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is contradictory to the results of Rock-Eval pyrolysis 
(catagenesis grades МC1

1-МC2). However, given very 
few steranes found in the studied bitumens, and generally 
low yields of bitumen, except individual samples (with 
no steranes identified in them), one should apply the 
sterane parameters with great care. 

Migration-controled biomarker indicators 
Given that in the study of Precambrian samples, 

especially those that are highly transformed (or possibly 
highly thermally transformed), the question as to whether 
bitumen is autochthonous is very relevant. To this end, 
relationships between the biomarker parameters and the 
bitumen coefficient were plotted in order to putatively 
estimate potential effects of the hydrocarbons migration 
on their distribution. Acyclic saturated hydrocarbons 
showed no clear dependence of С27/C17, CPI, and Pr/Ph 
on β. In the steranes (Fig. 12), the proportion of S-forms 
increases as compared to R-forms with increasing β in 
the samples from the Malga and Kandyk Formations, 
which is probably a result of a greater transformation of 
allochthonous terrestrial admixtures during catagenesis. 
The relationship between ββ- and αα-isomers shows an 
opposite trend for the Kandyk and Tsipanda formations, 
which suggests a lesser transformation of the introduced 
organic matter. However, the samples from the Tsipanda 
Fm are interpreted to be autochthonous. As such, this 
tendency might be not true, rather it is associated with 
an error stemming from a paucity of steranes. The 
pregnanes to steranes ratio in the samples from the 
Malga Formation is clearly directly proportional to the 
percentage of bitumens. Pregnanes are probably more 
migratory than steranes and are capable to accumulate in 
low permeability strata (Kontorovich, Timoshina, 2009). 
At this, high concentrations of pregnanes are typical 
of marine, lagoon depositional environments of the 
parent high salinity strata (ten Haven et al., 1988), while 
pregnanes can also accumulate as compared to degrading 
С27-30 steranes under high catagenesis conditions, and 
are more resistant to biodegradation than steranes 

(Peters et al., 2007). The input of bitumens took place 
probably from deeper buried strata whose accumulation 
is associated with higher salinity of basinal waters, while 
hydrocarbons might be biodegraded to some extent. 

However, a decrease in the proportion of steranes 
having eukaryotic organisms as their ancient source 
(Peters et al., 2007), as compared to terpanes, may indicate 
an older source. Besides the fact that more compact 
molecules migrate better, the possible migration can be 
supported by other lines of evidence, which include: an 
increase in Ts (against Tm) in terpanes in allochthonous 
bitumens; slightly reduced С35 (against С34) concentrations 
in homohopanes, which is more pronouncedly observed 
in the Malga samples; and a slight increase in the number 
of tricyclanes compared to hopanes against an increase in 
the bitumen coefficient (Fig. 13). Among possible reasons 
for the directly proportional relationship between Ts/Tm 
and the bitumen coefficient are the accumulation of the 
initial organic matter for allochthonous bitumen in the 
carbonate sediment (Philp, 1983; Rüllkötter, Marzi, 1988), 
its diagenesis in an oxidizing environment (Moldowan 
et al., 1986), and high catagenesis conditions (Waples, 
Machihara, 1990; van Graas et al., 1990; Petrov, 1994). 
In the case of allochthonous terrestrial admixture having a 
lower tricyclane index indicating more marine conditions 
for accumulation of the initial OM (Kontorovich et al., 
1999) or higher catagenesis, a weak decreasing tend in 
the tricyclane index and affiliated increase in β may relate 
indirectly to the migration phenomenon. If the admixture 
contains a lot of tricyclanes due to either more marine 
source or higher catagenesis, this may as well be related 
to an increase in the number of tricyclanes compared to 
hopanes (Petrov, 1994).

in C29 steranes in C29 steranes 

Steranes/terpanes Steranes/pregnanes

Fig. 12. A relationship between steranes ratios and 
allochtonous constituent of bitumens in the Riphean organic 
matter from the Maya Rv. outcrops (formations: 1 – Malga, 
2 – Kandyk) with trends (shown by the dotted lines for 
Malga Fm (black), Kandyk Fm (red)). The sample numbers 
correspond to the sample numbering in Tables 2 and 4.

Fig. 11. Trigonogram of steranes in Riphean bitumens from 
the Maya Rv. outcrops; Formations: 1 – Malga, 2 – Malga 
and Tsipanda, 3 – Tsipanda, 4 – Kumakh, 5 – Mil’kon, 6 
– Nel’kan, 7 – Ignikan, 8 – Kandyk (the sample numbers 
correspond to the sample numbering in Table 4)
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Thus, there is a distinct connection of the steranes/
pregnanes and steranes/terpanes ratios with the migration 
processes shown for the Malga formation, which contains 
both allochthonous and autochthonous bitumens. The 
trend for the steranes/pregnanes ratio may indicate 
both the input of hydrocarbons (possibly biodegraded) 
from deeper buried and higher salinity strata during the 
organic matter accumulation. A decrease in concentration 
of steranes compared against terpanes with an increase 
in the bitumen coefficient may be the result of HC input 
from an older, more eukaryote-depleted source. A rather 
fuzzy tendency towards a decrease in the tricyclane index 
with the increasing bitumen coefficient may indicate the 
input of hydrocarbons whose source was of more marine 
origin. A significant increase in Ts/Tm in allochthonous 
bitumens may be a result of the input of HCs from 
carbonate strata, where the initial OM is exposed to a 
high catagenesis conditions and has passed diagenesis 
in an oxidative environment, although the superposition 
of purely migration effects is also possible. A higher 
level of catagenesis for migrated hydrocarbons is also 
reflected in elevated proportion of S-forms compared to 
R-forms in steranes (Han et al., 2017).

Conclusion
The studied Precambrian rocks from the Aldan-Maya 

depression are organic carbon-rich (TOC > 1 %) and 
can be attributed to the oil-prone source mudstones 
and siltstones of the Malga, Tsipanda and Kumakh 

Formations. Samples from other studied formations are 
TOC- and bitumens-depleted, with the latter being either 
allochthonous or mixed, indicating the migratory nature 
of oil components in the studied deposits.

The highest generation potential (HI = 267–511 
mg HC/g TOC) was observed in the samples from the 
Malga and Tsipanda Formations. According to Тmax, the 
catagenesis of the OM from the Malga and Tsipanda 
formations corresponds to catagenesis grade МC1

2, 
while maturity level of the Tsipanda and Kandyk organic 
matter is lower. However, due to the possible presence 
of bitumen in some samples, the HI values may be 
overestimated and the Тmax underestimated.

Based on the distribution of biomarker HCs, different 
prokaryotes are found to have been the biological 
precursors of the oil-prone Kumakh, Tsipanda, and 
Malga source rocks, including cyanobacteria (hopanes, 
acyclic biomarkers) and, to a lesser extent, auto- and 
heterotrophic eukaryotes (concentrations and distribution 
of steranes) that lived in the marine (no biomarkers of 
terrestrial OM, distribution of acyclic alkanes, steranes) 
Precambrian (12- and 13-monomethylalkanes) basins 
with clayey sedimentation (high content of diasterans). 
The Malga Formation probably partially accumulated 
before the appearance of eukaryotes (the absence 
of steranes in some samples). The concentrations of 
low molecular weight tricyclanes (2С19-20/С23-26>1) in 
the Tsipanda and Kumakh bitumens, and in the half 
of bitumens from the Malga Formation are generally 
elevated, which is probably associated with specific 
parent biota, although not being characteristic of the 
marine OM.

A rare homologous series of 2,7-dimethylalkanes 
identified in several samples from the Malga Formation 
and in both samples of the Kumakh Formation, 
however not registered in any sample of the Tsipanda 
Formation, may represent distinctions of its biota, its 
accumulation conditions or evolution during diagenesis 
and catagenesis. The distinctness of the Tsipanda 
Formation is also accentuated by high content of 
ethylcholestanes (С29/  С27=2.5) in its carbonaceous 
mudstone.

Biomarker characteristics similar to those observed 
in the samples from the Malga, Tsipanda, and 
Kumakh Formations were dominantly encountered in 
allochthonous and mixed bitumens of OM-depleted 
samples from the studied collection (except the Kandyk 
bituminous sandstone). These are generally characterized 
by elevated tricyclane index (>1), and finds of 12- and 
13-monomethylalkanes in the Tsipanda limestone, and 
2,7-dimethylalkanes in carbonates of the Mil’kon and 
Nel’kan Fms and in one sample from the Kandyk Fm.

In several allochthonous bitumens, the content of 
trisnorneohopane has significantly increased compared 
to trisnorhopane (Ts/Tm>3, 6.2–21.7 in samples from 

C35/C34 in homohopanes Ts/Tm in hopanes

2C19-20/C23-26 in tricyclanesC27-35 hopanes/C19-31 tricyclanes

Fig. 13. A relationship between the terpanes ratios and the 
allochtonous constituent of bitumens in the organic matter 
from Riphean outcrops of the Maya Rv. (Formations: 1 – 
Malga, 2 – Malga and Tsipanda, 3 –Tsipanda, 4 – Kumakh, 5 
– Mil’kon, 6 – Nel’kan, 7 – Ignikan, 8 – Kandyk) with trends 
for all the samples (blue dashed line) and separately for the 
Malga (black dashed line) and Kandyk (red dashed line) 
Formations (the sample numbers correspond to the sample 
numbering in Tables 2 and 4)
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the Ignikan and Kandyk Fms), which can be explained 
neither by high catagenesis conditions nor admixture of 
younger terrestrial hydrocarbons. This may be associated 
with diagenetic conditions or migration processes.

In the studied collections, the relationships that in 
varying degrees are controlled by the migration processes 
(i.e. to some extent are dependent on the value of bitumen 
ratio β) include: Ts/Tm in hopanes, С27-35 hopanes/
С19-31 tricyclanes, 2C19-20 /C23-26 in tricyclanes, C35/C34 in 
homohopanes, 20S/20R and ββ20(S+R)/αα20R in С29 
steranes, steranes/pregnanes, steranes/terpanes. It would 
be highly logical to investigate possible anomalies of 
these parameters during migration and their causes using 
a more extensive and diverse collection.
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