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South Caspian Basin

Summary. The South Caspian Basin (SCB) is known as one of the oldest oil and gas producing
regions in the world. It has more than 100 years of hydrocarbon exploration and development his-
tory but still holds large volumes of unexplored resources. To date, a large number of research pro-
jects have been carried out to better understand the basin's development history and thereby to as-
sess and unlock the remaining hydrocarbon potential. Recent geological exploration programs that
been carried out in the region have introduced great opportunity to access to the subsurface data,
both seismic and drilling, from the areas that never been explored so far. They have played a criti-
cal role in mapping subsurface challenges and in more accurate, targeted approach to planning fu-
ture exploration and development programs in the area. The purpose of this article is to present the
results of geochemical studies, geological and geochemical analysis, correlations in the system oil
— source rock — mud volcanoes ejecta — well data carried out to describe the history of hydrocarbon
fluid formation in the basin, potential mechanisms of hydrocarbon generation and migration as
well as geological time of formation and accumulation of hydrocarbons in structural traps. The re-
sults of geological and geochemical analysis support the deep origin and genetic identity of the oil
and gas samples analyzed. Hydrocarbon formation and migration mechanisms in the area are con-
trolled by pressure regime within the source-rock with respect to its surrounding environment of
permeable beds. The changes and trends observed in the chemical composition, geochemical prop-
erties of the hydrocarbons fluids support the importance of seal capacity, impact of the overlaying
cap rocks on type of hydrocarbon fluids and nature of hydrocarbons traps in the area. The timing
of petroleum generation from the source rock is consistent with the timing of structural develop-
ment of some of the hydrocarbon traps in the study area.

© 2021 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

were deposited in non-marine environment ranging

The South Caspian Basin is known as one of
the world’s most prolific oil and gas basins. It is a
sedimentary basin with more than 20 km of Meso-
zoic and Tertiary sediments deposited on oceanic
or thinned continental crust. Recent rapid burial has
resulted in low geothermal gradients that support
potential to generation of hydrocarbons at great
depth between 8-10 km. Compressional defor-
mation in the late Pliocene with reactivated tecton-
ics led to formation of local uplifts and onset of
major folding in the basin. Organic rich formations
of Oligocene-Miocene age, predominantly Diatom
and Maykop, are the principal oil-prone source
rocks proved in the basin. Reservoirs are mainly
the Pliocene age Productive Series (PS) formations.
Outcrop studies suggest that these reservoir units

from fluvial to lacustrine delta (Reynolds et al.,
1998). Distribution and quality of organic matter
within the SCB is very strongly influenced by dep-
ositional setting. Integrated interpretation of the
geochemical data shows that hydrocarbons in the
area of study belong to the same, or similar genetic
family with good correlation with the biological
markers identified in the hydrocarbon fluids ana-
lyzed. Hydrocarbon formation and migration
mechanisms in the area are controlled by pressure
regime within the source-rock with respect to its
surrounding environment of permeable beds. In our
opinion, the main pulse of hydrocarbons migration
occurred in recent geological time (Absheron, Qua-
ternary) and there are direct indicators (natural
seeps, active mud volcanoes expelling oil and gas)
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proving that the migration of hydrocarbons in the

area is still taking place. Baku archipelago is the
focus area in this current study. It covers western

shelf zone of the Azerbaijan sector of the Caspian
Sea and represents a south-eastern extension into
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the sea tectonic zones of the South Gobustan and
Lower-Kura depressions. Currently, Baku archipel-
ago is one of the main oil and gas producing area in
the basin with promising exploration opportunities
as well (Fig. 1).
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Fig. 1. Location map — Baku archipelago perspective structures and oil and gas fields
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Baku archipelago represents south-east exten-
sion of the South-East Gobustan and Lower Kura
depressions into the Caspian Sea. In general, there is
trend in south-east direction with regional deepening
of the subsurface units and change in type of hydro-
carbon fluids phase from oil and gas to gas, gas-
condensate deposits. Principal hydrocarbon reser-
voirs are Pliocene age Productive Series (PS) for-
mations that are deposited unconformably above a
marine Miocene shale sequence that contains organ-
ic rich Diatomaceous shale sequence (Fig. 2).

EPOCH FORMATION SUITES
RECENT QUATERNARY
PLIESTOCENE ABSHERON
AKCHAGYL
UPPER SURAKHANY
SABUNCHY
BALAKHANY
PLIOCENE PRODUCTIVE MIDDLE ngléA
SERIES
QuQ
LOWER Qld
QA
Qala
PONTIAN
DIATOMACEOUS
MIOCENE SPIRIALITIC
MAYKOP
PALEOGENE

Fig. 2. Study Area — Simplified stratigraphic chart

Commercial deposits of oil and gas-condensate
have been identified here in the Horizons V, VII, VIII
of Pliocene age Middle productive series formations.
Lithologically they represent a series of alternating
sandstone, mudstone and siltstone layers. Fluvial de-
posits in the lower Productive Series below the Fasila
formation provide additional targets. Regarding to the
formation mechanisms of hydrocarbons in the Pro-
ductive Series formations, historically there were two
main concepts developed on this subject. According
to the first one (first described by Gubkin (I'yOkus,
1937), oil and gas deposits in the PS are formed as a
result of migration of hydrocarbons from the deeper
Oligocene-Miocene strata, predominantly from the
Diatom and Maykop formations. According to the
second concept, oil and gas deposits in PS are sin-
genetic to accommodating deposits, with Lower PS
(Qala, Qirmaky (QLd) and Qirmakiustu (QUQ,
QUG) formations considered to be source rocks for
the HCs accumulation. Later, with access to more
precise data, especially from the deeper strata, it has
been proved that Lower PS units has never reached

temperatures required for the transformation of the
organic matter into HCs. Our early research works
have shown good match in correlation of key biologi-
cal markers in the oil and source rock samples taken
in offshore Azerbaijan. That suggests that HC fluids
accumulated in the PS belong to the same genetic
family with good match to geochemical parameters of
the diatomaceous age shale source rock sample that
was analyzed. Despite of more than 100 years of hy-
drocarbon exploration and production history, there
are still debates around hydrocarbon formation and
migration mechanisms in the SCB (Guliyev et al.,
2019; Green et al., 2009; I'ymueB u nap., 2004;
Abrams, Narimanov, 1997; Narimanov et al., 1997;
Inan et al., 1997; Mawmenos, JIxasamosa, 1993;
Zonenshain, Le Pichon, 1986; YaxmaxueB u mp.,
1974; Crapobunen, 1974; Ilerpor u ap., 1967; Hu-
KOHOB, 1962; I'yokuHn, 1937). Many researchers admit
that the main phase of HC migration into the PS oc-
curred through faults, mud volcanoes channels and
diapers. Some of researchers consider the possibility
of migration of the HC fluids in the retrograded gas
mixture gas phase, or in a solution in water and par-
tially in a gas phase. Critical role of hydrodynamics in
the formation and distribution of HC accumulations
in the SCB was rightly highlighted by many research-
es historically and that concept has proved itself
through detailed modeling done based on new data
acquired in the basin recent years. Deep drilling with
access to the data from the deeper strata helped a lot
better understand thermodynamic story of the basin,
map the distribution of the different type of fluids that
formed under certain environment as well as identify
potential traces of oil and gas migration. Another im-
portant issue that been addressed in this paper is the
compositional changes of HC fluids during migration.
Organic geochemical parameters based on biomarker
distribution and stable carbon isotopes have been ap-
plied to understand the source and thermal maturity of
the organic matter as well as depositional environ-
ment of the potential source rock in the area of study
(Goodwin et al., 2020; Guliyev et al., 2019; Peters et
al., 1993; Radke, Welte, 1983; Seifert, Moldovan,
1980; ten Haven, Rullkotter, 1988).

Materials and methods

To address the issues described above precise ge-
ochemical analyses have been carried out on selected
oil and gas samples from the fields in the area of Baku
archipelago, including Sangachaly-deniz — Duvanny-
deniz — Khara-zire, Alyaty-deniz, Bulla-deniz, Garasu,
8 March fields. In total 40 fluid samples have been
analyzed. Samples represent reservoir units of Produc-
tive Series and Oligocene-Miocene, particularly diato-
maceous age shale sample (Sangachaly-deniz, well#
534) that is proven to be principal source rock for the
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hydrocarbons in the study area. Biomarker compounds
in the fraction of saturated compounds Cis:+ were stud-
ied using the gas-chromatograph 5690 in conjunction
with mass spectrometer 5970. The separation of the
saturated fractions was carried out with the help of a
50-meter column of PR. After the insemination at 270
volatile compounds were refocused for 4 minutes at
50°C. Helium was used as a gas-carrying. The mass
spectrometer worked in electronic ionization mode.
Data were collected on single ions.

Results and discussion

The distribution of Cis. saturate fraction gas
chromatograms in hydrocarbon fluids analyzed show
relatively uniform behavior throughout the study
area with some local differences that will be dis-

cussed later in paper (Fig. 3). In general, offshore
oils show predominant amount of saturated hydro-
carbons (68%), with 20% of aromatic, 11% polar
and 1% of asphaltenes.

Understanding the HC generation and formation
mechanisms requires good understanding of basin
formation, depositional environment through geo-
logical time and access to the critical data that may
help to identify the biological input and age of the
potential source rocks. Below are learnings from the
distribution of the key biomarkers and biomarkers
ratios that helped us to understand the issues de-
scribed above (Peters et al., 1993; Radke et al.,
1983; Seifert et al., 1983). Distribution of steranes in
the oils analyzed show a strong predominance of C;
and Cag steranes relative to Cy Steranes (Fig. 4).
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Fig. 3. Baku archipelago fields representative Cis+saturate fraction gas chromatograms
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Fig. 4. Baku archipelago fields — Steranes, diasteranes distribution

Grantham and Wakefield (1988) have shown that
there is relationship between distribution of sterols
and geological age. According to their observations,
the ratio of steranes Cos/Cy in 0ils and bitumen less
than 0.5 is typical for lower-Paleozoic and older sed-
iments, between 0.5-0.7 — for deposits from upper
Paleozoic to Jurassic and more than 0.7 — for Creta-
ceous and younger sediments. Such variation of
sterols over geological time is explained by changes
taking place as a result of chemical transformations
through biological evolution and the processes of
biosynthesis over geological time. Volkman (1986)
discovered that green algae were particularly en-
riched with ethyl-cholestanes. During the biological
evolution, phytoplankton microorganisms became
increasingly diverse. It is known that Cys sterols are
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synthesized mainly by dinoflagellates, coccolitho-
phorids and diatoms. Enrichment of Cyg steranes is
not associated with the emergence of some new or-
ganisms, but with an increase in the diversity of phy-
toplanktons. The Cas/Cayratio in HC fluids of the
study area ranges from 0.76 to 1.10 with an average
value of 0.86. The relatively high content of steranes
Cas in comparison to Cy7 and Cy9 shows that diatom
algae were an essential component of the "primary"
phytoplanktons produced. This is support above
mentioned observations by Grantham and Wakefield
(1988) and indirectly indicates that the source rocks
in the study area are correspond to the Tertiary and
possibly Mesozoic age sediments. One of the im-
portant geochemical criteria is Hopane/Hopane-
Moretane ratio. It is used as an indicator of thermal
maturity, hydrocarbon formation environment as
well as source. There is direct relationship in distri-
bution of hopane/hopane-moretane ratio and maturi-
ty of OM, i.e. increase in maturity will lead to in-
crease in the ratio (Seifert and Moldovan, 1980). By
Grantham (1986) there is also good correlation be-
tween hopane/hopane+moretane ratio and geological
age. Most pre-Middle Cretaceous oils showed rela-
tively low value of this ratio. The oils generated by
the upper Cretaceous and Tertiary source rocks have
high abundance of hopanes. The average value of
hopane/hopane+moretane ratio in the oils and con-
densates of the study area is 0.87, ranging from 0.84
to 0.89 (Fig. 5). This suggests that oils and conden-
sates in the study area were generated by source
rocks of Tertiary, and possibly Mesozoic age, with
thermal maturity corresponding to the Main Oil
Generation zone, i.e. "oil-generative window".
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Fig. 5. Baku archipelago fields — distribution of maturity de-
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ratio

It is known that 18a(H)-oleanane is an indicator
of both biological source and geological age. It
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forms from betulin (Grantham et al., 1983), cock-
roaches (ten Haven, Rullkotter, 1988) and other pen-
tacyclic triterpenoids (Whitehead, 1973) produced
by angiosperms. The ratio of 18a(H) to 18B(H) —
oleananes depends on the degree of maturity. Riva
and his co-authors (1987) have investigated more
than 150 oil samples from different oil and gas ba-
sins around the world and have identified both iso-
mers. They show that oleananes are present only in
upper Cretaceous and Tertiary age sediments. In ad-
dition, it was shown that there is clear correlation
between 18a(H) and 18p(H) — oleananes and maturi-
ty of OM, i.e. the ratio will increase with increase of
maturity index. All above linked to the fact of pres-
ence of oleananes in the oils and condensates of the
Baku archipelago indicates that Tertiary, Oligocene-
Miocene and possibly deeper Mesozoic age source
rocks are responsible for HC generated in the study
area (Fig. 6).

Radke and Welte (1983) suggested that the dis-
tribution of phenanthrene and four methylphenan-
threne isomers could be used as an indicator of cata-
genic maturity. As the maturity of OM increases the
abundance of 2-methyl and 3-methylphenantrenes
relative to abundance of 9-methyl and 1-methyl-
phenantrename decreases, where the ratio of phenan-
threne to methylphenanthrenes increases. Radke and
Welte suggested that this ratio should be called a
methylphenanthrene index (MPI-1) and used through
the following equation: MPI-1= (2MP+ 3MP)/(P+
9MP+ 1MP), where: MP is methylphenanthrene and
Pisphenanthrene. Distribution of the methylphenan-
threne (2+3)/(9+1), methylphenanthrene index and
Vitrinite Reflectance Index in the oils and conden-
sates from the study area ranging as 0.75-1.1, 0.47-
0.8 and 0.55-0.79, respectively (Fig. 7) (/I»xaBazoBa,
2004).

In studying the formation of oil and gas depos-
its, it is important to take into account the distribu-
tion and relationship in distribution between differ-
ent types of fluids throughout the study area.

In the study area majority of the oil deposits
are associated with eroded, tectonically compli-
cated, faulted areas, in contrast gas accumulations
in most cases are linked to the less complicated,
deeper structures. The important feature to high-
light is the change of the HC fluids accumulations
from the oil to the gas-condensate in south-east
direction which coincides with the thickening of
regional seals in the same direction. The regional
nature of this feature is important geological data
that helps to map the areas with high HC potential
and plan potential exploration works as well. Tim-
ing of trap development in relation to HC genera-
tion and expulsion is important in controlling the
amount and type of the HC accumulations. The
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timing of petroleum generation from the Maykop
source rock is consistent with the timing of struc-
tural development of the productive HC deposits
in the study area. A regional pulse of hydrocarbon
generation occurs during deposition of the Produc-
tive Series and originates as we mention earlier in
the deep basin.

Detailed analysis of the timing of development of
the individual structural uplifts in the study area

C,, Tetracyciic

28 29

suggests that most of the structures in a basin were
formed during Late Pliocene-Quaternary time. There
are a number of well-studied fields in the South
Caspian Sea that can be used to map the stages of
migration and accumulation of the hydrocarbon
fluids in the basin. This could be done based on
reconstruction of paleo-tectonic processes that took
place in the basin through geological time and the
volume of hydrocarbon accumulations in the traps.
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Fig. 6. Baku archipelago — Bulla-deniz field -representative mass fragmentograms showing the distribution of terpanes, hopanes in
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Modeling results suggest that regional pulse of hy-
drocarbon generation starts in the deeper part of the
basin during deposition of the Productive Series.
This pulse of hydrocarbon migration (pre-
Akchagylian) responsible for accumulation of hy-
drocarbons in the structures existing in the basin by
that time, for example Sangachaly-Duvanny, Khara-
zire trend, at the same time did not effected number
of other structures in a basin that had not been de-
veloped by that time yet, or had not adequate closure
to trap much of this early regional pulse of hydro-
carbons prior to the Akchagylian, like Hamamdag,
for example. This observation is coinciding with the
results of the geochemical analysis (MPI and others)
that suggest early generation and expulsion of the
hydrocarbons in the study area. Renewed sediment
loading during post-Akchagylian time, provokes a
second, more focused pulse of petroleum generation
in the basin. This second pulse is significant in scale
and explains the observed admixture of both biode-
graded and non-biodegraded oils in Duvanny and
Bulla-deniz, for example, and the lack of large ac-
cumulations in the structures, like Hamamdag.

Distribution of the hydrocarbon phases in the
study area is as follows: horizon V of Balakhany
suite PS is gas-condensate accumulation for the
Duvanny-deniz, Khara-zire, Bulla-deniz fields, Fasi-
la suite (horizon VII) is gas and oil in Sanagachaly-
deniz — Duvanny-deniz — Khara-zire, Alaty-deniz, 8
March, Garasu fields and QUQ suite (horizon VIII)
is gas-condensate trap in the Duvanny-deniz, Khara-
zire, Bulla-deniz, 8 March fields. There is variation
in the hydrocarbon phases in the Fasila suite horizon
VII which is the main producing horizon in the area.
For example, horizon VII in Kanizadag structure is a
gas-condensate accumulation but in the south-west
direction of regional deepening of the basin there is
a clear change in type of fluids accumulated. For
example, we observe following distribution in the
chain of the Sangachaly-deniz — Duvanny-deniz —
Khara-zire and Bulla-deniz fields: Sangachaly-deniz
— gas and oil, Duvanny-deniz — oil and gas, Khara-
zire — gas and oil and Bulla-deniz — gas-condensate
and oil accumulations. This kind of variation doesn’t
link to differential regression mechanism by Gassow
that doesn’t consider potential change in the position
of the structures through geological time which is
the case in the South-Caspian basin.

Numerous evidences show the dominant role of
the vertical migration in the accumulation of hydro-
carbons in the Productive Series formation within
the study area. Observed vertical hydro-chemical
inversion in the Productive Series — the presence of
highly mineralized, brackish waters in the upper part
of the PS with less-mineralized, alkaline at the lower
PS could be explained by upward movement of ul-

36

tra-alkaline waters from the deeper strata up towards
PS. This supports the importance of the vertical
movements in the process of HC migration. There-
fore, it is not unusual that most PS hydrocarbon ac-
cumulations in the study area are corresponding to
the areas with high concentration of alkaline (zone
VII, VIII) and partially mixed waters (zone V). This
observation also supports the fact of relatively high-
er reservoir pressures at the base of PS as a result of
introduction of high-pressured fluids escaped from
the Oligocene-Miocene shales due to compaction.

There is a clear relationship between chemical
composition of the hydrocarbon fluids, their regional
distribution and changes along the vertical section in
the wells as well. Mud volcanoes also played certain
role in the formation of hydrocarbon accumulations
in the study area. In overall, the data suggests the
dominant role of vertical migration in the formation
of HC accumulations in the study area.

Let's take a quick look at the nature of this phe-
nomenon. One of the geochemical criteria to apply
to map hydrocarbons migration pathways is the de-
crease of saturation pressure with increasing abun-
dance of gas dryness. In our case, for zone VII we
see opposite picture — both parameters change pro-
portionally, increasing along both sides of Duvanny-
deniz field, i.e. for the Duvanny-deniz the value of
saturation pressure is 20-30 MPa, for the area of
Sangachaly-deniz and Khara-zire it varies between
30-40 MPa. Similarly, the dryness of gases, respec-
tively, increases from the Duvanny-deniz (12.36) to
the Sangachaly-deniz (14.85) and to the Khara-zire.
Such changes could be explained by migration of the
hydrocarbons from the deeper strata via tectonic
faults. Formation of a gas zones in the areas close to
tectonic faults could explain observation above.
There are number of mud volcanoes in the study ar-
ea, including the ones located within the producing
oil and gas fields. Correlation of the chemical com-
position between gas samples from the mud volca-
noes and producing reservoir units helps to under-
stand migration mechanisms in the study area. We
see high similarity in chemical composition between
the gas samples from the producing fields and from
the mud volcanoes in the area. Duvanny mud volca-
no shows 92.35% of CH4 with 4.19% of total heavy
hydrocarbons, in Khara-zire Island and Khara-zire
mud volcanoes these two parameters are 94.11%,
94.77% for CH4 and 5.01%, 4.8% for total amount
of heavy hydrocarbons respectively. Same parame-
ters for the gas samples from the producing Duvan-
ny-deniz and Khara-zire fields show 92.89%,
94.77% of CH. and 6.44%, 4.88% for the total
heavy hydrocarbons respectively. That suggests the
dominant role of vertical migration in the system.
And now let's review the trends we observe in the
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composition of oil and condensates that may help to
understand formation and migration of the hydro-
carbons in the Baku archipelago.

We see two stages of hydrocarbon migration
and accumulation in the area of study. The first stage
covers the beginning of the Absheron time, during
which regional vertical (and accompanying lateral
migration through individual layers) migration was
carried out as a single phase, deep faults activated
due to intense tectonic movements that time could
play a certain role as migration pathways as well.
Presence of mud volcano breccia in the deep Mio-
cene-Oligocene deposits (Diatom, Maykop) is a
good evidence of that. Migrated hydrocarbons (in
Gas-0il phase) would accumulate in the traps with
favorable reservoir properties. At this initial stage
the chemical composition of the fluids would be the
same across entire basin, regardless of their strati-
graphic age.

Later, until the end of the Absheron time
preservation or any changes in the chemical compo-
sitions of the fluids would depend on sealing capaci-
ty of the overburden layers. The second stage of hy-
drocarbon migration (Gas-Condensate phase) covers
the Anthropogenic phase of tectogenesis, during
which a structural framework of folds was finally
formed. Numerous faults that formed due to reac-
tivated tectonic movements in the area cause com-
partmentalization of the existing structures and as a
result changes in chemical compositions and proper-
ties of the hydrocarbon fluids accumulated. It should
be noted that at this time, along with the ongoing
migration processes, there were significant over-
flows among and between the layers, leading to the
re-formation of existing accumulations. For exam-
ple, due to the absence of Akchagyl and Lower Ab-
sheron deposits on the SW flank and SE uplift zone
of the Duvanny-deniz field, i.e., due to low seal ca-
pacity before the second stage of migration, there
was a partial destruction of the original trap due to
diffusion processes. High resistivity in the horizons

V and VII of Productive Series observed in the wells
(#30, 45, 52, 58, 97) located out of oil-water contact
is a good evidence that supports the observation
above. It also can indicate lateral migration but that
would normally have regional feature, not a limited,
local one. The change in the quality of sealing ca-
pacity effects on the amount of gas dissolved in oil,
as well as the quantity and quality of its gasoline
component (fractions up to 200°C); first, paraffinic-
naphthenic and then naphthenic-aromatic hydrocar-
bons would release from the hydrocarbon accumula-
tion. Note that there is a gradual change in the
> Cs+Y.Ce/Y.C7+> Cgratio along stratigraphic section,
i.e. from the bottom, horizon VIII up to horizon V. It
ranges from 0.3-0.5 in horizon VIII and then de-
creases to 0.2 in horizon V, i.e. up to the well sec-
tion. In our view, the decrease of this ratio in the
horizon V is well linked to what was stated above
and could be explained by loose of light fractions as
a result of diffusion. As noted, the initial reservoir
pressure of the gas-condensate-oil deposit in the
horizon V of the Duvanny-deniz field ranges be-
tween 29.4-32.4 MPa, for the gas-condensate de-
posit of the horizon VIII the range is 49-59 MPa.
Experimentally found that under normal condi-
tions (10-20 MPa), model condensates are signifi-
cantly enriched by those hydrocarbon compounds
that easily move into the gas phase. However, at
high pressures (30-50 MPa) the effect of selective
solution in compressed gases fades, as a result con-
densates and original oil will have similar chemical
composition. This can explain high degree similarity
in the chemical composition of different fractions of
condensates from horizons V and VIII, although
there is a significant difference in hypsometric posi-
tion (up to 2000 m.) and consequently in subsurface
conditions (pressure and temperature) (Table 1). In
addition, this once again supports the assumption
that hydrocarbon fluids migrated at initial stage of
migration would have the same or similar chemical
composition.

Table 1
Condensates from Sangachaly-deniz field — similar hydrocarbon composition despite difference
in depth and subsurface conditions
. Depth, . o Output . Group fractions, Boiling Point 200°C
Well# Horizon meters Fractions, “C % Density Paraffinic Naphtenic Aromatic

Boiling Point-150| 34.44 0.745 47.70 39.03 13.27

150-200 28.44 0.749 52.01 34.31 13.68

298 v 3327 200-250 17.26 0.770 55.34 31.94 12.72
> 250 19.86 0.781 47.12 42.03 10.85

Boiling Point-150| 30.97 0.766 45.76 40.09 14.15

150-200 15.04 0.779 52.96 33.17 13.87

537 Vil 5023 200-250 15.36 0.804 52.38 34.38 13.24
> 250 19.14 0.805 50.81 36.42 12.77
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It is known that, due to the high mobility, light
fractions of the hydrocarbon fluids are successfully
used to understand migration processes (Table 2). As
can be seen from the Table 2, Y Cyclohexanes/
Y Cyclopentanes ratio varies within 2-3. According to
V.F.Nikonov (Huxonos, 1962) in oils this ratio is
equal to or less than 1, in condensates is 3-4 or more,
and the change in this ratio within 1-3 indicates the
possibility of presence of an oil rim. Consequently,
the increase of this ratio with depth (from 2.02 to
2.80) is well linked to the distribution of hydrocarbon
accumulations in the Baku archipelago, indirectly
indicating the presence of an oil rim in the horizon
VIII at the Sangachaly-deniz — Duvanny-deniz — Kha-
ra-zire and in the horizon VII at the Bulla-deniz field.

In addition to this, geochemical composition of
the gasoline fraction from the hydrocarbon fluids
demonstrates a clear relationship between subsurface
condition, i.e. temperature and pressure in reservoir
sections and chemical composition of the fluids mi-
grated in the system. This is reflected by the fact that
in the direction of migration of the hydrocarbons the
value of the ratios Y Cyclohexanes/Y Cyclopentanes,
> n.alkanes/Y iso.alkanes is decreasing. That is due
to the fact that in compressed gases branched al-
kanes and five-membered naphthenes dissolve no-
ticeably better than n-alkanes and six-membered
naphthenes. Therefore, due to phase-retrogradation,
chromatographic and diffusion processes, as well as
decrease in temperature and pressure in the system,
the hydrocarbon fluids that migrate upward will get
higher amount of iso-alkanes and five-membered
naphthenes. Chemical composition for individual
hydrocarbons from oil and condensates from the
Bulla-deniz, Khara-zire, Duvanny-deniz fields
shows increase in distribution of n-alkanes and de-
creases of total amount of isoprenoids from top to
bottom of the well section. That could be explained
by the catagenetic processes (cracking). At the same
time, we observe that ratio of low-molecular normal
alkanes and isoprenoid hydrocarbons to high-
molecular Zn.Clz-n.Cls/Zn.Cle-n.Clg,Zn.Cle-n.Clgl
ZH.Czo-n.Czs and ZiSO.Cls-iSO.C15/ZiSO.C21-iSO.C25
in oils and condensates increases in all cases from

the bottom to upper part of the section. A similar
phenomenon is observed at the Bulla-deniz field:
horizon V condensates contain a higher amount of
the more mobile low-molecular n-alkanes and iso-
prenoids, in comparison to the condensates from the
deeper horizon VII. Such changes are likely to be
the result of differentiation of n.alkanes and isopre-
noids caused by chromatography effect, as well as
decrease in temperature and pressure along the mi-
gration path. Thus, changes in the individual compo-
sition of hydrocarbons could be explained by 2 fac-
tors: cracking and differentiation during vertical mi-
gration. It is important to highlight that pristane/
phytane ratio in condensates is higher than in oils.
High ratios of pristane/phytane in some cases are
associated by many researchers not only with genet-
ic features of source rocks, but also with physical
processes occurring at the time of formation of the
hydrocarbon traps. Such changes are common for
the CPI index of alkanes as well. All above suggest
the dominant role of vertical migration in the for-
mation of the hydrocarbon accumulations in Produc-
tive Series. There are direct evidences which
demonstrate that the migration of hydrocarbon in the
study area is still taking place. Analysis of the ab-
normal high pressure on the existing uplift zones
indicates continued vertical fluid flow into Produc-
tive Series. However, it should be noted that lateral
migration also plays a critical role in filling the res-
ervoirs of the lower part of the Productive series.
Oil to source rock correlation done on samples tak-
en from the producing well in Sangachaly-deniz
shows similarity in distribution of the key indica-
tive biomarkers, including relative abundance of
C27:C25:Co9 regular steranes, rearranged steranes to
regular steranes, tricyclicterpanes, pentacycli-
chopanes and other triterpanes. Correlation was
done on Pliocene, Productive series age oil sample
(Fig.8A) and Late Miocene, Diatomaceous shale
sample from the same well (Fig 8B). Similarity in
geochemical properties and distribution of the key
biomarkers also suggests that oil and rock samples
analyzed belong to the same (or similar) genetic
family.

Table 2

Baku archipelago representative fields— Gasoline fractions (boiling point at 125°C) composition and trends

. . . Depth, | n-alkanes/iso-alkanes |Cyclohexane/Cyclopentane | n-alkanes/ | 3 Cyclohexane | Alkane/

Field Horizon | Type of accumulation meter | Co | Co | G | Ce Ce c Cs |iso-alkanes|SCyclopentane| Cyclic
Sangachaly-deniz- \Y Gas-Condensate-Oil | 3327 |0.63]|0.54]|0.83( 0.65 1.48 2.26 1.91 0.68 2.16 0.85
Duvanny-deniz- Vi Gas-Oil 3498 |0.78]0.55|0.79( 0.62 1.51 2.75 2.37 0.67 2.26 0.78
Khara-Zire \alll Gas-Condensate 5023 |0.49]|0.41]0.83| 0.78 | 1.54 3.55 2.56 0,69 2.80 0.86

Vi Gas-Condensate 5442 (0.88|0.57|0.83| 0.70 | 1.83 2.29 1.49 0.76 2.02 0.99

Bulla-deniz Vil Gas-Condensate 5459 [0.73]|0.53|0.75| 0.67 | 2.15 2.38 1.66 0.67 2.10 0.97
Wil Gas-Condensate 5855 [0.79]|0.60(0.74| 0.66 | 2.12 241 1.63 0.66 2.12 0.94

Alyaty-deniz Wil Gas-Oll 5108 |0.73]0.51]0.68] 0.62 | 2.21 2.50 1.66 0.61 2.21 0.77
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Fig. 8. Oil-Source rock correlation — Pliocene, Productive series age oil sample from Sangachaly-deniz field (A)
and Late Miocene, Diatomaceous shale sample from the same well (B)

Conclusion

Detailed research work with most modern tech-
nologies applied helps to address subsurface uncer-
tainties and challenges we face in oil and gas indus-
try and in planning further exploration activities as
well. Analytical studies and further interpretation of
the data received suggest that hydrocarbons in the
study area belong to the same or similar genetic fam-
ily. Differences observed could be explained by the
secondary processes, such as, biodegradation, wash-
ing and fractionation during migration and in the
reservoir. Data suggests two episodes of petroleum
generation in the area of study. An early, primary

pulse of generation is regional and likely emanates
from the Lower Maykop in the deep water portion of
the study area. This generation occurs at pre-
Akchagylian time during deposition of the Produc-
tive Series. This active generative window migrates
up dip from the deep basin toward the productive
Sangachaly-deniz — Duvanny-deniz — Khara-zire
trend and non-productive southern structural trends.
Assuming that structural growth along the produc-
tive Sangachaly trend predates the growth along
some of the structures in the south, for example
Hamadag trend, this early generated petroleum (and
early expulsed petroleum as indicated by methyl-
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phenanthrene index and other measurements) can
charge structures along the productive trend and to
the east of it. Renewed sediment loading during the
post-Akchagylian, drives a second, more focused
pulse of petroleum generation. That supports hydro-
carbon accumulation in the existing traps.
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XAPAKTEPUCTUKA HE@TEMATEPMHCKHUX IIOPOJ U TEHEPALIMA YIJIEBOIOPOJOB,
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Pe3tome. bacceiin 1oxxnoro Kacrust (FOKB) u3BecteH kak ouH U3 crapeiimx HedTeq00bIBalOIINX perHoHOB B Mupe. HecMoTpst
Ha Gonee yeM 100-JIETHIOIO HCTOPHUIO I'€0JIOrOpa3BeKH U pa3pabOTKH YIIEBOJOPOJIOB, B Hepax OacceiiHa BeE ewmé ocTarTest 60Ib-
IIMe 3amachl Hepa3BEeIaHHBIX YIJICBOJOPOAHBIX pecypcoB. [0 HACTOSIIETO BPEMEHH OBLIO OCYIIECTBICHO OOJNBIIOE KOJHYECTBO
HCCIIEJOBATENBCKUX MPOEKTOB, KOTOPbIE MOMOTJIH JIy4Ille OHATh UCTOPUIO Pa3BUTHs GacceiiHa M TeM CaMbIM OLICHHUTb M PACKPBITh
HMEIOIUHCS YTIeBOJOPOIHEIH MOTEHINAA. JTO, HECOMHEHHO, CHITPAJI0 PEMIAIONIYI0 POJIb B paboTax 10 Te0I0ro-reopu3nIecKoMy
U ICOXMMHUYCCKOMY KapTUPOBAHUIO PErvoHa, IMOJAHAB Ha Oonee JleTaJ'[beII\/'l u ﬂOCTOBeprIP’I YPOBEHL PE3YJILTATHI l'lpOBe)léHHbIX
pa60T. ﬂOCTyl’l K TOCTOBEPHBIM I'€OJIOTUYCCKUM, CEMCMHUYECKUM U CKBAYKUHHBIM JAHHBIM, MOJYYEHHBIM B PE3YyJIbTATE HEIAABHUX
re0JI0ropa3BeIoYHbIX paboT B HEpa3BeJaHHBIX [0 CHX MOpP paifoHaX, MO3BOJIMII JIy4Ille MOHATh MPHPOLY, XapaKTep pacrpeaeieHus
KIIFOUYEBBIX reonoro-reod)muqecm/lx, F€OXNMMHUYECKUX MMAapaMETPOB, KOTOPHIC UT'PAIOT CYHIECCTBECHHYIO POJIb IPU IJIAHUPOBAHUU 6y—
IYIHMX POTpaMM II0 TE0JIOropas3Be/Ke U pa3paboTKe OTIEIbHBIX MEPCICKTUBHBIX PalOHOB B PETHOHE, U CKOHIICHTPHPOBATHCS Ha
MOTEHIMAIBHO IPHOPUTETHBIX paifoHax.

Lenpio maHHOW CTATHU SBIAETCS IPECTaBICHIE PE3yIbTaTOB TEOXHUMHYECKIX HCCIEJOBAaHUH, T€0JI0T0-TeOXUMUIECKOTO aHaJIU-
3a, KOppeJSIIUI B cCHCTEMe He(Th — IIOPOJa — IPS3EBHIC BYJIKAHbI — CKBOXKHHHBIE JIAaHHBIC, IIPOBEICHHBIX C IIEIBI0 OIMCAHHS NCTOPUI
(bopMupOBaHHs YIIIEBOJOPOAHBIX (UIIOMAOB B OacceliHe, NOTEHIMAIbHBIX MEXaHH3MOB I€HEpalMd M MUTPALUM YIJICBOJOPOOB,
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re0JIOrHYECKOT0 BpeMeHH (pOPMUPOBAHMS M 3AIOJHEHHS CTPYKTYPHBIX JIOBYIIEK. |'€0JIOr0-re0OXUMHUYECKHN aHaIHU3 TOJIyIeHHBIX
JTAHHBIX TIOJJIEPKUBAET PaHee BHICKA3aHHOE MHEHHE O TIYOMHHOM MPOUCXOXKIECHUH M TeHETHYECKOM €IUHCTBE MCCIEIYEMBIX yTiIe-
BOJIOPOIOB. ['eHepalusi yrieBoA0OpOJOB M MHIPAMOHHBIE MPOLECCHl B 3TOM pailOHE KOHTPOJHPYIOTCS PEKHUMOM [IaBICHUS B
He()TEMATEPHHCKUX MOPOAX IO OTHOIICHHIO K OKPYXXKAFOLIUM UX MPOHUIIAEMBIM MOPOJaM. BIMsHHE TIMHUCTBHIX MOKPHIIICK HA Xa-
paKTep pacrpeeiieHdst B M THI YIIICBOJIOPOAHBIX (IIOMIOB B paiiOHE MCCIEIOBAHUS MOATBEPXKIACTCS U3MEHCHUSIMH, HabIroqae-
MBIMH B KOMIIOHCHTHOM H YIJIEBOJOPOJHOM COCTaBe He(Teil Mo paspesy MecTOpOXICHHI. Bpemsi reHepainu yrieBOJOPOIHBIX
GuronI0B U3 He()TEMATEPUHCKUX TTOPOJI COTJIACYETCsl CO BpeMeHeM 00pa30BaHMUs CaMHX CTPYKTYPHBIX JIOBYIIIEK B paliOHe HUCCIIEN0-
BaHUs.

Knrouesvie cnosa:. nedpmo, 2az, ucmounux opMuposanus, 2eoXumuyeckue ucciedo8anus, ouomapkepwl, muepayus, FOcro-
Kacnuiickuii baccetin

NEFT-ANA SUXURLARININ XUSUSIYYOTLORI VO KARBOHIDROGENLORIN GENERASIYASI,
BAKI ARXIPELAQI, CONUBI X0Z9R HOVZOSi, AZORBAYCAN

Cavadova A.S.
AMEA Neft vo Gazlnstitutu
AZ1000, Bak: sah.,F.Omirov kii¢.,9: ajavadova@yahoo.com

Xiilasa. Conubi Xozor Hovzasi (CXH) diinyanin on gadim karbohidrogen bélgslarindan biridir. Qeyd etmok lazimdir ki, 100 il-
don artiq neft vo gaz sonayesina malik Conubi Xozor Hovzoasinda halo ds bdyiik hacmds agkar olunmamus neft vo qaz ehtiyatlar: var.
Moalumdur ki, burada bu giino godar ¢ox sayda elmi-tadqiqat islori aparilmigdir. Aparilan islarin magsadi Conubi Xozar Hévzasinin
yaranma tarixinin 6yranilmosini daha dogiq tosvir etmokls, tadgigat sahasinin karbohidrogen ehtiyatlarinin giymatlondirilmasi vo as-
kar edilmosi olmusdur. Son illar Conubi Xozor Hovzasinds bu giina godar dyronilmomis saholords geoloji-kasfiyyat islori aparilmus-
dir. Naticads yeni geoloji-geofiziki malumatlarin olds edilmasi miimkiin olmusdur ki, bu da, siibhasiz, cox vacib bir haldir. Burada
yeni seysmik malumatlarla yanasi, quyu molumatlarindandan séhbot gedir ki, bu da, hovzanin ayri-ayri sahslorinin geoloji xariteal-
masinda aparilan islorin daha dolgun, etibarli noticalonmasina gotirib ¢ixarmigdir. Eyni zamanda, daha etibarli, dolgun molumatlarin
alds edilmasi hvzads, onun ayri-ayr perspektiv sahalorinds geoloji-kosfiyyat, agkar olunmusg yataglarin istismar islorinin planlasdi-
rilmasinda miihiim rol oynayan geoloji-geofiziki parametrlorin daha diizgiin tosvir edilmasinds avozolunmaz amildir. Naticodo plan-
lagdirmanin daha magsadyonlii aparilmasinin togkil edilmoasi miimkiin olmusdur. Togdim olunan magalods aparilmis geoloji vo geo-
kimysvi tadgigatlarin naticalori, neft, ana stixur, pal¢iq vulkanlar: vo quyu molumatlarindan istifados etmokls hévzads karbohidrogen-
larin yaranma tarixi, generasiya vo migrasiya mexanizmlari, karbohidrogenlorin amalogslma va struktur talslorin dolma zamanina da-
ir molumatlar tasvir edilmisdir. Geokimyavi malumatlarin naticssi tadgigat sahasinds toplanmis karbohidrogenlarin darin, eyni vs ya
yaxin mangali olmasim gostorir. Karbohidrogen fliidlorinin generasiya vo migrasiyasi, asason ana siixurlarda olan tayziglorin otraf
kegirici siixurlara olan nishati ilo slagasi gostorilmisdir. Gil 6rtiik suxurlarinin keyfiyyatinin karbohidrogen fluidlorinin paylanmasina
Vo faza novlorins tosirinin 6nomliyi yataglarda neftlorin komponent vo karbohidrogen torkibinds miisahids olunan dayisikliklords 6z
oksini tapmigdir. Karbohidrogenlorin ana siixurlardan generasiya etmasi va todgigat sahesinds struktur toalslorin yaranmasi eyni geo-
loji zamanda bags vermisdir.

Acgar sozlar: neft, qaz, amalagalma manbayi, geokimyavi tadgigatlar, biomarkerlar, migrasiya, Conubi Xazor hévzasi
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