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Fig. 4. A conceptual model of a fracture network in the Lankaster field (Trice, 2014)

fluids of the basement fields obey the same laws as
the oils occurring in the sedimentary strata of oil and
gas basins. In the sedimentary section of the Earth’s
crust, according to the vertical evolutionary zonality
of the formation and transformation of hydrocarbons
associated with an increase in depth, temperature
gradient, pressure and type of source organics, the
composition of the hydrocarbon systems generated in
the bowels is transformed — from heavy oils to light and
condensates. Their characteristic features are associated
with the processes of ontogenesis. Oils contain clear
traces of the initial OM, which generated this oil.

According to (Karimov et al., 2019), in the Kyulong
basin of Viet Nam, through the contact of the protrusive
granites of the pre-Cenozoic basement with the Cenozoic
sedimentary cover, there was a lateral migration of
fluids from the oil source strata of the Oligocene age
to the base — into voids and zones of increased fracture
(Fig. 5), into formed fractured-cavernous reservoir of an
unconventional trap of a combined type.

The oils from the deposits in the basement and
in the Lower Oligocene at the White Tiger field are
characterized by close values of almost all the studied
hydrocarbon parameters, which correspond to the oils of
the mesocatagenesis zone. Such proximity is indicated
in many works (Shuster, 2003; Dmitrievskii et al., 2012;
Serebrennikova et al., 2012; Punanova et al., 2018, and
others). The molecular mass distribution of n-alkanes
indicates the generation of oils by organic matter
containing coastal algae or land plants; the conditions
for its sedimentation are suboxidative. Biomarker

Fig. 5. Afragment of the model for the formation of oil deposits
in the granite arrays of the Kyulong basin (present) (Kerimov
etal., 2019). 1 — basement; 2 — area of disintegrated granites
(protrusion); 3 — weathering zone; 4— Pliocene quarter; 5 —
zone of overripe OM; 6 — the main zone of gas formation;
7 — the main zone of oil formation, 8 — zone of immature
OM; 9 — conditional areas of hydrocarbon accumulation;
10-11 — the direction of movement of hydrocarbons: 10 — gas
phase, 11 — liquid phase; 12 — breaks; 13 — water layer.

parameters confirm the maturity of these fluids. The
sedimentary Oligocene and base oil are also close in
Trace Element (TE) characteristics (determined by the
Dalat Institute for Nuclear Research, Viet Nam): they
have low concentrations of V and Ni (0.14 and 3.5 g/t
in the basement, and 0.10 in the Lower Oligocene and
2.2 g/t), and in the predominance of Ni (V/Ni <1) they
form the nickel type of metallogeny (Fig. 6).

Close results were obtained in detailed geochemical
studies (Mosca et al., 2019) conducted in the Cuu Long
and Nam Con Son basins (Viet Nam). Data on carbon
isotopes in oils and extracts from organic matter indicate
a non-marine sedimentation environment. The stage
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Fig. 6. The content of TE in oils of the White Tiger field

of oil maturation corresponds to the mesocatagenetic
stage (refractive index R = 0.78-0.84 %). An analysis
of biomarkers based on C,-C,.-C,; steranes, a high
ratio of tricyclic terpanes C,/C, > 1 and a low ratio of
C,,/C,, <1 for hopanes in OM, typical of lake sediments,
similar to the distribution of these hydrocarbons in
the oils of the Cuu Long basin, confirms them of lake
origin and connection with hydrocarbon generation
by sedimentary strata of the Oligocene and Miocene.
The predominance of light HC together with a very
high ratio of pristane/phytane (7-14) is consistent with
the generation of oils from OM deposited in an acidic
medium. In addition, the content of small amounts of
tricyclic terpanes, in significant homogopans (up to
C,,), the dominance of C,, steranes over C,, indicates
the contribution of terrestrial OM.

At great depths, with active tectonic processes, an
additional supply of hydrocarbon fluids containing
increased concentrations of light compounds (from C,
to C,,), usually more catagenically transformed (Mosca
et al.,, 2019), can be observed. This is quite clearly
confirmed by the data on the Trace Element composition
of naphthides, which are characterized by a set of more
migratory capable elements (As, Hg, Eu, La, Nb) with
respect to V, Ni, Mo, Co and the nickel specialization
(Punanova, Rodkin, 2019).

An interesting area for determining the origin of
hydrocarbons in the structures of the pre-Jurassic
basement of the West Siberian oil and gas basin is the
Rogozhnikovsky group of fields of the Krasnoleninsky
arch with a Permian-Triassic rock complex at the base.
About 100 wells have been drilled here, opening more
than 10 km of pre-Jurassic rocks, and almost 30 % of
them are reservoirs. The source of oil in this complex
can be both the Lower Jurassic oil source Togurian
pack and the Late Paleozoic sedimentary deposits.
The work (Korzhov et al., 2013) presents the results
of experimental studies on the feasibility of interlayer
migration of oil hydrocarbons in the near-contact zones
of the basement and cover based on the determination
of the most migratory saturated hydrocarbons in the
rocks of productive Jurassic and Pre-Jurassic sediments
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of the CP765 North Rogozhnikovskaya well. To clarify
the lithological conditions of inter-layer migration of
hydrocarbons and the possibility of deep “recharge”
of deposits, a detailed lithological-petrographic
description of core material was performed. The authors
concluded that the oil deposits in the Triassic rocks
of the weathering crust were formed as a result of the
inflow of hydrocarbons from the lower parts of the
Tyumen Formation. The content and molecular mass
distribution of saturated hydrocarbons are evidence of
inter-layer movements of Jurassic oils into the reservoirs
of the weathering crust and basement. Based on the
analysis of geological and geochemical indicators, a
number of researchers also believe that the oils of the
Jurassic and Pre-Jurassic complexes (the zone of contact
between the basement and the cover) in the Shirotniy
Priobye, Shaimsky, Krasnoleninsky, Khanty-Mansiysk
regions of the West Siberian oil and gas basin form a
physicochemical characteristic close to hydrocarbon
composition group with a single fluid dynamic system
and a common focus of oil and gas formation. Only
Jurassic deposits are recognized as oil deposits. At the
Tolumsky field of the Shaimsky district, it is assumed
that the formation of deposits in the upper part of
the Paleozoic complex and the Vogulka layers of the
Jurassic (1800-2000 m) occurs due to the migration
of hydrocarbons from the Upper Jurassic deposits,
in particular, the Mulimyinsky suite, which is the oil
source. The results of geochemical studies of oil from
the Rogozhnikovsky field in the upper part of the Triassic
effusive rocks (Turin series, depth interval 2568-2607 m)
in the Krasnoleninsky arch indicate that the main source
of the pre-Jurassic oils could be clays of the Sherkalinsky
Formation of the Lower Jurassic, which have significant
generation potential (Korzhov et al., 2013; Punanova,
Shuster, 2012, 2018; Shuster, Punanova, 2016; Shuster
etal., 2011).

The geochemical characteristics of the oils when
they occur in the erosion protrusions of the crystalline
basement are different, however, the genetic proximity
of the oils from the basement and from sedimentary
deposits also appears here. Under these conditions, oil
forms in the hypergenesis zone. And a striking example
is the oil accumulations of the Mara and Western Mara
deposits (Venezuela) (Punanova, 2014; Loépez, Lo
Moénaco, 2017). The density of oils reaches 0.991 g/cm?,
sulfur content — 5.54 %, asphaltenes — 18 %. The oils of
the Western Mara region (erosive crystalline ledge) are
classified as very heavy, with very high sulfur contents
(5.6-6.2 %), enriched due to chemical weathering and
loss of light fractions with trace elements with industrial
concentrations (in g/t) of V (954-999) and Ni (91-96).
The oils of the Mara region are medium-heavy, with a
lower sulfur content (2.5-3.0 %), V (206-260) and Ni
(14-24) (Fig. 7).
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Fig. 7. Changes in the content of vanadium, nickel and sulfur in the oils of the deposits of Venezuela Western Mara (WM) and
Mara (M) (according to analytical data (Lopez, Lo Monaco, 2017))

Geochemical data on the content of biomarkers
(Lopez, Lo Ménaco, 2017) indicate that the oils of both
regions are genetically unified, are associated with the
marine type of the initial OM and are generated by the
oil source layer of the La Luna formation (analogous
to Domanica), and the observed differences in
physicochemical properties and the content of elements
are explained by biodegradation processes, which
manifested themselves on a large scale in the Western
Mara area.

Afterword

It is worth recognizing that the naturally destroyed
crystalline rocks of the basement are a global geological
phenomenon. Despite proven commercial success, the
delay in the implementation of many projects stemmed
from the fact that the discovery of hydrocarbon deposits
in the basement historically occurred rather by accident,
than as a result of targeted exploration programs.
Nevertheless, in recent years there has been a successful
change in this trend, which leads to numerous discoveries
and an increase in the number of developments in the
basement.
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