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Summary. This paper details aspects of isotope-geochemical features for oil and gas on the
N-W flank of South Caspian basin (Gobustan, western Absheron regions and adjacent offshore ar-
ea), where natural oil and gas seepages are associated with tectonic faults and mud volcanoes
(MVs). Oils concerned with MVs are biodegraded, having predominantly naphthenic-paraffinic
base and less than 0.5% sulfur content. Oil samples and hydrocarbon extracts of source rock were
analyzed using gas chromatography, mass spectrometry and their combination (biomarker analy-
sis). Oil-oil and oil-source rock correlations are used. The values of the complex biomarker pa-
rameters of selected oil samples correspond to Tertiary source rocks with the similar organic facies
accumulated in deep-water conditions with some terrestrial contribution. Oils have low to moder-
ate organic maturities (Ro = 0.75-0.85). Relationship between the isotope composition of carbon
(ICC) for aliphatic and aromatic fractions of oils and rock extracts (oil-rock correlation) shows that
the source of commercial oil reserves in the Productive series (lower Pliocene) is mainly Miocene
deposits (Diatom, Chokrak and Upper Maykop strata). The source of gases is from the sedimentary
cover as is evidenced by the 3He/4He ratio values. They also have been derived from mixed ma-
rine organic-rich source facies. Such gas is not from the thermal destruction of oils. Calculated
depth of oil source corresponds to 6.1-8.6 km (gas source — from 8.1 to 15.8 km). The isotopically
heavy ICC of COz2 in gases is most probably the microbial destruction of hydrocarbons at shallow
depths (no deeper than 2 km).

© 2019 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

The north-western flank of the South Caspian

nantly naphthenic-paraffinic base and less than 0.5%
sulfur content.

basin (SCB) includes Gobustan, western Absheron
regions and adjacent offshore area (Fig. 1). This area
is a strongly folded region with high density of de-
velopment of structures and outcrops with a wide
stratigraphic range (from Pliocene to Paleogene).
Natural oil and gas surface seepages associated with
tectonic faults and mud volcanoes are widely deve-
loped.

The purpose of this paper is to detail different
aspects of isotope-geochemical features of oil and
gas in this region.

2. Results of studies and discussion

2.1. Oil and gas seepages

2.1.1. Oil seeps

Oil seeps concerned with mud volcanoes (MV)
are biodegraded except for the oil at the north-
westernmost volcano, Demirchi, at the offset of the
Greater Caucasus (Fig. 2). All oils have predomi-

The isotopic composition of carbon (ICC) of
crude oil ranges from -28.2 to -25.0%. and the pris-
tine/phytane (Pr/Ph) ratio ranges from 0.9 to 2.0.
The studied oil seeps from MVs are classified into
two types: isotopically heavy and isotopically light.
The gas chromatography — mass spectrometry (GC-
MS) traces show low diasteranes and an almost
equal distribution of Cy9 sterane compounds,
though Cyg sterane is often slightly dominant.

2.1.2. Gas seepages

Gases play an important role in mud volcanoes
process. The source of these significant gas volumes
is from the sedimentary cover as is evidenced by the
3He/*He ratio values, which vary within
(0.28-9.0)*107 (average 1.2*107).

Methane dominates in all the samples of the
MV gases (89.1-99.5 %). There are small amounts
of CHz¢, CO2, Np, He and Ar (Valayev and Grin-
chenko, 1984).
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Figure 1. Scheme of location the studied region, petroleum
fields and mud volcanos:1 — Kalamaddyn; 2 — Hajiveli; 3 — Um-
baki; 4 — Pirsaat; 5 — Dashgil; 6 — Kyanizadag; 7 — Sangachal-
deniz; 8 — Duvanny-deniz; 9 — Garadag; 10 — Guzdek; 11 — Ker-
gez; 12 — Jangi (mud volcano)
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Figure 2. Examples of gas—liquid chromatograms of the saturat-
ed fraction of oils from mud volcanoes in Azerbaijan: (a) biode-
graded oil (Kyrlykh MV) and (b) non-biodegraded oil (Demirchi
MV)

The isotope compositions of carbon of methane
and ethane display significant variability: respective-
ly, -58.4 10 -39.4%o and -23.3 t0 -29.6%o.. The isotop-
ically lightest samples are interpreted as a mixed
biogenic and thermogenic gases. The isotopically
heaviest samples are indicative of a thermogenic
origin (Fig. 3).

The CO- concentration in gases of MVs ranges
from 0.05 to 18.2%. Values of 8*C (CO.) from
more than 80 examined MVs vary widely: from
-49.6 to +25.6%o and indicate the presence of multi-
ple sources of CO,. The rarely encountered isotopi-
cally super-heavy CO; (> +5%o) has special interest.
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Figure 3. ICC of CH4 vs. ICC of CzHs in gases of mud volca-
noes (1) and petroleum

2.2. Reservoir oils and gases

2.2.1. Reservoir oils

Examination of oils was carried out using gas
chromatography and mass-spectrometry techniques
and their combination (biomarker analysis). Some
oils are mixtures of biodegraded and non-
biodegraded oils. Unaltered oils have similar
n-alkane distributions, indicating an algae contribu-
tion typical for lacustrine, lagoonal or pelagic sedi-
mentation environments.

The pristane / phytane (Pr/Ph) ratio is between
1.3 and 1.5 for the majority of oils. Such values are
typical for oils generated by source facies of marine
origin when the oxygen-enriched photic zone is lo-
cated above anoxic water mass and sediments. For
some samples values of Pr/Ph ratio were found to be
below 1.3, apparently suggesting more reducing
conditions in the water layer, less thermal maturity
or, more likely, biodegradation impact.

Pristane/n-C7 and Phytane/n-Cag ratios (Fig. 4)
suggest that the source rocks were in transition be-
tween oxidizing and reducing conditions with simi-
lar molecular characteristics. Variation in isopre-
noid/n-alkane ratio values is controlled exclusively
by the extent of biodegradation. These parameters
suggest that oils were generated by several source
rocks with similar facies.

The carbon preference index (CPI) values, de-
rived from gas chromatographic analyses (Marzi et
al., 1993), change in the narrow range (1.02+0.02),
indicating moderate input of terrestrial organic mate-
rial.

Gross composition of oils (Fig.5) indicates that
they are sourced from similar organic facies.

Sterane distributions (Cz7, Cos and Cz) show
close similarity between studied oils (dispersion is
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around 3%), thus also indicating, that the oils have
been generated by similar source facies (Fig. 6-8).

50.0

._.
WY e
o ©

n

Pristane/n-C17
©

)
LN

0.1

0.1 0.5 1.0 5.0 10.0
Phytane/n-C18

o L Pliocene (PS) oils

50.0

e Paleogene-Miocene oils

Although all of the above biomarker indexes in-
dicate the formation of oils from similar organic fa-
cies, the 83C ratio of whole oils, varying between
-27.52 and -23.83 %o suggests their formation in
different source rocks.
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Figure 6. Relative percentage of C27:Czs:Ca29 regular steranes in
oils

Figure 4. Crossplot of Pristane/n-C,,vs. Phytane/n-Cg in oils
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Figure 5. Triangle diagram of the oil group composition from
Paleogene-Miocene and Low Pliocene reservoirs

The values of other complex biomarker pa-
rameters, such as Cy/Cy9 sterane ratio, ho-
pane/(hopane +moretane) ratio, content of oleanane
and gammacerane, tricyclic and pentacyclic-
terpanoids, testify to Tertiary source rocks with
similar organic facies accumulated in deep-water
conditions with some terrestrial contribution. Mod-
erate input of terrestrial organic material is con-
firmed by the carbon preference index (CPI) values,
derived from gas chromatographic analyses (Marzi
et al., 1993), which change in the narrow range
(1.02+0.02). Norhopanes to hopanes ratio is low,
typical for clastic source rocks.
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Figure 7. Relative percentage of Cz7:Ca2s:Cag isosteranes in oils
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Figure 8. Relative percentages of Ca7:Cz2s:Cao diasteranes in oils

The relationship between the ICC of aliphatic
and aromatic fractions of oils and rock extracts (oil-
rock correlation) indicates that the source of com-
mercial oil reserves in the Productive series is main-
ly Miocene deposits (Diatom, Chokrak and Upper
Maykop strata) (Fig. 9).
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Figure 9. The relationship between the ICC of aliphatic and
aromatic fractions of oils and rock extracts

2.2.2. Reservoir gases

17 gas samples were examined from 13 fields of
the Gobustan and adjacent Absheron and offshore
areas. All gases are associated with oil accumula-
tions. The samples are taken from reservoirs occur-
ring in the depth interval from 520 to 4268 m and
cover wide geographic and stratigraphic ranges.

The natural gases display significant differences
in both molecular and isotopic composition. Me-
thane dominates in all samples (89-99.8%). Gas
wetness ranges from less than 1% (Sangachal-deniz
field) to greater than 12% (Pirsaat field). The charac-
ter of the gas wetness variability with depth most
probably reflects the location in the section of peak
oil generation and the zone of biogenic gases.

Values of the iC4/nCy ratios vary in the range
0.36-4.4 and decrease with depth due to either ther-
mal maturity as a result of the generation of nC, or
alteration through microbial processes, which pref-
erentially remove nC, and therefore cause an in-
crease in the ratio.

Methane carbon isotopic composition ranges
from 58 to 37%o relative to the PDB standard. The
stable carbon isotopic composition of ethane also
displays a wide range. Unlike mud volcanoes, which
are represented predominantly by thermogenic hy-
drocarbon gases, the gases of the petroleum fields
have both thermogenic and biochemical origins, as
well as being mixed (see Fig.3).

Examination of the dataset reveals an increasing
tendency in the methane and ethane &*3C values with
depth. Such a trend is consistent with increasing
thermal maturity of gases. Due to vertical migration
the introduction of isotopically heavier gas in the
shallow section is observed.

As well as in mud volcanoes the presence of
isotopically super-heavy CO, was detected also in
gases of petroleum fields. In gases of the petroleum
fields this type of CO, is found only to a depth of
about 2 km, regardless of the stratigraphic affiliation
of the reservoir (Fig. 10).

$°CO, %o
-25 -15 -5 0 5 15 25
0 il Jd
|
=2 4
e
's 2
Q5
©
A
4 ]
5 4
6 -

Figure 10. The carbon isotopic composition of carbon dioxide
in gases of petroleum fields vs. depth

The mechanism of oil biodegradation is able to
explain the nature of isotopically heavy CO; in gases
of petroleum fields and mud volcanoes. The pres-
ence of isotopically super-heavy CO- and the possi-
bility of its generation by the oxidation of hydrocar-
bons were mentioned by Zarttman et al. (1961), Kis-
sin and Pakhomov (1967), Galimov (1973), Irwin et
al. (1977), Pallasser R.J. (2000) and Wilhelms et al.
(2001).

This result is confirmed by the comparative analy-
sis of distribution of §"*C CO and CH, for mud volca-
noes separately with and without oil seeps (Fig. 11).
The heaviest 8*3C values of CO2 and the lowest §°C
values of CHj, are typical for mud volcanoes with oil
seeps (Feyzullayev and Movsumova, 2010).
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Figure 11. Histograms of the distribution of 33C CO: values
(in%o) of CO2 and CHa: (1) mud volcanoes without oil seeps and
(2) mud volcanoes with oil seeps
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2.3. Maturity of oils and gases

A number of isotopic geochemical parameters
are used for assessments of oil and gas maturity (Pe-
ters and Moldovan, 1993).

Isomerization of Cag-ethylcholestanes and me-
thyl-phenantrane index (MPI) are the most often
used biomarker ratios for oil maturity assessments.
Based on empirically derived relationships between
values of these parameters and the thermal history of
sedimentary basins their values are converted to
equivalent vitrinite reflectance (Ro) values.

Gas maturity estimates are based on an empiri-
cally derived relation between carbon isotopic com-
position of HC gases and vitrinite reflectance (Ro)
(Faber, 1987).

Values of isomerization of Cyg-ethylcholestanes
ratio for studied oils vary between 0.3-0.5 with an
average value of 0.39 and a tendency for an increase
in the direction of the regional subsidence of the
strata. Such values indicate a low degree of maturity.

The majority of methyl-phenathrene index
(MPI-1) values reported as vitrinite reflectance
equivalence (Reg.) are within 0.6-0.9 in agreement
with the estimates of thermal maturity of oils corre-
sponding to the upper part of oil window.

Values of trisnorhopane ratio Ts/(Ts+Tm) vary
within 0.21-0.30 (0.26 average) and indicate that the
oils were generated at different hydrocarbon-
generating stages and/or from diverse source rocks.

There are no maturity differences between non-
degraded oils and condensates.

Based on the estimates of the maturity of the
gases from mud volcanoes (Feyzullayev et al.,
2015), their gases migrate to the surface from con-
siderable depths (7 to 15 km), corresponding to the
zone of generation of gas-condensate (vitrinite re-
flectance Ro = 1.3-1.8%). In this connection the
primary gas must be fatty. Gas sampled in the quiet
period of MV activity is predominantly methane
and the gas is classified as dry. Gas wetness
{100 x (C,+/Cit+)} values range from 0.01 to
0.62%. The explanation is that during quite periods
the gas migrates through the thick clay mass filling
the channel of the volcano, accompanied by a con-
trasting gas chromatographic effect. However, dur-
ing the eruption of mud volcanoes HC gases reach
the surface through an open channel without a gas
chromatographic effect. In this case the initial fatty
composition of gases is reflected by the black color
of the products of their combustion (Feyzullayev,
2010) (Fig. 12) and the detection of “frozen” drops
of liquid HCs from the burning gas on the surface
of the volcano.

As a whole the maturity estimates for mud vol-
cano HC gases are in agreement with those for HC
fields, varying within 1.30-2.10% Req. At the same

time, slightly higher maturity of mud volcano gases
is noted (Req=1.55% on average vs. 1.42% for reser-
VOir gases).

Figure 12. Eruptions of Lokbatan MV in 1997 (on the top) and
2001 years

The maturity of oils is lower in comparison with
gas. The present-day maturity of the MV oils is 0.65%
- 0.80% Req. and agrees well with maturity of the res-
ervoir oils, allowing one conclude that the MV oils are
a product of the destruction of oil accumulation in
structures, pierced by MV. Therefore the maximal
depth of the MV oils does not exceed the depth of cor-
responding reservoir oils, about 4.9 km offshore
(8 March field, well 580) and 5.3 km onshore (Kala-
maddyn field, well 3) (Feyzullayev, 2012).

The stratigraphic locations of the HC sources
change towards regional subsidence of strata (from
southern slope of the Great Caucasus to the central
deep buried part of SCB) from Mesozoic to Paleo-
gene-Miocene (gas) and from Oligocene to Miocene
(oil) (Feyzullayev and Aliyeva, 2003; Guliyev et al.,
2004).

Using the relationship between R, and depth
for the SCB a generalized model was created for
vertical zonality of oil and gas generation in the
SCB. The interval of oil and gas formation occu-
pies a depth range of 5-15 km, with a hypsometric
shift between the zones of liquid and gas genera-
tion. The oil generation interval is confined to 5-9
km (peak generation at 7-8 km) and the gas source
is located between 8 and 15 km (peak generation
at 11-12 km) (Fig. 13).
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3. Conclusion

Examination of hydrocarbons using gas chro-
matography and mass-spectrometry techniques
showed that some oils are mixtures of biodegraded
and non-biodegraded oils. Unaltered oils have simi-
lar n-alkane distributions indicating algae contribu-
tion typical for lacustrine, lagoonal or pelagic sedi-
mentation environments.

Molecular characterization of selected oil sam-
ples indicates that most of the oils are sourced from
similar Tertiary, slightly calcareous, mixed terrestri-
al-marine kerogen and have low to moderate organic
maturities (Ro = 0.75-0.85).

Gas also has been derived from mixed marine
organic-rich source facies (more humic and less an-
oxic). Such gas is not from the thermal destruction
of ails.

Thermal disequilibrium from the rapid subsid-
ence delayed hydrocarbon generation and increased
the minimum depth required for the onset of liquid
hydrocarbon generation. Several oils display charac-
teristics consistent with multiple phases of trap
charging.
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OacceliHe B CBSI3W C OHTOT€HEe30M He(TH U rasa. M3Bectus
HAH Asep6aiimkana. Hayku o 3emie, Ne 4, 2010, c. 28-45.

H30TONHO-TEOXUMHUYECKASI XAPAKTEPUCTHKA YIVIEBOLOPOJ0OB
CEBEPO-3ATITAJJHOI'O ®JIAHT A IO KHO-KACITMUCKOI'O BACCEMHA

DeiizynnaeB A.A.
Huemumym 2eonocuu u ceopusuxu HAHA
AZ1148, 2.baxy, npocn. I [Jcasuoa, 119: fakper@gmail.com

Pestome. B naHHO# cTaThe MOAPOGHO PACCMATPHUBAIOTCS Pa3IMYHbIe aCHEKThl H30TOIMHO-TEOXUMUYECKIX 0COOCHHOCTEH HedTei
n ra3oB C3 6opra FOxHo-Kacnmiickoro Gacceitna (I'oOycran, 3amanHbii AGIIEpOH M MpUIIETalONIas IPUOPEXKHAs 30Ha), TIe ecTe-
CTBEHHBIE TIPOSIBIICHUS HE)TH U Ta3a CBA3aHbl C TCKTOHMYECKUMH HapyIICHUsMHU U rps3eBbiMd ByiakaHamu (I'B). Hedtu I'B Grone-
TpaJupoOBaHbl, UMEIOT IPEUMYIIECTBEHHO Ha()TeH-apaMHOBYIO OCHOBY C cojepkanneM cepbl MeHee 0,5%. OOpasmsl HedTH u
YIJIEBOIOPOIHOTO SKCTPAKTa MaTEPUHCKUX MOPOJ aHATM3UPOBAINCH C ITOMOIIIBIO Ta30BOH XpoMaTorpaduu, Macc-ClieKTpOMETPHH U
ux KoMOuHaimu (OnomapkepHsiii anaiu3). [Iposenena koppemsiius HedTh — HedTh U HEPTH — MaTepPUHCKas! MOPOJA, U YCTAHOBJICHO,
4TO He()TH COOTBETCTBYIOT NOPOJAaM TPETHYHOIO BO3pAcTa C OPraHM4ECKUMHU (alusIMH, HAKOIUICHHBIMH B IIIyOOKOBOJHBIX YCIIOBH-
X C HEKOTOPBIM BKJIAJOM Ha3eMHOTO OpPraHM4ecKoro marepuana. HedTu xapakTepusyloTcss HM3KOW WM YMEPEHHOH 3pPeNoCcThbio
(Ro = 0,75-0,85). 3aBUCUMOCTBH MKy H30TOIHBIM coctaBoM yriieposa (MCY) anudaruueckoit u apomaruyeckoii dpaxiuuii Hedreit
U 3KCTPAKTOB MOPOJ| TTIOKA3bIBAET, YTO MCTOUYHUKOM IPOMBIIIICHHEIX 3aMacoB HE()TH B IPOXYKTUBHOW TONIIE (HIDKHUI IUTHOIIEH)
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Geology and geophysics

SIBIISTIOTCS. B OCHOBHOM MHOIICHOBBIC OTJIOKCHHS (JIMATOM, YOKPAaK M BEPXHHU Maikom). MICTOUHHKOM ra3oB SIBISICTCS OCAJOYHBII
4eXoJl, 0 UeM CBUJIETENLCTBYIOT 3HaueHus oTHomenus SHe/*He. T'a3bl Takoke ObLIM 00pa30BaHbI U3 CMEIIAHHON MOPCKOH (IIpeobia-
JlaeT) U Ha3eMHOW opraHnveckoi Qanuii. ['a3sl He ABISAIOTCS MPOAYKTOM TEPMUYECKOTO KpeKuHra Hedreil. PacyetHas rioyOuna mc-
ToyHHKa HeTH cooTBeTcTBYeT 6,1-8,6 kM (ucTouHmka raza — ot 8,1 mo 15,8 km). M3oromHo-tsoxensiit UCY COz B rasax, ckopee
BCETO, CBSI3aH C MUKPOOHBIM pa3pylIeHHEM YTIEBOJOPOIOB Ha HEOONBIINX TTyOuHaxX (He riy0oxke 2 KM).

Knrwouesvie cnosa: nepmo, 2as, mamepurckue nopoovl, opeanuieckoe geujecmso, 2eoxumus, kopperayus. FOxcno-Kacnuiickuii
baccetin

CONUBI X0ZOR HOVZOSININ SIMAL-QORB CINAHINDA KARBOHIDROGENLORIN
iZOTOP-GEOKIMY®OVi SOCiYYOSi

Feyzullayev 9.9.
AMEA Geologiya va Geofizika Institutu
AZ1143, Baki sah., H.Cavid prosp.,119: fakper@gmail.com

Xiilasa. Bu magalods Conubi Xozar hovzasinds (Qobustan, Qarbi Abseron rayonlari va bitisik sahil zonasi) neft va gazin izotop-
geokimyavi xiisusiyyatlorinin miixtalif aspektlori tohlil edilir. Burada geniis yayilmis neft vo qazin tobii tozahiirlori tektonik
quilmalar ve palgiq vulkanlari (PV) ilo slagodardir. Bioloji aginmaya meruz qalmis vo kiikiirdiin miqdar1 0,5%-don az olan PV
neftlori1, osason, naften-parafin torkiblidir. Neftin vo ana siixurlarin karbohidrogen ekstraktinin niimunslori gqaz- xromatoqrafiya,
mass-spektrometriya vo onlarin kombinasiyasi (biomarker analizi) tisullarinin komoayi ilo 6yronilmisdir. Neft-neft vo neft-ana siixur
korrelyasiyasi aparilmig vo miisyyan edilmigdir ki, neftlor, osason, dorinsu goraitinds yigilmis Miosen yash {izvi materialdan amolo
golmigdir. Neftlorin yetkinliyi agagi vo ya orta deracays (Ro = 0,75-0,85) uygundur. Neftlorin va siixur ekstraktlarinin alifatik vo
aromatik fraksiyalarin karbonunun izotop torkiblori (KIT) arasindaki asilihiq Mohsuldar gatda (alt Pliosen) olan sonae neft
ehtiyatlarinin manbayinin asasen Miosen ¢okiintiilari (Diatom, Cokrak va iist Maykop) oldugunu gdstarir. Qazlarm monbayi 3He/*He
nisbatinin giymatlorina gors ¢okiintii ortiiytidiir. Qazlar da qarigiq doniz (dominant) va yeriistii tizvi fasiyalardan amalo golmisdir vo
onlar neftlorin termal krekinginin mahsulu deyil. Hesablanmis neft monbayin darinliyi 6,1-8,6 km-o barabardir (qaz monboayi 8,1-dan
15,8 km-o qgodordir). Qazlarda CO2 agir KiT-nin dayaz dorinliklordo (2 km-don dorin olmayan) karbohidrogenlerin mikrobial
dagilmasi ilo olagodardir.

Acar sozlar: neft, gaz, ana siixurlar, iizvi madda, geokimya, korrelyasiya, Conubi Xozar hovzasi
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