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ADAMANTOIDS IN OILS
AS INDICATORS OF PRESENCE OF THE DEEP SOURCE ROCKS,
ABSHERON ARCHIPELAGO, SOUTH CASPIAN BASIN, AZERBAIJAN
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Petroleum is the only natural source for adamantane and its isomers. It is rigid and at same ti-
me stress-free molecule with three connected cyclohexane rings arranged in the “armchair” configu-
ration and has high degree of symmetry. The spatial arrangement of carbon atoms in the adamantane
molecule is the same as in the diamond crystal, that is why adamantane type hydrocarbons are also
called “diamond type hydrocarbons . Detailed geochemical analysis, including Gas-chromatography
and Chromatography-mass-spectrometry were run on the oil samples from the fields located in Abs-
heron archipelago. Biomarkers, including adamantanes and its homologs have been identified in the
oils analyzed; distribution of adamantine C,o-C14 and the role of adamantine on the genesis of the
hydrocarbons have been studied as well. Analyses of the chromato-mass spectrometry data suggest
that adamantine and its methyl substitution compounds are present in the sequence of increasing of
the thermodynamic resistance in the following order: 2-MAd > 1-MAd > 3-MAd > Ad. This indicates
formation of the adamantine as a result of thermal transformations of normal alkanes. Oil samples
with higher continental input source characterized by lower concentration of tricyclic terpanes Cig.30
in comparison with the same age oils but with marine source of sediment. Interpretation and analyses
of the geochemical data, including concentration of diamondoids indicates presence of deep source
rocks in the South Caspian basin.
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There are number of publications dedi-
cated to the crystal structure, properties, meth-
odologies to synthesize and practical applica-
tion of “diamond type hydrocarbons” [1-15].
Physical and chemical properties as well as
crystal structure of the “diamond type hydro-
carbons” are similar to the dicaterpanes. Ada-
mantane is the chemical name for the “diamond
type hydrocarbons” [15] (Fig.).
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Fig. Adamantoids

| - adamantane CyoHyg, Il - diamantane Cy4Hoy,
I11- triamantane CigHoy
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Understanding of the genesis of the ada-
mantanes always has been in the focus of the
researchers around the world. Successful rese-
arch projects that helped to develop methodolo-
gies to synthesize adamantane in the laboratory
conditions suggest that the source of adamanta-
ne in petroleum is cyclic hydrocarbons. Most li-
kely, the potential precursors of alcyladamanta-
nes in oil are condensed tricyclic hydrocarbons
- fragments that occur during the destruction of
the relict compounds of oil - steranes, triterpa-
nes and others [2, 5, 6-9]. Shales and alumino-
silicates may act as catalysts to support the pro-
cess of transformation of the tricyclic hydrocar-
bons into adamantanes, to be more precise, as
these condensed tricyclic hydrocarbons interact
with shale rocks they transfer into proto-ada-
mantanes which later form adamantane hydro-
carbons. It has been reported that diamond-like
hydrocarbons like adamantanoids are also pre-
sent in the oils generated by carbonate sedi-
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ments (Giruz, doctoral thesis «Amamazomnomo6-
HBIE YTJIEBOJOPOJBI B HEPTIX U MOICITUPOBA-
HUE MPOIECCOB MX 00pazoBanus», 2015).

These relict hydrocarbons have been fo-
und in the oil and rock samples from sedimen-
tary basins as well as basement rocks [5].

Objective and work scope

The purpose of this work is to study the
composition and distribution of adamantanes,
its derivatives and other biomarkers in the oils
from Azerbaijan, as well as evaluate the role of
adamantanoids in the process of hydrocarbon
formation.

Adamantanoids have not yet widely used
in the assessment of various geochemical indi-
cators, although they are unique due to high re-
sistance to the high temperatures and biodegra-
dation. As organic matter matures the informa-
tiveness of steranes and terpanes decreasing.
That is due to thermodynamically equilibrium
that builds between certain types of biomarkers,
and thus the total amount of the biomarkers in
the hydrocarbons decreases. That suggests that
in a case of high mature oils it is more benefici-
al and diagnostic to use diamondoids instead of
standard set of biomarkers. Therefore, identifi-
cation of new geochemical indicators, including
adamantane type of biomarkers, is a very im-
portant task.

Study objects, methods and results

Oil samples taken from various depths
and stratigraphic formations of the fields in the
Absheron archipelago such as: Darvin-kupesi,
Pirallahi, Palchig Pilpilesi, Neft Dashlari, Gu-
neshli, Chilov, Sangachal-deniz fields are the
subject of the current study.

There are a wide range of instrumental
methods, which include: gas chromatography,
chromato-mass spectrometry, high resolution li-
quid chromatography, infra-red spectroscopy,
supercritical fluid chromatography, thin-layer
chromatography, ultraviolet and fluorescent
spectroscopy, isotopic mass spectrometry, ther-
mogravimetry and dynamic light dispersion
scattering (DRS). The most widely used one is
gas chromatography-chromato-mass spectro-
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metry (GC- MS). Recent technological advan-
ces have made it possible to solve more compli-
cated tasks — identification of the specific bio-
markers and polycyclic aromatic hydrocarbons
in the oils using capillary GC-MS. The GC-MS
data are used to compare oil samples based on
the distribution and height of the peaks for the
carbon numbers from Cjs to Cys.

Chromatograms of hydrocarbons were
obtained by total ion current (TIC) and specific
ion fragments (SIR). Identification of the indi-
vidual hydrocarons was carried out through a
computer search of the National Institute of
Standards NIST-08 library (more than 130,000
mass-spectrums of organic compounds), accor-
ding to published data and based on reconstruc-
tion of ion fragments that been identified. Ada-
mantane HC is detected by scanning fragmen-
ted ions m/z 136, 135, 149, 163. It is known
that the amount of adamantane in oils directly
depends on the chemical composition of it. The
highest content of adamantane is typical for the
naphthenic class of oils whereas paraffinic oils
contain much smaller concentration of adaman-
tanes. The concentration of the adamantanes in
the oils from Surakhany field is given in the
table 1. Data clearly shows direct relationship
between the concentration of the naphthenic
hydrocarbons and adamantanes in the oils, i.e
as the concentration of the naphthenic hydro-
carbons in the oil samples decreases the amount
of the adamantanes decreasing as well. It indi-
cates that the degree of transformation of the
polycyclic hydrocarbons into adamantanes and
its isomers is much higher in naphthenic type of
oils.

More than 250 individual hydrocarbons
have been identified in the oil samples analy-
zed. The important ones are the biomarkers —
isoprenoids hydrocarbons, i.e. terpanes, stera-
nes, hopanes, adamantanes. The composition of
adamantanes C;o-C;3 in the oils from Guneshli
and Neft Dashlari fields is given in the tables 2
and 3. It shows that highest amount of alkyl-
adamantanes corresponds to its dimethyl-transi-
tioned homologs whereas concentration of the
adamantanes that not been transformed is the
lowest.
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High content of 2-monomethyl-adamanta-
nes (2-MAd) in Cy;, suggests continental deposi-
tional environment. At the same time it is pos-
sible that organic matter was deposited at the
continent that was later covered by the water.
For example, oil from the well 2194 is either
was degraded during catagenesis or biodegraded

as it has highest concentration of the diamanta-
nes. Adamantanoid hydrocarbons may help in
understanding of the transformations of the or-
ganic matter that take place in deeper strata. The
distribution of the adamantanes identified in the
oils from various oil fields of Absheron archipe-
lago is presented below (Table 4).

Table 1
Adamantane content in the oils from Surakhany field
Formation|TD, m|Alkanes|Cycloalkanes|Aromatic HC| Adamantane amount, mass
%
QuQ 710 3,7 88,7 7,6 0,0013
Qs 1302 7,6 77,0 15,0 0,0010
QA 2324 | 45,0 39,0 16,0 0,0004
Table 2
Distribution of adamantanes (C10 — C13) - Guneshli Field
Guneshli Field, | Adamantanes %
Cc,/C C,/C C5/C Cc,/C C,/C
Well# Cio:Ciy:Cy:Cus 11/ Cio 12/ Ci1 | Ci3/ Cyp | Cia/ Cis | Cip/ Cis
135 10:35:40:25 3.5 1.14 0.63 14 1.6
250 7:31:36:27 4.43 1.16 0.75 1.15 1.33
136 5:27:40:27 5.4 1.48 0.67 1 1.48
293 23:29:30:17 1.26 1.03 0.56 1.7 1.76
244 5:37:25:33 7.4 0.68 1.32 1.12 0.76
212 3:19:37:37 6.3 1.94 1 0.51 1
Table 3
Distribution of Adamantoids - Neft Dashlari Field
Well# |Formation| Depth,m | C10,% | C11,% | C12, % | C13,9% | C14, % | C15,%
2188 Fasila 1285 0.44 15.7 37.31 23.65 3.48 5.4
2285 Fasila 2475 0.46 14.4 37.5 47.64
1795 Fasila 2740 3,8 14,89 28,56 18,22 7,28 27,25
2122 Wi 2230 16.53 40,02 | 43.45
2292 WVIHI 2326 0.92 10.18 50.38 23.4 7.74 4.33
2194 FK 2192 5.95 31.16 41.54 | 21.35
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Biomarkers in the oils - Absheron Archipelago Fields

Table 4
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] . 2475
Neft Dashlari 2285 , 0.012 004 | 013 | 014 | 005 | 0008 | 038
Fasila
] . 2740 ]
Neft Dashlari 1795 , 0,04 007 | 036 | 002 | 011 | 002 | 061
Fasila
i . 2230 . ]
Neft Dashlari 2122 | 0.02 006 | 011 | 013 | 004 | 004 | 037
] . 2326 ] ]
Neft Dashlari 2292 | 0,0004 | 0,001 | 0001 | 0,001 | 0,0003 | 0,0003 | 0,004
Neft Dashlari 2194 [2192 QA| 0,009 ~ 0,018 | 0026 | 001 | 0005 | 0068
. 2908 B
Guneshli 244 | =0 0.004 | 0,0033 | 004 | 0,0046 | 0,0024 | 0.0007 | 0,055
Guneshli 250 ;aoifa 0.00012 | 0.00057| 0,001 |0.00085| 0,003 |0,00018|0.00572
. 2087 B
Guneshli 293 o 0.06 0005 | 002 | 001 | 002 0.115
. 3000
Guneshli 212 x 0.025 0.024 | 0,056 | 0095 | 021 0.416
. 2090
Guneshli 136 X 0,042 0.02 | 001 | 0005 | 0001 - 0.078
, 3148 j
Guneshli 135 < 0.003 0.003 | 0,009 | 0007 | 0,003 0.025
Palchig Pilpilesi | 697
aichig Frprest 0,00006 | 0,0016 | 0,012 | 0009 | 0,006 |0,00006|0,02872
1300 Gala
Palchig Pilpilesi 543
3 3 555 -
i i ~ 0.013 | 0,0212 | 0173 | 0,0553 02627
Darvin Kupesi 633 | 1021 | 0,000007 | 0001 | 0003 | 00015 | 0,0006 |0,00002 |0,00619
Chilov 112 1384 0.013 0.01 | 0046 | 0044 | 0032 | 0013 | 0,158
li
Pirallahi-deniz 1023 (;"1198 ~ 00113 | 0,033 | 0015 | 00086 | | 0,0679
Sa“gacfgi' deniz |y 000016 | 0,0027 | 0,0067 | 0,0053 | 00027 |0,00084 | 0.0184
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Conclusions

e There is direct relationship between
concentration of low-molecular steranes (C;1-22)
and paleoenvironmental conditions as well as
between distribution of tricyclic terpanes Cig-30
— cheilanthanes and geological age of the oil
samples analyzed,

e QOil samples with higher continental
input characterized by lower concentration of
pregnanes and cheilanthanes compared to the
same age oils generated from the source rocks
deposited in marine environment.

e Distribution of the biomarkers in the
range Ci9-C3p and Cp -2 shows mixed deposi-
tional environment - from sapropelic to sapro-
pelic — humus type of OM;

e Analysis of the chromato-mass spect-
rometry data shows following distribution of
the adamantane and its methyl substitutions:
2-MAd>1-MAd>3-MAd>Ad. It indicates the
formation of adamantane as a result of thermal
transformation of normal alkanes.

e Interpretation and analyses of the geoche-
mical data, including concentration of diamondoids
indicates presence of deep source rock (at the depth
of 13km, or deeper) in the South Caspian basin.
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ABSERON ARXIPELAQI NEFTLORIND® ADAMANTOIDLOR — DORIN QATLARDA
ANA SUXURUN MOVCUDLUGUNUN GOSTORICiSi KiMi.
CONUBI X90ZOR HOVZOSi, AZORBAYCAN

i.S.Quliyev, Q.S.Martinova, F.R.Babayev, A.S.Cavadova

Xromato-mass-spektrometriya tisulu ilo Abseron arxipelaqgi neftlorinds biomarkerlor miioyyanlasdirilib, o ciimlo-
don adamantan vo onun homologlari, adamantoidlorin Cy4-C44 torkibindo paylanma xiisusiyyatlori vo onlarin neftin ge-
nezisinds rolu hagqinda arasdirilma aparilib. Xromato-mass-spektrometrik noticalorin hesablanmalarina gors, adaman-
tan vo onun metilovazolunan birlogmalori termodinamik davamliligin artma gaydasinda asagidaki kimi yerlogir: 2-MAd
>1-MAd > 3-MAd > Ad, bu iss adamantanin neftlords normal alkanlarin termiki ¢evrilmalor noticasinds amologalmaosi-
ni gostarir. Geokimyavi tadgigatlarin tasviri Conubi Xozar hdvzasinin dorin gatlarinda (13km va hstta daha dorin) ana
stixurunun moveud olmasini gostarir.

Agar sozlar: neft, biomarkerlor, adamantoidlaor, xromato-mass-spektrometriya

AJAMAHTOUABI B HE®TAX ABIHEPOHCKOTI'O APXHUIIEJIATA KAK IIOKA3ATEJIN HAJIMYUA
HE®PTEMATEPUHCKHX IMIOPO/J HA BOJIBIIUX I''TYBUHAX.
I0KHO-KACIIMMCKAS BIIAJIMHA, ASEPBAHKAH

N.C.I'yaues, I'.C.MapreinoBa, ®.P.badaen, A.C./I;xaBagoBa

B Hedrsax AOmepoHCKOro apxumnenara METOAOM XpOMaTO-Macc-CIIEKTPOMETPUU HIICHTU(QHUIMPOBaHbI OHoMap-
Kepbl, B TOM YHUCJIE aJjaMaHTaH U €ro roMOJIOTH, MCCIIEI0OBaHbl OCOOCHHOCTH PACHpeesieHHs] alaMaHTOUIOB COCTaBa
Cyp - C14 ¥ uX poiab B reHe3nce HeTH. PacyeTsl Mo JaHHBIM XpOMAaTo-Macc-CIEKTPOMETPHH TOKa3aJll, YTO alaMaHTaH
U €ro MEeTHJI3aMEICHHBIE COCIUHEHMS PACIoIaratoTCsl B MOPSAKE yBEIMYCHUS TEPMOAWHAMUYECKOH YCTOWYHBOCTH
cnenyrommM obpazom: 2-MAn > 1-MAn > 3-MAn > An, 4To B CBOIO O4Yepeib CBHACTENBCTBYET B IOJB3Y T'€HE3Uca
aJlaMaHTaHa B HEPTIX ITyTeM TEPMHUYECKOTO NPEBPALICHUS] HOPMAIBHBIX aJlKaHOB. KoMmiekcHast HHTepIpeTanys reo-
JIOTO-TEOXUMHYECKUX JAaHHBIX MO3BOJISIET CAETATh BBIBOABI O BO3MOXHOM 3aJIeTaHUM He()TEMaTepUHCKUX IMOPOJ Ha
Oomnpmux rayouHax (mopsaka 13 kM u, Bo3aMoxHO, Tiyoxe) FOxxuno-Kacnuiickoii BmaguHbI.

Knioueswvie cnosa: neghmo, buomaprepul, a0amanmouovt, XpomMamo-macc-cneKmpomempus
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