and 1.7, respectively. It is not clear either how chemically unstable unsaturated
aliphatic hydrocarbons may have remained in the bitumens of Ordovician kukersite [12]
and dictyonema shale [9], as well as the black shales of Rumania [13], but in
Precambrian formations, unsaturated steroids do [14]. Itis difficult to explain the
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presence of oleic and other unsaturated fatty acids in the bitumens not only of
dictyonema shale [15], but also in highly-metamorphosed Riphean shales of East Siberia
[10]. It is known that Precambrian deposits were formed in reducing medium [16], but
in recent deposits unsaturated acids disappear already in the upper sediment layers [17,
18]. As to saturated fatty acids, then apart from the age and degree of catagenetic
transformation of most shales, including Precambrian graphitoids, their bitumens are
abundant in the C,; and C,4 acids which are typical of lower organisms, but usually, fatty
acids of bitumens are similar in composition to those found in recent sediments [17, 19].
It is also difficult to account for the presence of carbohydrates and carbohydrate
structures in Lower Paleozoic shales [20-22] and Precambrian sediments [23, 24], whose
low biochemical and thermal stability is well-known,as well as the presence of amino
acids not only in Phanerozoic shales and shale-like rocks [25-26], but also in
Precambrian shales [14, 24, 27-29].

Moreover, among the amino acids of thermally degraded Irkutsk Riphean shales,
which have been subjected to thermal decomposition, one of the thermally most unstable
acid, lysine, prevails [29], whereas the thermal instability of the former complicates even
their analysis by thin-layer chromatography [30].

True, both hydrocarbonates and amino acids are usually identified in the hydrolysis
products of organic matter of the rock: owing to the high activity the connection of the
above compounds with the organic matter macromolecular matrix is natural, but it is not
likely that their thermal stability may sufficiently increase as a result. And, finally, in
addition to differences between bitumens and IOM in chemical composition, a distinct
discrepancy is often observed between the compositions of the individual group
components of bitumens, especially the degraded n-alkanes with CPI near 1, and the
fatty acids present in unaltered biosynthetic production with the C,; and C ;4 acids
prevailing (Tchagansk Jurassic shales [31], Ukhta [3] and Selennyakh Devonian shales,
etc.). In the bitumen of highly-metamorphosed Precambrian shales from the Irkutsk
Region, besides the n-alkanes and acids of the above types, also methyl n-alkyl ketones
with CPI<9 are present, approaching ketones of plant origin [32], but in the C,,-C,,
range, isoprenoid alkanes make 50-80 % of the concentration of n-alkanes, although it
has been established that with advancing catagenesis their content in bitumen rapidly
diminishes [33]. The saturated aliphatic ketones of kukersite bitumen are characterized
by two concentration maxima, viz.at C,4-C,, and C,,-C,, n-alkanes, by one at C,,-C,,,
with even-numbered ketones predominating [8].

It is therefore natural to assume that besides syn- and epibitumens, oil shales contain
also soluble organic compounds of different origin.

In addition to the conventional mechanism, we shall now consider another two
possible pathways of bitumens generation and transformation.

First, introduction of OM and the change in bitumen composition caused by ground
waters filtrated through the deposit.

There are numerous data indicating a significant contnbutlon of ground waters to the
mineral formation in oil shales [34-38], but no systematic investigations have been
carried out of their effect on oil shale organic matter. It is believed that catagenetic
transformation of organic matter of some non-metamorphosed metal-bearing black
shales was influenced by aqueous solutions at a temperature of up to 60 °C [37]. It has
been established that in the karsts [39] and faults [40] formation regions the kukersite
kerogen has considerably been transformed. The n-alkanes of kerogen bitumen have
little in common with the aliphatic chains of IOM, but are very similar to those of near-
lying sandstone of the Leetse horizon, Estonia, mine water and soil of the oil-shale basin
during the nonvegetative period [9] that gives evidence of a hydrotransport origin of the
paraffins of shale bitumen. A relationship between the compositions of soil n-alkanes
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and the corresponding bitumen fraction of Estonian Vendian shale is observed [10]. In
the extractable part of OM of the Leetse sandstone, as in both kukersite and dictyonema
shale, unsaturated aliphatic hydrocarbons (HC) have been identified. It should be
pointed out that by mining kukersite 8 m* mine water per 1 t of shale is pumped out [40];
of course, only a small portion of it may be filtered directly through the undisturbed oil-
shale layer.

The rate of OM transformation increases in contact with thermal water: kerogen may
be degraded directly to the oil [41], both HC and oxygen compounds are formed from
dispersed OM [42]. It is also believed that the formation of shungite deposits is
associated with redeposition of carbonaceous material from hydrothermal solutions [43].
Thus, introduction and transformation of OM by ground waters may contribute to the
formation of bitumen of oil shales.

Another possible pathway of bitumen neogenesis may lie in microbial activity
(bacteria, actinomycetes, lower fungi, etc.) on oil shales, including their bitumen.

Assimilation of oil HC with microbes has long been known [44]. This is observed in
oil deposits at a depth below 1300 m (4, p. 451), whereas mainly paraffinic HC are
subjected to biodegradation and oil is enriched with naphthenic HC and asphalt-like
compounds [45-47]. The bituminous sands of Canada are believed to be the product of
oil biotransformation [46]. Moreover, microorganisms have been shown to contribute
to the extraction of bitumen from them [48]. In recent sediments, bacteria have been
detected at a depth of 140 m [49], but the biochemical formation of methane is possible
at 300-350 m, to say the least [SO]. Microbes have also been found in coals which have
been shown to serve as a nutritive medium for them [51]. Obviously similarly, microbes
may assimilate oil shale bitumens, anyway, their alkane fraction.

In addition, there are some data evidencing that oil shale organic matter as a whole
is subjected to microbial attack [52, 53]. It has been reported that in the kukersite
sample collected in the sterile conditions the aerobe Clostridium pasteurianum has been
detected, causing butyric fermentation and binding to the air nitrogen [54]; it has been
shown that the kukersite kerogen is subjected to the action of sulphate-reducing bacteria
[55]. In combination with the methane-producing microflora they also assimilate organic
matter of many other shales [56]. The hypergenetic transformation of the Kasphir shale
is accompanied by enrichment of its bitumen with the asphalthenic fraction [57],
probably also in the presence of microorganisms. In bitumens of many shales, including
Precambrian and Lower Cambrian shales [58], alkanes of thermally unstable iso-
structure, which are typical of bacterial bioproduction, are abundant [59]. The n-alkanes
present in bitumens of some shales are believed to be of bacterial origin [60].

Thus, it is beyond doubt that organic matter of shales is sensitive to microbial attack,
but their bitumens bear signs of their recent activity. Most of oil shales are deposited
near the earth's crust where the conditions for microbial activity are favourable, the
upper temperature limit of their distribution being 60-70 °C [45] which almost
corresponds to the beginning of realization of liquid and gaseous organic products-
generating potential by oil shale kerogen.

Assuming the presence of varieties in oil shale bitumens originating from recent
bioproduction, introduced into the deposit by filtrating waters or synthesized in situ by
bacteria on the basis of sedimentite as substrate, several specific features of the
composition of the extractable part of oil shale organic matter may be explained. Thus,
an abnormally high bitumen content of organic matter of some shales (e.g. Central
Asian Suzak shales) may be considered as being the result of its neogenesis; at the same
time, the prevalence of heteroatom compounds in bitumens is natural, as is the
nonconformity of its composition with that of IOM. In fatty acids as an immediate
biosynthetic product chemical features of the starting biomaterial should be preserved
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better than in n-alkanes that is really observed in bitumens of most shales. The presence
of saturated dicarboxylic acids in bitumens of several shales [61-63] may be the result
of biochemical oxidation of monocarboxylic fatty acids [64] and paraffins [4, p. 449]
that is also observed in recent sediments [65, 66]. Natural is also enrichment of bitumens
with isoprenoid alkanes at their relatively high degree of biotransformation (Estonian
dictyonema [67] and other shales) as n-alkanes are assimilated by bacteria in the first
place. In that case the presence of unsaturated HC, unsaturated fatty acids, amino acids,
carbohydrates, steroids and other chemically and thermally unstable products of
biosynthesis in bitumens of shales, even Precambrian graphitoids, may be considered
to be normal.

And, finally, the secondary transformation of OM of the shale of the deposits already
formed may be the cause of an entirely different composition of Estonian kukersite and
dictyonema shale whose deposits overlap horizontally and their formation temporally
(Ordovician). The problem has long been discussed. As a result of the break in
sedimentation after the formation of the dictyonema shale layer, evidenced by erosion
of the surface of these layers by water and the belonging of an overlying horizon to the
products of new transgression [68], favourable conditions for the development of
hypergenetic processes, including microbiological neogenesis of bitumen and
transformation of IOM, might have been created. Judging by the relative concentration
of minor elements in dictyonema shale and kukersite, total (aerobic and anaerobic)
oxidation losses of OM [69] were more noticeable with the former; it is not precluded
that they may have taken place not only at the sedimentogenesis stage, but also
considerably later. Conservation of the kukersite OM, besides other factors, may have
been favoured by an early cementation of its preferably carbonate mineral matter,
obviously also in the presence of microbes [70, 71]; the primarily low penetrability of
clays is changed more slowly (their porosity at a depth of 500 m makes about 50 % of
initial [72]).

Proceeding from the foregoing it should be expedient to distinguish another two
bitumen types of oil shales in addition to autochthonous syngenetic and allochthonous
epigenetic (of oil type, preferentially hydrocarbon) types: the allochthonous-epigenetic
type formed as a result of introduction of OM with subsurface and surface waters and
relatively rich in high-polar heteroatom compounds owing to their higher water
solubility, and the autochthonous-epigenetic type, the product of microbial activity on
the basis of shale as substrate and possible chemical (oxidation, hydrolysis, reduction)
transformation of OM by aqueous solutions.

The above bitumen types may be conditionally regarded as hypergenetic, having in
mind hypergenesis in a wide sense, i.e. as transformation of rocks not only in the very
upper part of the Earth's crust, but also in deeper horizons, more precisely, within the
whole zone of minimum penetration of surface waters, sometimes down to some
hundreds of metres [73]. At the same time it is believed that under favourable conditions
hypergenesis may take place over the whole geological history of sediment after
sedimentogenesis.

On the basis of the foregoing, the following genetic bitumens types of oil shales may
be distinguished, in different combinations forming the really existing bitumens:

(1) syngenetic (primary autochthonous);

(2) allochthonous-epigenetic of oil migration type;

(3) water-introduced allochthonous-epigenetic not associated with the oil formation

processes;

(4) autochthonous-epigenetic (microbial and chemogeneous).

The problems of microbial actions on oil shale OM and transfer of organic
compounds by waters filtering through a deposit have not yet been thoroughly
investigated; further study in this field is necessary.
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