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Fig. 7. Overlaying chromatograms of the aromatic frac-
tion obtained for sample 32-116 in the study of “synthetic” 
oil at 300 °C, 7 days – the violet line; “synthetic” oil at 
350 °C, 12 hours – the blue line; and hexane extract from 
open pores – green line. The registration mode of the se-
lected ion is m/z 192.

Table 5. Geochemical parameters of CPI and OEP calcu-
lated for the studied samples

Sample  
CPI OEP 

23-097 30-032 32-116 23-097 30-032 32-116 
Hexane, �/p 0.97 1.01 0.98 0.90 0.90 0.89 

Hexane, c/p 1.23 1.33 1.30 0.75 0.83 0.58 

Chloroform, �/ p
 1.03 0.98 1.16 0.90 0.88 0.99 

“Synthetic” oil,
 300°�,   7 days 1.05 1.00 1.03 0.93 0.94 0.93 

“Synthetic” oil,
 350°�,  12 hours 1.12 1.00 0.97 0.96 0.94 0.96 

Natural oil
 0.99 0.93 

identical, and under optimal conditions the distribution 
will always approach a curve with a monopike, then 
for comparison with extracts and natural oil, samples 
of “synthetic” oil obtained using 300 °C in 7 days were 
used. The distribution results are shown in Figure 6. 
There is a similarity in the ratio of n-alkanes between 
the oil extracted during the development of rocks of the 
Bazhenov formation of this field, the hexane extract from 
open pores, and the hydropyrolysis products. Since the 
distribution of light hydrocarbons could be affected by 
the evaporation and sample preparation process, and 
n-alkanes with a longer chain length are identical in all 
samples, it can be argued that as a result of secondary 
and tertiary methods of exposure, it is possible to obtain 
hydrocarbons which composition is close to natural oil 
by this indicator.

At the same time, the obtained results of experiments 
on the production of “synthetic” oil may mean that 
when the temperature impact is applied to the rocks, 
the adsorbed hydrocarbons are extracted rather than the 
generation potential is realized. However, in addition 
to the appearance of a secondary peak for “synthetic” 
oils obtained at a temperature of 350 °C in 12 hours, 
an increase in the parameter S1 after the experiments 
(values reach 20 mg HC/g of rock, which is 25 % higher 
initial values), as well as the presence of compounds 
in synthetic oils that are absent in natural oils and 
extracts (Fig. 7) indicates precisely the receipt the 
generation potential products. As can be seen, a peak 
is present in the aromatic fractions of both “synthetic” 
oils, which presumably characterizes the presence of 
methylanthracene, which is not present in the hexane 
extract from open pores (the GC-MS method does not 
allow determining the position of the methyl group, 
further studies are required by the method GC-MS/MS 
or analysis of standart samples). In fact, the presence of 
these features indicates that, as a result of the temperature 
effect, the generation potential of kerogen is realized, and 
not only the output of the already formed HCC.

In addition to comparing the distribution of n-alkanes 
for oil, extracts, and “synthetic” oils, maturity parameters 

were determined that made it possible to evaluate the 
identity of hydrocarbon compounds obtained in various 
ways by their conversion. The geochemical indices of 
CPI and OEP are shown in Table 5.

It has been established that these parameters for 
oil, hexane and chloroform extracts and “synthetic” 
oils are close to each other, which suggests that as a 
result of secondary and tertiary methods of stimulating 
the formation, the products will have a high degree of 
maturity, and hydrocarbon-containing compounds will 
not require secondary processing.

Another parameter that allows us to compare the 
studied HCC systems is the Pr/Ph ratio (Table 6). As can 
be seen from the Table, in the case of hexane extracts 
from closed pores, the lowest values ​​of this geochemical 
parameter are observed. In chloroform extracts from 
open pores, the parameter also does not reach the value 
of 0.5, while in hexane extracts from open pores and in 
oil the values ​​are identical and are about 0.6. Parameters 

Fig. 6. Comparison of n-alkanes distribution in oil, hexane 
extract from open pores and “synthetic” oil (300 °C, 7 days) 
for sample 32-116
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for “synthetic” oils are also close to the indicated 
systems and are about 0.7. Thus, we can say that for this 
parameter, the indicated air-blast units are close.

Another parameter characterizing the maturity of HCC 
is determined by the ratio of 4-methyldibenzothiophene 
to 1-methyldibenzothiophene (Table 7) and for all 
systems lies within the error. This also indicates a high 
degree of thermal maturity of OM in all cases.

Conclusion
As a result of the work done, it was found that 

samples of the Bazhenov formation with high oil 
generation potential are promising for development 
by secondary and tertiary methods of stimulating the 
formation. In case of secondary methods of stimulating 
the formation, hydrocarbon compounds should be 
removed that are in the well in a physically bound state 
or fixed with bitumen plugs. For development it is not 
necessary to carry out rock destruction, for example, by 
hydraulic fracturing, to extract hydrocarbons from closed 
pores, since their maturity is lower, the composition is 
different from natural oil, and probably product recycling 
will be required. When extracting bitumen from open 
pores, their composition is close to the composition of 
natural oils extracted from the Bazhenov formation of 
this field, and the number of light hydrocarbons can reach 
35 kg from 1 m3 of rock.

At the same time these rocks are promising for 
tertiary methods of stimulation. The composition of the 
obtained “synthetic” oils is also close to the composition 
of natural oil. Moreover, when the rock is exposed to 
a temperature of 350 °C for 12 hours in the presence 
of water, it is possible to extract 15-20 kg of HCC 
from 1 m3 of rock. At the same time, sorbed HCC will 
remain in the rock after thermal exposure. Selection 
of optimal conditions for stimulating the formation 
will increase the production of “synthetic” oil by this 
method. Additional research is necessary to evaluate 

whether adsorbed HCC will remain in the strata after 
the extraction of “synthetic” oil.

Thus, secondary and tertiary methods of stimulating 
the formation will allow for the future, when developing 
appropriate technologies, to significantly increase oil 
production from rocks of high-carbon formations with 
high oil generation potential, will not require secondary 
processing of the product, and can be used sequentially 
by summing the amount of hydrocarbons produced.
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