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ABSTRACT

Problem statement. This study explores unconventional hydrocarbon resources in East Azerbaijan, focusing on oil-bearing rocks
in the Cheyildere and Gyrgyshlag-Girdagh areas. It examines the spatial and temporal distribution of minerals and chemical composi-
tions in Miocene formations. Terrigenous quartz types identified in the Maikop (Lower Miocene), Chokrak (Lower Miocene), and
Diatom (Middle to Upper Miocene) formations provide insights into sedimentological maturity. Geochemical classification and tec-
tonic discriminant diagrams help interpret the protoliths of these sediments. The study also evaluates how mineralogy and moisture
affect oil-bearing potential, offering useful data for future exploration and resource management.

Purpose. This study aims to explore the genesis and potential of oil-bearing deposits of the Miocene age in East Azerbaijan by
characterizing the geological, mineralogical, and geochemical proxies of samples collected from outcrops across various regions.

Methods. The mineralogical composition of samples was analyzed using a MiniFlex 600 diffractometer. Chemical composition
was determined using S8 TIGER Series 2 and Agilent 7700 Series ICP-MS spectrometers.

Results. The geological characteristics of oil-bearing deposits from the Miocene stratigraphic unit were thoroughly analyzed,
providing new insights into the distribution patterns of oil-bearing formations and strata within the studied areas. The mineralogical
composition was examined in detail, focusing on the spatial and temporal variations in mineral distribution across different formations
of Miocene. The chemical composition reveals significant differences between formations in terms of elemental signatures. The study
of the chemical proxies enabled the identification of specific terrigenous quartz types. Additionally, the research assessed the influence
of mineralogical composition, moisture and oil content on the oil-bearing capacity. The results demonstrated a clear relationship be-
tween the mineralogical characteristics and the oil-bearing potential of the rocks.

Conclusions. The Chokrak Formation is of particular interest due to its significant oil-bearing potential, with total thicknesses
of up to 40 meters in Miocene outcrops studied in the areas of Cheyildere and Gyrgyshlag-Girdagh. Compared to other areas, the
Chokrak Formation is dominated by quartz minerals (>70%), while the oil-bearing rocks of this formation contain fewer clay minerals
and no carbonate minerals. The Upper Maikop deposits are characterized by calcite, and the Diatom deposits by dolomite.

Most oil-bearing rocks of Maikop and Diatom age correlate with greywacke and litharenite, while Chokrak rocks with higher
silicon content show a connection with subarkose and sublitharenites. For Diatom oil-bearing rocks, in addition to quartzitic sedimen-
tary sources, some moderate and acidic magmatic rocks can also be considered. Chokrak horizon deposits, rich in quartz, have a more
mature mineralogical nature. These deposits, associated with passive continental margins, are typically linked to the interior of cratons
or recycled orogenic regions, suggesting long-distance transport.

Relatively moist samples containing clay and carbonate minerals exhibit a significantly higher oil accumulation potential than
samples with high quartz content. From this perspective, the marly rocks of the Meotis are of particular interest.

Keywords: Miocene, oil-bearing rock, mineralogy, geochemistry, classification, sedimentological maturity, provenance area and
oil-bearing capacity.
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Introduction and research status. The hydro-
carbon-generating deposits of Eastern Azerbaijan be-
long to the Paleogene-Miocene (Maikop) [6; 21],
while the oil and gas reservoirs are part of the Pro-
ductive Series (Pliocene). Numerous studies have
been conducted on the geochemistry, and oil and gas
potential of sediments identified as source rocks for
hydrocarbons [4; 9; 11; 22]. There are detailed results
of studies on the genesis and reservoir properties of
Pliocene deposits, which currently contain more than
90% of the oil produced in Azerbaijan [13; 14]. In
addition, several studies focused on the Paleogene-
Miocene deposits of Eastern Azerbaijan provide a
general understanding of the genesis of these sedi-
ments through the analysis of mineralogical-geo-
chemical and petrographic data [15; 18].

The literature review highlights that, within the
reservoir sediments of East Azerbaijan, the Pliocene
Productive Series deposits have received the most at-
tention. However, the genesis of older sediments, in-
cluding Miocene oil-bearing rocks, which are pre-
dominantly studied as source rocks for hydrocarbons,
has not been sufficiently explored. Furthermore, the
mineralogical and other factors influencing the hy-
drocarbon potential of these sediments have not been
adequately assessed. This study aims to address these
gaps by focusing on the oil-bearing reservoir rocks of
the Lower Maikop, Chokrak, and Diatom formations
of the Miocene.

Geology and tectonics: a general overview.
During the Cenozoic era, alongside the formation of
oil shale [1; 7; 25] and oil and gas, there was a signif-
icant development of mud volcanoes in Eastern Azer-
baijan [3; 12; 16; 17; 28] which was closely linked to
the process of intense sedimentation [27]. The
Shamakhi-Gobustan oil and gas region, characterized
by a high concentration of tectonic faults and mud
volcanoes [24], provides an ideal setting for studying
the surface deposits of oil-bearing rocks [2; 10]. Nu-
merous outcrops of oil-bearing rocks of different ge-
ological ages have been recorded in the tectonic
zones of this region. The focus of this study is on the
Cheyildere (Southern Gobustan) and Gyrgyshlag-
Girdagh (Central Gobustan) areas (see Fig. 1), lo-
cated in two separate tectonic zones of Gobustan,
where oil-bearing rocks of the Lower, Middle and
Upper Miocene are widespread.

Cheyildere. This area is located on the southern
limb of the Cheildagh anticline, which extends in its
widest direction, covering the extreme eastern part of
the Sundi-Cheildagh anticlinorium zone in South Go-
bustan [26]. The characteristic deposits of this region
include Paleogene, Miocene, and Pliocene strata. The

area is also home to the Western and Eastern
Cheildagh mud volcanoes (Fig. 2).

Gyrgyshlag-Girdagh. Tectonically, the studied
area is considered part of a tectonic structure consist-
ing of the Donguzdug-Shakhgay anticlines, within
which distinct structures such as the Gyrgyshlag and
Girdagh are identified [30]. The geological structure
includes Maikop and Quaternary deposits (Fig. 3).
The Gyrgyshlag is an uplift trending northwest-
southeast. The core of this structure consists of Mai-
kop deposits, where thick clay layers alternate with
thin layers of sand and sandstone, with a thickness of
up to 3.5 meters. The Maikop deposits on the flanks
of the fold are surrounded by layers of Chokrak and
Diatom deposits. In the Gyrgyshlag area, three major
outcrops of dense oil manifestations have been iden-
tified alongside mud volcanic gryphons. These expo-
sures are associated with Diatom (Meotian) dolo-
mites. In the case of the Girdagh structure, located
about 2 kilometres north of Girdagh Mountain, there
is a mud volcano of the same name. The core of the
Girdagh fold consists of Maikop-aged deposits. The
anticline is asymmetrical and oriented along a latitu-
dinal strike.

Oil-bearing deposits. In Cheildere, the oil-bear-
ing rocks of Miocene age, particularly from the Up-
per Maikop and Chokrak formations, are of signifi-
cant interest (Fig. 4A vo 4B).

Significant deposits of oil sands from the
Chokrak Formation are observed on the southern
limb of the Cheyildagh fold, on the right and left
slopes of the ravines in the Cheyildere valley. The
thickness of the sandstone layers, primarily observed
on the right slopes of ravines along the valley and ar-
eas with high oil concentrations, reaches several tens
of meters, and in some places, it even extends up to
40 meters. These thick bituminous sections gradually
dip, extending roughly towards the Eastern Chey-
ildagh mud volcano. In addition to the slopes, the di-
rections of bedding of the oil-bearing sandstone lay-
ers are clearly visible in certain water-washed areas
of the valley. In the Cheyildere area, several active
oil-seeping gryphons have led to the formation of a
hardened bitumen cover on the surface. This phe-
nomenon suggests a high oil-bearing potential of the
underlying layers at lower intervals.

The secondary oil-bearing area of Cheyildere is
situated south of the West Cheildagh mud volcano
and west of the East Cheyildagh mud volcano. This
area is characterized by several layers exhibiting var-
ying degrees of bituminosity. The sand layers of the
Upper Maikop Formation extend along the valley in
a northwest-southeast orientation.
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Fig. 1. Location map of study areas

Oil-bearing rocks in the Gyrgyshlag-Girdagh
area are primarily associated with the sandstones of
the Chokrak deposits (Fig. 5A). Of particular interest
are the oil seeps in the marl rocks, which are linked
to the Diatom Formation, especially in regions where
mud volcanoes emitting oil are present (Fig. 5B).

Oil-bearing layers in the Gyrgyshlag-Girdagh
area, which extend approximately 3.5 km in a north-
west-southeast direction, are part of the Chokrak For-
mation. These layers are found along the northeastern
limb of the fold of the same name and are divided into
several distinct units, each containing significant vol-
umes of oil. Additionally, to the north of the Gyrgy-
shlag wintering site and Girdagh mountain, strong oil

flows are observed within the interlayers of Diatom-
aged marly rocks, extending from west to east. The
most substantial oil flows in the Gyrgyshlag-Girdagh
region are associated with marly rock formations.
Samples and analyzes. Fig. 1 shows the sample
locations from the studied areas. A total of 45 samples
were analyzed for this study. The visual assessment
analysis indicates that the Chokrak samples from
Cheyildere contain a higher sand content compared
to the Maikop samples (Table 1). Notably, the Mai-
kop samples have a significantly higher proportion of
fine-grained fractions. The Chokrak samples from
the Gyrgyshlag area contain negligible amounts of
clays. In contrast, the oil content in the Diatom-aged
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Fig. 2. Geological map of the Cheyildere area [5]

marl samples from the same area significantly sur-
passes that of the Chokrak samples. These marl sam-
ples are also characterized by a higher presence of
clay compounds in addition to carbonates. Visual
analysis suggests that the oil capacity of the fractured
Diatom-aged rocks is comparable to, and in some
cases even exceeds, that of the sandy rocks found in
Chokrak and Maikop.

The mineralogical composition of oil-bearing
samples was determined using X-ray diffraction
(XRD) with a Rigaku MiniFlex 600. Samples were
wet-ground to approximately 5 pm and mounted on
zero-background holders. Diffraction patterns were
acquired over a 20 range of 5-65° using Cu—Ka radi-
ation (40 kV, 15 mA) and a D/tex detector, with 0.02°
steps and a scan rate of 2°/min. Data analysis was per-
formed using CRYSTAL IMPACT's Match! soft-
ware, and mineral abundances were quantified using
RockJock XRD pattern fitting [9].

Bulk rock geochemistry was determined via
wavelength-dispersive X-ray fluorescence spectrom-
etry (WDXRF) on a Bruker S8 TIGER Series 2. Sam-
ples were prepared using a hydraulic press at 25 tons.

Loss on ignition (LOI) was measured at 1000 °C.
Data quality was validated by analyzing the certified
reference material SRM 2709 [9].

The loss-on-ignition (LOI) method was em-
ployed to quantify moisture and organic matter con-
tent in the samples. Samples were dried at 105°C for
24 hours to eliminate moisture, and then combusted
at 550°C using a SNOL 30/1100 muftle furnace (50-
1100°C). Moisture and oil percentages were deter-
mined from weight loss measurements. Triplicate
analyses were performed to guarantee reproducibility.

Mineralogy. The mineralogical analysis results
are in good agreement with the visual assessments.
The Chokrak samples show the highest concentration
of quartz (>70%), lower concentration of clay miner-
als, including montmirillonite, illit and kaolinite
(<10%), and no detectable carbonates. The Gyrgy-
shlag-Girdagh samples exhibit relatively lower clay
minerals than Cheyildere. The Upper Maikop sam-
ples are characterized by the presence of calcite,
while dolomite is a distinguishing feature of the Dia-
tom-aged samples. Additionally, the Diatom samples
exhibit a significant clay mineral content, as illustra-
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ted in Table 2 and Fig. 6.

Major oxides. A high amount of Si is present in
the chemical composition of the Chokrak samples,
whereas the Cheyildere samples are noticeably dif-
ferent, with an average value of 80%. The mineralog-
ical composition of the Cheyildere samples shows a
lower average quartz content compared to Gyrgy-
shlag-Girdagh, which indicates that the higher Si
content in the latter is concentrated not only in quartz
but also in other silicate minerals. The amount of Al
in the Chokrak samples is significantly higher in the
Gyrgyshlag-Girdagh samples. The Maikop and Dia-
tom-aged samples contain little Si but a substantial
amount of Ca (average value = 11.33%). In addition,
upon comparing Tables 2 and 3, the highest Ti con-
centration is observed in the quartz-rich, clay-defi-
cient Chokrak samples. Despite the absence of de-
tectable Ti-bearing minerals like rutile or titanite, and
considering hematite is a minor component, the ele-
vated Ti is likely attributed to its incorporation within

undetected trace minerals or, potentially, adsorption
onto the abundant quartz surfaces. Quartz, while not
a typical host for Ti, can adsorb trace elements, par-
ticularly if it exhibits surface alterations or microfrac-
tures [e.g., 20]. Conversely, some clay-rich samples
exhibit lower Ti concentrations, potentially due to the
dilution effect of clay minerals and variations in Ti
partitioning during sedimentation [e.g., 32]. The var-
iations observed between the stratigraphic units in
terms of Si, Al, Ca, Fe, Ti, and other chemical com-
positions result from different genesis conditions.
Provenance. In the geochemical classification
diagram (Fig. 7), the samples correspond to different
types of terrigenous quartz, indicating distinct prove-
nance sources or depositional environments. The pre-
dominance of Fe and Mg in the Maikop and Diatom
samples indicates a close association with grey-
wackes and litharenite. However, two Diatom sam-
ples are positioned within the arkosic region of the
classification diagram due to their low Na/K concen-
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Fig. 5. Oil-bearing outcrops of Chokrak (A) and Meotian (B) formations in the Gyrgyshlag-Girdagh areas
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Table 1
Description of some of the analyzed samples
Area Sample Age Description
Ch-1 Chokrak Sandstone that erodes relatively quickly and smells of oil
Cheyildere Ch-9 Chokrak Fine-grained sand with a slight smell of oil

Ch-18 | Upper Maikop | Sandy rock mixed with clay, with a strong smell of oil

Ch-20 | Upper Maikop Sandy carbonate rock saturated with oil
Gyrayshalg- GG-25 Chokrak ‘ Oil—satgrated relatively'hard sgndstone .
Girdagh GG-31 Chokrak Rapidly eroding sandstone with a faint smell of oil

GG-36 Diatom Dolomite rock with excess oil in the intermediate layers

trations [8]. Most of the Chokrak samples show dual
localization due to their Si and Na/K ratios. From this
perspective, the Gyrgyshlag-Girdagh samples are
classified as subarkoses, while the majority of the
Cheyildere samples are categorized as sublitharenites.

The discriminant function diagram in Fig. 8 in-
dicates that the Chokrak samples are predominantly
influenced by sediments derived from quartzose
sources. However, the possibility of contributions
from both intermediate and felsic magmatic sources,
in addition to quartzose sedimentary sources, to the
formation of Miocene oil-bearing samples cannot be
excluded [8].

Geochemical analyses of the Chokrak samples
revealed a higher concentration of potassium K

compared to sodium Na, with these samples primar-
ily composed of subarkosic and sublitharenitic quartz
(see Fig. 7). The Chokrak samples, which exhibit a
more mature mineralogical nature with a higher
quartz content, are linked to passive continental mar-
gins. These deposits are typically associated with the
interior parts of cratons or recycled areas of orogens,
reflecting long-distance sediment transport [19]. Ad-
ditionally, these deposits, potentially linked to intense
weathering, polycyclic sand fractions, and also gran-
ite-gneiss terranes, may have originated from pre-ex-
isting sedimentary terranes. The paleoclimatic condi-
tions of these deposits suggest a humid climate dur-
ing their formation.

Oil Richness. Along with moisture, the bitumen
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Table 2
The results of a mineralogical analysis of samples
’qb?n = N 5 e 2 BN 2 @ 2 < £ ) %
E| 3 |S|2/8|2/ %898 |28 5 % 3
ch-1 | 75 2| - | -] - -1-T271]-71-71-7-
ch2 | 75 | 13| - | - | - | - | - - |1 -]-1]-]-
Ch3 | 690 | 14 | - | - | 3 | 2| -] - |21]-1]-1~=-1]-
Ch4 | 49 | 12| - | - | 9 6 | - | 2|5 -|-1]1
lens [ s 2| - ] - - - - - -]
Flcne | 746 | - | -6 |- 3] -|2]-1]-1|-]-
E Ch-7 | 55 | 12| - | - |12 -8 -|4]|-1|-1]-12
Slons |75 [ 6| - -6 | -|3[-|1[-]-]-]-
S lch9 | 69 | 14| - | - | 4| - 2| -1 || -1]3]-
T lenwo| 27 - -1 713 -7+ -1-71-71
S lcenn| 75| 6| - -16]|-]3]-]1-1]-1-1-
Ch-12| 3| 6 | - | -6 | -3 -|21]-1]-1-1]1
Ch-13| 74 | 6 - | 6 3 -2 -] - -1
Ch-14 | 72 | 7 | - | - | 6 | - |3 - |2|-|-1]-1]1
Ch-15| 81 | 3 | - | - | 5 | - | 2| - | -] -1]-1]1]1
Averagevalue | 70.9 | 9.1 | 0.0 | 0.0 | 51 | 0.5 | 26 | 0.1 | 15| 03| 0.0 ]| 03| 0.8
16| 12 |10 55| - |5 s |- - |3 - -] -] -
o glch17 | 44 |15 | - | - |10 |8 8| - |3 |5 |- |-]3
é‘é Ch-18 | 34 | 12 | - | - | 125 | - | -] 3] -1]-1]+-12
g Bl Ch19 | 27 | 13 | - | - |12 |5 | - |1 ]2 ] -|-]-]|]1
“&lcn20| 31 10|35 | - |3 | s |- - 4| -] -]-]-
“lch21| 48 [ 1420 -] 4| -] -]-1271-1-1-171-
Average value | 32.7 | 12.3 | 183 0.0 | 7.7 | 47 | 1.3 | 02 | 28 | 0.8 | 0.0 | 0.0 | 1.0
GG22| 74 | 4 | - | - | - | -l 4| -|4]3|4a)|-]4
% |GG23| 75 | 10 | - - - 3 - 23| -] -] 4
2 [ GG24| 74 o33 -2l 2] -1-1€6
S |GG | 73 A T RN R T N B
% |GG26| 68 | 10 | - | - |3 |- |3 |-]3]2]3]-]S5
T | GG27| 74 Sl s -3 - -] 2] -1]-14
S | GG2s| 73 Y
= |GG29| 54 | 14| - | - | 3|3 |4 -|3|2]2]|-1]10
& |GG30| 7 o s o3 -T2 -] 15
&> | GG-31| 73 - - s -3 -] 23 -1-1]°S3
GG-32 | 74 -l -l s -3 -2 3] -] -
Averagevalue | 72.1 | 83 | 0.0 | 0.0 | 3.2 | 05 | 32| 00| 1.8 | 24|09 | 0.0 | 43
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Continuation of table 2

GG-33 | 81 5 - - 3 - 3 - 1 2 - - -
GG-34 | 71 10 - - 4 3 3 - 1 - - - -
| GG-35| 69 10 - - 4 3 3 - 2 3 - - -
g GG-36 7 3 - 69 4 3 3 - 2 3 - - -
g GG-37 6 4 3 71 - - - - 3 - - - -
s | GG-38 | 37 10 - - 20 5 5 - 4 3 8 - -
:E GG-39 | 20 10 5 5 10 6 5 - 4 - 22 - -
Lb?o GG-40 | 39 15 - - 10 5 5 - 3 5 9 - -
é GG-41 | 27 10 - - 20 12 12 - 4 5 1 - -
E GG-42 | 38 15 3 16 6 - 5 - 5 - 3 - -
o GG-43 | 43 18 - 8 10 5 5 - 3 - - - -
GG-44 | 39 15 20 3 5 3 3 - 2 3 - - -
GG-45| 26 7 - - 25 10 15 - 5 3 1 - -
Average value | 35.2 | 10.6 | 2.6 | 143 | 9.8 | 4.6 | 5.3 | 0.0 | 3.2 | 2.1 | 3.7 | 0.0 | 0.0
Cheyildere Carbonates Classification
B hok [ Catmeos e
Gyrgyshlag-Girdagh - Mudstone
) Chokrak || siticcous marlstone
/A Diatom

§
I
S /
P /
O

Clay

- Argillaceous mudstone
- Siliceous mudstone

Q
%
-4

Silicates

<
<

Clay

Fig. 6. Mineralogical classification diagram of samples (after [4])

content in the Chokrak samples (averaging 7.63% for
Chiyldere and 6.4% for Gyrgyshlag-Girdagh) is
nearly half of that found in the Maikop samples (with
an average of 14.78% for Childere) and Diatom sam-
ples (averaging 14.7% for Gyrgyshlag-Girdagh). The
results suggest that samples with relatively high
moisture content, along with clay and carbonate

minerals, demonstrate a higher oil storage potential
compared to those with higher quartz content. In par-
ticular, Diatom marls stand out in this context (Table
4), as they exhibit favorable characteristics for hydro-
carbon accumulation.

Conclusions. The Chokrak oil-bearing rocks
stand out due to the total thickness of the oil-bearing
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Table 3
The chemical composition of the samples, %

é‘;eez; S;;::l- Na;O | MgO | ALOs | SiO; | P,Os | SO; | K;O | CaO | TiO: | MnO | Fe;0;
Ch-1 | 068 | 0.76 | 436 | 82.06 | 0.09 | 293 | 145 | 0.83 | 0.81 | 0.04 | 2.25

Ch-2 | 058 | 0.59 | 472 | 83.16 | 0.08 | 0.28 | 1.65| 1.71 | 0.72 | 0.02 | 191

Ch-3 | 055 | 0.62 | 508 | 824 | 0.10 | 043 | 1.86 | 1.50 | 045 | 0.02 | 2.32

< Ch+4 198 | 1.01 | 9.04 | 71.65 | 0.11 | 0.67 | 2.71 | 1.13 | 0.98 | 0.03 | 2.97
s Ch-5 | 041 | 036 | 450 | 82.69 | 0.16 | 2.77 | 161 | 1.54 | 0.71 | 0.01 | 1.65
3 Ch-6 | 049 | 048 | 435 | 8566 | 0.01 | 035 | 145 | 0.55 | 0.52 | 0.02 | 2.57
6 Ch-7 | 054 | 1.04 | 9.88 | 71.15| 0.01 | 1.32 | 2.84 | 1.92 | 0.88 | 0.04 | 4.19
E Ch-8 | 055 | 044 | 445 | 8491 | 0.08 | 044 | 168 | 046 | 043 | 0.01 | 1.82
3 Ch-9 | 339 | 043 | 5.05 | 82.06 | 0.03 | 0.38 | 1.73 | 0.25 | 0.50 | 0.07 | 1.67
Z | Ch-10 | 1.51 | 048 | 5.06 | 83.82 | 0.01 | 0.58 | 1.80 | 0.41 | 0.45 | 0.01 | 1.87
= Ch-11 | 0.65 | 043 | 494 | 8596 | 0.01 | 025 | 1.72 | 0.33 | 047 | 0.01 | 1.72
© Ch-12 | 0.55 | 043 | 497 | 8524 | 0.06 | 0.56 | 1.69 | 034 | 0.59 | 0.02 | 2.18
Ch-13 | 039 | 039 | 455 | 8227 | 0.08 | 2.07 | 1.27 | 1.02 | 0.71 | 0.01 | 2.11

Ch-14 | 1.62 | 0.58 | 5.68 | 80.42 | 0.06 | 0.57 [ 2.04 | 0.59 | 0.58 | 0.02 | 2.04

Ch-15 | 032 | 0.19 | 1.73 | 91.86 | 0.01 | 0.60 | 0.52 | 0.29 | 0.36 | 0.01 | 0.81
Average value | 0.95 | 0.55 | 522 | 82.35 | 0.06 | 0.95 | 1.73 | 0.86 | 0.61 | 0.02 | 2.14
E Ch-16 | 0.86 | 239 | 7.10 | 28.18 | 0.18 | 0.15 | 1.34 | 28.54 | 042 | 0.15 | 3.79
x| Ch-17 | 124 | 090 | 12,77 | 70.83 | 0.29 | 2.50 | 292 | 1.34 | 0.63 | 0.02 | 3.23
§ § Ch-18 | 131 | 140 | 885 |49.84 | 0.13 | 0.88 | 1.60 | 2.29 | 045 | 0.07 | 3.76
5 | Ch-19 | 137 | 1.07 | 999 |43.79 | 0.14 | 1.90 | 1.73 | 1.38 | 0.50 | 0.04 | 3.0l
5 & | Ch-20 | 0.73 | 1.03 | 595 | 3993 | 0.19 | 0.37 | 1.69 | 21.45 | 0.53 | 0.07 | 4.89
= | Ch-21 | 1.09 | 127 | 631 [5947 | 0.18 | 038 | 1.64 | 12.99 | 0.26 | 0.03 | 2.30
Average value | 1.10 | 1.34 | 8.50 | 48.67 | 0.19 | 1.03 | 1.82 | 11.33 | 0.47 | 0.06 | 3.50
GG-22 | 091 | 0.61 | 438 | 74.29 | 0.007 | 3.54 | 1.46 | 0.94 | 0.46 | 0.006 | 4.19

= GG-23 | 1.27 | 090 | 6.51 | 80.42 | 0.006 | 0.01 | 1.82 | 0.94 | 0.74 | 0.007 | 2.20
o0 GG-24 | 0.85 | 0.01 | 5.53 | 79.55 0.009 | 0.01 | 1.75 | 0.76 | 0.62 | 0.006 | 2.21
_';: ~ | GG-25 | 097 | 0.57 | 595 | 7947 1 0.009 | 1.03 | 1.83 | 0.37 | 0.01 | 0.009 | 1.74
o E GG-26 | 1.74 | 1.30 | 6.56 | 71.11 | 0.008 | 1.61 | 1.78 | 1.21 | 0.36 | 0.009 | 2.89
E” < | GG-27 | 1.01 | 0.70 | 6.07 | 81.03 | 0.007 | 0.43 | 1.47 | 048 | 0.51 | 0.007 | 2.33
- 5 GG-28 | 1.06 | 0.01 | 4.33 | 87.36 | 0.005 | 0.01 | 1.24 | 0.01 | 0.01 | 0.006 | 1.74
Eﬁ ~ 1 GG-29 | 139 | 1.06 | 843 | 69.68 | 0.004 | 1.14 | 1.97 | 1.02 | 0.54 | 0.003 | 3.12
5“ GG-30 | 1.04 | 0.75 | 6.09 | 80.43 | 0.008 | 0.41 | 1.52 | 0.62 | 0.47 | 0.010 | 1.68
GG-31 | 1.51 | 0.81 | 6.01 | 82.32]0.007 | 0.01 | 1.67 | 0.78 | 0.29 | 0.008 | 1.99

GG-32 | 1.63 | 0.77 | 5.77 | 82.75 1 0.009 | 0.01 | 1.52 | 0.49 | 0.29 | 0.009 | 2.02
Average value | 1.22 | 0.68 | 597 | 7895 | 0.01 | 0.75 | 1.64 | 0.69 | 0.39 | 0.01 | 2.37
GG-33 | 1.38 | 0.67 | 4.11 | 86.2 | 0.009 | 0.01 | 1.54 | 1.57 | 0.01 | 0.008 | 1.40

E [ GG-34| 1.18 | 0.01 | 572 | 81.22 | 0.003 | 1.28 | 1.85 | 0.72 | 0.01 | 0.005 | 1.57
% GG-35| 001 | 1.07 | 6.19 | 82.57 | 0.004 | 0.98 | 1.41 | 0.75 | 0.53 | 0.004 | 2.06
a GG-36 | 0.02 | 17.79 | 2.89 | 10.24 | 0.006 | 0.01 | 0.36 | 29.07 | 0.01 | 0.56 | 2.87
= | GG-37| 0.01 |16.04 | 3.26 | 10.92 | 0.005 | 0.01 | 0.40 | 27.94 | 0.01 | 0.33 | 3.86
_cED GG-38 | 193 | 2.65 | 14.97 | 55.22 1 0.007 | 4.84 | 2.69 | 249 | 043 | 0.008 | 5.06
i GG-39 | 2.08 | 1.98 | 9.99 | 38.96 | 0.009 | 11.08 | 1.94 | 13.79 | 0.01 | 0.006 | 4.49
(in GG-40 | 249 | 1.69 | 12.52 | 59.18 | 0.006 | 5.53 | 243 | 342 | 0.01 | 0.010 | 3.91
‘E‘ GG-41 | 196 | 3.34 | 1556 | 57.34 | 0.008 | 0.67 | 3.53 | 1.08 | 0.75 | 0.006 | 5.35
2 | GG-42 | 1.60 | 402 | 943 |49.95|0.007 | 2.34 | 2.03 | 10.32 | 0.42 | 0.009 | 5.27
2 | GG-43 | 1.62 | 2,53 | 10.24 | 59.18 | 0.008 | 0.73 | 2.34 | 9.54 | 0.52 | 0.009 | 3.69
(? GG-44 | 195 | 1.55 | 7.81 | 53.53 10.009 | 0.01 | 1.96 | 1548 | 0.01 | 0.010 | 2.07
GG-45 | 3.08 | 3.16 | 15.84 | 55.26 | 0.010 | 0.84 | 3.57 | 1.10 | 0.51 | 0.008 | 5.70
Average value | 1.49 | 435 | 9.12 | 53.83 | 0.01 | 2.18 | 2.00 | 9.02 | 0.25 | 0.07 | 3.64
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Fig. 8. Classification plot of discriminant functions DF1 and DF2 for the studied samples.
Provenance fields are from [29]

Table 4
Concentration of moisture and oil content in oil-bearing rock samples
Area/Age Sample MoiosA‘)[ure, Oil c((;(r)ltent,
Ch-1 0.54 6.29
Ch-2 0.38 5.15
Ch-3 0.79 20.04
Ch-4 1.35 5.64
Cheyildere (Chokrak) Ch-5 0.41 8.66
Ch-6 0.42 8.18
Ch-7 1.07 13.71
Ch-8 0.33 4.81
Ch-9 0.59 5.02
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Continuation of table 4

Ch-10 0.52 6.44
Ch-11 0.27 6.28
) Ch-12 0.38 5.46
Cheyildere (Chokrak)
Ch-13 0.99 4.76
Ch-14 0.34 4.7
Ch-15 0.33 9.27
Average 0.58 7.63
Ch-16 1.16 2.77
Ch-17 0.87 14.56
. . Ch-18 1.64 20.62
Cheyildere (Upper Maikop) Chilo Ty YEY
Ch-20 0.52 13.26
Ch-21 1.04 13.21
Average 1.19 14.78
GG-22 0.33 5.2
GG-23 0.43 5.16
GG-24 0.36 8.73
GG-25 0.42 9.5
GG-26 0.86 6.08
Gyrgyshlag-Girdagh (Chokrak) GG-27 0.71 5.03
GG-28 0.47 6.6
GG-29 0.83 14.48
GG-30 0.45 6.54
GG-31 0.72 3.96
GG-32 0.71 3.99
Average 0.57 6.84
GG-33 9.79 2.95
GG-34 0.52 11.33
GG-35 2.57 34.22
GG-36 0.98 22.67
GG-37 1.34 25.71
GG-38 5.73 10.46
Gyrgyshlag-Girdagh (Diatom) GG-39 4.21 18.31
GG-40 1.86 9.68
GG-41 4.29 13.12
GG-42 1 18.5
GG-43 2.17 13.31
GG-44 0.45 6.98
GG-45 4.27 6.17
Average 3.01 14.87
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section, which reaches up to 40 meters in the Mio-
cene outcrops observed in the Cheyildere and Gyrgy-
shlag-Girdagh areas. When comparing the areas,
Chokrak is particularly notable for its high quartz
content, which exceeds 70%. The oil-bearing rocks in
this formation are characterized by a relatively low
clay mineral content and a complete absence of car-
bonate minerals. In contrast, the Upper Maikop oil-
bearing formation contains calcite, while the Diatom
oil-bearing formation is rich in dolomite. The Diatom
formation also exhibits a significant increase in clay
mineral content, with an average of 19.75%.

Most oil-bearing rocks of Maikop and Diatom
ages are associated with greywacke and litharenite,
while the Chokrak formation, with its higher silicon
content, is linked to subarkosic and sublitharenitic
rocks. For the oil-bearing Miocene rocks, in addition
to quartzose-rich sedimentary sources, certain inter-

considered as potential contributors. The Chokrak
oil-bearing formation, which is rich in quartz, exhib-
its a more mature mineralogical composition. Such
deposits, typically associated with passive continen-
tal margins, the interior regions of cratons, or recy-
cled orogenic areas, are characteristic of long-dis-
tance transport. Such deposits, which undergo rela-
tively intensive weathering and are associated with
granite-gneiss terranes and a polycyclic sand frac-
tion, may have originated from previously existing
sedimentary terranes.

Compared to the Upper Maikop and Diatom
samples, the Chokrak samples contain half the oil
concentration and moisture. Samples with higher
clay and carbonate content show significantly greater
oil accumulation potential than those with high
quartz content. In this regard, the marly rocks of the
Diatom (Meotian) are particularly noteworthy.

mediate and felsic igneous rocks should also be
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MiHepaJsioriyHi Ta reoxXiMmiuHi NOKaA3HUKHA MiOLIEHOBUX BiIKJIa/IeHb
CxinHoro Azep6aiizkaHy: MOXOMKEeHHS Ta HAQTOHOCHICTH

Enonyp Banoznanos !

HayK. CIiBpOOITHHK BiJUIiTy IPA3b0BOTO ByJKaHi3My, | [HCTUTYT reonorii Ta reoizukwu,
MiHicTepcTBO Hayku Ta ocBiTH A3epOaiikancekoi Pecryomiky, baky, AzepOaiimkaH;
Vavein Honuyesa >3

K. XiM. H., JIOLIEHT, 3aB. Jaboparopii, > [HCTUTYT HadTOXiMiUHUMX MpoLECiB
MiHicTepcTBa HayKkH Ta 0cBiTH A3epbaiimkancbkoi Pecryoiiku, baky, AzepOaimkaH;
Kadenpa ximiunoi imkeHepii, paxynsTeT iHKeHepil Ta IpUKIaIHIX HAYK,

3 Vuisepcuter Xazap, baxy, AsepOaiimkan;

Pycnan Axynoos !

HayK. CIIIBPOOITHHK BiIIiTy TPSA3OBOTO BYJIKaHI3MY,

Ensmap Cameoos !

IHKeHep BiAIUTY TPSA360BOTO BYIKaHI3MY;

Kaman Mycmadgaces *

MeHeKep, ¢ LeHTp nociimkens Ta po3pobok AZLAB, Baky, Azepbaiikan

Le mocnikeHHs MOKa3ye NOTEHIIal HeTPaAULIHUX BYIJIEBOAHEBHX pecypciB y CxinHoMy A3zepOaiimkaHi, 30ce-
PeIKYIOUMCh Ha HAaTOHOCHUX Topozax y paionax Yenmnaepe ta ['uprunuar-Iipaar YV 1ociiaKeHH] OLIHIOETHCS MTPO-
CTOPOBHI Ta 9aCOBHI PO3IOILT MiHEPAJiB Ta XIMIYHOTO CKJIQJy B MiOIICHOBHX CTpaTurpadidaux ¢popmamnisx. Minepa-
JIOTIYHI Ta XiMIYHI JaHi JO3BOIWIHN iAIeHTH(]IKYBAaTH TepUTEHHI TUITH KBapIly B Maiikorchkiid, Hokpakchkiit Ta Jliatomo-
BHX (hopMalisix, Mo Hagae iHGopMamiro mpo iX ceAMMEHTONOTIYHY 3pimicTs. KpiM TOro, v JOCTiIKEeHHI BHKOPHCTOBY-
FOTBCS PEe3yIBTAaTH Te0XIMIUHOT KiTacu(iKkaIii Ta JiarpaMy TeKTOHITHHX JUCKPUMIHAHTHUX (PYHKINH JJIS TIAHOIIOTO po3y-
MiHHS TIPOTOJNITIB MIOIIEHOBUX HA(TOHOCHUX BigKIajeHb. Lle MOCHIMKEHHS TaKoX OIIHIOE BIDIMB MiHEPaJOTigHOTO
CKJIa[ly Ta BOJIOTH Ha MOTEHIial HadpToHOCHOCTI. Lli pe3ynpraTe HamaroTh [iHAY iH(QOpMAIIifo IS OI[IHKH HATOHOCHOTO
MOTEHIIaTy MIOIICHOBHX BiJIKJIaJIeHb y PETIOHI, 110 MOXE CYTTEBO BILUIMHYTH Ha MaiiOyTHi cTparerii po3BiJIKU Ta yHpas-
JIHHSA pecypcamu. [€ooriyHi XapakTepuCTUKH HA(TOHOCHUX BiJKIIa/IeHb CTpaTUrpadivyHOi OJMHUILI MioLeHy OyiH pe-
TEJIFHO MPOaHaTi30BaHi, 110 a0 HOBE PO3YMiHHs 3aKOHOMIPHOCTEH po3mnoainy HaTOHOCHHX (opMaiiil Ta IIacTiB y
JOCII/KYBaHUX paioHax. MiHepasoriyHuil ckiaa Oyno NeTalnbHO JOCIIHKEHO, 30CePEeKYIOYHNCh Ha TPOCTOPOBUX Ta
YacOBHUX Bapialfisix po3MOAUTY MiHEpaliB y pi3HUX (GopMarlisx MioneHy. XiMIYHAN CKJIaJ BUABIISAE 3HAYHI BiIMIHHOCTI
MiX (opMarLisiMU 3 TOUKH 30pY €IEMEHTHUX CUTHATYp. BHBYSHHS XIMIUHMX NOKa3HUKIB JI03BOJIMIIO 1IeHTU(IKYBaTH CIIe-
nuQivHI TepUTeHH] THIH KBapIry. KpiM ToTo, MOCIiIKEeHHS OIIHUIIO BIDTHB MiHEPAIOTI9YHOTO CKJIA/Y, BOJIOTOCTI Ta BMICTY
Ha(pTH Ha HAPTOHOCHICTH. Pe3ynbraTi mpogeMoHCTpyBaN YiTKHH 3B's130K MiXK MIHEPATOTiYHIMH XapaKTEPUCTHKAMH Ta
Ha(pTOHOCHUM TIOTEHIIIAJIOM TOpPix. BiqHOCHO BONOTI 3pa3K, IO MICTATh IIIMHUACTI Ta KapOOHATHI MiHEpaJH, TEMOHCTPY-
I0Th 3HAYHO BUIIMH MOTEHIIia]l HAKOMYEHHS Ha()TH, HIX 3pa3KH 3 BUCOKMM BMiCTOM KBapily. 3 Ili€i TOUKH 30py, 0coOnu-
BUI IHTEpEC NPEICTABIAIOTh MEPreticTi mopoau Meotucy.

Knrouogi cnosa: mioyen, Hagpmonocra nopooa, MiHepanozis, 2eoximis, Kiacupixayis, ceOUMeHmonr02iYHa 3pinicmy,
DPation nOX0OXHCeHHs ma HAQMOHOCHICTb.

BHecOK aBTOpiB: BCi aBTOPW 3p06MIM PiBHUI BHECOK Y L0 pobOoTY Hagiiiwna 12 ntotoro 2025 p.
KoH®niKT iHTepeciB: aBTOpKU NOBIAOMAAIOTbL NPO BiACYTHICTb KOHONIKTY iHTepeciB NpwitHaTa 17 6epesHa 2025 p.
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