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Summary. The paper provides an analysis of the results of isotope-geochemical studies of
rocks and oils of the Cenozoic-Mesozoic section of the South Caspian Basin (SCB) over the past
30 years. As a result, the previously established fact of the heavy carbon isotope composition (ICC)
of organic matter (OM) of Miocene rocks (Diatom Formation), as well as its derivative oils accu-
mulated in the main (Lower Pliocene) reservoir of the SCB, were confirmed. To verify the global
nature of this phenomenon, a comparative analysis of isotope-geochemical data on sedimentary ba-
sins of 18 countries was carried out. A generalized diagram showing the limits of change in the
ICC of kerogen and oils and their average values for various stratigraphic complexes for all con-
sidered basins has been constructed. It has been established that this phenomenon is also character-
istic of other basins of the world. Based on this, a conclusion was made about the global nature of
this phenomenon. The reasons that led to the isotopic shift in the global carbon budget that oc-
curred in the Miocene are not completely understood. The existing ideas about its possible nature
are considered. The results once again confirmed the effectiveness of using §'*C for oil-oil and oil-

source rock correlation in combination with other geochemical criteria.

© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

The South Caspian basin (SCB) is a large
tectonic element of the Earth's crust in the central
segment of the Alpine-Himalayan mobile belt,
which includes the deepest depression on Earth — the
South Caspian Depression (SCD). The SCB is char-
acterized by very rapid Pliocene- Quaternary subsid-
ence and sedimentation (1.2-3.0 km/Ma). The sedi-
mentary fill of the SCB reaches a thickness up to 25
km and is formed by deposits of Middle Jurassic to
Quaternary age.

The SCB is among the oldest oil and gas bearing
provinces in the world. Oil and gas is produced from
reservoirs over a wide stratigraphic range: from the
Upper Cretaceous to the Quaternary. The majority of
commercial oil reserves, however, are located in the
Lower Pliocene — Productive Series (>75%), with the
remainder in the Miocene-Paleogene (15%) and the
Upper Cretaceous (10%) (Feyzullayev et al., 2001).
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Over the past 30 years, a large amount of re-
search has been carried out to study the generation
potential of the Mesozoic-Cenozoic rocks from
outcrops and wells, as well as the carbon isotope
composition (ICC) of reservoir oils. Oil-to-oil and
source rocks-to-oil correlations based on carbon
isotopic ratios suggest that the Miocene interval
(Diatom, Chokrak and Upper Maykop strata) has
played the principal role in the formation of
commercial oil accumulations in Lower Pliocene —
Productive Series (PS) reservoirs (Guliyev et al.,
1997; Feyzullayev et al., 2001; Guliyev et al.,
2001; Feyzullayev, 2019).

Based on the ICC of organic matter (OM), two
groups of rocks were clearly identified in the sedi-
mentary section of the SCB: diatoms and pre-
diatoms. OM of diatom rocks, as well as its deriva-
tive oils, is characterized by relatively heavier ICC
(Fig. 1 and 2).
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Fig. 1. SCB. Limits of change and average values of §"*C in
kerogen of rocks of different ages (Feyzullayev et al., 2001)
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Fig. 2. Average values of carbon isotope ratios in the alkane
fraction of oils from different age reservoirs in the South Caspi-
an Basin (Guliyev et al., 2001)

The source of oils of the main (Lower Pliocene)
SCB reservoir is mainly the diatomaceous formation
(Feyzullayev, Aliyeva, 2003) and therefore they are
also characterized by relatively heavy ICC.

The Diatom suite belongs to the Middle-Upper
Miocene stratigraphic interval and includes 4 hori-
zons namely: Konk, Karagan, Sarmat and Meotis.
This formation is distinguished by a high Total Or-
ganic Carbon (TOC) content (on average 4.35 wt.%)
with type II-I kerogen (HI up to 770 mg HC/g TOC)
and a high generation potential (~3 t. HC/m?).

As the name of the formation suggests, it con-
sists of more than 50% diatom shells and is repre-
sented by loose or cemented siliceous deposits of

light gray or yellowish color (Diatomite, 1978;
Zhuze, 1973).

The diatomite is a porous rock, light-weight,
siliceous, being a result of accumulation and com-
pactions of diatom remains, clay and silt. The dia-
toms accumulate in areas where the rate of deposi-
tion of diatoms frustule is higher than the deposi-
tion of other sediments (e.g., Berger, 1970; Barron
1987). Diatomites are of marine, less often fresh-
water (lake) origin and contain 70-98% silica
(Jordan, Stickley, 2010).

Diatomites are prolific hydrocarbon source
rocks in many basins worldwide (Schwartz, 1987;
Aoyagi, lijima, 1987; Aoyagi, Omokawa, 1992; Bai-
ley et al.,, 1996; Bazhenova, 2002; Mayer et al.,
2018; Sachsenhofer et al., 2018; Tulan et al., 2020).

Examples include the Miocene Monterey For-
mation in California (Isaacs and Rullkdtter, 2001).
Several Miocene diatomaceous deposits are docu-
mented in Central Europe. In the Pannonian Basin
the Middle Miocene diatom-rich rocks are associat-
ed with volcanic activity (Dill et al., 2008).

They are distributed mainly in Paleogene-
Neogene and Quaternary geological deposits
(Tomkeev, 1986). Diatomites acquire a particular-
ly important significance in the Tertiary period; in
Paleogene diatomites, silica is often replaced by
pyrite (Maslov, 1974).

The starting discovery of a similar phenomenon
(heavy ICC of the Miocene OM and oils) in some
other sedimentary basins motivated this study (Ken-
nett, 1986; Chung et al., 1992; Magoon et al., 1995;
Lillis et al., 2001; Younes, 2012; Philip, Jarde, 2015).

In this regard, the main objective of this study
was to collect, summarize and compare the ICC of
kerogen and oils of the Miocene and older rocks/re-
servoirs of various sedimentary basins of the world.
The main purpose is to test the assumption about
the global nature of the phenomenon of heavy ICC
of OM and oils of the Miocene identified in the
SCB.

Analytical database

The data on the carbon isotope composition of
OM (kerogen/extract of rocks) and SCB oils used in
the paper represent the most complete summary of
research results over the past 30 years. For a com-
parative analysis with other basins of the world, data
on Miocene (Diatom Formation) and relatively older
Oligocene-Lower Miocene (Maykop Series), Eocene
and Cretaceous sediments were used. The amount of
this data is reported in Table 1.

Results from other basins in the world are di-
vided into two groups in Table 2 based on their
age (Miocene and Pre-Miocene).
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Table 1
Number of analyzes ICC of OM and oils in the SCB
Age of .011 source and Diatom Maykop Eocene Cretaceous
reservoir rocks
Analyzed objects OM Oil OM Oil OM Oil OM Oil
Number of analyses 31 64 52 29 12 28 14 10
Table 2
Number of analyzes ICC of OM and oils for various basins of the world
Number of ICC
Country Basins / Province Miocene Pre-Miocene Source
OM | Oil | OM Oil
.. h . . Guliyev et. al., 1997;
Azerbaijan South Caspian — Kura basin 31 64 78 57 Guliyev et al., 2001
Clayton et al., 1992;
Magoon et al., 1995;
Lillis et al., 2001; Lillis
. ) and Magoon, 2007; Pe-
San Joaquin and Santa Clara basins, ters et al.. 2018: An-
USA California; P.1smo, Santa Maria and 29 | 152 57 88 drusevich et al., 1998;
Hartford basins; Denver and Powder Schouten et al.. 1997:
River basins; Gulf of Mexico. Johnson 1998" Spike} ot
al., 1988; Komada et al.,
2005; Froelich, Robin-
son, 1988;
Kontorovich et al., 2011;
Eastern and Western Siberia basins, LiUShlnaEt al., 2(1)2 L
Russia Yenisei-Khatanga OGR, Sakhalin, 28 - 206 A anflsenl ovetal, |
Kamchatka, Crimea-Caucasus region, 2019j Oblasova .etha * 1
Caspian depression. 2020; Apdrusng ctal,
1998; Timoshina, 2005
Canada Saanich Inlet, British Columbia 30 Johnson, 1998
. Morris, 1976; Andruse-
Norway Wring Plateau, Nothern Sea. 8 11 vich et al.. 1998
. . Kormos et al., 2021;
Hungary Pannonian basin 20 4 Veto et al.. 2016
. . . Kotarba, Koltun, 2006;
Polagd/ Outef qnd CisCarpathia (Polish- 14 20 | Kotarba et al., 2021;
Ukraine Ukrainian segment) Wieclaw et al.. 2012
Austria Alpine foreland basin 41 Gratzer et al., 2011
thuani i T Zdanaviciute, Bojesen—
Lithuania Baltic Syneclise 12 Koefoed, 1997
Golyshev et al., 2020;
Kazakhstan Aryskum trough 14 Madisheva. 2020
Oman Salt basin 40 Grosjean et al., 2009
Libya East Sirte Basin 16 Aboglila, 2010
Guinea Niger Delta Basin 12 39 | Ogbesejana et al., 2020
Egypt Gulf of Suez 4 Younes, 2012
Turkiye Gulf of Edremit, northwestern Anatolia 3 Bozcu, 2015
. Indus Fan (Laxmi basin in the eastern Khim et al., 2020
India . 7
Arabian Sea)
Malaysia North Sabah Basin 3 Anuar, 1994
TOTAL 131 | 248 | 282 504
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The Pre-Miocene data presented in Table 2 co-
vers a wide stratigraphic interval spanning from the
Oligocene to the Cambrian. These data include the
results of the determination of the ICC of both kero-
gen/extract and oil as a whole, as well as their satu-
rated and aromatic fractions.

Data processing and graphical constructions
were performed using standard computer programs.

Results

The South Caspian Basin

The fact of isotope-heavy carbon of OM of Ne-
ogene rocks and oils of the SCB in comparison with
underlying rocks and reservoirs was first noted in
previous studies (Guliyev, Feyzullayev, 1996; Guli-
yev et al., 1997), and later in the works (Feyzullayev
et al., 2001 and Guliyev et al., 2001).

In order to consider this problem from a global
scale, the results of a profound analysis of ICC of
OM and oils in SCB based on the most complete
summary of data are given below.

Figure 3 shows histograms of the distribution of
ICC values of OM and oils of Miocene and pre-
Miocene rocks and reservoirs, according to which an
isotopic difference between these two age groups is
obvious with a boundary value of -27.0%o.

Isotopic differences in OM and oils of the two
age groups under consideration are clearly reflected
in the graphs of the relationship between their satu-
rated and aromatic fractions (Fig. 4).

There is an interesting feature in the change of
ICC values with depth: the values of oils from Mio-
cene reservoirs shift upward (mainly above a depth
of 3 km) compared to the ICC of OM of Miocene
rocks, which is apparently associated with subverti-
cal migration processes (Fig. 5). Due to these pro-
cesses, the oils of the main reservoir of the SCB
(Productive Series), which have an epigenetic nature
and are derivatives of predominantly Miocene
source rocks, have also a heavy carbon isotope (Gu-
liyev et al., 2001).
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Fig. 3. Distribution of ICC values of Miocene and Pre-Miocene OM (a) and oils (b) in the SCB
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Fig. 4. Graphs showing the relationship between ICC of saturated and aromatic fractions of OM and oils of rocks
and reservoirs of different stratigraphic age: 1-Miocene; 2-Maykop; 3-Eocene; 3- Cretaceous
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Fig. 5. SCB. ICC values of OM and oils of different stratigraphic
units vs. depth: 1-Miocene; 2-Maykop; 3-Eocene; 4-Cretaceouse.

Results for other basins around the world

Before conducting a comparative analysis for all
basins of the world as a whole, we will first consider
the example of basins in America and Russia, for

which (see Table 2), as well as for the SCB, there is
a more complete and statistically significant amount
of information. All charts below were compiled by

the author of this paper based on the sources listed in
Table 2.

San Joaquin basin (USA)

Histograms of ICC values of the saturated and
aromatic fractions of kerogen in the OM of Mio-
cene and pre-Miocene rocks of the San Joaquin ba-
sin show clear isotopic differences between these
two age groups (Fig.6). A similar pattern is also ob-
served in the histograms of the ICC values distribu-
tion of the saturated and aromatic fractions of oils
from the San Joaquin reservoirs (fig. 7). The ICC
boundary values between Miocene and Pre-Miocene
reservoirs are: for OM — within -26.0/-25.0%0 and
for oils — -25.0%o.

Obvious differentiation in the plots of the rela-
tionship between carbon isotopes of the saturated
and aromatic fractions of kerogen and oils can also
be observed in the San Joaquin basin (Fig. 8).
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Fig. 6. Histograms of distribution of ICC values of the saturated (a) and aromatic (b) fractions of kerogen in OM of Pre-Miocene (1)

and Miocene (2) rocks in San Joaquin basin (USA)
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Fig. 7. Histograms of distribution of ICC values of the saturated (a) and aromatic (b) fractions of oils of Pre-Miocene (1) and Mio-

cene (2) reservoirs in San Joaquin basin (USA)
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Fig. 8. Graphs of the relationship between ICC of saturated (a) and aromatic (b) fractions of OM and oils of Miocene (1) and Pre-

Miocene (2) rocks and reservoirs in San Joaquin basin (USA)

East Siberian basins

For this region, a comparative analysis was per-
formed using ICC for both saturated and aromatic
fractions of oils. According to the histograms, alt-
hough the differences in ICC in fractions of Miocene
and Pre-Miocene oils is obvious, the boundary val-
ues between these two age groups are less clear, the
saturated fraction is situated in the range -29.0/ — -
27.0%o, and in the aromatic fraction it lies in the
range - 28.0/ — -26.0%o (Fig. 9). An obvious differ-
ence between the two age groups can also be found
in the graph of the saturated fraction versus the aro-
matic fraction of the oil (Fig. 10).
Gulf of Suez province

According to bibliographic sources (Younes,
2012) a differentiation between oils of Miocene and
Pre-Miocene reservoirs was also identified in the
southern Gulf of Suez province (Fig. 11).

Generalization for all considered basins of

the world

Based on the data reported in Table 2, a general
diagram of the limits of change and average values
for ICC of OM and crude oils along the stratigraphic
section was compiled (Fig. 12).

Discussion

The problem of identifying of the source of oil is one
of the most current in organic geochemistry. The infor-
mative value of stable carbon isotopes in solving this
problem was indicated in the earliest works of geoche-
mists (for ex., Silverman, Epstein, 1958), which was con-
firmed by the results of numerous subsequent studies.

The vast majority of geochemists admit that §'*C
values of oils are useful for determining oil-oil and oil-
source rock correlation and, in conjunction with other
geochemical properties, can indicate the possible age
and depositional environment of source rocks.
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Fig. 9. Histograms of distribution of ICC values of the saturated (a) and aromatic (b) fractions of Pre-Miocene and (1) Miocene (2)

reservoir oils in the East Siberian basins
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Fig. 10. ICC of saturated vs. aromatic fractions of oils from
Miocene (1) and Pre-Miocene (2) resevoirs in the East Siberian
basins
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Fig. 11. Relation between ICC of the satureted and aromatic
fractions for crude oils from Miocene and Pre-Miocene reser-

voirs in the southern Gulf of Suez province (Younes, 2012)

The similarities or differences in 8"*C values of
OM and their derivative oils observed on a global
scale are primarily due to the conditions of their
formation. During certain geological periods, gen-
eral conditions for oil and gas formation existed in
many regions of the Earth, such as the widespread
formation of a heavy carbon isotope composition in
the Miocene.

Based on the diagram presented in Figure 12, as
well as the results of numerous independent studies
of various basins of the world addressing this prob-
lem, we conclude supporting the global nature of the
phenomenon of heavier carbon in the Miocene.

The reasons that led to the isotopic shift in the
global carbon budget that occurred in the Miocene
are not completely understood. Numerous hypothe-
ses have been proposed for the cause of such carbon
isotope shift.

According to one hypothesis, the nature of this
phenomenon is glacioeustatic lowering of sea level
(Loutit, Kennett, 1979; Mercer, Sutter, 1982) in the
latest Miocene, caused by global regression (Ken-
nett, 1986; Adams et al.,, 1977; Vail, Hardenbol,
1979).

Chung et al. (1992) believe that Miocene oils
are isotopically heavier because of decreased atmos-
pheric CO; concentration, which has resulted in de-
creased isotope fractionation by marine plankton
during photosynthesis. However, Mejia et al. (2017)
suppose that the role of atmospheric CO; in forcing
Late Miocene climate remains unclear, with some
proxy records suggesting a sharp decrease in CO»
associated with decreasing extra-tropical Sea surface
temperature. Other authors (Pagani et al. 1999;
LaRivere et al., 2012) instead suggest a decoupling
of CO; and global climate during this time interval.

Age of rocks/ ICC of kerogen, %0 ICC of oil, %o
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Fig. 12. Generalized diagram showing the limits of change in ICC of kerogen and oils and their average values
for various stratigraphic complexes for all the considered basins (The diagram was compiled by the author of the
paper based on bibliographic sources given in Table 2)
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According to another, most followed model,
the Miocene was a period of progressive climatic
change, during which the Earth's climate system
underwent a remarkable cooling associated with
the expansion of the East Antarctic Ice Sheet. This
resulted in a marked increase in 6'*0 of benthic
foraminiferal calcite (Zachos et al., 2001; Miller
et al., 1987; Shackleton, Kennett, 1975). Such a
climate change may have reduced the amount of
water vapor held in the atmosphere, thereby lead-
ing to further restrain of moisture source (Li et al.,
2014). Middle Miocene cooling was clearly a pro-
found period of climatic change worldwide
(Mitchison, 2019).

Conclusion

Based on the collection, generalization and
comparative analysis of data gathered from literary
sources on the carbon isotope of OM and oils from
various basins of the world, as well as the results of
own and co-authors researches on the SCB, the fol-
lowing main conclusions can be made:
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TAXKEJBIA HU30TOMHBIN COCTAB YIJIEPOJIA THATOMHUTOB U HE®TEI MUOIIEHA
B FO)KHO-KACIINMACKOM BACCEIMHE KAK BO3MOJKHOE TJIOBAJILHOE SIBJIEHUE

@eiizyaes AA. 2
' Munucmepcemeo nayxu u obpazosanus Azepbaiiocanckoti Pecnybnuxu, Hncmumym 2eonozuu u 2eousuxu, Azepbaiiodcar
AZ1143, baxy, npocn. I" [xcasuoda, 119: fakper@gmail.com
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Pe3iome. B crathe npencTaBiIeH aHAIN3 Pe3yIbTaTOB M30TOITHO-TEOXMMHYECKUX MCCIIEN0BaHUN Opo] ¥ He(Tel KaiHHO30HCKO-
Me3o3oiickoro paspesa HOxuo-Kacnmiickoro 6acceiina (FOKB) 3a nocnenuue 30 ner. [lonTeepkaeH paHee yCTaHOBJICHHBIH (akT
HAKOIUIEHHSI TSDKENIOoro m3oTonHoro cocraa yriepona (MCY) opranuueckoro BeniectBa (OB) muoneHoBbix nopox (unatomoBas
CBUTA), a TAK)KE €0 MPOU3BOAHBIX HeTeil B r1aBHOM (HIDKHEIIHoneHoBoM) pesepsyape FOKbB. [l mpoBepku riodanbHOro Xapak-
Tepa 5TOTO SBJICHUs ObUI IPOBEJICH CPABHUTEIbHBIH aHAIN3 H30TONHO-TE€OXUMUYECKHX JAHHBIX [0 0cal0uHbIM Oacceitnam 18 cTpaH.
[octpoena obobmeHHas AuarpaMmMa, nokasbpiBaronias npeaensl uaMeHenus VICY keporeHa n HeTe U UX CpeOHUE 3HAYCHUS UL
Pa3IMYHBIX CTpAaTUrpadUuecKHX KOMILUICKCOB BCEX PACCMOTPEHHBIX 0acCceHHOB. YCTaHOBIECHO, YTO 3TO SIBJICHHE CBOWCTBEHHO M
IpyruMm GacceiiHaM MHpa, HA OCHOBAHHH YETO CAENAH BEIBOJ O €T0 II00aIbHOM XapakTepe. [IprnunHbl, KOTOpble IPUBENN K H30TOII-
HOMY CIBHIY B INIOOAIBEHOM OanaHce yriiepojaa, NpOW3OIIeAIeMy B MUOIICHE, 10 KOHIA He BBISICHEHBL. PacCMOTpEHBI CyIIeCTBYIO-
ILIMe IPEJCTaBICHUS O €ro BO3MOXKHOI npupoze. [loiayueHHble pe3ynbTaThl ele pa3 HoATBepIIH d(GEKTUBHOCTD HCIIOJIB30BAHUS
reoxumuueckoro napamerpa 8°C s koppensauun HeTh-10posa ¥ HePTh-HePTh B COYETAHUM € APYTUMH F€OXMMUIECKMMU KPHUTE-
pusAMH.

Knrouesvie cnosa: uzomonuuiii cocmas yenepood, opeanuieckoe 8ewecmeso, Hegpms, 0cadounvle b6accelinbl, MUOYeH

CONUBI X9Z9R HOVZOSINDO MIiOSEN DIATOMITLORININ VO NEFTININ AGIR KARBON
iZOTOP TORKIBI MUMKUN QLOBAL HADIS® KiMi

Feyzullayev A.A.!2
! Azarbaycan Respublikasinin Elm va Tahsil Nazirliyi, Geologiva va Geofizika Institutu, Azarbaycan
AZI1143, Baki, H. Cavid pr., 119: fakper@gmail.com
2Azarbaycan Respublikast Elm va Tohsil Nazirliyi, Neft va Qaz Institutu, Azarbaycan
AZ 1000, Baki, F.Omirov kiig., 9

Xiilasa. Magaloda Conubi Xazer hovzaesinin (CXH) kaynozoy-mezozoy kasilisinin siixur ve neftlarinin son 30 ilds izotop-geo-
kimyavi todgiqgatlarmin naticelarinin tohlili taqdim olunur. Miosen siixurlarimin (Diatom Formasiyasi) iizvi maddalorinin (UM) v
onun toramasi olan CXH -nin asas (Asagi Pliosen) rezervuarinda toplanan neftlorinin avvallor miisyysn edilmis karbon izotop
tarkibinin (CIT) agir oldugu fakt1 tosdiq edilmisdir. Bu hadisonin global xarakterini yoxlamag iiciin 18 Slkonin ¢okiintii hovzolorinin
izotop-geokimyovi molumatlarinin miiqayisali tohlili aparimisdir. Biitiin baxilan hdvzolorin miixtalif stratiqrafik komplekslors aid
kerogen vo neftin CIT-nin doyismo hiidudlarmi vo onlarin orta giymotlorini gdstoron {imumilosdirilmis diagram tertib edilmisdir.
Miioyyan edilmisdir ki, bu hadiss diinyanin diger hdvzalori iiciin do xarakterikdir. Bunun asasinda onun global mahiyyasti haqqinda
natica ¢ixarilmigdir. Miosends bas veran global karbon balansinda izotop doyisikliyine sobab hals tam miioyyon edilmomaosdir. Onun
miimkiin monsoyi hagqinda mdvcud fikirlor nozorden kegirilir. Alman noticalor neft-siixur vo neft-neft korrelyasiyasi iigiin §'3C par-
ametrin, digor geokimyavi meyarlarla birlikdo, istifado somaraliliyi bir daha siibuta gotirilmisdir.

Agar sozlar: karbonun izotop torkibi, iizvi maddba, neft, ¢okiintii hévzalori, Miosen
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