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Fig: 10. Bitumen in pseudoquartzites (layer J10) of the 
Gribnoye (a, b) and Akhtamarskoye (c, d) deposits, as 
well as in sandstone (layer P1) of the Shaimsky petroleum 
province (e, f). a – SEM image of numerous crystals of 
hydrothermal quartz, the pore space between which is filled 
with thiobitumen, the elemental spectrum of which is located 
under the image; b – transparent petrographic thin section 
of the same sample, stained with blue resin, in which the 
pore space is almost completely filled with thiobitumen; 
c – a transparent petrographic thin section, stained with 
red resin, in which it is also seen that almost all the pore 
space between quartz crystals is filled with thiobitumen; d 
– enlarged fragment of the SEM image of the same sample, 
which contains a lumpy thiobitumen aggregate, the elemental 
spectrum of which is shown below the image; e – SEM 
image of sandstone, the pore space in which is occupied by 
thiobitumen, the elemental spectrum of which is shown below 
the image; f – enlarged fragment of the previous image with 
thiobitumen and its elemental spectrum

others, surrounded and partially covered with bitumen 
formed from the initial organic matter included in its 
composition (Figure 9a-c). There are often thin lenticles 
of bitumen, also formed as a result of hydropyrolysis 
of the initial OM of the Bazhenov Formation by a 
hydrothermal fluid (Figure 9d). Therefore, the classics 
were right when they called the deposits of the Bazhenov 
Formation bituminous, at least in those areas where they 
were subjected to hydrothermal action.

Bitumen is also found in the pore space of the so-
called pseudoquartzites, composed of small crystals 
of hydrothermal quartz (layer Y1

0), found within the 
Gribnoye and Akhtamarskoye deposits (Figure 10a-
d). Most likely, under the action of HF, bitumen was 
formed from the OM of the Bazhenov formation, 
overlying this layer, and penetrated into the pore space 
of pseudoquartzites, due to the high temperature, having 
sufficient plasticity and, accordingly, mobility.

In the pore space of the Jurassic sandstones on the 
Krasnoleninsky arch and in the Shaimsky petroleum 
province also bitumen is found (Figure 10e, f). Most 
often, these sandstones are located at a short distance from 
the oil and gas source deposits, which were also exposed 
to high-enthalpy HF. In the areas under consideration, 
these are analogs of the Bazhenov formation (Lower 
Tutleim and Lower Danilov sub-formations).

Thus, the detection of bitumen in the Jurassic 
sediments is an important exploratory feature, indicating 
that in this place there was an impact of HF on the oil 
source rocks, which, as a result of this impact, actively 
generated hydrocarbons, and additional (secondary) 
porosity was formed in the reservoir rocks.

In conclusion, we note that the study of the mineral 
composition of the samples taken from the bleached 
Jurassic deposits showed that they lack magnetite and, 
moreover, hematite of hydrothermal origin (Zubkov 
et al., 1991; Zubkov, 2017). Nevertheless, the organic 
matter present in their composition turned out to be 
completely or almost completely oxidized.

They contain hydrothermal minerals: sulfates 
(anhydrite, barite), kaolinite, siderite, quartz, and, in rare 
cases, native sulfur (Zubkov et al., 1991; Zubkov, 2015b; 
Zubkov, 2017). From these facts, it can be concluded 
that the oxygen concentration in natural HF was much 
lower than in the experiments performed. But since the 
volumes and time of the impact of natural HF on the initial 

Fig. 9. Bitumen in the Bazhenov formation: Em-Egovskaya 
(a), Palyanovskaya (d) areas and Maslikhovskoe (b, c) oil 
field. Crystals of hydrothermal minerals surrounded and 
partially covered with bitumen: a – quartz; b – magnesian 
calcite, the elemental spectrum of which is located on the 
right, and on the left – the spectrum of vanadium-bearing 
thiobitumene; c – barytocalcite and its elemental spectrum; 
d – lentil of thiobitumene
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Jurassic sediments were much more significant than in 
the performed experiments, the OM in their composition, 
despite the low concentration of oxygen in the HF 
composition, had time to oxidize. In addition, one should 
not forget that in the experiments carried out, the system 
was closed and the products of hydrothermal reactions 
accumulated in autoclaves, while natural systems, as a 
rule, are open to certain degree, and the resulting products 
have the ability to leave the place where they formed.

Intensive decomposition of carbonates in the performed 
experiments is explained by the absence of carbonate ions 
in the composition of the HF, which had a purely aqueous 
composition. In experiments in which H2O2 was present, 
an acidic environment arose in the additives due to the 
formation of sulfuric acid; therefore, carbonates were 
easily dissolved in acidic HF. Consequently, natural 
hydrothermal fluids contained much less oxygen in their 
composition than in the experiments performed, and in 
addition, they contained a sufficient amount of carbonate 
ions necessary for the formation of carbonates and, first 
of all, having an iron composition.

OM, which was part of the Jurassic sediments, acted 
as a buffer, which contributed to the preservation of the 
bivalent state of Fe contained in the HF. Due to this, 
siderite and ankerite are often present in the clarified 
Jurassic sediments, along with hydrothermal quartz 
and kaolinite (Zubkov et al., 1991; Zubkov, 2017). 
The absence of hydrothermal chlorite in the Jurassic 
sediments exposed to HF also indicates that they had an 
acidic composition and, probably, a lower temperature 
than in the experiments carried out.

Conclusions
1. In experiments with HF having a purely aqueous 

composition, an intensive generation of hydrocarbons 
and bitumen from the initial OM is observed, which is 
accompanied by fluid fracture of the rock and leads to 
the formation of additional secondary porosity.

2. In the same experiments, dissolution of unstable 
minerals occurs, as a result of which secondary porosity 
is also formed, the filtration-capacitive properties of 
rocks are improved and their silicification occurs.

3. As the share of Н2О2 in the composition of HF 
increases, the primary oxidation of the initial OM and 
bitumen formed from it is observed, the decomposition 
of carbonates, kaolinite and plagioclases, the appearance 
of magnetite first, which then, as the concentration of 
Н2О2 (oxygen) increases, is replaced by hematite, native 
sulfur and anhydrite are formed and ferrous chlorite.

4. In experiments with the maximum concentration of 
Н2О2 and, accordingly, high acidity of the hydrothermal 
fluid, kaolinite is preserved.

5. The results obtained indicate that natural 
hydrothermal fluids had a lower oxygen concentration 
in their composition than in the experiments performed, 
since iron oxides were not found in the areas exposed to 

them, although Ca and Ba sulfates, native sulfur were 
present, and the rocks are intensely lightened.

6. The presence of siderite and kaolinite in rocks 
subjected to hydrothermal action under natural 
conditions, but the absence of chlorite in them indicates 
that natural hydrothermal fluids probably had a lower 
temperature (less than 390°C), acidic composition and 
were saturated with carbonate ion, which was absent or 
was present in an insignificant amount in the composition 
of hydrothermal fluid in the experiments performed.

7. The discovery of bitumen in the Jurassic sediments 
of the West Siberian (and other) sedimentary basins is 
an important exploratory indicator that in this area the 
rocks were subjected to hydrothermal action, which 
caused the active generation of hydrocarbons from the 
original OM and the formation of secondary porosity, 
which together with a high probability could lead to the 
formation of hydrocarbon deposits with high filtration 
and reservoir properties.
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