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Summary. This research evaluates the oil-bearing rocks of East Azerbaijan exemplified by the Akhtarma-Puta,
Cheyildere, and Araliq areas by comparing them with Athabasca, one of the world's best-studied oil sand systems, to
determine their mineralogical, major oxide, and organic-geochemical characteristics, as well as their similarities and
differences. The study is based on the XRD and WDXREF results of 12 rock samples from the aforementioned areas,
along with the determination of moisture content, extractable bitumen, and bitumen fractions in group samples. Com-
pared to Athabasca, the average composition of the East Azerbaijan samples is characterized by lower quartz (28.92%
vs. 51.30%), clay minerals (23.42% vs. 40.30%), and SiO, (46.29% vs. 78.82%), but higher feldspar (15.83% vs.
3.10%), carbonate (16.08% vs. 4.40%), and CaO (12.19% vs. 3.07%). The average bitumen content is 4.61% in the lo-
cal samples and 7.15% in Athabasca, while the moisture content is 1.45% and 3.40%, respectively. Within the local
areas, Cheyildere is distinguished by being quartz-rich and carbonate-free, whereas Araliq is characterized by bitumen
with a high asphaltene content. These results indicate that the investigated oil-bearing rocks of East Azerbaijan possess
distinct mineral-matrix and bitumen characteristics compared to Athabasca, alongside significant compositional varia-
bility within the local areas.
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Introduction

Azerbaijan has a rich and long-standing
history of oil and gas production (Khuduzade
et al., 2026). At the same time, the transition of
some traditional fields into a mature develop-
ment stage and the gradual year-on-year de-
cline in national oil production make it urgent
to reassess unconventional and secondary hydro-
carbon sources alongside remaining reserves
(Abbasov et al., 2026). In this regard, oil
shales, natural bitumens, and oil-impregnated
rocks in East Azerbaijan are of particular inter-
est. In recent years, the distribution, mineralog-
ical-geochemical characteristics, and hydrocar-
bon potential of Paleogene-Miocene oil shales
have been investigated in detail using various
approaches (Salaev et al., 1989; Aliyev et al.,
2018; Abbasov et al., 2025; Aliyev, Abbasov,
2019a; Aliyev, Abbasov, 2019b; Aliyev et al.,
2019). These results indicate that unconven-
tional hydrocarbon systems are broadly repre-

sented in the region and possess prospective
potential. In this context, the comparative eval-
uation of oil-bearing rocks within the same un-
conventional resource group in Azerbaijan is of
special significance.

Worldwide, heavy oil and oil sand reserves
constitute a major unconventional hydrocarbon
base, the bulk of which is located in Cretaceous
and Cenozoic reservoirs (Liu et al., 2019). The
Athabasca deposit, located in the province of
Alberta, Canada, and primarily associated with
the Lower Cretaceous McMurray-Wabiskaw
sediments, is one of the most thoroughly studied
oil sand systems in terms of its geological struc-
ture, mineral matrix, bitumen composition, and
extraction technologies (Hein et al.,, 2006;
Osacky et al., 2013; He et al., 2013) Therefore,
the Athabasca deposit was chosen as a reference
system for comparison not due to superior re-
source quality, but because of its extensive and
systematic database on geological structure,
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mineral matrix, and bitumen properties. This
approach allows for a clearer determination of
the compositional position of the lesser-studied
East Azerbaijan occurrences within global oil
sand systems.

The aim of the present work is to compara-
tively evaluate the mineralogical composition,
major oxide geochemistry, and organic-geo-
chemical characteristics of the oil-bearing rocks
of East Azerbaijan exemplified by the Akhtarma-
Puta, Cheyildere, and Aralig areas against Atha-
basca, to identify their similarities and differ-
ences, and to formulate a general compositional
picture of the East Azerbaijan oil-bearing rocks
within this comparative context.

Geological setting and study objects

The study objects represent three different
oil and gas regions of East Azerbaijan (Table 1):
Akhtarma-Puta is located in Absheron, Chey-
ildere in Shamakhi-Gobustan, and Aralig in the
Lower Kura depression. All three areas are as-

sociated with structures where mud volcanism is
developed (Baldermann et al., 2020). In Akh-
tarma-Puta and Aralig, the samples are related
to the Productive Series, whereas in Cheyildere,
they are associated with the Miocene Chokrak
regional stage. Since the samples occur in the
form of sand and sandstone, both lithological
and stratigraphic heterogeneity exist within the
local areas.

Materials and Methods

A total of 12 samples were investigated
(Table 1). Mineral phases were determined us-
ing a MiniFlex 600 X-ray diffractometer
(XRD), and major element oxides were ana-
lyzed using an S8 TIGER Series 2 WDXRF
spectrometer. The quantitative contents of
quartz, feldspars, clay minerals, carbonates, and
other mineral phases were evaluated from the
XRD results, while the distribution of major ox-
ides was assessed from the WDXRF data.
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Fig. 1. Regional location of the Akhtarma-Puta (1), Cheyildere (2), and Araliq (3) areas
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Brief geological characterization of the study objects

Area Qil and Gas Region Stratigraphy Lithology Number of Samples
Akhtarma-Puta Absheron Productive Series Sand, Sandstone 4
Cheyildere Shamakhi-Gobustan Chokrak Sand, Sandstone 4
Avralig Lower Kura Productive series Sand, Sandstone 4

In the organic-geochemical section, mois-
ture content, extractable bitumen, oil, resin, and
asphaltene fractions, as well as hydrocarbon
groups, were evaluated across group samples.
Indicators carrying identical or similar analyti-
cal significance compared to Athabasca were
selected. For comparison with Athabasca, data
from Osacky et al. (2013) were utilized for min-
eralogy and major oxides, and data from He et
al. (2013) for the fractional composition of bi-
tumen. Organic fractions obtained through dif-
ferent laboratory protocols were not treated as
direct equivalents.

Results and Discussion

General mineral-geochemical comparison
with Athabasca

The local samples are depleted in quartz and
total clay minerals compared to Athabasca, while
being richer in feldspars and carbonates (Table 2,
Fig. 2). This difference is also reflected in the
major oxide composition: the East Azerbaijan
samples exhibit lower SiO, and Al,O3, but high-
er CaO and Fe,O3 contents. Consequently, the
average composition of the local rocks transitions
from Athabasca's quartz-clay dominant matrix to
a more feldspathic-carbonate matrix.

Table 2

Comparison of the average parameters of East Azerbaijan samples with Athabasca

Parameter East Azerbaijan, average Athabasca Comparative feature
Bitumen, % 461 7,15 lower in local samples
Water, % 1,45 3,40 lower in local samples
Mineral fraction, % 93,94 89,40 higher in local samples
Quartz, % 28,92 51,30 lower in local samples
Feldspar, % 15,83 3,10 higher in local samples
Clay minerals, % 23,42 40,30 lower in local samples
Carbonates, % 16,08 4,40 higher in local samples
SiOz, % 46,29 78,82 lower in local samples
Al,O3, % 9,54 13,03 lower in local samples
Ca0, % 12,19 3,07 higher in local samples
Fe 03, % 4,98 2,00 higher in local samples
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Fig. 2. Comparison of average mineral groups of East Azerbaijan with Athabasca
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Differentiating features across local areas

The overall average values do not fully re-
flect the variability within the three areas. Chey-
ildere is distinguished by a high quartz and SiO,
content, the absence of carbonates, and very low
CaO (Table 3). In contrast, Akhtarma-Puta and
Araliq exhibit lower guartz contents along with
higher carbonate and CaO values. Although the
total bitumen content is relatively similar across
the three areas, their fractional composition is
not identical, with Araliq clearly standing out
due to its high asphaltene content. These spatial
differences indicate that the average values cal-
culated for East Azerbaijan are the generalized
result of various local compositions and necessi-
tate considering the intra-system heterogeneity
in comparison with Athabasca.

Bitumen content and organic-geochemical
characteristics

Although the total bitumen content in the
local areas is relatively similar, its fractional
and hydrocarbon composition varies noticeably

(Fig. 3). In Akhtarma-Puta and Cheyildere, the oil
fraction is predominant, while asphaltene content
remains at approximately 11%. In Araliq, against
the background of a decreasing oil fraction, the
asphaltene content rises to 41.65%. Regarding
hydrocarbon groups, Akhtarma-Puta and Chey-
ildere are distinguished by the dominance of me-
thane-naphthenic components, whereas Araliq is
characterized by a high proportion of monocyclic
compounds. Data on the SARA composition of
Athabasca bitumen also indicate that it is charac-
terized by a complex composition consisting of
saturate, aromatic, resin, and asphaltene fractions
(Osacky et al., 2013). Furthermore, the mineral
and chemical properties of Athabasca oil sands
demonstrate that the mineral matrix hosting the
bitumen also plays a crucial role in the overall
compositional character of the system (He et al.,
2013). Consequently, compared to Athabasca, the
East Azerbaijan bitumens exhibit distinct compo-
sitional characteristics not only in terms of bitu-
men content, but also regarding fractional proper-
ties and their interaction with the mineral matrix.

Table 3

Main differentiating parameters across local areas

Content, %
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Akhtamma-Puta

Cheyildere

Araliq

Area Quartz, % | Carbonate, % SiO2, % CaO, % Bitumen, % | Asphaltene, %
Akhtarma-Puta 14,75 22,75 30,42 18,24 4,69 10,74
Cheyildere 50,75 0,00 66,92 0,86 4,67 10,87
Aralig 21,25 25,50 41,53 17,48 4,48 41,65
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Fig. 3. Distribution of oil, resin, and asphaltene fractions of bitumen across local areas
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Conclusion

The comparison with Athabasca demon-
strates that the investigated oil-bearing rocks of
East Azerbaijan possess a distinct regional
compositional profile in terms of their mineral
matrix and bitumen characteristics. While the
average quartz content in the local samples is
28.92% and carbonate content is 16.08%, these
values in Athabasca are 51.30% and 4.40%, re-
spectively. The average bitumen content is
4.61% in the East Azerbaijan samples and

from Athabasca's quartz-clay-dominated system
by a more feldspathic-carbonate mineral matrix
and lower bitumen content. Furthermore, the
differences identified among Akhtarma-Puta,
Cheyildere, and Aralig confirm the existence of
significant spatial heterogeneity within the re-
gional profile, where the rise of asphaltenes to
41.65%, particularly in Aralig, shows that the
fractional composition of bitumen varies substan-
tially across areas. Therefore, the general com-
parison of East Azerbaijan's oil-bearing rocks

7.15% in Athabasca. These differences indicate
that local oil-bearing rocks are distinguished

with Athabasca must be complemented by a sep-
arate consideration of spatial characteristics.
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CPABHUTEJIBHASL MUHEPAJIOTO-TEOXUMHNYECKAS XAPAKTEPUCTHUKA
HE®TEHOCHBIX ITOPO]I BOCTOYHOI'O ABEPBAMJIKAHA U ATABACKH (KAHAJIA)

MextueB O.T.*, Mamenora A.H., Haruzage A.A., baxmmena ®@.I'.
Munucmepcmeo Hayku u obpazosanusn Azepoaiiosrcanckoil Pecnybauku,
Jlabopamopus eeonozuu Hepme2azo8bix MeCmopoHcOeHul,
“Uncmumym zeonoeuu” Ilybnuunoe ropuduueckoe auyo, Azepbaiioican
AZ1073, Baxy, npocn. I'. J[xcasuoa, 119
*Aemop, omeeuaiowuil 3a nepenucky: orxan9smehdiyev@gmail.com

Pe3tome. B MaHHOM UCCIICIOBAaHMU MPOBOJAUTCS OIICHKAa HE()TEHOCHBIX mopoa BocrouHoro AsepOaiimxana (Ha
npuMepe twiomaneii Axrapma-Ilyra, Uenmnaepe u Apanbix) myTeM MX cpaBHEHUs ¢ ATabackoil onHOW M3 Hamboiee
M3YyYCHHBIX B MHPE CHCTEM HE(PTECHOCHBIX MECKOB C LENBI0 OMPEACICHUS WX MHHEPAIOTHYCCKHUX, METPOXUMUICCKUX
(OCHOBHBIC OKCH/IBI) H OPTaHUKO-TCOXHUMUYCCKUX XapaKTECPUCTHK, & TAK)KE BBISABICHHUS UX CXOJICTB U paszinnyuii. PaboTa
OCHOBaHa Ha pe3yJibTaTax peHrreHodasosoro (XRD) u BonHOmUcnepcoHHOr0 peHTreHoguyopecuenTaoro (WDXRF)
aHau30B 12 00pa3moB NOPOA U3 YKa3aHHBIX palHOHOB, a TAK)KE Ha ONPENCICHUH BIAYKHOCTH, SKCTPArHPyeMOro OuTyma
U TPYHOIIOBOTO cOCTaBa OMTYMHBIX (pakiuii. [lo cpaBHeHHIO ¢ ATabackoil, cpemHuil coctaB 00pas3noB u3 BocTounoro
AszepbaiimxaHa xapakTepusyeTcs: Oosee HU3KHM coziepskanneM kBapa (28,92% npotus 51,30%), rMHACTBIX MUHEpA-
moB (23,42% mnpotus 40,30%) u SiO2 (46,29% npotus 78,82%), HO OoJee BBICOKHM COJEPKAHUEM IIOJICBBIX IIIIATOB
(15,83% mporus 3,10%), xkapbonatoB (16,08% npotus 4,40%) u CaO (12,19% mpotus 3,07%). Cpennee conepxanue
OuTyMa B MECTHBIX oOpasnax cocrarisieT 4,61% (B Atabdacke 7,15%), a Bnaxxnocts 1,45% u 3,40% COOTBETCTBEHHO.
Cpenu rccneI0BaHHBIX MECTHBIX IJIoaael Yewsnaepe BoIAeIsIeTCs MOBBIIIEHHBIM COAEPKAHUEM KBapIla U OTCYTCTBH-
€M KapOOHATOB, B TO BpEMs KaKk ApajbIX XapaKTepU3yeTCs OMTYMOM C BBICOKHAM cojiepkaHueM acanbreHoB. Ilomy-
YCHHBIC PE3yJIbTAThl MIOKA3BIBAIOT, YTO UCCIICIOBaHHBIC HEe(PTEHOCHBIC MOPOabl BocTouHoro A3epbaiimkaHa 001agaroT
crenuGUIeCKUMU MUHEPAILHOW MaTPUIICH U XapaKTEPUCTUKaMHU OMTyMa MO CPaBHEHHUIO ¢ ATabackoi, HapsIy CO 3Ha-
YUTENLHON BApUATUBHOCTHIO COCTaBa BHYTPH CaMUX JIOKATBHBIX YYaCTKOB.

Knrueevte cnoea: Bocmounviii Azepbaiiosxcan, Amabacka, negpmeHoCHas nopood, MuHepano2us, OCHOBHbIE OKCU-
0bl, 8IANCHOCMb, OUMYM

SORQi AZORBAYCANIN NEFTLi SUXURLARININ ATABASKA (KANADA) iLO
MUQAYIiSOLI MINERALOJi-GEOKIMYOVi XUSUSIYYOTLORI

Mehdiyev O.T.*, Mammoadova A.N., Nagizada A.9., Baxsiyeva F.Q.
Azarbaycan Respublikasi Elm va Tahsil Nazirliyi,
Neft-qaz-madon geologiyasi laboratoriyasi,

“Geologiya Institutu” Publik Hiiquqi Soxsi (PHS), Azarbaycan
AZ1073, Baki, H. Cavid pr., 119
*Yazismalara masul: orxan95mehdiyev@gmail.com

Xiilasa. Todqiqat isi Axtarma-Puta, Ceyildors vo Araliq sahslorinin timsalinda Sorqi Azarbaycanin neftli siixurlarini
diinyanin an yaxsi dyronilmis neftli qum sistemlorindon biri olan Athabasca ilo miiqayiss etmokls onlarin mineraloji,
asas oksid va lizvi-geokimyavi xiisusiyyatlorini, oxsar vo forqli cohatlorini miisyyan edir. Toadqiqat adigokilon sahoslors
aid 12 stixur niimunasinin XRD vo WDXRF naticolorine, hamg¢inin qrup niimunslorinde nomlik, ekstraksiya olunan
bitum va bitum fraksiyalarinin toyinine asaslanir. Serqi Azarbaycan niimunslarinin orta torkibi Atabaska ilo miiqayisodo
daha az kvars (28,92 va 51,30%), gil minerallar1 (23,42 vo 40,30%) vo SiOz (46,29 va 78,82%), lakin daha ¢ox ¢Olspati
(15,83 vo 3,10%), karbonat (16,08 va 4,40%) vo CaO (12,19 va 3,07%) ilo saciyyalonir. Orta bitum miqdan yerli
niimunslorde 4,61%, Atabaskada 7,15%, nomlik iso miivafiq olaraq 1,45 vo 3,40%-dir. Yerli sahoalor daxilindo
Ceyildors kvarsla zongin vo karbonatsiz, Araliq iso yliksok asfaltenli bitumla segilir. Bu naticalor Sorqi Azarbaycanin
tadqiq olunan neftli siixurlarinin Athabasca ilo miiqayiseds forqli mineral-matris vo bitum xiisusiyyatlorine malik
oldugunu, yerli sahalor daxilinds do shamiyyatli kompozisional doyiskenliyin mévcudlugunu gostarir.

Agar sozlar: Sarqi Azarbaycan, Atabaska, neftli siixur, mineralogiya, asas oksidlor, namlilik, bitum
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