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ABIOGENIC AND ORGANIC COMPONENTS OF MODERN
TERRESTRIAL GASTROPODES OF AZERBAIJAN:
STUDY OF MACRO-, MICRO- AND BIOELEMENTS

As a result of field campaign in the Greater Caucasus the big faunal material has been
collected from the southern and northern slopes of these mountains. The material included
shells of both living and dead terrestrial gastropods, found mainly on the territory of Guba
district — an administrative region within Azerbaijan, located on the northern slope of the
Greater Caucasus. The collected shells were then compared to gastropods found in the
Shamakhi, Sheki and Gakh regions in the southern slope of the Greater Caucasus, and with
shells from the Caspian Sea coast. In total, 70 samples of shells belonging to mollusk Helix
lucorum L. have been analyzed.

The total organic matter (TOM) and several bioelements - organic carbon, protein nitro-
gen and phosphorus, have been determined in the shell material. Besides that macro- and mi-
croelement distribution in skeleton remains of the collected mollusks has been investigated.
The results achieved allowed conclusion about the controling factors on the composition of

calcium carbonate and the organic component of the shell material of studied gastropods.
Keywords: South-Eastern Caucasus, terrestrial gastropods, shells, organic matter, cal-

cium carbonate, proteins, chemical elements

Material and methodology

In order to ensure the study accuracy of the
organic components and elemental composition
of the terrestrial gastropod skeletons, the well-
developed and undamaged shells were selected.
The study was implemented on a vast area cov-
ering the northern part of the Azerbaijani seg-
ment of the Caspian coast and the southern and
northern slopes of the Greater Caucasus moun-
tain system (Figure 1). Different individual age
representatives of the same species were select-
ed to study ontogenetic factors affecting the ac-
cumulation of the organic matter. The samples
were prepared following a single procedure: the
soft tissue was separated and shells were
washed for one hour under running water at 20—
22°C. The soft tissue attachment sites and for-
eign matters were carefully scraped. After that
the gastropod skeletons were dryed in the dark
room. In order to produce reliable analytical re-
sults the parallel analyses were performed.

Organic carbon was determined by the
method of L.V.Tyurin (Standard method ....,
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2021). The method is based on the oxidation of
an organic matter in shells with chromic acid
until forming of carbon dioxide. Protein nitro-
gen analysis was performed according to the
Bremner method (1965). Macro- and microele-
ment contents were determined by the X-ray
spectroscopy technique.

Discussion of results

Distribution of organic component in the
shell material of terrestrial gastropods

Samples of this terrestrial mollusk species
were collected in six areas of Azerbaijan located
on the southern and northern slopes of the
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Greater Caucasus that not significantly differing
by the environmental and geochemical charac-
teristics. Samples found in the Guba area in the
northern slope were compared with those ones
collected from the Shamakhi, Sheki and Gakh
regions in the southern slope. The shells found
in four localities in the Guba and Shamakhi re-
gions (Nugedi, Rustov, Meysary and Muganly)
belonged to the adult gastropods, while the
other sample sets collected in Sheki and lIlisu
sites contain different-age individuals. In total,
26 samples with well formed and undamaged
shells have been analyzed.

We have recorded that amount of bioele-
ments in the studied skeletons is varying in a
wide range — from 0.17% to 0.50% with an av-
erage value equaling to 0.25% in case of organic
carbon (Corg), and from 0.37% to 0, 125% with
an average value of 0.057% in case of Nprotein
(Figure 2).

2022 /1

The highest organic carbon and protein ni-
trogen quantities were identified in the samples
collected from Rustov and Nugedi localities
(Guba region), and the smallest — in the shells
found in Muganly and Meysary (Shamakhi re-
gion). Relatively high contents of the bioele-
ments were determined in the samples collected
from llisu locality (Gakh region) hypsometrical-
ly located 1300 m above sea level, and in shells
from Sheki region.

We can report that these bioelement con-
centration differences are mainly due to ontoge-
netic control. It was recognized that organic
carbon and protein nitrogen amounts are equal
on average to 0.5% and 0.125% respectively in
the young forms; 0.31% and 0.075% in the
middle-aged samples, and 0.20% and 0.0049%
in the adult shels (Figure 2). These data testify
to gradual decrease of the bioelement quantities
in the skeleton material of Helix lucorum L.
mollusk with the age.
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Figure 2. Plot of organic carbon and proteinic nitrogen content values in the different-age shells of Helix lucorum L.



iy E.H. Aliyeva, S.A. Isayev

Another reason for the wide variations of the
bioelement amounts is the individual impact of
the studied mollusks. In order to assess this effect
on the in-shell concentrations of the organic car-
bon and protein nitrogen, four specimens of He-
lix lucorum L. of the equal age and size in each
locality — Rustov and Nugedi, were analyzed.
The age of the analyzed skeletons was deter-
mined to be equal to three years. The shells from
the Rustov locality have the height of 35 mm,
height of the last whorl — 25 mm, and diameter of
the last whorl — 28 mm (Table 1). We should
mention that these shells differed from each other
by wall thickness and color.

STUDY OF MACRO-, MICRO- AND BIOELEMENTS

ABIOGENIC AND ORGANIC COMPONENTS OF MODERN TERRESTRIAL GASTROPODES OF AZERBAIJAN:

According to the analysis results, light
colored thick-walled shell contains 0.18% of the
organic carbon and 0.043% of protein nitrogen.
Corg. / Nprot. ratio is equaling to 4.18 (Figure 3,
Table 1). The less light thick-walled shell
demonstrates the organic carbon amount of
0.18%, the protein nitrogen — 0.044%, and the
Corg. / Nprot. ratio of 4.09. The less thick-walled
dark shell contains 0.24% of the organic carbon
and 0.059% of the protein nitrogen, Corg. / Nprot.
ratio of 4.06. Finally, the thin-walled dark shell
is characterized by 0.33% of the organic carbon,
0.080% of the protein nitrogen, and Corg. / Nprot.
ratio is equaling to 4.12.

Table 1
Composition of the organic component of the Helix lucorum L. gastropod shells
" Location _Ontogenfet— Note Corg. | Nprot. | Corg./ Org. Protein,
ic age / size % % N prot. | matter, % %
1 2 3 4 5 6 7 8 9
1 | Hisu Middle age | Did’t treated w/dist.w. 0,32 0,079 4,06 0,628 0, 475
A Adult Treated w/dist. water 0,28 0,069 4,07 0,547 0,415
3 | Sheki Middle age | Light form 0,22 0,054 4,07 0,430 0,331
4 | e Middle age | Dark form 0,16 0,040 4,00 0,313 0,240
5 | Sheki Adult 0,20 0,050 4,00 0,319 0,301
6 | - Adult 0,19 0,047 4,04 0,372 0,283
7 |- Middle age | 3 specimens 0,30 0,075 4,00 0,587 0,452
8 |- juvenile 5 speciments 0,50 0,125 4,00 0,978 0,753
9 Muganly Adult 4 specimens 0,17 0,042 4,05 0,332 0,253
10 | Meysary Adult 3 speciments 0,17 0,042 4,05 0,332 0,853
11 | Rustov Adult Thin-walled light form 0,28 0,070 4,00 0.547 0,421
12 | Nugedi Adult Thin-walled light form 0,36 0,088 4,09 0,704 0,530
13 | Rustov 43*30*45 Thin-walled dark form 0,21 0,052 4,03 0,410 0,313
14 | - | - Thin-walled dark 0,15 0,037 4,08 0,283 0,231
15 | Meysary 44*30*45 Thin-walled dark 0,24 0,059 4,06 0,469 0,355
16 | Nugedi 44*28*43 Thick-walled light 0,21 0,052 4,03 0,410 0,313
17 | Rustov 35*25*38 Thick-walled light 0,18 0,043 4,18 0,355 0,259
18 | - 35*25*38 Thin-walled dark 0,18 0,044 4,09 0,355 0,265
19 | - Thin-walled 0,24 0,059 4,06 0,469 0,355
20 | - Thin-walled 0,33 0,080 4,12 0,645 0,482
21 | Nugedi 38*27*42 Thin-walled 0,32 0,080 4,00 0,628 0,482
22 | - Thick-walled 0,30 0,072 4,03 0,587 0,434
23 | - Thick-walled 0,16 0,039 4,1 0,313 0,235
24 | - Thick-walled 0,20 0,049 4,08 0,391 0,295
25 | Rustov 38*28*43 Thick-walled 0,22 0,054 4,08 0,430 0,325
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Figure 3. Plot of organic carbon and proteinic content values in the shells of Helix lucorum L. by the thickness

and color of the shell walls

The Nugedi site shells have the following
parameters: shell height — 38 mm, height of the
last whorl — 27 mm, diameter of the last whorl —
42 mm. The shells are dark in color.

According to the analysis results, the first
thin-walled shell demonstrates 0.32% of the or-
ganic carbon and 0.080% of the protein nitrogen
in the organic matter composition. The shell has
a Corg. / Nprot. ratio equaling to 4.00.

The second thin-walled shell has the carbon
content of 0.30%, nitrogen content of 0.072%,
and the Corg. / Nprot. ratio of 4.03. The third thin-
wall shell contains 0.20% of the organic carbon
and 0.049% of the protein nitrogen, with Corg. /
Nprot. ratio equaling to 4.08. Finally, the fourth
relatively thick-walled shell had 0.16% of the
organic carbon, 0.039% of the protein nitrogen,
and Corg. / Nprot. ratio of 4.1.

The data indicate the different bioelements
concentrations identified in the shell material of

Helix lucorum L. even collected from the
same area and sometimes from the same plant.
It is worth to mention that content levels of the
organic carbon and protein nitrogen are higher
in the specimens with thin-walled shells rather
in thick-walled forms. As it was demonstrated
by the investigations of skeletons collected from
the Nugedi locality, those mollusks have the
least calcified shells and higher organic carbon
and protein nitrogen. Shells from Meysary and
Muganly localities are well calcified with lower
amount of the both bioelements.

These results allowing conclusion on sig-
nificant individual controls on the quantity of
bioelements in the Helix lucorum L. shells.

The interesting point in these investigations is
the similar Corg. / Nprot. ratio values in the shells
with very different bioelement quantity values.

Thus, this study demonstrated that the Corg.
!/ Nprot. ratio in the shell material of the Helix lu-
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corum L. is a typical species character that is
not affected by environmental variations, geo-
chemical factors and mollusk ontogeny. The
calculations indicate the narrow range of the
Corg. / Nprot. ratio variations in the Helix lucorum
L. shell material — from 4.00 to 4.09 with aver-
age value equaling to 4.04. Vriously colored
forms have the same ratio value. For example,
Corg. / Nprot ratio equals four in both light and
dark colored shells collected in the southwestern
outskirts of the Sheki city.

It is important to clarify whether this ratio
can be considered as a typical chemical sign of
the separate species of terrestrial gastropods.

Relatively low Corg. / Nprotratio in the shells
of Helix lucorum L. is due to large protein matter
in the organic component of their skeletons. In
the adult forms of this mollusk selected in the
Ilisu locality (the altitude is 1300 m), proteins
make up about 76% of the entire organic phase,
while the remaining 24% are non-protein matter.
Protein and non-protein fractions relate to each
other as 3 to 1. Similar relation between the pro-
teins and the sum of non-protein compounds
were identified in shells collected from the other
localities. Such constancy of the protein to non-
protein ratio is typical biochemical characteristic
of the Helix lucorum L. mollusc, as it neither
changes in ontogeny and nor depends on the en-
vironmental conditions and geochemical factors
of the habitats.

Correlation analysis between the amounts
of organic matter and proteins in the samples
collected from the various places, didn’t demon-
strate any geographical patterns in this parame-
ter’s value (Figure 4).

The lowest ratio values speaking for the in-
creased protein quantity in the organic compo-
nent were determined in the shells from Sheki
and Rustov. The highest values of 1.35 were
detected in the shells from Rustov and Nugedi.
Finally, majority of the samples collected from
different places was characterized by the medi-
um ratio values of 1.3-1.35.

We also tried to find other controls affect-
ing this ratio such as wall thickness and color of

STUDY OF MACRO-, MICRO- AND BIOELEMENTS
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the shells as well as individual age of the speci-
mens. We have revealed thatthis parameter
demonstrates the greater variations in the thick-
walled shells (Figure 5). In such samples values
of the ratio vary within the wide range of 0.95—
1.37. However, in the thin-walled shells it ap-
pears to be more constant (1.23-1.34), which is
hard to be explained by degree of calcification
of the gastropod’s skeletons.

Speaking about values of the OM / Nprot
ratio in different-color shells, it has to be not-
ed that it is relatively higher in the light-
colored shells due to slightly less amount of
proteins comparing to dark-colored samples
(Figure 6). The minimal value of this ratio
equals to 1.05, the maximum one — to 1.37. In
the dark shells, the values change between
0.95 and 1.33.

At this stage, it is quite difficult to find an
explanation of this fact. Probably, the reason
lies more in the ontogenetic control over the
content of organic components rather in the
morphological characteristics of the shells.
The plot displaying OM / Nprot ratio depending
on the individual age of the studied mollusks
supports this idea (Figure 7).

It is clear from this plot that the discussed
ratio is relatively lower and more variable in
the mature forms and displays more or less
constant values in the young specimens.

It allows coming to conclusion about rela-
tively lower protein content in the juvenile
forms of the terrestrial gastropods. Based on
this result we tend to think that the lower pro-
tein content in the light-colored shells of the
Helix lucorum L. is due to their young indi-
vidual age.

Distribution of some macro and micro-
elements in the shell carbonate of terrestrial
gastropods

Along with organic components, the stud-
ies also covered distribution of some macro and
microelements in a skeleton material of the ana-
lyzed gastropods.
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Figure 5. Organic matter to proteins ratio in the shells of Helix lucorum L. versus shell-wall thickness
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Figure 7. Organic matter to proteins ratio in the various individual age shells of Helix lucorum L.

It was identified by the studies that calcium
content is slightly higher (nearly 1%) in more
mature forms (Figure 8a). For example, Ca con-
tent of the samples collected in Altiaghach site
(location in Figure 1) makes up 35.5% in the
young and 36.5% in the middle-age specimens.
In case of the samples collected in Shurabad, dif-
ference in Ca content between young and mid-
dle-age gastropods makes 0.65%. Although the
calcium proportion in the adult forms is relatively
reduced, it is still higher than in the young ones.

The highest calcium content was recorded
in the shells collected in Shurabad (location in
Figure 1). This phenomenon is observed in both
young and middle-age individuals. Difference in
the calcium content between Altiaghach and
Shurabad samples reaches 2% in the both age
groups.

The opposite tendency is observed in the
silicon content. The highest concentrations
were found in the specimens from Altiaghach
locality, while the lowest amounts were regis-
tered in the samples collected in Shurabad site
(Figure 8b). Difference in the amounts makes
up 2-2.5 times in all age groups. Meanwhile,
shells collected from Beshbarmag and Shura-
bad sites are characterized by similar silicon

contents. The same regularity is observed in
potassium and aluminum geographical distribu-
tion (Figure 8e, f).

In ontogeny silicon demonstrates rather in-
consistent behavior. In the samples from Altia-
ghach silicon content in the young shells is by 1.5
times higher than in the adults. Difference in the
silicon content between the young and middle age
samples from Shurabad is just 0.07%, varying
from 0.92% in the young to 0.85% in the middle
age specimens. At the same time, content in the
adults sharply increases and reaches 1.62%.

It is commonly known that phosphorus is a
vital element involved in the structure of the bone
tissue (up to 85%) and being a part of the organ-
ism’s proteins. Some authors formerly argued that
there is a difference in phosphorus content of the
different-size shells, and the highest contents are
usually registered in the big forms (Jurkiewicz-
Karnkowska, 2002). The opposite tendency has
been recorded in our samples. For example, phos-
phorus content in the middle age specimens from
Altiaghach locality appeared to be 3.5 times lower
than in young specimens (Figure 8c). In the sam-
ples collected from Shurabad locality, this differ-
ence is just 1.5 times.
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Figure 8. Content values of some macro- and microelements in the shells of different-age terrestrial
gastropods found in Azerbaijan
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There are no geographical regularities ob-
served in the distribution of phosphorus content of
the shells.

Sodium content of the shells doesn’t demon-
strate any distribution by the mollusk age. Thus,
sodium amount in the young shells from Altia-
ghach site exceeds that of the middle age samples
by 3 times (Figure 8d). This tendency is the op-
posite in the specimens found in Shurabad site.
Here the difference in the sodium contents is not
more than 1.5 times.

The highest sodium content was recorded
in the same-age samples collected from Shura-
bad site, while the lowest values are reported in
the Altiaghach forms. This difference is 14
times in the young forms, and 3.5 times in the
middle age shells. Such geographical distribu-
tion of sodium is similar to that of calcium.

Potassium contents in the gastropod shell
material do not also demonstrate any ontogenet-
ic regularities (Figure 8e). However, geograph-
ical variations of this element are observed.
Alike Al, potassium contents are the highest in
Altiaghach and lowest in Shurabad forms. Dif-
ference makes up nearly 3.5-1.5 times. The
wide range of the variations is observed in the
young forms. Samples collected in Beshbarmag
site occupy intermediate position.

Distribution of aluminum contents demon-
strates both age and geographical variations (Figure
8e). Thus, amount of this element becomes 1.3-1.5
times lower with age of the specimens. On the oth-
er hand, aluminum content of the shells from Shur-
abad site is 1.8-1.6 lower than in the same-age
skeletons from Altiaghach locality. Aluminum con-
tent in the shell material in Beshbarmag samples is
similar to that in the Shurabad forms.

There are no ongenetic variations in the
iron contents (Figure 8g). Meanwhile, there are
strong geographical variations expressed in the
3 to 6-times higher Fe content in the samples
from Altiaghach locality comparing to shells
collected in the Shurabad site. Also, it should be
mentioned that the variation range increases
with age of the studied gastropods. Average Fe
content in the young forms found in the
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Beshbarmagh site is close to that in the shells
from Altiaghach locality.

The plotted data on macro-, microelemental
composition of the shell material demonstrate that
the titanium content doesn’t reveal neither ontoge-
netic nor geographical regularities (Figure 8h). For
this reason, it is difficult to speak about controls for
this element concentrations in the shell carbonate.

Magnesium content in the shell carbonate
doesn’t express any geographical regularities
(Figure 8i). Meanwhile, it changes in the different
age groups, declining by 1.7-1.4 times in the older
specimens.

Distribution of sulphur is subject to both on-
togenetic and geographical control (Figure 8j).

Our investigations also covered the analysis
of correlation between the various elements (Fi-
gure 9). It was recorded that Mg content displays
the moderate negative correlation with the amount
of Ca (Figure 9a). It is known that magnesium is
able to replace calcium in the crystal lattice of cal-
cium carbonate that conditioned the negative rela-
tionship between these two elements. Judging by
the differences in Mg contents in the young and
adult shells, we can assume that the amount of
magnesium is controlled not only by post-life
transformations in the mollusk’s skeleton, but also
by biogenic processes. In other words, replace-
ment of calcium by magnesium in the shell calci-
um carbonate takes place already during mol-
lusk’s lifetime, and this process is weakining in
the mollusk ontogenesis.

On the other hand, the moderate — strong
negative correlation with calcium is also charac-
teristic of a number of the other elements consti-
tuting the calcium carbonate of the gastropod
shells. Such negative correlation is demonstrated
by silicon, iron, titanium, aluminum, phosphorus
and sulphur, and very strong negative correlation
is recorded for potassium. The good positive cor-
relation was reported only for sodium. Such neg-
ative relationship between some elements and the
calcium in an abiogenic component of the shell
material can be explained by silicification pro-
cesses and replacement of calcite by silicon ox-
ide containing some admixtures.
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Figure 9. Correlations between macro- and microelements in the shell material of the terrestrial gastropods collected

in Azerbaijan

Regarding to negative correlation between the
phosphorus and calcium, we assume that this phe-
nomenon is a result of binding capacity of phos-
phorus and decrease of free calcium content as the
phosphorus amount is increasing in the organism.

As it was demonstrated above, both phos-
phorus and calcium show opposite behavior in
ontogenesis. Reduction of phosphorus content
in the older forms apparently causes growth of
the calcium amount.

There is a significant positive correlation
between many elements and silicon. Especially,
the strong correlation is observed between sili-
con and aluminum contents that testifies to the
presence of aluminum silicates in the studied
shells, probably, in the contaminating terri-
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genous material. Besides main elements (alumi-
num and silicon), aluminum silicates may con-
tain cations of potassium and magnesium as
well. Revealed positive correlation between Si,
Al and K contents in the calcium carbonate of
gastropod shells confirms our conclusion about
similarity of these elements’ geographical dis-
tribution, to wit — the lowest amount in the
shells collected in the Shurabad site and the
highest — in the samples from the Altiaghach
locality that is, probably, due to contamination
of these shells with terrigenous particles. At the
same time, magnesium and titanium displaying
good positive correlation with the Si content do
not demonstrate such geographical variations.
Therefore, it gives us a ground to assume that
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positive correlation of these elements with sili-
con is a result of silicification rather than terri-
genous contamination.

Weak positive correlation between silicon
and sulphur, phosphorus observed against the
background of negative moderate relationship of
these elements with calcium, indicates the absence
of significant changes of the above mentioned
elments’ amount due to silicification of the shell
material and dominating biogenic controls that is
proved by the positive significant correlation bet-
ween sulphur and phosphorus (Figure 9b).

The significant positive correlation with
phosphorus is also demonstrated by potassium
(Figure 9b) that can be considered as an indica-
tion of the biogenic character of these elements
and their participation in the metabolic process-
es of the mollusks. Sulphur, silicon, aluminum,
magnesium, titanium and iron manifest consid-
erable positive relation with potassium content
in the studied shells. Meanwhile, absence of
correlation between these elements (except for
sulphur) and the phosphorus is apparently an evi-
dence of their relation with abiogenic processes,
such as silicification, contamination of mollusk
skeletons with soil and rock particles as well as
replacement of the atoms of calcium during post-
life transformations in the crystal lattice of shells.
The study results also suggest that potassium
plays a dual role in the shell carbonate of the gas-
tropods. The primary role is connected to biogen-
ic component, while the secondary role is related
with shell contamination.

Accumulation of sodium in the gastropod
shells demonstrates no changes by age and
clearly pronounced geographical variations. The
latter is expressed in higher sodium content in
the specimens collected in the Shurabad site.
Similar tendency is observed for the calcium
content that indicates the better preservation of
Shurabad samples. Increased sodium content in
these shells can be, probably, related to higher
concentrations of this element in the soils and
plants in this site. It should be mentioned that
the sampling points are located close to the
Caspian coast, and the background sodium con-
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tent in this area is high due to salt precipitation
from the seawater. Thus, in spite of completely
different controlling factors for calcium and so-
dium accumulation in the shell material of stud-
ied gastropods, the similar geographical varia-
tions of the both elements within the research
area brought to positive correlation between
these two elements’ content.

The other revealed elements in the shell
matter of gastropods are characterized by nega-
tive, mainly moderate, correlation with sodium
content (Figure 9). We think that this fact is addi-
tional evidence to that the sodium content in the
studied shell substance is most likely not con-
trolled by the post-life processes of skeleton silic-
ification and contamination with terrigenous par-
ticles, but is rather determined by the other fac-
tors, which have already been discussed above.
Observed inverse correlation between the quanti-
ties of sodium and Si, Al, K is apparently caused
by the opposite character of their accumulation in
shell material within the study area.

To explain the negative correlation between
the sodium and phosphorus contents is more
complicated. One of the possible explanations
may lie in the Na* toxicity and depressing effect
of sodium on the vital processes of organisms
(this impact was discussed early based on the
coastal plants’ study results) (Du, Hesp, 2020) .

Another question is the reason standing be-
hind the negative even weak correlation be-
tween the amounts of sodium and chlorine ion.
Possibly, such phenomenon is connected to a
selective ability of the gastropods to absorb cer-
tain elements from the ambient environment.

The role of magnesium in the shell matter
and its’ correlation with calcium content was dis-
cussed above. Correlation of magnesium with the
other elements is weak, which is, probably, an
indication of the absence of any dominating fac-
tor affecting its’ accumulation (Figure 9c). The
only exception is a moderate correlation with
aluminum (the correlation ratio is 0.57).

Iron content in the shells demonstrates di-
rect correlation with all elements, except for Ca
and Na, with which the iron displays inverse
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moderate correlation (Figure 9d). The positive
correlation of Fe with all elements is weak or
negligible except for potassium and chlorine.
The inverse correlation with calcium and ab-
sence of any correlation with silicon and alumi-
num indicates that iron is not binded to alumi-
num silicates in the shell matter. Accumulation
of this element in the mollusk skeletons is,
probably, a result of either oxidization and cal-
cium replacement processes in the shell car-
bonate, or rich iron content in the soil substrate.
At the same time, inverse correlation between
the iron and sodium contents is, apparently,
caused by the opposite character of their accu-
mulation within the area under study.

The significant positive correlation be-
tween iron and potassium, chlorine we explain
by an enrichment of the substrate and plants
with all three elements. Similar explanation can
be given to the behavior of titanium. A good
direct correlation of this element with silicon
tells about possible occurrence of titanium in the
silicon compounds (Figure 9d).

Conclusions

1. The organic matter in the shell material
of the terrestrial gastropods Helix lucorum L.
displays an ontogenetic variations of its compo-
sition. Protein content in the young forms is rel-
atively low as compared to the older spe-
ciemens. The juvenile shells are also character-
ized by higher organic carbon and protein nitro-
gen amount. Finally, calcified shells have re-
duced bioelements concentrations;

2. The impact of wall thickness and color
of gastropod shells on the ratio of protein-
nonprotein components in the organic matter is
not registered. The geographical variations are
not also recorded.

The ontogenetic development is a dominanting
control on the organic matter formation and re-

ABIOGENIC AND ORGANIC COMPONENTS OF MODERN TERRESTRIAL GASTROPODES OF AZERBAIJAN:
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lationship of its components in the gastropod

skeletons.

3. Studied macro- and microelements in the
shell material can be grouped as follows:

a. biogenic elements directly contributing to a
mollusk’s life cycle — calcium, phosphorus,
sulphur and magnesium. The accumulation
of these elements is affected by the ontoge-
netic variations.

b. such elements as K, Mg and possibly Ti are
accumulated in the shell material as a result
of the post-life transformations due to either
silicification of the calcium carbonate or its
contamination with terrigenous compo-
nents. Amounts of these elements demon-
strate good positive correlation with silicon
and aluminum.

c. elements accumulated through the replace-
ment of calcium as a result of metabolic
processes and post-life transformations.
Such element is magnesium. It was record-
ed that replacement ability of calcium with
magnesium in a shell’s crystal lattice de-
creases with the age of the mollusk.

d. elements — Na, Fe, Ti, K, CI, controlled by
the habitat of the mollusk.

e. dual nature elements. Their concentration in
the shell carbonate is affected by both bio-
genic and abiogenic factors, for instance,
potassium in the shells. Being associated
with physiological processes of an organ-
ism, this element contributes to organism
development and demonstrates a well-
pronounced ontogenetic variations. At the
same time, potassium content is closely re-
lated to the shell’s post-life transformation
processes, including silicification and con-
tamination with soil elements. Finally, the
third factor influencing potassium amount
in the shell material is its concentrations in
the ambient environment.
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AZORBAYCANIN MUASIR YERUSTU QASTROPODLARININ ABIOGEN VO
UZVIi TORKIBLI QABIQLARININ 9SAS, MiKRO VO
BiOELEMENTLORININ OYRONILMOSI

E.H. Oliyeva, S.A. Isayev

Hoyata kecirilmis ¢ol tadqiqatlar: zaman: Béyiik Qafqaz daglarinin canub va simal yamacla-
rimdan faunistik material yigilmisdir ki, hamin materiala asasan Boyiik Qafqazin simal yamacinin
Azarbaycan sektorunda yerlagan Quba rayonunda yigilmis méveud hom da nasli kasilmis yeriistii
gastropodlarin gabiglar: daxildir. Qubada askar edilmis gastropod niimunalari Béyiik QafQazin
canub yamacina cavab veran Samaxi, Soki va Qax rayonlarinda, eloca do Xazar danizinin sahilin-
do tapilmis analoglar: ilo> miiqayisa edilmisdir. Tadgiqatlar zamasn: Helix lucorum L. cinsina aid
olan 70 qabig niimunasi xiisusi analizlardan kegirilmigdir.

Aparilmis analizlor ¢argivasinda mollyusklarin skelet qaliglarinda iizvi maddalarin tarkibi
hom iimumi olaraq, ham da iizvi karbon, ziilali azot va fosfor kimi ayri-ayr: bioelementlar saviyyo-
sinda tohlil olunmugsdur. Tadgigatlara hamginin bazi asas va mikroelementlorin qabig cisminda
paylanmas:nin tahlili daxil olmusdur.

Hoyata kegirilmis aragsdirmalar naticasinda tadqiqanin predmetini togkil edan gastropodlarin
gabig cismlarinda kalsium karbonarin va iizvi maddalarin tarkibina tasir gostaran amillar haqqin-
da miilahizalar irali siiriilmiisdiir.

ABHOT'EHHAS 1 OPTAHUYECKAS COCTABJISIIOINUE PAKOBUH
COBPEMEHHBIX HASEMHBIX I'ACTPOIIOI ABEPBAU/I/KAHA:
MN3YYEHUE OCHOBHBIX, MUKPO, U BUODJIEMEHTOB

9.J. AnueBa, C.A. UcaeB

B pesynomame npogedenus nonegvix pabom 6wl cOOpaH hayHuCmMudeckuti Mamepua ¢ I0HCHO-
20 U cesepHoco ckioHoe bonvuwoeo Kaskaza, exmouarowutl 6 cebs pakosumvl, Kak HCUBLIX, MAK U
VYMEPUIUX HA3EMHBIX 2ACMPONo0 U3, NPeumMyuwecmeento, 1 youncko2o patona, pacnoioiHceHno20 Ha
ceeepHoM CKIOHe azepbatiddcanckou yacmu bomvuwoeo Kaskaza. /[ns cpasnenus usyyanucsy acmpo-
noovwt [llemaxunckoeo, [llexunckozo u I axckozo pationos, pacnoiodceHHbIX Ha I0HCHOM CKIOHE OaH-
HOUL 20PHOTL CUCTEMbL, A MAKICe PaKosutsl U3 npubpesicrotl wacmu Kacnuiickoeo mops. Bcezo OvlLno
npoananuzuposaro 70 0opaszyos pakosu, npunaonexcawux mornocky Helix lucorum L.

B crenemmuvix ocmamkax onpedensanace Kax cooepiicanue opeaHuiecko2o eeujecmsd 8 ye-
JIOM, MAK U OMOENbHbIX OUOIIEMEHMO8 OP2AHUYECK020 Yenepooa, benkosozo azoma, gocgopa.
Taxoice uzyuanoco pacnpeoesietue HeKOmopvlxX OCHOBHLIX U MUKDPOIIEMEHMO8 8 PAKOSUHHOM Ge-
wecmee Smux MONNOCKO8. [lonyuennvie pesynrbmamvl NO3601410M  COeNAMb  6bl800bL O
Gaxmopax, KOHMPOAUPYIOWUX COCMA8 KAPOOHAMA Kalbyus U OP2aHUHeCcKol CcOocmasisauieri
PAKOBUHHO20 MAMEPUANA U3YUEHHBIX 2ACPONOO.
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SEISMOSTRATIGRAPHY AND PREDICTION
OF GEOLOGICAL SECTION OF AZERBAIJAN

The paper describes evolution history of the methods of seismostratigraphic analysis and
geological section prediction, and provides a brief methodology for these studies supported
by the seismic data. Based on the interpretation results of the Sovetler-Kalamadin regional
profile, the possibility of identification of structural evolution stages, seismic complexes and
seismic facies in the Meso-Cenozoic succession is demonstrated. Several exploration wells
drilled on the prospects in the Jafarli field (##1, 5, 21, 22) produced oil, thereby confirming

our forecasts.

Keywords: seismic stratigraphy, prediction of geological section, seismic facies, seismic
prospecting, wave dynamics, interpretation, “bright spot”, “dark spot”, oil accumulation

It is interesting to see how some scientific
terms change their original meaning over time. So
it was, for example, with the term "facies", by
which the Gressly, the scientist who had introduced
the term in 1839, understood horizontal changes in
the petrographic and paleontological features of
synchronous deposits. Later, initial meaning of the
term had significantly changed, and at present, it
has more than 10 different explanations.

It was also rather ambiguous how the re-
searchers, especially paleontologists and stratig-
raphers had accepted the term ‘“‘seismostratigra-
phy”, introduced in the early 1970s by Ameri-
can geophysicists P. Weil and others. Even the
authors of the Russian geological and geophysi-
cal studies proposed using alternative terms
such as “seismic facies” (perhaps more realisti-
cally reflecting the essence of the matter), struc-
tural-formational complexes, etc. Nevertheless,
despite the expressed objections, seismostratig-
raphy had managed to rank itself in the scien-
tific glossary. Nowadays, seismostratigraphic
methods are successfully used in geophysical
oil-gas prospecting studies, together with struc-
tural-formational studies, prediction of geologi-
cal section, AVO analysis, etc.

Well, how did these methods come about?

Until the early 1970s, although there were
separate attempts of individual geophysicists, in
particular, K.A.Mustafaev who locally predicted
oil and gas potential based on refracted seismic
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w
waves, almost all geophysical methods (gravity,
electrical and seismic exploration) engaged in
study of structural features of the earth's crust
and its individual components, had not include
any interpretation of the material composition of
the component rocks and saturating fluids.

Since the 1970s, as the seismic surveys
started to be implemented using common depth
point method (CDPM), and, most importantly,
as seismic data recording and processing took a
digital form, the accuracy and reliability of
seismic surveys has sharply increased.

Since this period, along with solving strict-
ly structural tasks, this innovation has also al-
lowed implementing kinematics and wave dy-
namics based assessment of the material com-
position of section building sediments, and, in
favorable geological environment, to predict
their oil and gas content’.

1 During the same period, i.e. from the beginning of the
1970s, oil and gas saturation forecast of the new areas
began to be carried out using other geophysical methods,
in particular, detailed gravimetric and electrical surveys.
The greatest success in this field was achieved by the pro-
spectors of Western Siberia, where several dozen hydro-
carbon deposits were discovered based on the electrical
exploration data.
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The next levels of these studies were
reached with the possibility of mapping thin-
layered geological bodies, studying lithological-
facies changes in synchronous formations with the
identification of lithological-stratigraphic traps,
and, most recently, monitoring the deposit devel-
opment processes (Gogonenkov, 1987, Mam-
madov, 2009, Kunin, 1990, Schlesinger, 1998).

It should be noted that the solution these com-
plex problems is achieved in combination with the
data of borehole geophysical and petrophysical in-
vestigations. Interpretation methods of seismostrat-
igraphic studies include tracing seismic complexes
(cyclites) or sequences in time sections, condi-
tioned by the sea level changes and the presence of
large breaks in sedimentation. The next step in the
seismic data interpretation is to analyze the main
wave pattern parameters of each seismic complex
(form, amplitude and frequency of reflections, etc.)
and identify the seismic facies, which are consid-
ered as analogues of geological facies. In complex
with borehole data, it is possible to identify lower
rank units in a seismostratigraphic complex, includ-
ing seismic horizons, layers, etc., and to restore the
historical sedimentation conditions.

In  Azerbaijan, seismostratigraphic studies
were started in the early 1980s, more precisely in
19821983, when the trust "Azneftegofizika™ car-
ried out interpretation of Sovetler-Muradkhanli-
Jarli-Kalamadin regional geophysical profile. Ac-
cording to these data, the following structural stag-
es were identified in the Yevlakh-Agjabedi trough
in the section of Meso-Cenozoic deposits: 1) the
most intensively dislocated Cretaceous stage, 2)
enveloping Paleogene-Miocene stage; and 3) Plio-
cene-Anthropogenic stage not involved in folding.

According to the character of the seismo-
gram, individual stratigraphic intervals of these
stages correspond to a complex of nappe sedi-
mentation (Lower Pliocene pay section, lower
sections Maikopian and Paleogene — until the
Cretaceous) and lateral accretion (Absheron-
Akchagyl and Miocene deposits).

Structural interpretation of the section clearly
showed main regional and local elements of the
region, in particular, the Yevlakh-Agjabedi
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trough, Saatli-Goychay uplift zone with corre-
sponding local structures. In addition to this inter-
pretation, structural-formational analysis of the
section was carried out. The studies resulted in the
identification of more than 8 seismic complexes in
the section of the Meso-Cenozoic deposits. These
complexes are separated by large unconformities
in the P horizon type sedimentation (unconformity
between surfaces of the Upper Cretaceous and
Cenozoic deposits), or small unconformities and
horizons with high dynamic expressiveness.

As the seismogram character differed signifi-
cantly in each of the seismic complexes, prelimi-
nary judgements were made about the sedimenta-
tion conditions, geological evolution and the po-
tential for identifying lithological-stratigraphic and
other types of non-anticlinal traps in the region.

Later, these studies were replicated in the
other on- and offshore regions of the country.

With the successful change of seismogeo-
logical surveys in favorable conditions, it is also
possible to solve the problems of predicting the
geological section (PGR), which includes the
study of the lithological-stratigraphic section,
the identification of the zones with abnormally
high formation pressures and understanding the
nature of oil and gas saturation of reservoirs.

Interpretation of CDPM data using the AVO
analysis method is also based on correlations be-
tween the physical properties of rocks that make
up the geological section of the study area with
the seismic wave field parameters of the (veloci-
ty of longitudinal waves, amplitude, etc.).

Depending on change in the physical proper-
ties of deposits in the sedimentary complex, it is
expected to register an anomalous increase in the
intensity of reflections (“bright spot”) from the
Pliocene rocks from one side, and an anomalous
weakening of the intensity of reflections (“dark
spot”) of the Miocene-Oligocene and Eocene
rocks from the other (Kocharli, Polonsky et al.,
1989). Based on these criteria, more than twenty
deposit-type anomalies (DTA) have been identi-
fied for various stratigraphic complexes in the
Yevlakh-Agjabedi trough. Distribution of these
anomalies is shown in the Figure 1.
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Figure 1. Distribution scheme of the deposit-type
anomalies

1 — oil (gas condensate) deposits; 2 — Yevlakh-
Agjabedi trough; 3 — Saatli-Goychay zone of uplifts; 4
— DTAs in the Lower Maikopian — Upper Cretaceous
deposits, identified and prepared for deep exploration
drilling based on CDPM seismic survey data; 5 —
DTAs detected in Oligocene deposits; 4 — DTAs de-
tected and prepared in Oligocene deposits

By the areas and stratigraphic complexes,
the DTAs are distributed as follows:

1. Dark spot localized in the Pliocene-
Miocene deposits on Zardab (2 objects) and
Nasimikend (1 object) fields;

2. Dark spot corresponding to the Eocene de-
posits on Muradkhanli (2 objects), Garali (1
object), Mursal (1 object), Gishlag (1 ob-
ject), Eastern Shikhbaghi (1 object), Zardab
(4 objects), Garghali (2 objects) fields;

3. Dark spot covering the Upper Jurassic-
Chokrakian deposits on Amirarkh (3 ob-
jects), Zardab (1 object), Jafarli (1 object),
Bozgobu (1 object) and Soyudlar (1 object)
fields.

Later, some of the cited objects were inves-
tigated by drilling. The drilling produced positive
results, particularly for the Jafarli field. This
field, located southeast of the Muradkhanli field,
was prepared for seismic exploration drilling in
1982. Moreover, in addition to the structural in-
terpretation of the seismic survey data, geological
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section prediction studies were carried out which
confirmed the presence of a DTA here.

Curators from Moscow had argued that the
Jafarli field is located on the southeastern peri-
clinal of the Muradkhanli field. However, the
objection proved to be incorrect as the results of
velocity tests and other materials clearly indi-
cated standalone character of the Jafarli field.

In 1983-84 wells No. 1, 5, 21, and 22 were
drilled in the field. Having reached the Middle
Eocene deposits, all of these wells produced oil
with a flow rate of 100-200 m¥s. This
achievement has proven the reliability of fore-
casts developed based on geological section
prediction (Figure 2).

N
N
S

%

4000

Figure 2. Structural map of Jafarli area:
1 — isolines of depths; 2 — deep wells; 3 — oil drain-
age boundary forecasted according to the data pro-
duced by CDPM seismic surveys implemented using
GSP methods
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Another area where the GSP is used, is the
study of 4D in order to control the development
of oil and gas fields. These studies gave positive
geological results in the deposits of Kurovdagh,
Kursanga, Garabaghli, Azeri-Guneshli, etc.
With the help of these studies, additional hydro-
carbon resources have been identified, and
therefore, it is highly recommended to imple-
ment such studies in the other fields.

Later, popularity of the GSP studies has
declined both in Azerbaijan and in the world’s

2022 /1

other oil and gas bearing regions. Apparently, it
happened due to certain unconfirmed facts.
Considering that the forecasts developed based
on geological section prediction bear rather ad-
visory than a mandatory character, obtaining
additional information on the oil and gas satura-
tion of the sections would always play a positive
role, especially in the areas with favorable seis-
mic conditions (Yevlakh-Agjabedi and Lower
Kur troughs, Southern Kur Depression, etc.).
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AZORBAYCAN SORAITINDO APARILAN GEOLOJI KOSILIiSiN
STRATIQRAFIYA VO PROQNOZLASDIRILMASI

S.S. Kocgarli

Magalada seysmostratigrafik analizin va geoloji kasilislorin prognoziasdirilmasi islarinin
inkisafi tarixina dair malumat tagdim olunmus, bu nov todqiqatlarin seysmik molumatlar asasinda
aparilmast metodologiyasimin xiilasasi verilmisdir. MoQaloda hamginin Sovetlor-Qalamadin
regional Kasilisin interpretasiyasi naticalorinin timsalinda Mezo-Kaynozoy ¢okiintiilorinda struk-
tur marhalalarinin, seysmik komplekslarin va seysmik fasiyalarin miiayyan edilmasinin miimkiin-
liyii asaslandirilmigdir. Neft-qazliligr prognozilasdirilan obyektlor swrasinda Coforli sahasinda
qazilmig bir ne¢a Kasfiyyat quyusundan (1, 5, 21, 22) neftin alinmast hamin prognozlari tasdigla-

Mmaya imKan yaratmigdur.
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CEMCMOCTPATUT PA®HUA U TIPOTHO3UPOBAHUE T'EOQOJIOTHYECKOI'O
PA3PE3A B YCJIOBUSIX ABEPBAVIXKAHA

HI.C. Kouapau

B cmamve, nocne paccmompenus ucmopuu o06pazo8anus ceucmocmpamucpaguueckozo
AHAIU3A U NPOSHO3UPOBAHUSL 2€0]I02U4eCK020 paszpe3d, NPUusoOUmMcs KpamKdas Memoouka 3mux
uccnedosanull no celicmuyeckum 0anuvim. Ha npumepe unmenpemayuu pe2uoHaibHo20 npoghuis
Cogemaap-Kanamaowin, 060cHosbi8aemcs 803MOHCHOCMb 6blOCNEeHUs CMPYKMYPHLIX dmadicell,
CeliCMOKOMNIIEKCO8, celicmMoghayuil 8 paspeze Me30KauHO30UCKUX OmaodxceHui. M3 npoenosupye-
MbIX HeghmeHOCHbIX 00beKkmos, Ha niowaou /cagapivl 6bL10 NPOOYPEHO HECKOIbKO PaA36edou-
Huix ckeaxcun (1, 5, 21, 22), oaswux neghmob, mem camvim NOOMBEEPOUBULUX NPOSHO3DIL.
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TRACE ELEMENT GEOCHEMISTRY OF THE PLIOCENE
SEDIMENTS, THE SOUTH CASPIAN BASIN

Based on study of the trace element composition of the Pliocene Productive Series sedi-
ments exposed in the Kirmaki and Yasamal Valleys located in the Absheron Peninsula, a
number of paleoenvironmental indicators were identified. It was shown based on study of the
strontium to barium ratio that the highest salinity was in the Fasila Suite sedimentary basin.
The Balakhani and Sabunchy Suites’ sediments were accumulated in a brackish-water envi-
ronment. A general trend of the salinity decrease from the PreKirmaki Suite to the PostKir-
maki Clay Suite is recorded in the lower portion of the Productive Series.

Also, it was recorded that in the case of migration of element in the form of solution, its
maximum occurs in the muddy sediments of the deep-water zone wheares under condition of
transportation of an element by clastic particles, its maximum concentration is reported in

sandy sediments of the shoreface zone.

Keywords: the South Caspian basin, Pliocene Productive Series, trace elements, salini-

ty, order factor

Geological background

Sedimentation in the South Caspian basin
in the beginning of Pliocene occurred under
conditions of small, closed basin, isolated from
the Eastern Paratethys due to intensive orogenic
movements, uplifts of the adjacent land, subsid-
ence of central part of the South-Caspian de-
pression and fall of the Caspian Sea level that
reached according to some estimations 600 m
(Reynolds et al., 1998).

The Pliocene South Caspian succession re-
ferred to as “the Productive Series” is a fluvial-
deltaic and lacustrine depositional system. The ear-
ly phase of deposition was mostly controlled by the
incision of the Paleo-Volga, which delivered large
volumes of terrigenous clastics into the basin.

The Productive Series (PS) succession is
composed of the rhythmically alternating sandy-
shaly sediments reaching the thickness of 7 km
in the deeply subsided parts of the South-
Caspian depression.

It consists of 9 Suites (Gala (KaS), Pre-
kirmaki (PK), Kirmaki (KS), Post Kirmaki sand
(NKP), Post Kirmaki clay (NKG), Fasila, Bala-
khani, Sabunchi, Surakhani), and occurs in a
large area — Absheron peninsula, Absheron and
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Baku archipelagos, Jeyrankechmez depression,
Alyat ridge, Pre-Caspian-Guba region.

The PaleoVolga sediments have been ex-
tensively studied during XI1X, XX, XXI centu-
ries. The most attention was paid to the litholo-
gy, environmental changes, oil-gas prospects.
However, many questions remain unexplored.
This paper is aimed at addressing the controlling
factors on microelemental quantification, par-
ticularly, relationship between environmental
and microelemental variations.

The research is focused on the microelemental
response in the small order forestepping and back-
stepping PaleoVolga deltaic sequences formed as a
result of changing balance between sediment sup-
ply and lake levels controlled by climatic changes.

23



D.A. Huseynov, E.H. Aliyeva

ST

The addressed questions have been studied
on the large amount of the PaleoVolga sediment
samples exposed in the Absheron peninsula: the
lower portion of the PS succession — in the Kir-
maki Valley, the upper portion — in the Yasamal
Valley.

Lithofacies types of PS
deposits

- Near Caspian

B Absheronian

- {of Voizhsk)

Gobustanian

Geyiyar type

Kichik Kharami

of Lower Kura
Babazanan

. PS deposits studying
points

Figure 1. The map of the Productive Series sediments
occurrence (from Aliyeva E., 2008)

Main results

Microelements in studied sediments were
analyzed by X-ray method.

The results are presented in Tables 1, 2, 3
which are organized by different lithological
varieties of sediments.

On the whole average contents of micro-
elements, except Sr and Mn in shales and silts is
higher than in sands, and variations of their
quantities are more pronounced in sandstones.
The similar distribution in sandstones and shales
is recorded only for strontium.

The microelemental variations along the PS
section demonstrate some patterns. We grouped
these trace elements by similarities of their dis-
tribution.

Five groups are distinguished: 1) Ba, Ti, V
(Figure 2; Figure 3); 2) Fe, Co, Ni, Cr, Cu, Zn
(Figure 4; Figure 5), Pb (Figure 6); 4), Sr (Fi-
gure 7) and 5) Mn (Figure 8).

Elements of the first group (Ba, Ti, V) form
a deep minimum in the NKP and Fasila Suites,
and clearly expressed maximums in sediments
of Kirmaki (KS), NKG and Sabunchi Suites.

Elements of the second group (Fe, Co, Ni,
Cr, Cu, Zn) have one deep minimum in the NKP
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Suite sediments, one strong maximum in the
NKG succession, and less expressed maximums
in the Kirmaki and Sabunchi Suites (Figure 4;
Figure 5), i.e. maximums are similar to those
ones in group I (Figure 2; Figure 3).

The members of the third group consisting
of just one trace element — lead, display an in-
verse behavior with respect to the first and sec-
ond groups. The maximum of Pb amount is rec-
orded in the NKP and Fasila Suites, minimum —
in NKG and Balakhany Suites (Figure 6).

Elements of the forth group (Sr) is charac-
terized by one minimum in NKG Suite sedi-
ments, and maximum in the PK and Surakhany
Suites (Figure 7).

Maximum in Fasila and two minimums in
PK and Surakhany Suites successions are record-
ed in the fifth group consisting of Mn (Figure 8).

The analyzed curves of the trace element
content values variations in the Productive Se-
ries demonstrate that mudstones are depleted by
a number of elements — Ba, Sr, Mn, Fe, Cr, Co,
Ni, Pb, regarding to their clark values. Clark
exceeding average cintent values have been rec-
orded only for Ti (1.5 times higher), and V (2
times higher) in all suites shales and siltstones
excepting PK Suite (Table 1, 2).

For the sandstones the amount values varia-
tions demonstrate inverse character. These sed-
iments are enriched by Ba (the average amount
5-10 times exceeds the clark values), Sr (aver-
age content is 10 times higher than clark value),
Mn (10-100 times higher), Fe (2-3 times ex-
ceeds), Co (5-10 times exceeds), Ni (5-10 times
higher), Zn (2-5 time higher), Cu (5-10 times
higher than clark value), Pb (2 times higher).
The PS sandstones are depleted by Cr, Ti, V rel-
ative to clark values (Table 3).

Trace elements show divers behavior in the
different stratigraphic unites of the Productive
Series displaying various lithology.

The PK Suite is characterized by most het-
erogeneity that is characterized by growth of
Co, Cu, Pb, Cr and Ni content values from
sandstones to siltstones, and vice-versa distribu-
tion of Fe, Mn, Ba, Ti, Zn, Sr and V (Figure 9).
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Distribution of trace elements in the PS shales

Cr Co
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0.0075 0.0008
0.0034 0.0018

0.0044 0.0009

0.006 0.0017
0.0023 0.0013

0.009 0.0019
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Distribution of trace elements in the PS sands

Horizon Ba Sr Mn Ti
PK
KS 0.054 0.028 0.056 0.61
NKP 0.054 0.020 0.029 0.60
NKG 0.055 0.024 0.038 0.60
Break suite 0.051 0.033 0.015 0.61
Balakhany 0.051 0.022 0.032 0.60
Sabuncni 0.053 0.025 0.065 0.61
Surakhany 0.053 0.032 0.065 0.60
Horizon Ba Sr Mn Ti
PK 0.020 0.030 0.010 0.22
KS 0.052 0.023 0.054 0.61
NKP
NKG 0.051 0.022 0.061 0.61
Breat suite
Balakhany 0.054 0.019 0.031 0.60
Sabuncni 0.053 0.025 0.047 0.62
Average by:
Turekian and
Wedepohl, 1961 0.058 0.03 0.085 0.46
Vinogradov, 1962 0.08 0.045 0.067 0.45
Horizon Ba Sr Mn
PK 0.031 0.043 0.021 042
KS 0.035 0.038 0.048 0.41
NKP 0.019 0.023 0.083 0.08
NKG 0.029 0.019 0.103 0.35
Break suite 0.012 0.025 0.153 0.10
Balakhany 0.025 0.025 0.113 0.29
Sabuncni 0.032 0.035 0.071 0.40
Surakhany 0.023 0.054 0.037 0.27
Average by:
Turekian and
Wedepohl, 1961 n*10° 0.003 n*10* 0.15

Fe
1.28
1.91
0.60
4.88
2.18
1.48
2.05
1.42

0.98

\%
0.021
0.019
0.011
0.016
0.008
0.015
0.029
0.014

0.002

Cr Co

0.001 0.0007
0.0034 0.0008
0.0007 0.0004
0.0016 0.0011
0.0028 0.0009
0.0027 0.0008
0.0029 0.0008
0.0023 0.0006

0.0035 3*10°

Ni

0.0029
0.0041
0.0037
0.0058
0.0058
0.0042
0.0049

Ni

0.0019 0.0025
0.0033 0.0073

0.0009

0.0054
0.004

0.0068 0.0095 0.0045

0.0095

Ni
0.0014
0.0019
0.0005

0.003
0.0020
0.0018
0.0020
0.0012

0.0002

Zn

0.0097
0.0079
0.0118
0.015
0.0087
0.011
0.0091

Zn

0.015

0.01
0.011

0.008

Zn
0.004
0.0047
0.0016
0.0085
0.0032
0.0036
0.0049
0.0042

0.0016
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Table 1

Cu Pb
0.0076
0.0043
0.0038
0.008
0.0044
0.0041
0.0034

0.0012
0.0024
0.0026
0.0007
0.0017
0.002
0.0016

Table 2

Cu

0.0055
0.0051

Pb

0.002
0.0016
0.007 0.0008

0.0058
0.0038

0.0018
0.001

0.002

0.0057 0.002

Table 3

Cu Pb

0.002 0.0011
0.0028 0.0012
0.0015 0.0015
0.0047 0.0008
0.0027 0.0017
0.0018 0.0011
0.0031 0.0015
0.0020 0.0014

n*10* 0.0007
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Figure 6. Lead content values variations along the Productive Series section.
a. lead amount in all analyzed samples of the various PS suites; b. lead average content in the various PS suites
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Figure 7. Strontium content values variations along the Productive Series section.
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a. Sr amount in all analyzed samples of the various PS suites; b. Sr average content in the various PS suites
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Figure 8. Manganese content values variations along the Productive Series section.
a. Mn amount in all analyzed samples of the various PS suites; b. Mn average content in the various PS suites

Distribution of elements in sediments of the
Kirmaki Suite becomes more uniform (Figure
9). Only two elements Cr and Sr stand out.
Clear trend of element content value growth
from sandstones to siltstones and shales is ob-
served for six elements (V, Fe, Ba, Mn, Cu and
Zn). The rest four elements (Co, Ni, Ti, Pb) dis-
play their maximum in siltstones.

The NKP Suite sediments are characterized
by a growth of amount of almost all elements
from sandstones to shales excluding Sr and Mn
that display the opposite trend (Figure 9).

In the NKG Suite sediments only 4 ele-
ments — Pb, Sr, V and Ba demonstrate a clear
trend of content value increase from coarse sed-
iments to fine (Figure 9). The rest elements do
not have any regularity of their distribution.

The same trend is observed in the Fasila
Suite sediments excepting quantities of Mn,
Pb and Cr that vary in the opposite manner
(Figure 10).

In the Balakhany Suite sediments the de-
scribed above trend of the element content val-
ues increase from sandstone to siltstones and
shales is observed in the Cr, Ni, Co variations.
No trend is recorded in the Mn and Sr behavior.
For 7 elements — Pb, V, Fe, Ba, Cu, Ti, Zn, the
maximum values fall to siltstones (Figure 10).

In the Sabunchi Suite sediments only two
elements — Cu and Ni, have the gradual amount
growth from coarse to fine grained varieties
(Figure 10). For the most trace elements no
clear trend is observed.

The same is true for the Surakhany Suite
(Figure 10).
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Figure 9. Trace elements content values variations between different lithological sediment varieties of the lower por-
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In the river water elements migrate with the
terrigenous clasts, suspension or in the solution.
The same element can migrate in the different
ways that is determined by mineral composition
of parent rocks. For instance, the common min-
erals of Fe are limonite, hematite, siderite, il-
menite, titanomagnetite, magnetite, garnet-
andradite, pyrite, chalcopyrite, etc. Besides that,
Fe in less amount is found in epidote, chlorite,
hornblende, biotite, pyroxenes and other miner-
als. Some of these minerals are stable and pre-
serve well during weathering. The other miner-
als can be easily disintegrated due to erosional
processes that bring to transition of iron into a
dissolved form. Fast oxidation of Fe in the river
waters enables the formation of thin ferric sus-
pension, which is transported to the sedimentary
basins. Study of Kura and Terek rivers waters
shows that 99.5-99.9% of Fe occur in the sus-
pended form, and enter the Caspian Sea as the
thin muddy flakes.

Unlike the Fe the biggest portion of manga-
nese, nickel, cobalt, molybdenum, copper, zinc,
lead usually is concentrated in the mica, amphi-
boles, feldspars, sulfide hydrates. These minerals
during weathering processes are disintegrated
quite fast. As a result the considerable part of ele-
ments contained in these minerals is released and
transferred into solution. In the Caspian rivers
(Volga, Ural, Kura, Terek) in the form of dis-
solved components migrate on average 0.25% of
Fe; 1.7% of Mn; 23% of Ni and 33.7% of Cu.

Chrome is element of stable in the hyper-
genesis zone minerals such as chrome spinel
(chromepikotite), chrome-containing mica. It is
characterized by extremely low mobility and
migrate in with the terrigenous particles con-
taining chrome rich minerals.

Titan and vanadium are concentrated in
magnetite, titanomagnetite, rutile, ilmenite. All
these minerals are resistant to weathering that
causes migration of these elements with clastic
material.

Strontium and barium usually do not occur
in the parent rocks in the form of their minerals.
They are presented in the crystal lattice of cal-
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cite, plagioclases, potassium feldspars, augite,
etc. These minerals are unstable in zone of hy-
pergenesis. During weathering processes Sr and
Ba are dissolved and can migrate in the form of
bicarbonates, chlorides and sulphates in the wa-
ter solutions. Quantity of Sr in the river water is
1.3x10° % on average, in the marine water — 1.3
%1072 %, i.e. river water is considerably depleted
by Sr. If salts concentration in the marine water
exceeds normal values for 4-5 times, the chem-
ical accumulation of Sr in the form of Sr SO4
(celestine) starts. This explains the lower pro-
portion of Sr in sediments deposited in the fresh
water environment, usually 0.01-0.02%. In ter-
rigenous marine sediments the hight content of
Sr is due to absorption by clay particles. This
element also occurs in the crystal lattice of the
shell aragonite.

In the sea basins barium ions supplied by
river waters form a poorly dissolved mineral
barite (BaSOa). Barite is deposited and absorbed
mainly in the near-shore sediments. In the sea
water barium concentration is 5x10-% on aver-
age. Content of barium in the freshwater is sig-
nificantly high — 1.7x10%.

Different geochemical behavior of Ba and
Sr allows using Sr to Ba ration to determine
conditions of sedimentation: in the freshwater
sediments it is lesser comparing with sediments
accumulated in the marine environment.

From the plot summarizing data on the Sr /
Ba ratio it is clear that 63% of the PS sandstones
displays Sr / Ba ration values exceeding 1, while
only 6.8% of mudstones are characterized by Sr/
Ba >1 (from 1 to 1.51) (Figure 11). It means that
sandy and muddy sediments were deposited in
the different salinity regime, i.e. coarse-grained
sediments were accumulated, mainly, in the ma-
rine environment with normal salinity, and mud-
stones — in from brackish to fresh water setting.

It should be mentioned that even we take
the Sr / Ba ration equal to 0.56 that corresponds
to average Sr/ Ba ration in modern sediments of
the Caspian Sea, no more than 12% of mud-
stones demonstrate this ratio exceeding the gi-
ven threshold (Figure 12).
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Figure 11. Average (a) and all (b) values of Sr/ Ba ratio in the sandstones, siltstones shales of the different Produc-
tive Series suites exposed in the Kirmaki and Yasamal Valleys

In the low portion of PS the general trend
of salinity decrease from the PK Suite to the
NKG Suite is well pronounced. The NKG Suite
sediments judging by Sr/ Ba ratio both in shales
and sandstones are dominated by freshwater
conditions that are proved by micro faunistic
studies of these deposits (Babazadeh, 2011).
The foraminifera shells collected from the NKG
Suite sediments are strongly stressed, that is
manifested in their strong transparency and very
small sizes.

Maximal salinity was recorded in the NKP
Suite (Figure 11, 12).

In the upper portion of the Productive Se-
ries the most saline was the Fasila Suite basin
during sand deposition (Figurell).

In Balakhany and Sabunchi time the salini-
ty decreased, but didn't fall lower the normal sea
salinity.

Below in the Table 4 we summarized the
data on the maximal and minimal values of Sr/
Ba ratio.

As it comes from the table 4 and Sr / Ba
variations presented in the plots (Figure 11, 12)
the most dramatic salinity variations occurred
during accumulation of sediments of NKP, Fasi-
la and Surakhany suites.

The lowest salinity is recorded for the NKG
Suite basin.

Thus, the PS section represents a rhythmic
alternation of freshwater-marine sediments that
repeats with certain regularity. Based on the Sr/
Ba ratio the 47 full cycles were distinguished.
Taking the duration of the Productive Series
equal to 2 Ma years, each such a cycle was con-
tinued for around 42 Ka years that corresponds
to Milankovich cycles.
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The Sr / Ba ratio indicate the sandstones ac-
cumulation in the saline environment, and muddy
sediments — in the freshwater — brakishwater
conditions. We explain it by increase evaporation
during sand deposition that was accompanied by
decrease of volume of water coming to basin re-
sulted in the sea level fall. Water salinity reached
high values that prevented mixing of river and
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sea water in the sand deposition sites dominated
by deltaic facies. In contrast, during cooler peri-
ods the amount of fresh water running to the
PaleoCaspain Sea was increasing, the sea water
salinity decreasing, the sea level raising, and as a
result, the studied locality was covered by distal
sedimentation in the prodelta setting dominated
by muddy sediments.
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Table 4
Range of Sr/ Ba variations in the various PS suite sediments
Suite Shales Siltstones Sandstones suite

Min. | Max. | Var. | Min. | Max. | Var. | Min. | Max. Var. Min. | Max. Var.
Surakhany | 0.38 | 151 | 1.13 | 043 | 054 | 0.17 | 0.66 35 34.34 | 0.38 35 34.62

Sabunchi 0.37 0.7 0.33 0.4 0.5 0.11 0.4 4.17 3.77 0.37 4.17 3.8
Balakhany | 0.29 1.2 0.91 0.3 042 | 012 | 0.36 | 4.75 4.39 0.29 | 4.75 4.46
Fasila 0.65 0.79 15 14.21 | 0.29 15 14.71
NKG 037 | 051 | 0.14 0.45 | 1.11 0.66 037 | 1.11 0.74
NKP 0.34 0.4 0.06 0.38 24 23.62 | 0.34 24 23.66
Kirmaki 035 | 1.22 | 0.87 0.4 047 | 0.07 | 043 | 3.64 3.21 0.35 | 3.64 3.29
PK 15 1.3 1.39 15 0.11

Thus, studies of trace elements provide an
opportunity for various paleoenvironmental re-
constructions. For instance, knowing the ele-
ment transportation mode promote our under-
standing of the basin facies zones. The migra-
tion of element in the form of solution brings
the maximum of its accumulation to the muddy
sediments of the pelagic zone. If element is
transported by terrigenous particles, its maximal
amount is recorded in the shoreface zone in the
coarse-grained sediments.

If element migrates mainly as absorbed by
colloid micelle, then its content values maximum
falls to muddy rocks. But if the element is trans-
ported by terrigenous particles and occurs in the
crystal lattice of minerals composing this clastic
material, then the element maximum content can
be recorded in the silty and sandy rocks.

Thus, the transportation mode and grain size
are the basic factors affecting chemical elements
distribution. As well as sediments are sorted the
levels of element content in series sandstones-
siltstones-shales are more contrasted; in the poor-
ly sorted rocks distribution of elements is more
smoothed. To describe patterns of elements dis-
tribution we used such parameter as an order fac-
tor (OF) that is a ratio of number of elements
displaying graded content values from sand-
stones to siltstones and shales, to a total number
of elements found in the sediments.

The smallest ration of OF equal to 0.416 is
recorded in the sediments of the lower portion of

PS - PK and NKG suites which testifies to poor
differentiation of clastic material (Figure 13).
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Figure 13. Order factor values in sediments of the
Productive Series various suites exposed in the Kir-
maki and Yasamal valleys
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In the NKP Suite the maximal OF value solution transportation mode in the upper suites
equal to 0.833 is recorded that indicates the so-  of the Productive Series.
lution transportation mode (Figure 13). Trace element studies provide a good op-
In the upper section of PS the OF values portunity for reconstruction of paleoenviron-
are increasing from the Fasila Suite to the Sura- mental characteristics such as salinity, depth and
khany Suite (Figure 13). It testifies to prevailing facies distribution in the paleobasins.
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CONUBI X0Z0OR HOVZOSININ PLIOSEN COKUNTULORININ
MIKROELEMENTLORININ GEOKIMYASI

D.A. Hiiseynov, E.H. 9liyeva

Abseron yarimadasinda yerlosan Yasamal va Kirmoki daralorinin mohsuldar gatimin ¢okiintiilo-
rinda agskar edilon mikroelementlarin torkibinin oyranilmasi naticasinda sedimentasiya saraitinin yeni-
don qurulmasimin praktiki ahamiyyat kasb edon bir sira gostoricilori miiayyan edilmigdir. Stronsiumun
bariuma nisbatinin tadgigindan belo natica alda edilmisdir ki, ¢okiintii toplanma hovzasinin fasilo lay
dostasi daha yiiksak duzluluga malikdir. Buna baxmayaraq Balaxan: va Suraxan: lay dastalarinin
¢okiintiilori az duzlu su hovzasinda toplanmigdr. Mahsuldar gatin alt hissasinda KirmakKialt: lay das-
tasindan Kirmakiiistii gilli lay dastasina dogru duzlulugun azalmas: miisahida olunur.

Mahlul saklinda elementin miqrasiyas: zamant onun maksimal haddi darinsulu zonanin gilli
cokiintiilorinda homginin askar edilmaomisdir. Ogar element qurintili hissaciklorlo dasinirsa, onun
maksimum konsentrasiyas: dayazsulu zonanin qumlu ¢okiintiilorinda bas veracaokdir.

TEOXUMUSI MUKPODJEMEHTOB IIJIMOLIEHOBBIX OTJIOKEHHUM,
IOKHO-KACIIUMCKUN BACCEMH

H.A. I'yceiinoB, J.I'. AnmeBa

Ha ocnoge usyuenus MukposiemeHmHo20 cocmasa OmioHCeHutl npoOOYKMUEHOU Mo, 00-
Hadxcarowuxcsa 6 Kupmaxunckot u HAcamanvckoti 0onunax, pacnonoxceHuvix Ha Aouiepochkom
noxyocmpoge, OvLIO 8bisA8IeH psA0 noxKazameinell, UMEWUX NpaKmuyecKoe 3HaveHue npu npoge-
OeHUU PeKOHCMPYKYUU YCI08ULL 0CAOKOHAKONIeHus. bolio nokazano no oanuwvim usyuenusi om-
HOWEHUsL CMPOHYUsL K Oapuio, Ymo Haubovuell CoNeHOCmbio 001adan baccein HaKonIeHus Om-
Jlodcenutl ceumol nepepwviga. Ilpu smom omnodicenus 6a1axXaHcKou U cabyH4UHCKOL C8UM Haxkan-
JIUBAUCH 8 YCIIOBUAX CONOHOBAMOBOOH020 baccelina. B nudicnem omoene npooyKmMusHoU moauu
ommeyaemcs mpeHo NAaoeHusi COJNeHOCMU Om NOOKUPMAKUHCKOU C8UMbl K HAOKUPMAKUHCKOU
2NIUHUCMOU ceume.

Taxoice, He OLLIO BIABNIEHO, YMO NPU MUSPAYUU INEMEHMA 8 BUOE PACTBOPO8 €20 MAKCUMYM
ommeyaemcst 8 SIUHUCIBIX OMIO0NHCEHUAX 271YOO0K0800HOU 30Hbl. Eciu snemenm nepenocumcs 00-
JIOMOYHBIMU HACMUYAMU, MAKCUMATbHASL KOHYEHMpayus e2o O6yoem umems Mecmo 6 necuaHu-
CMbIX OMJIOHCEHUSAX MEKOBOOHOLL 30Hbl.
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EOCENE-MIOCENE OIL SHALES IN AZERBAIJAN:
STRATIGRAPHIC CONTROLS ON FORMATION, DISTRIBUTION
AND HYDROCARBON GENERATION

Based on the results of many years of field surveys, new information is presented on pre-
viously unknown oil shale outcrops in Azerbaijan. New boundaries of the distribution of oil
shale-bearing facies were established. Role of stratigraphic controls in the distribution of oil
shales within areas and outcrop sections, and their oil or gas generation capabilities were
substantiated. The study of the source of oil shale parent rocks, and the features of oil shale
basin that formed in the Eocene, Lower Maikop (first discovered in this study) and Miocene
(Upper Maikop, Chokrakian and Diatom), made it possible to obtain some new regularities.
Our results show that the kerogens of Eocene and Diatom oil shales demonstrate similar evo-
lutionary histories that are noticeably different from the Maikop ones. Eocene oil shale kero-
gens, which show a closer connection with the marine environment demonstrate the ability to
generate only oil, like Diatom kerogens, while the kerogen evolved in the Upper Maikop ba-
sin, which is subject to more terrigenous inputs and formed in a relatively freshwater envi-

ronment, mainly shows the ability to generate gas.
Keywords: Azerbaijan, oil shale, formation, stratigraphic controls, regularity, oil gen-

eration capacity

Introduction and research status

The territories of East Azerbaijan, which
located in the zone of collision of large geody-
namic units, were characterized by rapid and
large-scale sedimentation, processes of region-
al compression and rich oil and gas formation
(Aliyev et al.,, 2019; Aliyev and Abbasov,
2019; Odonne et al., 2021). In terms of the
density of mud volcanoes, the region has no
analogues in the world. In areas where rich hy-
drocarbon deposits, bituminous rock outcrops
and mud volcanoes have been found, oil shale
has also been discovered (Aliyev et al., 2014;
Aliyev et al., 2018; Aliyev and Abbasov,
2020), which is considered the best source rock
among sedimentary rocks.

Analyzing the published literature con-
cerning the study oil shale of Azerbaijan in dif-
ferent directions, in two periods until the end
of the 1930s and then the beginning of the
1960s, it is necessary to note the work done by
K.N.Bogdanovich, 1.M.Gubkin, V.V.Weber,
Z.A.Mishunina, A.J.Sultanov, R.H.Sultanov,
A.A Ali-zadeh and others. Along with the iden-

O.R. Abbasov

Institute of Geology and Geophysics,

Ministry of Science and Education Republic of
Azerbaijan, 119, H.Javid ave., Az 1143, Baku,
Azerbaijan, E-mail: ortal80@bk.ru

tification of oil shale outcrop sections in the
early periods, their lithostratigraphic features
were studied. In the subsequent period, it in-
cludes the study of physical and chemical and
geochemical characteristics of oil shale rocks,
and the calculation of initial reserves of some
deposits. If we exclude the book created by
Salayev and his co-authors in 1989 (Salayev et
al., 1989), then after a long break, precisely
since 2000, the period began to study oil shale
in Azerbaijan, along with oil sands, with more
modern approaches and methods. During this
period Ad.A.Aliyev and O.R.Abbasov restored
the study of oil shale (Abbasov, 2009). In addi-
tion to surface outcrops, oil shales found in
ejecta from mud volcanoes were included in
their studies (Aliyev et al., 2018). In publica-
tions (Isaksen et al., 2007; Hudson et al., 2008;
Baldermann et al., 2020; Aghayeva et al.,
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2021) covering this period, along with samples
taken from the mud volcano areas, several out-
crop sections which contains oil shale layers
were also investigated using modern approach-
es. In these studies, a small number of oil shale
samples have been investigated not as oil
shales, but as shale and argillite.

Long-term exploitation of rich oil and gas
fields leads to a decrease in their production in-
dicators. This necessitates a more detailed and
appropriate study of oil shale (as well as oil
sands) with a large reserve (Aliyev et al., 2014)
that has not been used in Azerbaijan so far. In
other words, the study of formation conditions
of such rocks in previously known oil shale are-
as of Eastern Azerbaijan was not based on the
methodological principles of the researches per-
formed in this direction on a global scale, but at
best, based on the hypotheses formed on the ba-
sis of analyzes of lithostratigraphic changes ob-
served in the studied outcrop sections. However,
in the few works published by foreign research-
ers together with local researchers (Baldermann
et al.,, 2020; Aghayeva et al., 2021), more de-
tailed studies were carried out in the study of
two outcrops (Pirekeshkul and Islamdag sec-
tions). However, in these studies, oil shales
found among the lithofacies of the sections were
considered as argillaceous rocks. In addition,
except for Eastern Azerbaijan, the possible dis-
tribution areas of oil shale in other regions of
the country have not been specified, and the role
of stratigraphic controls in their enrichment with
the organic matter in the Middle Eocene-Upper
Miocene stratigraphic range has not been sub-
stantiated. Another issue attracting attention is
the type of oil shale kerogens associated with
different stratigraphic units, as well as the as
well as the definition of their ability to generate
oil or gas hydrocarbons. This research work is
devoted to the study of additional distribution
areas of oil shale in Azerbaijan and the substan-
tiation of the role of stratigraphic controls in
distribution of oil shale lithofacies within areas
(fold structures) and stratigraphic units, and
their oil or gas generation potential.
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Distribution of oil shale throughout the
country, folded structures and outcrop sec-
tions

The results of our many years of field re-
search show that the distribution of oil shale in
Azerbaijan is characterized by Middle Eocene,
Maikop, Chokrakian (partially) and Diatom de-
posits (Figure 1). With the exception of the
Middle Eocene, oil shale stratigraphy correlates
very well with Maikop and Diatom deposits,
which contain potential oil and gas source
rocks.

The oldest, Cretaceous oil shales of Azer-
baijan are found along the southern slopes of the
Greater Caucasus, including in areas extending
almost to the Absheron Peninsula. They are es-
tablished in the Altyaghaj, Bakhyshly
(Atachay), Sarydashchay, Zarat, Talyshnuru,
Gyzmeydan, Khilmilli, and Kurkechidagh out-
crop sections belonging to the Albian stage of
the Lower Cretaceous, as well as to the Ceno-
manian, Coniacian and Turonian stages of the
Upper Cretaceous. Dark-colored oil shales of
the Cretaceous period are not of economic inter-
est due to the thinness of their layers traced in
limited areas.

Middle Eocene deposits (mainly Para-
dashian (Bartonian) and relatively Lutetian
stages (Figure 1)) can be considered as oil
shale facies in Azerbaijan. If we do not take
into account several meters of dark brown bi-
tuminous-paper oil shale in the area of the vil-
lage of Susay on the left bank of the Guruchay,
as well as local outcrop sections found in
Gusarchay and other areas in the Pre-Caspian-
Guba oil and gas region, significant outcrops of
Middle Eocene oil shale in other areas were not
recorded. Significant units of oil shale belong-
ing to the Middle Eocene can be found in areas
ranging from llkhydag to the centre of Go-
bustan, and from there to the western part of
Shamakhy. In the north of the Shamakhy-
Gobustan oil and gas region, the alternation of
oil shale layers was established in the Agburun,
Yashma, Chargyshlak and other areas. Particu-
lar attention is drawn to oil shale outcrops in
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the northwestern zones of the oil and gas re-
gion, especially in the Agsu, Gurjuvan,
Girdimanchay, Sediyan, Diyalli, Juliyan, Ereb-
shalbashy, Khilmilli and others. Middle Eocene
oil shale, common in Central Gobustan, with a
thickness of about 200-450 m, is present in the
Jengichay and Kecheller outcrop sections with
sufficient thickness and frequent alternation.
Together with the Middle Eocene, thick layers
of oil shale of younger Diatom are also charac-
teristic of the Mayash, Kichik-Siyeki and other
areas. In the course of fieldwork in Central
Gobustan, we were able to discover several
new outcrops of Eocene oil shales, such as
Boyuk Siyeki and Chaily, which are of particu-
lar importance.
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According to our estimates, the potential
sites that give positive results in the search for
Paleogene oil shale lithofacies are: the strip from
Gusarchay to Shurabad; Inchechay and Terter
interfluve zones in Naftalan; areas where Para-
dash stage of Middle Eocene sediments was rec-
orded in Nakhchivan (especially in the interfluve
zones Garadere-Dulyun); in Talysh, areas be-
longing to the Pirasora and predominantly Nesli
facies (thin brown coal layers have also been
identified (Babayev et al., 2015) correspond to
Paradsh stage. According to the results of nu-
merous previous studies (Sultanov, 1948; Ab-
basov, 2009) of the Gobustan region, the German
fault was recognized as typical of the northern
boundary of oil shales of the Middle Eocene.
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But our new research shows that the distribution
areas of oil shale are typical for a more northern
zone, including the Guba basin. In our opinion,
the prospect of discovering Middle Eocene oil
shales in the northern zones of Eastern Azerbai-
jan should be limited to the zones that continued
until the Imamgulukend-Khachmaz fault.

Oil shales are not considered typical of the
Lower Maikop deposits identified in the coun-
try. However, in our studies, black oil shales of
the Lower Maikop age of considerable thickness
are traced over large areas in Guba (Figure 2A),
in the northwest of Gobustan (in Lahij (Figure
2B)) and in its center (Figure 2C), as well as in
Yardimly (Figure 2D).

The identification of oil shale facies of the
Lower Maikop age, which are not considered
typical for Azerbaijan, in large areas in Pre-
Caspian-Guba region and Talysh necessitates
the expansion of the search for their analogues
in the south of Guba, including in Gobustan.
The presence of oil shales in sedimentary litho-
facies of the Maikop age, known in Nakhchivan
as volcanogenic facies, is called into question.

The Upper Maikop deposits, which play the
main feeding role for the hydrocarbon reservoirs
of Azerbaijan, are also of particular importance
in terms of oil shale facies. The areas located to
the east of the zones of the Girdimanchay cur-
rent are characterized by a denser manifestation
of the Lower Miocene facies, which preserve oil
shale. They are observed in Kurkechidagh,
Kemishdagh, Khilmilli, Engikharan, Aghdere,
Erebshalbashy, Gibledagh, Shikhzerli, Shaibler,
Gaibler, Jengidagh, Bayanata, Islamdagh and

other areas. In the course of field research in
Central Gobustan, we discovered previously
unknown areas of oil shale in the Upper Mai-
kop. They are located: southeast of the Kichik-
Mereze mud volcano, northeast of Mount Gaib-
ler; about 2.6 km southwest of Mount Gaibler,
1.2 km east of the cemetery, on the right and left
banks Baku-Shamakhy-Yevlakh highways; in a
low field between the mountains of Boyuk-
Siyeki and Kichik-Siyeki; in the northwest of
the lyimish mud volcano. To date, oil shale fa-
cies related to the Upper Maikop have not been
found in the south of Shamakhy-Gobustan, but
as a result of our field research, we were able to
establish them in several areas: in the in the
northwest East Cheyildag volcano; about 1 km
southwest of the Gylynj mud volcano. The most
important new outcrops on the Absheron Penin-
sula are related to the southern flanks of Agcha-
la Lake, located southeast of the Uchtepe volca-
no. The next new outcrop in Western Absheron
was discovered exactly 1.3 km south of the
Aghchala field, on both sides of the Tagiyev-
Sahil road. The oil shale rocks found in this area,
which we have named the "Mushvigabad road",
are covered with abundant jarosite rocks. In our
opinion, it is highly probable that analogues of
the oil shale facies of Maikop series extending
east of Girdimanchay can also be observed in
the west of this river, especially in the Naftalan
region and in the near-surface intervals of the
sites, located between the Kura and Gabirri ri-
vers. Conducting exploration work in this direc-
tion will most likely make it possible to disco-
ver new oil shale-bearing areas.

Figure 2. Lower Maikop-aged oil shale outcrops discovered for the first time in Guba (A), Lahij, Gobustan (B and

C) and Talish (D)
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The surface outcrops of oil shale in the
Chokrakian deposits, representing the Middle
Miocene, were revealed by us only in the south-
ern limb of the Cheyildagh fold, covering the
extreme eastern part of the Sundu-Cheyildag
anticline zone of South Gobustan.

Oil shales of Middle and Upper Miocene in
East Azerbaijan are associated with the Konkian,
Upper Sarmatian and Meotian (together called
Diatom (Figure 1)). The Upper Sarmatian depos-
its of the Pre-Caspian-Guba region require spe-
cial attention in for Diatom oil shale facies. Here,
the lower part of the Upper Sarmatian lithofacies
is confined to the Rostov suite, which is com-
posed of carbonate and shale deposits together
with oil shale. A long strip of o shale facies
stretches from Gilgilchay in the southeast to
Gudiyalchay in the northwest, up to the water-
sheds of Gusarchay-Tahyrzhalchay and the vil-
lage of Enig. However, more significant outcrops
are established in a small-scale strip between
Velvelechay and Gudiyalchay, which reaches
about 30 km. Moving south, in the Shamakhy-
Gobustan oil and gas region, the Rustov analogue
(Akhudag suite) is found in the central parts of
Gobustan, including between the Akhudag and
Baygushlu sites, as well as in Kichik Siyeki and
others. The unsatisfactory thickness of oil shale
layers does not attract attention.

In most of the territory of Gobustan and
Absheron, outcrops of oil shale of Konkian age,
identified under the name of the Baygushgaya
suite, are registered in some outcrop sections
along with the Birgut suite (Meotian), which is
considered as another stratigraphic composition
of Diatom. Outcrops of Meotian oil shales are
widespread in Gobustan and on the Absheron
Peninsula. Moving to the north and northwest of
Gobustan, they are marked in small layers only
in certain local areas, such as the Jeyirli and
Nabur sections. In the north, Meotian oil shales
do not attract much attention. Thus, with the ex-
ception of the Yashma region, there are none in
nearby places. To the south, Birgut paper oil
shale lithofacies are exposed along the low-
mountain sections of the Langebiz and Alat
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rige, and also extend eastward from large mud
volcanic fields traced south of Gobustan. The
oil shale layers of Meotian age, together with
the Konkian ones (tens of meters thick), are
very significant in the thick (up to 500 m) sec-
tions of Birgut, recorded in the area of the
Kichik Siyeki, Boyuk Siyeki and Baygushgaya
mountains, located in the central part of Go-
bustan. In addition to, Meotian oil shale was
found in Bayanata, Islamdagh, Mayash, Sungur,
Akhudagh, Baygushlu, Alagyshlag, Garagy-
shlag, Saridash and other areas almost together
with Konkian one in Central and South Go-
bustan.

At the transition to the Absheron Peninsula,
outcrops of Diatom oil shale are observed in the
areas of Shorbulag, Garaheybat, Damlamaja,
Uchtepe, Goytepe, as well as in areas continuing
to Ilkhydagh. Along with the southern outskirts
of Central Gobustan, the western part of the Ab-
sheron Peninsula is the most common zone for
recording oil shales belonging to the Konkan
and Meotian ages. Here, attention is drawn to
the alternation of oil shale layers of different
thicknesses in the sections of Diatom, belonging
to the Kecheldagh, Khyrdalan, Shabandagh,
Masazyr, Zigilpiri (Figure 1), Binegedi, Fatma-
yi, Saray and other outcrops. In areas where,
along with Diatom oil shales, outcrops of other
bituminous rocks (oil sands and marls) were
recorded, both in the southern suburbs of Go-
bustan and in Western Absheron, we regularly
found signs of oil during field studies.

In our opinion, there is a high probability of
finding analogues of Diatom oil shale facies of
the Shamakhy-Gobustan and Absheron peninsu-
las, in the interfluve of the Kura and Gabirri, as
well as in the northern zones of Talysh and es-
pecially in the western and northwestern parts of
Nakhchivan.

Summarizing the results of our many years
of field research, from a spatial point of view, it
is clear that deposits containing surface oil shale
in the territory of Azerbaijan are distributed
over large areas belonging to the Pre-Caspian-
Guba, Shamakhy-Gobustan, Absheron and
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Talysh (Jalilabad) oil and gas regions. However,
an analysis of the published literature on the
lithostratigraphic characteristics of outcrop sec-
tions identified on the territory of the country
gives good reason to assume that some areas
belonging to the Ganja and Nakhchivan oil and
gas regions are also oil shale-bearing. Figure 3
shows the identified areas of oil shale in the ter-
ritory of Azerbaijan, as well as the proposed po-
tential areas for their prospecting in the future.

With a few minor exceptions, the location
of more than 70 oil shale outcrops we identified
in East Azerbaijan (Aliyev and Abbasov, 2019),
also correlates very well with basins where mud
volcanoes have also been recorded. Of particu-
lar importance for the distribution of oil shale in
East Azerbaijan are the areas of the Paleotethys
Sea basin, corresponding to the zones of the ac-
cretionary prism (southern slope of the Greater
Caucasus), or the Bayanata microblock located
in the Jeyrankechmez-South Caspian Megaba-
sin. (Figure 4). To the north of the Zangi-
Garajuzlu fault, the areas corresponding to the
accretionary prism are more favourable for the
distribution of Eocene oil shale outcrops. This
fault and its southern zones, as well as Western
Absheron, located east of the Boransyz-Jylgha
fault, are more distinguished by the distribution
of Diatom oil shales.
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Figure 3. Exacted and assumed distribution areas of oil
shale in the territory of Azerbaijan
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Figure 4. Tectonic scheme of oil shale-bearing and
mud volcanic regions of East Azerbaijan (Modified
after (Aliyev et al., 2015; Kengerli et al., 2012): 1 —
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Shahdagh-Khizi basin (Megazone of the Lateral Range
of the Greater Caucasus), Zagatala-Govdagh and Ab-
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Shamakhy-Gobustan basin (Megazone of Kakheti-
Vendam-Gobustan (A — Northern Gobustan Alloch-
thonous)), 3 — Shamakhy zone; 4 — Jeyrankechmez-
South Caspian Megabasin (B — Bayanata microblock
(accretion prism areas), C — Toraghay microblock, D —
South-Eastern Shirvan); 5 — South Caucasus island arc
system; 6 — Deep faults (1 — Siyezen, 2 — Main Cauca-
sus; 3 — Goredil-Masazyr convergence zone (Suvagil
fault); 4 — Gujur-Gyzyldash (Zangi-Garajuzlu fault); 5
— Ajichay; 6 — Shamakhy-Neftchala; 7 — Fault (from
left to right: Boransyz-Jylgha and left sided slides); 8 —
Parautochthonous; 9 — Border of the oil and gas region

Oil shale rocks are also recorded in the ejecta
of mud volcanoes erupting in Azerbaijan. They
are mainly found in a median zone (Figure 5),
characterized by conjugate logarithmic spirals
showing axial symmetry with respect to the
emission centre that have been established
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(Odonne et al., 2020, p. 10) on the breccia area
of the volcanoes. The zone closest to the vent
(corresponding to the feeding area of a mud
volcano, consisting of the most recent mud-
flows) is called a central zone, and the zone
covering the outer part of the plateau and upper
slopes is called a distal zone (Figure 5 (Odonne
et al., 2020)), which are not typical for oil shale
rock ejecta.

Figure 5. Central, median and distal zones were estab-
lished in the breccia zone of the Ayazakhtarma mud
volcano (Odonne et al, 2020)

The conical shape and large dimensions
are more characteristic of mud volcanoes,
whose eruption centres are located in the areas
of distribution of younger deposits (mainly Pli-
ocene and Quaternary) (Figure 6B), not related
to the geological age of Azerbaijan oil shales.
(Abbasov et al., 2022). Such mud volcanoes
are characterized by ejections of Eocene, Up-
per Maikop and younger Diatom oil shales.
They were recorded in deeper, i.e., in places of
the greatest subsidence of the Cretaceous de-
posits (Figure 6B), where the thickness of the
Cenozoic deposits is much higher. Volcanoes
identified in Western Absheron, south of Go-
bustan, which are part of the Jeyrankechmez-
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South Caspian megabasin, can serve as an ex-
ample (see Figure 3). On the contrary, for vol-
canoes in areas whose geological structure is
composed of older (mainly Eocene and Mio-
cene) deposits (Figure 6A and 6B), the mud
chambers are located at a relatively shallow
depth, the breccia extends over a more limited
area and cannot be stacked and demonstrate a
plateau-like extension. With the exception of
Diatom, they are mainly characterized by ejec-
tions of the Eocene and Upper Maikop oil shale
rocks. A large number of oil shale outcrops have
been recorded in areas with such geological
characteristics (Figure 6A). An example of such
territories is the central part of Gobustan (Baya-
nata microblock (see Figure 4 and Figure 6)).

With the exception of the steepest north-
eastern zones of the Lower Kura oil and gas re-
gion, where the mud volcanoes Injabel, Ke-
lameddin, Akhtarmaardy, Akhtarma-Pashaly,
etc. were found, no oil shale was found in the
ejecta of mud volcanoes located in its southern
zones. This pattern can only be explained by the
geological structure of the Lower Kura basin.
Thus, the thickness of sedimentary layer here
reaches 20 km, and more than half of the depos-
its in lower regions located near the sea belong
to the Upper Neogene and Anthropogene (Ali-
yev and Rahmanov, 2018). In our opinion, this
factor makes it impossible for the mud volca-
noes located in this part of the Lower Kura to
erupt Paleogene-Miocene deposits (as well as
oil shale rocks), in contrast to other oil and gas
regions.

Our studies have revealed some regulari-
ties in relation to the folded structures of the oc-
currence of oil shale. Thus, the Middle Eocene
oil shales developed mainly in synclines. Exam-
ples in this respect are Shahandagh, Chargy-
shlag, Embizler, Aghdere, Boyuk Siyeki, Kichik
Siyeki and others. In addition, very few anti-
clines, including the Diyally (Sediyan) and Jen-
gichay, contain Middle Eocene oil shales, and
the thickness of their layers is noticeable in the
sections found in these areas (see Figure 1). In
most oil shale-bearing synclines, the limbs dip

45



O.R. Abbasov

@

at angles >60°. The Koun oil shales, found in
the northern parts of Shamakhy-Gobustan, are
often associated with the cores of synclines. Eo-
cene oil shales appear in the limbs of structures
in the south. The oil shales identified in the
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northern flank of the anticline at the Diyalli de-
posit belong to layers that occur at a lower an-
gle. In addition to the limbs of the Jengichay
anticline, oil shale layers were found in its core

part.
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Figure 6. Geological map (A) and geological profile (B) of Gobustan (modified after (Aliyev et al., 2015; Abbasov,
2009)). Previously known and newly discovered shale outcrops. 1 — Mayash; 2 — Boyuk Siyeki; 3 — Kichik Siyeki; 4

— Siyekilerarasy; 5 — Jengidagh; 6 — Jengichay; 7 — Bayanata; 8 —

lyimish; 9 — Gaibler; 10 — Jeyrankechmaz; 11 —

Kichik Mereze; 12 — Shihkzerli; 13 — Nabur; 14 — Jeyirli; 15 — Erebshalbashy
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In Talysh, Guba, Lahij, and Central Go-
bustan, the oil shales belonging to the Lower
Maikop were also registered in the synclinal
folds.

Oil shales of Lower Miocene age are found
in the cores and limbs of most synclines in the
north, northeast of Gobustan and east of
Shamakhy. However, as in some western out-
crops of Gobustan (between Aghsu and
Girdimanchay rivers), in the direction of Ab-
sheron (for example, in the Uchtepe and Agcha-
la regions) and in areas to the north-west of it
(for example, in Orjandagh), Upper Maikop oil
shale provides outcrops mainly in the cores, as
well as on the lims of the anticlines.

As mentioned above, the Chokrak oil shale
layers were identified by us only in the southern
flank of the Cheyildagh anticline; their total
thickness is slightly more than 1 m (Figure 1).

As for oil shales of Diatom age, the main
stratigraphic complex that attracts attention
among them undoubtedly belongs to the Sarma-
tian (Figure 1). The outcrops of this stage, iden-
tified in the Guba basin (see Garachay and
Baghchaly sections in Figure 1), have a mono-
clinal occurrence. The angles of occurrence of
shale layers fluctuate between 50 and 70°.

In the Bayanata microblock, Meotian oil
shales are exposed in some synclinals, including
Kichik Siyeki and Boyuk Siyeki (Figure 1), as
well as on the Baygushgaya structure. The oil
shale layers belonging to the Meotian and Kon-
kian stages in all three of these areas lie at an
angle of about 40-50° on the limbs of the struc-
tures. In the direction of Shamakhy, they are
also exposed on the limbs of the Khydyrli anti-
cline. The layer of Diatom oil shales found in
the village of Jeyirli has a very low angle of oc-
currence. South of Gobustan, in the syncline
defined between the Akhtarma and Cheyil anti-
clines, as well as on the limbs of the latter and
Gungormez anticlines, Konkian, Sarmatian and
Meotian oil shale are distinguished. Continuing
towards the western Absheron, the Buransyz-
Jylgha anticline can be mentioned as the next
structure where oil shale associated with Diatom
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has been found. The Meotian oil shale section
on the northeastern slope of Mount Bayanata
(Figure 1) is also very important. Analogous of
wich are also observed in the centroclinal of the
Garaislam syncline, where the number and
thickness of Diatom oil shale layers (in Figure 1
see Islamdagh section) are especially important
in the sections observed here.

The Diatom oil shales more characteristic
of the Western Absheron, are recorded in the
structures of large anticlinal structures. Zigilpiri,
Binegedi, Fatmayi, Novkhani, Saray, Ateshgah,
Damlamaja and others contain shale outcrops in
almost satisfactory areas. In general, in the
zones corresponding to the arches (for example,
Lokbatan and Shorbulag) and periclinals (for
example, Bozdag-Guzdak and Deveboynu) of
anticlines in Peninsular, especially in the crests
of mud volcanoes in the south and southeast of
Western Absheron, almost no oil shale outcrops
were found on the surface, but the erupting vol-
canoes here are quite typical for the ejection of
oil shale of Eocene-Miocene age. Mud volcanic
manifestations are also characteristic of the cen-
tral and northern zones of Western Absheron,
since the anticlines found here are complicated
by the intersections of tectonic lines. The Dia-
tom oil shales have also been found in the peri-
clinal and arch parts of these structures (Zigil-
piri, Saray, Binegedi, Jorat, Fatmayi, and oth-
ers). The fact that their outcrops are often len-
ticular in shape and most often refer to areas in
which oil seeps have also been found (Aliyev et
al., 2014). This dependence indicates that their
high content of organic matter is enriched due to
allochthonous hydrocarbons.

Beridash, Solakhay, Ayrantoken, Gotur-
dagh, Gyrdagh and other structures are regis-
tered along the Langebiz-Alat tectonic zone.
Oil-bearing sands and marls with large reserves
were found here, associated with the outcrops
of those structures that are complicated by mud
volcanoes of the same name. In the sections
studied by us in these structures, oil shales of
the facies overlying the oil sand unut, contain
paper oil shale with a strong bituminous con-
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tent. Visually, such shale is difficult to distin-
guish from oil shale. Unlike oil shales, which
are associated with kerogen, the bitumen con-
centrated in such shales is allochthonous in na-
ture. In other words, the bitumen released from
the bottom layer of oil sand saturates the top
layer of shale, resulting in the formation of bi-
tuminous shale. In this regard, such oil shales
are widespread in Cheyldere, Solakhay, espe-
cially in Rahim, Gyrgyshlag and others, which
are considered areas of oil sands and marls.
The lenticular outcrops of bituminous shale in
the areas of distribution of oil-bearing gryph-
ons and salsas, which we have identified in
lyimish, Gotur and many other areas of mud
volcanoes, do not escape attention. On the
northeastern flank of the Gyrgyshlag anticline,
where the oil-bearing mud volcano Gyrdag is
located, Sarmatian and Meotian deposits are
also noted in the area dominated by oil-bearing
deposits of the Chokrakian age. Approximately
1.2 km northwest of the oil-producing Gyrdag
oil gryphons, strong bituminous features are
observed in the dolomite deposits on both lo-
wer slopes of the valley stretching for hundreds
of meters. Here, the Diatom paper oil shale
overlays carbonate facies accompanied by oil
seeps (Figure 7). It is assumed that the organic
parts of such oil shales are similar to the under-
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lying dolomite oil reservoirs. According to our
visual observations, the contribution of alloch-
thonous hydrocarbons to the rich bituminous
content of paper oil shales of Chokrakian and
Diatom ages is quite large.

With the exception of some shale deposits
in the transition zones from Gobstan to Ab-
sheron (Uchtepa, Aghchala, Guzdek, etc.), shale
deposits of the Apsheron Peninsula are currently
used as objects for various purposes, so their
economic efficiency is doubtful.

Stratigraphic control on formation and
hydrocarbon generation

By studying the mineralogical-chemical, or-
ganic-geochemical composition and petrographic
characteristics of oil shale sampled from outcrops
and mud volcano eruption areas, we have identi-
fied some regularities related to the formation of
oil shale of the Eocene, Lower Maikop and Mio-
cene epochs. The main points of interest regard-
ing the mineralogical composition are related to
quartz, calcite and jarosite. Miocene-aged oil
shales significantly exceed the Lower Maikop
and Eocene, according to quartz and jarozite. In
contrast to the Eocene and Lower Maikop shales,
calcite is relatively less important for the Mio-
cene oil shales. The concentration of this mineral
in the oil shales of Yardymly is around 40%.

Figure 7. Paper oil shales of Diatom age in lithofacies above the dolomitic oil-bearing unit in the Gyrgyshlag section
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The average CIA value of Azerbaijan oil shale
is 67, which is higher than NASC (Gromet et
al., 1984) and UCC, and about the same number
as PAAS (Taylor and McLennan, 1985) and
Average shale (Turekian and Wedepohl, 1961).
An analysis of the CIA values shows that the
studied oil shales are derived from source rocks
that have undergone moderate chemical weath-
ering. With some exceptions, along with feld-
spars, minerals consisting of Fe associations can
be considered as typical primary components of
the studied oil shales. In general, the role of de-
posits brought from areas of tholeiitic volcanism
in the formation of the studied oil shales is ob-
vious. Although iron-containing basalts are the
main source of sediments entering the oil shale
paleobasin, intermediate magmatic formations
consisting of andesites also played a role in the
accumulation of sediments. In particular, it is an
indisputable fact that a number of Upper Mai-
kop samples belonging to Agchala, Siyakilerar-
asi, and Jengidagh have different protolith char-
acteristics, and at the same time, belong to rela-
tively higher acid igneous associations. It is also
necessary to note that among the samples of
Absheron and Shamakhy-Gobustan, the group
of oil shale of the Eocene age reveals a greater
connection with andesitic volcanism.

Along with the significant presence of a
representative of the smectite group in some
Eocene samples, the identification of other clay
minerals characteristic of ash formations (for
example, about 12% clinoptilolite), as well as
the fixation of signs of dacite in their protolithic
nature, shows the role of tephra in their genesis.
In addition, the calculation of the amount of ter-
rigenous material brought by erosional igneous
sources showed that in some Eocene samples
(for example, in Otmanbozdagh, Shekikhan and
Aghtirme), the degree of participation of terri-
genous material is relatively low compared to
other samples. To elucidate the role of terri-
genous and pyroclastic composition, our analy-
sis based on several metals including V, Cr, Ni,
Zn, Fe and Al confirms the volcanoclastic na-
ture of some Eocene samples. We hypothesize
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that those samples that reflect weak paleo-
weathering, retain carbonate minerals, and are
associated with tephra, probably formed from
volcanic ash. Our idea that some samples can be
formed from volcanic ash under the influence of
wind is supported by the fact that some explo-
sive volcanisms registered in the Lesser Cauca-
sus and Talysh in the Eocene.

The results of the approach based on the
Fe203/TiO2 and  Al203/(Al203+Fe203+Mn0O)
indices of the samples show that all the ana-
lyzed samples exhibit a close nature to PAAS
and NASC, indicating that they are not associat-
ed with hydrothermal sources.

The results of paleoclimatic reconstruction
studies unambiguously reflect the arid-climatic
conditions of the formation of the analyzed
samples. In terms of regularity, it is concluded
that the Eocene was subjected to relativly higher
temperature conditions than the Miocene. This
is in good agreement with the results (Zachos et
al., 2001) on global climate changes occurring
65 million years ago.

The enrichment of oil shale with organic
matter is facilitated by a number of factors, in-
cluding the trophic nature of the basin, its con-
nection with the sea, salinity, primary produc-
tivity, depth, redox conditions, sedimentation
rate, etc. Thus, our approaches related to Al, Fe,
Mn, and other compositions show the relation-
ship of the studied oil shales with oligotrophic
water bodies. The mineralogical composition of
the rocks also confirms this idea. In the case of
carbonates, with the exception of some samples,
their amount in samples is low in terms of gen-
eral indicators.

Most of Miocene samples formed in the
more peripheral zones of the basin. An increase
in the amount of quartz in their composition also
confirms this possibility. In the formation of
most Eocene samples, a relatively high influence
of the marine environment is evident. The oil
shales of Nardaranakhtarma, Khilimilli and Yar-
dymly areas are more prone to the marine zone.

Ca, Fe, Sr, Br, and Mn analyzes also suggest
that the Miocene shale basin was fresher than the
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Eocene. With few exceptions, in the Absheron
Peninsula and in Shamakhi-Gobustan, the Mio-
cene basins were shallower (<20 m), while the
Eocene basins were of medium depth (>20 m).
On the other hand, the oil shale basins near the
Caspian Sea were deeper than others located in
Gobustan and Absheron. For comparison, the
deepest shale-forming basins in Azerbaijan were
located in the Lower Maikop, which is typical for
the Guba and Talysh regions.

Predominantly oxic-dysoxic conditions can
be considered typical for the environments of
the oil shale paleobasin. Most of the Eocene
samples were deposited in environments con-
taining more oxygen than in the Miocene. Some
samples of the Upper Maikop correlate with the
depths at which sulfate reduction occurred.

The presence of intensive tectonic activity
during the Eocene, especially the transport of
volcanic ash into the paleobasin, created favora-
ble conditions in terms of providing essential
nutrients such as Fe, P and Cu. In the analyzed
samples, a change in the aluminum concentra-
tion within 6-8% has a greater effect on the en-
richment of Eocene and Diatom oil shale with
organic matter (Figure 8). As terrigenous inputs
increase in the pleobasin, when the Al concen-
trations reach the range of about 7-10%, the
sediments provide a not-too-high content of or-
ganic matter, which is typical for most Maikop
oil shales. Therefore, the Eocene sediments
were subjected to less terrigenous inputs than
the Miocene. In this regard, the role of primary
bioproductivity was key in the enrichment of
Eocene and, probably, Diatom kerogen with or-
ganic matter. For the Miocene, on the contrary,
terrestrial plants were the dominant source. This
supports our conclusion that the Eocene was
associated with saltier seawater and the Mio-
cene with fresher aquatic environments with
abundant river flow. Volcanic ash was more in-
volved in the accumulation of Eocene basin, and
this nutrient-rich igneous association probably
influenced the growth of algae in the water as
well as the redox state of the water column.
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Our extraction studies also confirm the re-
sults obtained for the kerogen type according to
the data of inorganic chemistry. So, in Miocene
oil shales, alcohol-benzene bitumen (1.69%)
prevails over chloroform bitumen (1.24%).
However, for the Eocene samples, the opposite
trend is recorded. These different geochemical
characteristics may be related to the more solu-
ble chloroform bitumen in Eocene oil shales,
where such organic molecules are associated
with lipids, i.e. algae (source of autochthonous
organic matter). On the other hand, the obvious
predominance of the alcohol-benzene fraction in
Miocene oil shales can be explained by the con-
tribution of terrestrial plants to the formation of
Miocene oil shale.

The average parametric indices of structur-
al groups calculated from the 'H NMR spectra
of extracted bitumen from the Eocene samples
of the Keyreki volcano and the section of the
Bayanata outcrop of Diatom age show that the
degree of aromaticity of bitumen belonging to
the Bayanata oil shale is significantly lower (on-
ly in asphaltenes it reaches 11.5%). On the con-
trary, noteworthy is the high rates of paraffin
compounds (in benzene = 61.4%, in 4:1 alcohol-
benzene = 45.2%). In the Keyreki sample, the
degree of aromaticity is 14% in total due to the
sum of all extracted fractions. Spectral analysis
showed that the kerogen of Bayanata sample of
Diatom age is significantly enriched in organic
matter of autochthonous origin.
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Figure 8. Diagram showing the effect of terrigenous
inputs on the concentration of organic matter in Mio-
cene and Eocene oil shale
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According to the results of the diagrams as-
sociated with the corresponding parameters of
“Rock-Eval” (Figure 9), the Eocene and Diatom
oil shales sampled from both the mud volcanic
area and from the outcrop sections clearly corre-
spond to type Il kerogen, as was seen in the
above discussion. The samples belonging to the
Upper Maikop are plotted in areas correspond-
ing to the mixed type 1111 and I1I.

Compared to other samples, the Islamdag
oil shale shows a relatively high CIA value with
several other Diatom samples. Chemical weath-
ering is known to play an important role in the
regulation of primary productivity. Thus, the
increasing intensity of chemical weathering
stimulates the entry of biogenic elements into
the paleobasin, which has a positive effect on
the primary production of organic carbon. Pet-
rographic studies have also shown that Diatom
paper oil shales are rich in alginite. The total
content of vitrinite and inertinite is about 30%.
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In general, such oil shales contain diatoms and
fossil fish, as well as an abundance of lamal-
ginite and telalginite. The oil shales of the Up-
per Maikop section of the Islamdag are domi-
nated by vitrinite and pyrite (Aghayeva et al.,
2021). (Isaksen, et al., 2007) also stated that the
organic-rich rocks of the Upper Maikop, select-
ed from the mud volcanic area and outcrops,
mainly contain organic matter of plant origin,
consisting of spores and pollen, as well as
amorphous and woody materials as secondary
components.

The results of mineralogical, inorganic
chemical, organic-geochemical, extraction,
spectral and petrographic studies demonstrate
the history of the evolution of Eocene and Mio-
cene (mainly Upper Maikop) oil shale in various
basin conditions and with different types of ker-
ogen, generalized in schematic illustration
showing in Figure 10.
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Compared with the Upper Maikop, it has
been established that the Diatom and especially
Eocene oil shales, provided with organic matter
of autochthonous origin and having a high hy-
drogen index, bitumen index, generation poten-
tial and pyrolyzable carbon indicators, mainly
have the potential to generate oil hydrocarbon.
Agayeva and her co-authors in their paper
(Aghayeva et al., 2021, p. 380), based on the
study of only a few samples from the Pirekeshkul
outcrop, note that in the Middle Eocene section,
there are layers rich in organic matter containing
type 1l kerogen, which cannot be considered an
important source of rocks on onshore of Eastern
Azerbaijan because for their low thickness.
However, according to our studies, the total
thickness of the Middle Eocene in East Azerbai-
jan, especially in Gobustan (> 300 m (Aliyev et
al., 2015, p. 44)) and the Absheron Peninsula, as
well as the frequent alternation and significant
thickness of oil shale layers in their sections (see
Figure 1), especially the presence of thick and
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large fragments of oil shale, often found in the
ejecta of mud volcanoes shows that the opinion
formed in the study of only one section is incor-
rect. In addition, the fact that the Upper Maikop
deposits, considered in many studies to be the
best source rocks, have satisfactory indicators of
the quality and productivity index and the gener-
ation potential index of allochthonous organic
compounds in oil shale samples, but contain low
hydrogen and bitumen index, indicates their po-
tential for gas generation.

Compared to other stratigraphic units, the
Chokrakian oil shales, which have a negative im-
pact on the general organic-geochemical parame-
ters of the Miocene deposits, are characterized by
the highest values of the average productive index,
but the lowest values of pyrolyzable carbon and
maximum pyrolysis temperature (see Figure 9),
associated with the presence of organic com-
pounds of allochthonous origin, corresponding to
the peak Si in their hydrocarbon composition.
This is also confirmed by the fact that strong oil
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shows are characteristic of sandstone and dolo-
mite formations of the same age deposits in the oil
and gas regions of Azerbaijan (see Figure 7).

The average geochemical parameters of oil
shale samples currently do not show positive
feature in terms of the possibility of oil and gas
generation. But in some coastal regions, where
the Upper Cretaceous roof descends deeper, the
Upper Maikop and Middle Eocene deposits
promise favourable signs for hydrocarbon gen-
eration. On the other hand, the Eocene and Mai-
kop oil shales have great prospects for obtaining
synthetic oil and gas, respectively.

Conclusion

The results of many years of field research
made it possible to discover new areas of oil
shale within Azerbaijan and remap (Figure 1)
their distribution areas.

Surface outcrops of oil shale are found
mainly in the distribution areas of Middle Eo-
cene, Maikop, Chokrakian (partially) and Dia-
tom deposits.

Lower and Upper Cretaceous shales found
in the north of Gobustan are associated with low
net thickness and limited areas, which reduces
their economic significance.

In Central Gobustan, zones of distribution
of accretionary-prismatic deposits are character-
istic of significant outcrops of Middle Eocene
and Upper Maikop oil shale.

Analogues of surface oil shale of Upper
Samatian age, characteristic only for the Guba
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basin, were not found in Shamakhy-Gobustan
and Absheron.

The oil shale outcrops of Konkian and Me-
otian, which are manifested in thick layers in
Central Gobustan, are more common, especially
in its east, in Western Absheron. These Diatom
oil shales are also noted in the periclinal and
arch parts of anticlines, the outcrops of which
are often lenticular in shape and most often
touch areas of seepage of oil and oil-bearing
rocks (sands and marls). We believe that their
high organic content is enriched in allochtho-
nous hydrocarbons. The role of allochthonous
hydrocarbons in the formation of organic matter
in the Chokrakian oil shale is also substantiated.

In the formation of Guba oil shale, the uplift
zones of the Greater Caucasus Megazone, called
the Lateral Range, served as the source area, and
in the evolution of the Shamakhi-Gobustan oil
shale, the sediments brought from the Tufan and
Vandam uplifts were of special importance. Vol-
canic ash brought by the wind into the basin also
contributed to the formation of oil shale in some
Eocene areas of East Azerbaijan.

Both Eocene and Diatom oil shales, which
have closer contact with seawater and contain
the largest amount of organic matter, sampled
from the ejecta of mud volcanoes and outcrop
sections, are compatible with type Il (oil-
bearing) kerogen. However, oil shales of Upper
Maikop age, which show a closer relationship
with freshwater sources (rivers), mainly corre-
spond to type 111 (gas-generating) kerogen.
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AZORBAYCANIN EOSEN-MIOSEN YASLI YANAR SISTLORI: OMOLOGOLMOYO,
YAYILMAYA VO NEFT-QAZTOROTMOYO STRATIQRAFIK NOZAROT

O.R. Abbasov

Mbaqalada, coxillik ¢ol-tadqiqatiar: asasinda Azorbaycan yanar sistlorinin daha avallor malum
olmayan agilislarina dair yeni malumatiar tagdim olunur. Yanar sistli fasiyalarin yeni yayiima areal-
lart miiayyanlagdirilir. Onlarin saha va kaSilislar tizra paylanmasinda, homginin neft va yaxud qazto-
ratma xiisuSiyyatlorinin formalasmasinda stratiqrafik nazaratin rolu asaslandwrilir. Eosenda, Alt May-
kopda (ilk daf> olaraq bu tadqiqatda askarlanib) va Miosendo (Ust Maykopda, Cokrakda va Diatom-
da) formalasan ¢ékma héovzalarin va bura gatirilon ana stixurlarin genezisi ila alagali tadqiqatlar bazi
ganunauygunluqlarin aldo olunmasina imkan vermigdir. Naticalorimiz, Maykopdan fargli olaragq,
Eosen va Diatom yasli yanar sistlora aid kerogenlarin oXsar tokamiil xtisusiyyatlori ehtiva etdiklorini
gostorir. Daniz miihiti ilo daha yaxin alaga gostaran Diatom Kimi, Eosena maxsus kerogenlor yalniz
neft, lakin sirinsulu va nisbatan intensiv terrigen daxilolmalar: saraitinds takamiil tapmis Ust Maykop
vasl kerogenlor isa asason qaz tératmak imkanina malikdir/ar.

0L EH-MUOLEHOBBIE TOPIOYHE CJIAHIBI ABEPBAIKAHA:
CTPATUTPA®UYECKME PETYJISITOPHI ®OPMHUPOBAHUS,
PACIIPEJEJEHUS U TEHEPAIIMU YTJIEBOJOPO/IOB

O.P. AdbacoB

B oannoii cmamve npedcmasnena Ho8aAsl UHGhopmMayus o panee Heu38eCmHuIX OOHANCEHUAX 20PI0-
yux cnamyes 6 Azepbaiiodicane, NOIYUEHHASI NO PE3YTbMAMAM MHO2ONEMHUX NONEbIX UCCIE008AHUIL.
Yemanoenenwt nosvie epanuybl pacnpocmpanenus gayuti, cooeparcawux coprodue cianysl. O6ocrosa-
Ha poilb CMpamuepaguuecko2o KOHMpOJia HA0 PAcnpedeieHuemM coprYUx Clanyes no niowaou u pas-
pe3am oOHadiceHull, NoKasaw ux Heghme-eazoobpasyrowuil nomenyuan. HMccreooeanue UCMOYHUKO
CHOCA NOPO0 — 20PIOUUX CIAHYE8 U BbIAGIEHUE 0COOECHHOCMEN I0YEHOBbIX, HUINCHE-MAUKONCKUX (Onpe-
OefleHbl 8nepevle 8 X00e OAHHO20 UCCIe008aHUsL) U MUOYCHOBLIX (8EPXHE-MAUKONCKUX, YOKPAKCKUX U
oUaAmMoMosbix) baccelnos ceOuMenmayuy 20pIodux cianyes, N0360IUNU BbIA8UMb HOBblE 3AKOHOMEPHO-
cmu. CoenacHo pesynvmamom NpoB8eOeHHbIX padbom, KepoeeHvl I0YEHOBbIX U OUAMOMOBLIX CIAHYE8
NPOULTIU CXOJHCULL DBOTFOYUOHHBI NYMb, 3AMEMHO OMAUYAIOWULICA OM MAUKONCKUX 2OPIOYUX CIAHYES.
Tax, kepozeHbl 2oprOUUX CLAHYEB 20YeHA U OUAMOMOB020 ApYCaA OONbULe C8A3AHbL C MOPCKOU CPedol U
MO2YM 2eHepuUpo8ams npeumyuecCmseHHo Hegpmo. B mo dwce epems kepoeensi, obpazosasuiuecs 8 bac-
celiHax 6epxHe20 Maukona, cooepicam 0oabuLe MePPULEHHO20 OP2AHUYEeCKO20 Mamepuand, oopazoea-
JIUCH 8 CPABHUMENLHO NPECHOBOOHBIX YCIOBUSAX U MO2YM NPOU3B00UMb, 8 OCHOBHOM, 2dS3.
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CHARACTERISTICS AND CONDITIONS OF ACCUMULATION
OF THE UPPER JURASSIC SEDIMENTS
IN THE SOUTH-EASTERN CAUCASUS

The article discusses characteristic structural features of the Southeastern Caucasus re-
gion and some geochemical aspects of the lithogenesis of the Upper Jurassic deposits. It stud-
ies and characterizes sediments of the various zones (Sudur, Shahdagh-Khizi and Guton-
Gonagkend) based on the sections exposed in the river valleys of Gilgilchay, Babachay and
Jimichay. Although many studies had covered tectonics, structural geology, stratigraphy and
paleontology of the Jurassic succession in the Southeastern Caucasus, there are still ques-
tions that require more detail investigations of the stratigraphy, genesis and typification of
various rhythmically bedded successions as well as sources of the clastic material. Experi-
enced difficulties in these studies are caused, firstly, by the complex tectonic structure of the
region and, secondly, by the lack of necessary paleontological data.

Upper Jurassic succession in the studied areas is composed of conglomerates, sand-
stones, siltstones, mudstones, and carbonate rocks, all combined in the local suites. In gen-
eral, the color and lithological patterns of these terrigenous-carbonate and carbonate se-
quences differ in the various localities.

Based on chemical and mineralogical analysis of the rocks, and the collection and inter-
pretation of archive and published materials, the article provides a ground for the lithochem-
ical characterization of the studied sections in the Shahdagh-Khizi zone, stratigraphically

identified as the Upper Oxfordian-Kimmeridgian (Gyzylgazma Formation).

Keywords: Southeastern Caucasus,

facies variability,

Gyzylgazma Formation,

Shahdagh-Khizi zone, geochemical indicators, felsic provenance

Introduction

In the Southeastern Caucasus, relatively
complete and well exposed sections of Upper
Jurassic deposits are recorded within the boun-
daries of Sudur, Shahdagh-Khizi and Guton-
Gonagkend zones. These well visualized and
accessible sections are the appropriate objects
for studying and identifying the structural-
facies and geodynamic formation conditions of
the Late Mesozoic sedimentary complexes of
the Greater Caucasus basin. Represented by
terrigenous and carbonate deposits with sharp
facies variability in the rocks’ horizontal and
vertical composition, the Upper Jurassic comp-
lexes are almost devoid of any faunal remains.
This circumstance greatly complicates the task
of breaking down and correlating the different
sections.

56

Z.N. Mehdiyeva

Institute of Geology and Geophysics,

Ministry of Science and Education Republic of
Azerbaijan, Baku, AZ1143, H.Javid av., 119
E-mail: zabita.mehdiyeva@gmail.com

The problems of stratigraphy, facies peculiar-
rities, lithology and petrography were studied by
many prominent geologists (Abich, 1865; Bogda-
novich, 1902, 1906; Vassoyevich, 1938, 1940;
Weber, 1936; Alizadeh, 1939; Khain, 1937, 1939;
Shikhalibeyli, 1956; Shardanov, 1957; Isaev et al.,
1981; Kangarli, 1978, 1982, 1986, 1997).

The first microsection-based petrographic
studies of the Jurassic deposits of the Southeast-
ern Caucasus region were implemented by
K.I.Bogdanovich. In his work “System of Di-
brar in Southeastern Caucasus”, Bogdanovich
had described microsections of the separate
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types of Mesozoic limestones and sandstones,
supporting the coverage with microphotos.

The purpose of this article is to study mate-
rial constitution of the Upper Jurassic deposits
of the sections exposed in the Southeast Cauca-
sus region, to highlight their facies variability
and accumulation environment, to clarify a na-
ture of the source of terrigenous deposits based
on the study of the rocks’ chemical composi-
tion, and to compare them with literature data.

Study materials and methodology. The
study is based on the results of fieldwork im-
plemented in 2014-2018, and on the analysis of
archive and literature materials.

On the northern slope, survey routes were
drawn from Derk village upstream of the river
Babachay, and from the Istisu (thermal sulphide
spring) down the river Jimichay. The studies
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also covered the sections detected in the river
valley of Gilgilchay (Figure 1). The total num-
ber of survey points exceeded 15. The detected
outcrops were described and about 60 samples
were taken for chemical and petrographic tests.
On the southern slope, the surveys were con-
ducted in the river valley of Akhokhchay.

Characteristics of the deposits from

the various structural-facies zones

Shahdagh-Khizi zone occupies central
position on the Northern slope of the Side
megazone. Despite a plenty of published stud-
ies dedicated to a stratigraphy of this interval
of the Southeastern Caucasus region, there are
too few publications that would complexly
describe the sections of this zone.
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1 - Gilgilchay intersection; 2- Jimichay intersection; 3-Babachay intersection

Figure 1. Location scheme of the studied sections
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Callovian — Upper Jurassic section of the
zone is divided into Molt, Gyzylgazma and
Shahdagh formations.

The Molt formation (Upper Callovian —
Oxfordian) is incompletely exposed on the
northern limb of Gyzylgazma anticline, where
it constitutes basement of the Upper Jurassic
section on Girdimanchay River (Figure 2). On
the basement of the formation, there are the
outcrops of small and medium pebble con-
glomerates alternating with brownish-black,
ash-gray on surface, argillites. Higher in the
succession, there is a transition into arhythmic
alternation of muddy sandstones, small pebble
gravelites, small and medium pebble con-
glomerates, rarely argillites. Having thickness
of nearly 300 m, the formation transgressively
overlies the Upper Jurassic series. Its’ roof is
brought to a tectonic contact with the Val-
anginian carbonate rocks (Isayev et al., 1977,
Kangarli, 1982; Kangarli et al., 2013).

The Gyzylgazma formation (Kimmerid-
gian-Tithonian) was distinguished by N.B.Vas-
soyevich from the structure of the Khaltan for-
mation identified by K.l.Bogdanovich (1906)
and was dated as Tithonian according to its’
stratigraphic  position (Vassoyevich, 1938;
Khain, 1947). In the Shahdagh-Khizi zone, the
formation is represented by more than 200 m
thick alternation of gravelites, sandstones and
argillites, coarse-grained muddy sandstones, and
greenish-grey clays. The roof of the formation is
transgressively overlapped by Neocomian basal
conglomerates.

The Shahdagh formation (Middle Oxfor-
dian — Tithonian). The lower part of the for-
mation is nearly 260 m thick and built by gray
coarsely stratified massive rift dolomitized
limestones. The upper part is about 550 m
thick and constituted by pink coarsely strati-
fied brecciate limestones and dolomites with
layers of red calcareous breccias and con-
glomerates.

Sudur zone. Callovian — Upper Jurassic
section of the zone is represented by muddy
Tahirjal, gypsum-bearing argillo-arenaceous
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Gushgala formation and carbonate Gukhur
formation. Upper Jurassic section of the zone
begins with Callovian — Lower Oxfordian Ta-
hirjal formation consisting of a variegated al-
ternation of lilac-pink, yellowish and bluish-
green sandy clays with interlayers of calcare-
ous sandstones and nodules of crystalline lime-
stones and dolomites. The Tahirjal formation
was first described in 1975 in the river valley
of Tahirjal (Isayev et al., 1977; Kangarli et al.,
2013). The formation is unconformably over-
lapped by 60-80 m thick Upper Oxfordian
Gushgala argillo-arenaceous formation. The
Upper Jurassic section of the zone is crowned
by a seamless series of limestones and dolo-
mites of the Gukhur formation dated as Kim-
meridgian-Tithonian according to its’ strati-
graphic position (Kangarli et al., 2013).

Outcrops of Callovian-Upper Jurassic de-
posits occur only in the eastern structures of the
Guton-Gonagkend zone. They are exposed as
part of the section of Girdimanchay-Valvala-
chay flexure-rupture zone, and to the east of it.
On the Jimichay River, there is an outcrop of
the member of alternation of dark gray sand-
stones, argillites and rarely limestones. The
member is parallelized with the upper part of
the Molt Formation and the conformably super-
structed over 200 m thick alternation of green-
ish-gray sandstones and argillites.

There are the following three formations
distinguished within the Upper Jurassic section
of the zone: Garovulustu (Oxfordian), Gyzyl-
gazma (Kimmeridgian) and Khashi (Tithonian).

In a centroclinal closure zone of the Garov-
ulustu brachysyncline (the southern outskirts of
Gonagkend village, the right riverbank of
Jimichay, both limbs of Yerfi-Khashi anticline),
exposed is a member of alternating gray, green-
ish-gray argillites, poorly graded, calcareous,
fine- and medium-grained sandstones, and lime-
stones. Dated as Oxfordian according to its’
stratigraphic position, the member was identi-
fied as the Garovulustu Formation (Kangarli,
Mehdiyeva, 2017). Thickness of the formation
varies within the range of 145-224 m.
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The Gyzylgazma formation consists of
three subcomponents. The lower subformation
is represented by greenish-gray, gray, relatively
sandy massive limestones, as well as medium-
bedded, fine- and medium-grained sandstones
and argillites.

Tithonian stage of the zone is represented
by the Khashi formation, exposed at the more
western intersection of the Yerfi-Khashin anti-
cline along the Dahnachay River (Kangarli,
Mehdiyeva, 2017). Significant part of the for-
mation is composed of rhythmically alternating
gray and greenish-gray sandy argillites, calcare-
ous sandstones, limestones, and conglomerates.

Main rock types and dissemination

The studied Upper Jurassic sections of the
Southeastern Caucasus region are mainly repre-
sented by coarse clastic, sandy, silty, muddy and
carbonate rock types. Colour and lithological prop-
erties of these terrigenous-carbonate and carbonate
rocks generally vary across sections. Detected rock
types vary from coarse-grained conglomerates to
fine-grained sandstones, siltstones and clays.

The coarse clastic rocks are detected in all
studied sections and in all stages of the Upper
Jurassic period. These rocks are mainly repre-
sented by thin layers of basal conglomerates
found at the basements of some formations
(Kangarli et al., 2013), as well as by separate
layers inside the Shahdagh formation (Aghayev,
1990). In the Sudur zone, there are thin layers of
basal small-pebble conglomerates and gravelites
with pebbles of crystalline and marbled lime-
stones, argillites and loose sandstones. The con-
glomerates are also widespread in the structure
of Shahdagh-Beshbarmag allochthonous com-
plex. According to literature data (Gavrilov,
2018), the basal sedimentary complex of the
Shahdagh massif is characterized by a rather
complex and heterogeneous structure. They
show significant facies changes observed to-
wards the southwest.

The coarse clastic rocks are widely devel-
oped at the basement of the Upper Jurassic section
on the Gilgilchay River, and on the northern limb
of the Gyzylgazma anticline. Alternation thick (5—
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8 m) stratas of small and medium-pebble con-
glomerates with the argillites constitutes 75 m
thick lower segment of the Molt formation.

The coarse clastic rocks are most developed
in the Tithonian series of the Ugakh section,
amounting to 200 m of the section thickness.
Thickness of the Tithonian rocks of this type is
58 m in Khaltan, and 32 m in Gizilchay sections.

In the Kimmeridgian stage, the coarse clas-
tic rocks are of sharply subordinate significance,
being observed in the form of individual thin
interlayers of gravel and pebble conglomerates.
The pebble conglomerates are represented by
the layers composed of compacted, well-
rounded pebbles (3-5 cm in size, up to 40 cm in
diameter) of dark muddy shales, as well as small
pebbles of sandstones and limestones.

Coarse clastic rock types are widely devel-
oped in the Tithonian deposits. According to
size of a clastic material, these rocks are repre-
sented by boulders and blocky, pebble and
gravel conglomerates. Most of them are com-
posed of unrounded, sometimes noticeably
rounded fragments of carbonate rocks, forming
100-150-meter strata of conglomerates. The
pebble and gravel conglomerates are commonly
developed in almost all of the sections.

Muddy deposits are widely developed. They
are one of the key components of the Callovian-
Upper Jurassic sections of the studied area. They
are abundant in the lower and middle parts of the
sections exposed in the Sudur (river valley of
Tahirjal) and Shahdagh-Khizi (river valley of
Gilgilchay) zones. Forming up to 10-15 m thick
stratas, the muddy rocks are mainly represented
by mainly gray, dark gray, greenish-gray dense,
non-soaking, partly calcareous argillites.

Muddy rocks of the Kimmeridgian stage are
represented by gray, greenish-gray, light gray
arenaceous varieties. These rocks are most de-
veloped in the river valleys of Tahirjal, Gilgil-
chay and its’ right-bank tributaries, and in the
section of Babachay. A characteristic feature of
these rocks is their siliceous content. Interlayer
thicknesses vary from fractions of a centimeter to
10-20 cm or more. Muddy rocks of the Tithonian
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stage are represented by gray, dark gray, grayish-
brown and reddish-brown varieties. Thickness of
the clay interlayers varies from 1-2 cm to 1-2 m
and more. Individual parts of the sections are
mainly built by muddy deposits.

Sandy and siltstone rocks in a general com-
plex of the Callovian — Upper Jurassic deposits
had developed greatly in the Kimmeridgian
stage. Macroscopically the sandstones are repre-
sented by gray, dark gray and greenish gray
densely cemented varieties. They are always
calcareous and muddy, often passing to the silt-
stone varieties. A characteristic feature of the
sandy and silty rocks is their lamination.

Erosion grooves, marks of a runoff and fu-
coids, which are typical textural features of
sandy and, to the great extent, silty rocks of the
region, speak for the existence of a basin with
significant near-bottom flows (Aliyev, Akayeva,
1957). Such flows had stimulated an even dis-
tribution and sorting of terrigenous material at
the bottom of the basin, which had significant
slopes in some areas. The coarsest grained
sandy rock varieties were found in the Callovi-
an-Oxfordian stages. The sandy series of the
Kimmeridgian stage are silty.

Carbonate rocks. Development degree of
the carbonate rocks changes from a minimum at
the basement to the maximum on the top of the
Upper Jurassic section. The main rock types of
the Oxfordian-Kimmeridgian age are muddy,
organic and brecciated oolitic limestones. Rocks
from the middle parts of the sections are repre-
sented by flaglike and thin flaglike, microgranu-
lar gray, greenish-gray and sometimes dark gray
limestones. The fragmentary oolitic limestones
are developed all over the studied sections,
forming as thin as 5-10 cm thick interlayers.
The sandy and silty limestones are less com-
monly developed than the oolitic and fragmen-
tary oolitic varieties. Carbonate rocks of the Ti-
thonian stage are represented by mainly lime-
stones and less commonly marls. The lime-
stones are represented by fragmentary, oolitic,
sandy, crystalline and pelitomorphic varieties
(Aliyev, Akayeva, 1957).
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Geochemical studies. Analyzing geochemi-
cal composition of the sedimentary rocks is an
important tool for understanding the nature of
primary rocks, as well as the weathering and ero-
sion dynamics and the tectonic environment of
sedimentation basins (Nesbitt and Young, 1982).

Collected rock samples were tested at the
Analytical Center of the ANAS Institute of Ge-
ology and Geophysics. The testing resulted in a
data on the composition of the main oxide com-
pounds and chemical elements of the Upper Ju-
rassic deposits. The muddy rock samples were
mainly collected from the outcrops exposed in
the Gilgilchay valley, whereas the samples of
sandstone were taken from the Babachay section.

Chemical analysis results has shown that the
material composition of the muddy rocks (argillites
— 12 samples) is characterized by the following
components: SiOz2 — 44.23-66.27, Al20s — 12.89—
19.53, Fe203 —4.04-9.88, CaO —0.74-11.21, MgO
—1.39-2.50, Na2O — 0.97-1.50, K20 — 2.94-4.28.
According to a ratio of the molecular amounts of
SiO2 to Al2Os, these rocks belong to hydromicas
and mixed muddy rocks. SiO2 and Al2Os values of
the hydromicaceous clays are intermediate as com-
pared to kaolinite and montmorillonite. The
SiO2:Al20s ratio of these clays is equal to or lower
than montmorillonite (Frolov, 1965).

The main component in the chemical com-
position of sandstones is SiOz, concentration
levels of which varied from 51.13 to 67.70% in
the analyzed samples.

Na20 was less than K20 in all tested sam-
ples. This indicates that the deposits were accu-
mulated because of the erosion of the felsic
rocks. Another indicator of the felsic prove-
nance is the titanium module (TM = TiO2 /
Al203), which equals 0.05-0.06 in all muddy
samples.

Among geochemical indicators, the hydroly-
sate module is the most universal weathering ma-
turity indicator (HM = TiO2 + Al203 + Fe203 +
Fe203 + MnO) / SiO2). The higher the HM value,
the more “mature” the sedimentary material is
(Yudovich, Ketris, 2011). GM>0.55 characterize
the products of humid (rarely arid) eolation.
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All the studied samples are characterized
by the hydrolysate module of less than 0.55, av-
eraging at 0.43 in muddy, 0.59 in carbonate, and
0.28 in sandy and silty rock samples. These pa-
rameters indicate an arid sedimentation.

The alkaline module (AM = Na20/K20) can
be used to distinguish between maffic and felsic
sources (Yudovich, Ketris, 2011). For most sed-
imentary rocks, the AM value remains in the
range of 0.30-1.50. Exceeding this value data
indicate a significant admixture of plagioclases
occurring due to erosion of the maffic rocks. The
alkaline module of almost all studied samples is
0.23-1.75, which is an evidence of the erosion of
felsic parent rocks. The only exception was a
couple of carbonate rock samples, in which ex-
tremal AM values were recorded (15.8 in the
sample #104, and 3.06 in the sample #207). In
our opinion, this rare case is related rather to the
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saline Na than to the sodium silicate, which testi-
fies to the erosion of evaporites.

The SiO2 /Al20s ratio is a widely used in-
dicator of rocks maturity. This ratio indicates an
increase in the quartz values at the expense of
the less stable components such as feldspar, etc.
A ratio greater than 5 or 6 in sedimentary rocks
testifies to their maturity. Average ratio values
for the studied samples varies in the range of
2.25-7.48, making up 3.4 for muddy rocks, 4.6
for sandstones and 3.3 for carbonate rocks. All
these values point at the moderate maturity of
the rocks.

Increased alumina content of the Callovian
— Upper Jurassic sedimentary rocks from one
hand, as well as low alumosilicic module values
(AM = Al203/Si02) from the other, indicate the
erosion of arid weathering rinds.

Chemical composition (%) and geochemical indicators of sandstones of the Gyzylgazma formation

NeNe

TPl el s sl s 8 8| 2| g gl s
Oxides © © © 0 0 © © © © ©
Na.O 0.32 0.28 1.55 0.76 0.36 1.21 1.39 1.17 1.32 1.60
MgO 1.36 0.84 1.03 1.71 1.38 1.16 0.94 0.90 1.50 0.99
Al20s 491 2.69 6.51 7.82 451 6.40 5.57 4.64 9.46 7.69
SiO; 19.14 15.96 42.08 | 33.60 23.97 47.01 38.15 29.65 | 52.29 | 46.48
P20s 0.04 0.05 0.10 0.10 0.08 0.07 0.08 0.08 0.14 0.09
SOz 0.05 0.03 0.50 0.04 0.11 0.47 0.14 0.03 0.04 0.03
K20 1.29 0.60 1.12 1.77 0.94 1.13 0.93 0.82 1.74 0.82
Ca0 40.20 44.26 27.08 | 28.23 37.60 23.36 31.02 36.28 | 12.84 | 23.24
TiO; 0.24 0.14 0.39 0.45 0.22 0.36 0.34 0.26 0.55 0.30
Fe:0s3 2.57 1.74 2.43 4.60 3.14 2.90 2.63 2.04 5.26 3.61
MnO 0.09 0.10 0.07 0,09 0,09 0,07 0.09 0,13 0,16 0,30
SiO./Al03 3,90 5,93 6,46 4,30 531 7,34 6,85 6,39 5,53 7,48
K20/ Na,0O 4.03 2.14 0.72 2.32 2.61 0.88 0.67 0.70 1.32 0.51
K20 /Al;,03 0.26 0.22 0.17 0.22 0.21 0.18 0.17 0.18 0.18 0.13
CIA 75 75 70 75 77 73 76 69 75 71
HM 0,41 0,29 0,22 0,38 0,33 0,21 0,23 0,24 0,30 0,22

62



STRATIGRAPHY AND SEDIMENTOLOGY OF OIL-GAS BASINS

Sedimentology

Results

When studying lithologically similar rocks
characterized by lack of faunal remains, it is in-
sufficient just to use the traditional methods. It
is required to apply an integrated study ap-
proach to determine the formation conditions
and environment of such geological bodies.

Callovian — Upper Jurassic series of the
Southeastern Caucasus region demonstrate faci-
es variability both in the area and sections,
which is associated with structural and morpho-
logical elements of the paleobasin. The studied
deposits are exposed in the different modern
structural zones. There is a regular lateral litho-
facies change observed in their distribution,
varying from coarse flysch in the south to la-
goon in the north. Such a change in the facies
character testifies that these deposits had formed
under the continental slope and shallow shelf
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environment of the northern flank of the Greater
Caucasus marginal sea of Jurassic.

The main transport of the terrigenous mate-
rial at that time was from the northeast.

Distribution nature of the main elements re-
flects mineralogy of the studied samples. Al20s3
content of the sandstone samples is lower than
that of the samples enriched in microgranular silt.

According to the X-ray diffraction analysis
results, deposits of the studied region mainly
consist of calcite, quartz, feldspar, dolomite,
hematite and muddy minerals such as chlorite,
illite, montmorillonite and kaolinite. Values of
the weathering index speak for a moderate
weathering in the source area and deposition of
the terrigenous material in an area with relative-
ly high uplift. Judging by the ratio of the main
elements, the eroded substrate was probably
characterized by a felsic and/or intermediate
rock composition.
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CONUB-SORQI QAFQAZIN UST YURA LAY DOSTOLORININ
XARAKTERISTIKA VO FORMALASMA SORAITLORI

Z.H. Mehdiyeva

Taqdim olunan magalada Canub-Sarqi Qafgaz regionun iist yura yash siixur komplekslarinin qurulusu
va geokimyavi xarakterinin bazi masalalari nazardan kegirilir. Gilgileay, Babacay va Cimicay ¢aylar: ilo agil-
mus kasilislorin struktur qurulusuna ssaslanaraq ayri-ayr: zonalarin hiidudlarmmda (Sudur, Sahdag-Xizi va
Quton-Qonagkand zonalary) tasakkiil tapmas stixur tiplarinin tasviri verilir. Regionun tektonikas:, geoloji qu-
rulusu, stratigrafiyas: va paleontologiyas: masalalari uzun illor bir cox taninmis geoloq va alimlar torafindan
todqig olunmugdur. Buna baxmayaraq, burada halo da bir sira geyri-miiayyan masalolor moveuddur. Bu gey-
ri-miiayyanliklor ilk névbada dist yura siixurlarmin detalli yas bolgiisii, miixtalif siixur komplekslarinin man-
sayi, terrigen mahsulun daxili va xarici manbayi masalalarini ohats edir. Regionun miirokkab tektonik qurulu-
su va stixur komplekslarinin paleontoloji yoxsullugu bu masalalarin hallini daka da ¢atinlagdirir.

Tadgiq olunan kasilislorda st yura maddi-komplekslori yerli lay dastalorinda birlagdirilmis kobudg:-
rintili terrigen, qumdasifz, alevrolitli, gilli vo karbonat siixurlarla tamsil olunurlar. Umumilikda, burada
iri caqilli konglomeratlardan tutmus narindanavar qumdas:lara va gillora gadar siixur tiplarine rast goli-
nir. Miixtolif kasiliglorda lay dastalari fargli litoloji torkib/: szixurlardan togkil olunurlar.

Keg¢an asrin ortalarindan baslayaraq litologiya va sedimentologiya masalalarinin hallinda geokimya-
vi diagnostikanin rolu artmusdir. Siixurlarin kimyavi torkibinin éyranilmasi, bir sira geokimyavi indikator-
larin hesablanmas: va ohlili ¢okiintii qatlarin: formalasdiran obyektiv proseslari izah etmaya kémoak edir.

Moagalodo Sahdag-Xizi zonasuun stratigrafik vaziyyatina gora iist oksford-kimmeric intervalina aid
edilon gilli vo qumlu siixurlarinin (Qizilgazima lay dastasi) kimyavi va mineraloji analizinin asasinda lito-
kimyavi saciyyasi verilmigdir.

XAPAKTEPUCTHUKA U YCJIIOBUSA ®OPMUPOBAHUSA BEPXHEIOPCKHUX
OTJIOKEHMH I0TO-BOCTOYHOI'O KABKA3A

3.H. MexTHeBa

B cmamve paccmompenvl xapakmepuvie 0COOEHHOCU CIMPOEHUS U HEKOMOpble 80NPOCHL 2e0XUMUU
aumoeeneza gepxuelopckux omaodicenuti K0zo-Bocmounozo Kasxaza. Ha npumepe paspes3os, pacnono-
JHceHHbIx 6 donunax pex [unveunvuau, babauaii u [oicumuyail, uzyyensvl u 0XapaKxmepu3o8ansbl OMI0NHCe-
Hus omoenvuvix 301 (Cyodypckas, llaxoaz-Xvizel u I'ymon-I onazckeno). Hecmomps na obunue pabom no
MeKMOHUKe, CMPYKMYPHOU 2e0l02ul, Cmpamuepa@uu u naieoumonocuu wpckux omuodicenuti FOzo-
Bocmounoco Kaskasza, ewe cywecmsyiom 6onpocel, mpedyowue 6oiee 0emaibHo20 803pACHHO20 Pac-
YleHeHUs, 2eHe3uUca U MUnU3AYUU, PAa3HOOOPA3HBIX PUMMUYHO NOCMPOEHHLIX KOMNIEKCO8, BblAGNeHUs
BHYMPEHHUX U BHEUHUX UCMOYHUKO8 CHOCA Kadcmuyeckoeo mamepuana. Tpyonocmu pewienus smux 6o-
NPOCO8 CBA3AHbI, B0-NEPBBIX, CO CIONHCHOU MEKMOHUYECKOU CMPYKMYPOL Pe2UoHd U 80- 8MOPbIX, C OM-
cymemeuem HeoOX00UMbIX NANCOHMONIOSUYECKUX OAHHBLX.

B usyuennvix paspesax eepxneropckue omiodicetus npedcmasietsvl 2pyo00oI0MOUHIMU, NECHAHbLMU,
anespoONUMOBbIMU, 2AUHUCTIBIMU U KAPOOHAMHBIMU HOPOOAMU, KOMOpble 00beOUHEHbl 8 MECMHbIX CEU-
max. B yerom ysem u aumonocuueckue ceoticmea nopoo, NpeoCmaeieHHblX MeppueeHHo-KapoOoHamHou u
KapOoHamuou ayusamu, pasiudaomes 8 pa3HblX paspesax, U 30ecb HAOII00AIomcs munvl HOpoo Om
KPYNHO3EPHUCIBIX KOH2IOMEPAmo8 00 MeIKO3EPHUCMbBIX NeCUAHUKO8, ANe8POIUMO8 U 2IUH.

B cmamve onucanvl évioenennvie mecmubie C6UMbL, PA3GUMbLE 8 BLIULECKAZAHHBIX 30HAX.

C HeOagHUX NOp 2eOXUMUYECKAL OUACHOCIUKA OMLONCEHUL CMALA AKMYATbHbIM 60NPOCOM JIUMONO0-
euu u ceoumenmonozuu. Hzyuenue Xumuyeckozo cocmaga nopoo daem ungopmayuro 06 06beKmueHIX
npoyeccax, KOHMpPOIUPYrOWUxX Gopmuposanue ocadouusix yexnos. Ha ocnosanuu nposedennozo xumuye-
CK020 U MUHEPANOSUYECKO20 AHAU3A NOPOO0, a makdice coopa u 0606wenus Gorooswix u onyoIUKo8aH-
HbIX MAMepUanios, 0CyWecmeanend TUumoxXumMuieckds XapaKmepucmuka 2AUHUCIbIX U NeCHaHbIX OMI0NCe-
Hui Lllaxoae-Xvi36iHCKOU 30Hbl, cmpamuepapuyecku OnpeoeneHnvlx KaK 6epXHUll OKC@OpO-KUMepuic
(Kvizbineasmunckas ceuma,.
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CLASSIC OF THE PETROLEUM GEOLOGY OF AZERBAIJAN

CLASSIC OF THE PETROLEUM GEOLOGY OF AZERBAIJAN

This man was con-
sidered and really was an
encyclopedist or a clas-
sic of the petroleum ge-
ology of Azerbaijan. We
all had knowledge on the
petroleum geology of the
republic and part of the
world, some more, some
less. But he knew every-
thing, better than anyone, in detail.

When speaking to Ahmad Ahmadov, many
eminent professors and academicians tried not
to lose their “vigilance”, as they stood in front
of an expert not only in petroleum geology, but
also in field development, deep drilling and oth-
er areas. Meanwhile, the expert they spoke to,
was neither a doctor, nor even a candidate of
sciences, he was simply an engineer — engineer
Ahmadov.

Within the course of his professional ca-
reer, engineer A.M.Ahmadov (1910-1988) did a
lot for the national oil industry sector of Azer-
baijan. He had led and contributed to the dis-
covery of many unique on- and offshore oil and
gas fields, including Kurovdagh, Mishovdagh,
Garabaghli, Kalmas, Kursanga, Muradkhanli,
Gum Adasi, Bahar, Sangachal-sea, Bulla-sea,
etc.

In the 1940-1950s, there was no complete
information on the geology and oil-gas potential
of the oil provinces of Azerbaijan. Working
then as a head of the geological service of
“Azneft” Production Association, Ahmadov had
managed to draw a comprehensive strategy of
petrogeological and geophysical works.

By the end of the 1940s, geography of the
oil-gas bearing potential of the productive stra-
ta in Azerbaijan was limited by Western Ab-
sheron in the west. Erudition and performance
of Ahmad Ahmadov helped with marking out
the strata into Jeyrankechmez depression, Baku
archipelago and Lower Kur depression. By-
horizon productive strata correlation proposed
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by Ahmadov was accepted unconditionally by
the entire geological society of Azerbaijan,
even though, both before and later, other op-
tions, e.g. mineralogical, rhythmic-lithological,
etc., were also developed.

A.M.Ahmadov had great merit in the
petrogeological zoning of Azerbaijan, and in the
resource and oil-gas potential assessment of the
individual regions. On one hand, he actively
promoted the prospects of Paleogene-Miocene
deposits in the western regions of the republic.
At the same time, he approached Mesozoic de-
posits with caution, emphasizing insufficiency
of the initial criteria for their oil-gas bearing po-
tential. Later researches had confirmed Ah-
madov’s fears about the perspectives of Meso-
zoic series.

In the 1940s-1950s, it was still a rarity to
meet Azerbaijanis occupying leading positions
in oil and gas exploration. Ahmad Muallim put
a lot of efforts to improve these statistics. In
1976, he showed the author of this article an ex-
cerpt from a book published in St. Petersburg in
1896. The excerpt was about personnel of then’s
Baku oil production industry. It said: “There are
only two types of positions occupied by Tatars
(Azerbaijanis Sh.K.) in the oil business — man-
agers and laborers. The cast of middle workers
are represented by representatives of other na-
tions”. “God forbid that this situation should be
repeated!” — warned Ahmadov.

For almost 10 years, | have had an honor to
work directly with this outstandingly talented
and highly cultured person, and share with him
the same room. | believed, all that Ahmad
Muallim had, had been granted to him by the
God, and doubled by himself.

Ahmadov was sent to us as an example of
high erudition, great efficiency and culture. And
when he passed away in 1988, all the oil work-
ers fell orphaned.

Rest in Peace!

Shahvalad Kocharli
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INTERNATIONAL CONFERENCE ON EXPLORATION SEISMOLOGY AND
GEOPHYSICAL SIGNAL PROCESSING ICESGSP

04-05 February, 2023, Bangkok, Thailand

Website: https://waset.org

Website: https://waset.org/exploration-seismology-and-geophysical-signal-processing-
conference-in-february-2023-in-bangkok

Website: https://waset.org/conferences-in-february-2023-in-bangkok/program

INTERNATIONAL CONFERENCE ON GEOLOGY AND GEOCHEMISTRY ICGG
29-30 March, 2023, Paris, France

Website: https://waset.org/geology-and-geochemistry-conference-in-march-2023-in-paris
Program: https://waset.org/conferences-in-march-2023-in-paris/program
Contact: https://waset.org

INTERNATIONAL CONFERENCE ON APPLIED GEOPHYSICS AND
SEISMOLOGY ICAGS

05-06 April, 2023, Cancin, Mexico

Website: https://waset.org/applied-geophysics-and-seismology-conference-in-april-2023-in-
cancun

Program: https://waset.org/conferences-in-april-2023-in-cancun/program

Contact: https://waset.org

INTERNATIONAL CONFERENCE ON GEOSCIENCES AND SEISMOLOGY ICGS
26-27 April, 2023, Istanbul, Turkey

Website: https://waset.org/geosciences-and-seismology-conference-in-april-2023-in-istanbul
Program: https://waset.org/conferences-in-april-2023-in-istanbul/program
Contact: https://waset.org

INTERNATIONAL CONFERENCE ON GEOLOGY AND GEOCHEMISTRY ICGG
11-12 May, 2023, Florence, Italy

Website: https://waset.org/geology-and-geochemistry-conference-in-may-2023-in-florence
Program: https://waset.org/conferences-in-may-2023-in-florence/program
Contact: https://waset.org

INTERNATIONAL CONFERENCE ON SUSTAINABLE FUTURES:
ENVIRONMENTAL, TECHNOLOGICAL, SOCIAL AND ECONOMIC MATTERS ICSF

23-26 May, 2023, Kryvyi Rih, Ukraine

Website: https://icsf.ccjournals.eu/2023/index4.html
Contact E-mail: konf.knu@gmail.com

INTERNATIONAL CONFERENCE ON GEOMORPHOLOGY,
ROCK MECHANICS AND SEISMOLOGY ICGRMS

03-04 June, 2023, New York, United States

Website: https://waset.org/geomorphology-rock-mechanics-and-seismology-conference-in-june-
2023-in-new-york

Program: https://waset.org/conferences-in-june-2023-in-new-york/program

Contact: https://waset.org
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INTERNATIONAL CONFERENCE ON GEOLOGY AND EARTH SCIENCES ICGES
15-17 June, 2023, Bangkok, Thailand

Website: http://www.icges.org/

Program: http://www.icges.org/program.html
Contact: http://www.icges.org/contact.html
Contact E-mail: icges_contact@academic.net

INTERNATIONAL CONFERENCE ON GEOLOGICAL MODELLING AND
SEISMOLOGY ICGMS

19-20 July, 2023, Copenhagen, Denmark

Website: https://waset.org/geological-modelling-and-seismology-conference-in-july-2023-in-
copenhagen

Program: https://waset.org/conferences-in-july-2023-in-copenhagen/program

Contact: https://waset.org

INTERNATIONAL CONFERENCE ON ADVANCED MINE SEISMOLOGY ICAMS
29-30 July, 2023, Vienna, Austria

Website: https://waset.org/advanced-mine-seismology-conference-in-july-2023-in-vienna
Program: https://waset.org/conferences-in-july-2023-in-vienna/program
Contact: https://waset.org

INTERNATIONAL CONFERENCE ON TECTONIC GEOMORPHOLOGY AND
PALEOSEISMOLOGY ICTGP

09-10 August, 2023 in Lagos, Nigeria

Website: https://waset.org/tectonic-geomorphology-and-paleoseismology-conference-in-august-
2023-in-lagos

Program: https://waset.org/conferences-in-august-2023-in-lagos/program

Contact: https://waset.org

WORLD CONGRESS ON GEOLOGY AND EARTH SCIENCE
04-06 September, 2023, Rome, Italy

Website: https://geology-earthscience.com/
Program: https://geology-earthscience.com/agenda
Contact: https://geology-earthscience.com/contact-us

INTERNATIONAL CONFERENCE ON ARCHAEOSEISMOLOGY,
PALEOSEISMOLOGY AND ACTIVE TECTONICS ICAPAT

23-24 September, 2023, Vancouver, Canada

Website: https://waset.org/archaeoseismology-paleoseismology-and-active-tectonics-
conference-in-september-2023-in-vancouver

Program: https://waset.org/conferences-in-september-2023-in-vancouver/program
Contact: https://waset.org

INTERNATIONAL CONFERENCE ON PALEOSEISMOLOGY, ACTIVE TECTONICS
AND ARCHEOSEISMOLOGY ICPATA

04-05 October, 2023, Dubrovnik, Croatia

Website: https://waset.org/paleoseismology-active-tectonics-and-archeoseismology-conference-
in-october-2023-in-dubrovnik

Program: https://waset.org/conferences-in-october-2023-in-dubrovnik/program

Contact: https://waset.org
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The International Scientific Journal “Stratigraphy and sedimentology of oil-gas basins” covers the broad
topic related to sedimentology and startigraphy of oil-gas basins around the Globe. We publish papers focus-
ing on modern and ancient depositional environments with emphasis on depositional setting of source and
reservoir rocks, modeling of the sediment flow, soil formation and diagenesis, paleoclimate, sea level change
and sedimentation, modern and ancient faunal, floral assemblages and fossils records for sedimentary envi-
ronment analysis, stable isotope geochemistry and biogeochemistry, reservoir properties changes in the envi-
ronmental framework, integration of different stratigraphic methods such as bio-, litho-, chemo, eco-,
chrono-, seismo-, sequence startigraphy applied to the sedimentary successions in the oil rich provinces.

The journal is produced twice a year and accepts papers, reviews, discussions and brief information. Pa-
pers might be submitted in Azeri, English or Russian.

Manuscripts

Authors should submit their manuscripts to the e-mail address info@isjss.com as a single file. The name
of the file should contain the initials of the first author. Figures should be supplied as separate files, but the
text should also include the number of figures as position indicators. The name of the files containing figures
should include the initials of the first author and the number of the figure.

The text of article should be prepared as a Microsoft Word document (Word 6,0 — 8,0). The body of arti-
cle should not exceed 20 A4 pages in length, margins from all sides — 2 cm. Recommended font Times New
Roman 12 pts. Files should be formatted with 1,5 line spacing. Indent every paragraph 0,8 cm from the left
side of a column. Text of a paper should be formatted (lines of the text should be rectified from left and tight
and does not break its margins).

The article should include text, supportable figures (at least one figure), references, tables if necessary,
and extended summary. The Editorial board does not accept alone text.

The Editorial board also kindly asks authors to provide two hard copies sent to the following postal ad-
dress: Editorial board of the International Scientific Journal “Stratigraphy and sedimentology of oil-gas ba-
sins”, Geology Institute of Azerbaijan National Academy of Sciences, 29A H.Javid avenue, Baku, AZ 1143,
Azerbaijan. The electronic version should correspond to the hard copy.

Pages should not be numbered in the electronic version of article, and should be numbered in the top
right-hand corner in the hard copy.

The paper should be signed on the last page by all authors and show the date of its submission to the edi-
torial board.

Text should include:

Title should be typed in the middle of page. Please, use font Times New Roman 14 pts, capital bold
letters.

Initials and surnames of authors should be typed in the middle of page in a two-line space after the ti-
tle. Please, use font Times New Roman 12 pts, bold letters, and indicate the corresponding author.

Authors’ affiliation should be typed in the middle of page in a two-line space after authors’ name using
Times New Roman 12 pts, bold letters. Please, provide a full postal address of the place where the study was
carried out, and present address of authors if different. If there are several authors the Arabic numerals before
their affiliation’s name should be placed in the sequential order. The same numerals should be indicated
above the author’s surname, e.g. I.S. Guliyev', A.A. Feizullayev?.

Abstract should contain a brief summary of the article — maximum 1 page, and key words — up to 8
words. Please, use font Times New Roman 12 pts. The key words should be typed in the bold letters.
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The main body of the article should be typed in a two-line space after the abstract and written in com-
pliance with a general form adopted in the international journals with the following subdivisions: “Introduc-
tion”, “Material”, “Methods”, “Results and discussion”, “Conclusion”. The headings should be typed in font
Times New Roman 12 pts, bold letters, and given in the middle of page. Each subdivision should be typed in
one-line space after the previous one.

Tables are placed in the text of paper, and should be submitted in the Word format, and numbered con-
secutively above the table in the right — hand corner with Arabic numerals. Use font Times new Roman 12
pts, bold letters, e.g. Table 1... Each table should be accompanied by caption given after the table number,
font Times New Roman 12 pts, bold letters. Column headings should be brief, with units of measurement in
parentheses. The tables should not be beyond the text, and hyphenated to the next page. The maximum num-
ber of tables in an article is 5.

Abbreviations except for those generally accepted should be clearly explained in a footnote.

Fossils should be described according to “The International Code of Zoological Nomenclature”. Latin
names of flora and fauna should be accompanied by the surname of the taxon’s author. Latin characters
should be printed in italics.

Mathematics

Equations should be typed as text and contain physical units and symbols used in the International System
Sl. Formulas are given without interstitial calculations, with necessary deciphering of used symbols immedi-
ately after the formula. Referred in the text formulas should be numbered using Arabic numerals. Numbers
should be given in parenthesis on the right margin of the text and on the same line with the formula. It is rec-
ommended to use Microsoft Equation 3 to type the formulas.

References in the text should be given in a two-line space after the main body of the text. They should be
cited by giving the author's name with the year of publication in parentheses, and should be given in date
order (e.g. Guliyev, 1995; Feyzullayev, 2000). When reference is made to a paper/book by more than three
authors, the first name followed by et al. should be used in the reference. If a paper does not refer to authors
but to a paper/book’s name the first two words of its name should be given, e.g. Stratigraphic code..., 1998.

References should be listed alphabetically at the end of the manuscript and must include names and ini-
tials of all authors, year of publication, title of paper/book referred to, journal name, volume, and first and
last page numbers. When reference is made to a book, please, indicate an amount of pages. If reference con-
tains several papers by the same author and from the same year, a, b, c, etc. should be put after the year of
publication Published abstracts should be cited in the same way as published papers. Surnames and initials of
the author(s) are printed in italics.

The references given in Cyrillic should be given at the begging of the reference list, and followed by ref-
erences in Roman characters.

Authors should use the system illustrated below.

Books:

Meyen, S.V., 1987. Fundamentals of Paleobotany. Chapman and Hall, London, 432 pp.

Kothe, A., 1990. Paleogene Dinoflagellates from Northwest Germany — Biostratigraphy and Paleoenvi-
ronment, Hanover, 111 p.

Papers published in periodical journals:

Hinds, D., Aliyeva, E., Allen, M.B., Davies, C.E., Kroonenberg, S.B.,Simmons, M.D., Vincent, S.J., 2004.
Sedimentation in a discharge-dominated fluvial-lacustrine system: the Neogene Productive series of the
South Caspian Basin, Azerbaijan // Marine and Petroleum Geology, Ne 21, p. 113-138.

Hallam, A., 2001. A review of the broad pattern of Jurassic sea-level changes and their possible causes in
the light of current knowledge // Palaeogeogr., Palaeoclimatol., Palaeoecol., v. 167, pp. 23-37.
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Papers published in volumes (including periodical):

Delamette, M., Caron, M., Brehert, J., 1986. Essai d’interpretation genetique des facies euxiniques de
I’Eo-Albien du bassin vocontien (SE France) sur la base des donnees macro- et microfauniques // C.R. Acad.
Sc. Paris. ser. 11, v.302, pp. 1085-1090.

Summary. An extended summary of the paper designed for further translation into Russian and Azeri
should be provided. The aim of the summary is to familiarize the Russian and Azeri speaking readers with
the articles published in English. The summary should contain essential information, and include the scope
and objectives of the work, methods used, results obtained, and conclusions. The Editorial board will provide
the translation of the summary submitted in English into Russian and Azeri.

llustrations. Top quality, high resolution graphics and images are needed in digital form and should be
submitted in the separate files. The file’s name should contain the first author’s initials and the figure num-
ber. Please, supply figures as TIFF (300 dpi), high resolution PDF or CDR files. Please export graphics gen-
erated in MS Office applications (Word, Excel) as high resolution PDFs. Illustrations should be numbered as
they are referred in the text. Size of every figure should not exceed 160 mm x 230 mm. Maps should contain
scale. The hard copy of each figure should be numbered on its back side with a pencil, the first author’s
name and the article’s title should be also indicated.

Each illustration must have a caption. The list of captions should be provided in a separate sheet, and
submitted electronically and in a hard copy. The number of figures should not exceed 10.Color figures are
eligible for free color printing.

The editorial board reserves the rights to submit a paper for the review. The makeup of accepted papers
will be electronically sent to authors for final checking and corrections. We expect to have authors’ response
within two weeks after receiving of the makeup paper.

Submitted articles should be original, had not been published anywhere before and has not been forward-
ed to other publishing houses.
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MUSLLIFLOR UGUN QAYDALAR

“Neftli-qazli hovzalorin stratiqrafiyas: veo sedimentologiyas1” elmi beynoalxalq jurnali diinyanin miixtalif
yerlorinda neftli-qazli hovzalorin stratiqrafiyasi vo sementologiyasinin miixtslif aspektlorini isiqlandiran
moqaloalori nosr edir. Jurnal ildo iki dofo nosr olunur vo burada mogalslor, icmallar, miizakiralor vo qisa
molumatlar cap edilir. Mogqalolor azorbaycan, rus vo ingilis dillorindo togdim oluna bilor. Jurnalin
maraqlarina agagidakilar aiddir: ¢okiintiitoplanmasinin, xiisuson, ana siixurlarin va kollektorlarin miiasir vo
gadim soraitlori, ¢okma prosesinin modellosmasi, torpagemsalagelms vo diogenez, paleoiglim, donizlerin
soviyyosinin doyismosi vo siixurlarin ¢okmosi, miiasir vo qazinti fauna vo flora komplekslori vo fasial
analizdos onlarin istifadosi, stabil izotoplarin geokimyasi va biogeokimyasi, siixurlarin ¢6kma goraitindon asili
olaraq kollektorlarin xarakterlorinin doyismasi, neftli-qazli ¢okiintii qatlarina totbiq olunan bio-, lito-, xemo-,
eko-, xromo-, seysmo-, sekvensstratigrafiya ve bu kimi basqa stratigrafiya iisullarinin inteqrasiyasi.

Mboqalslarin taqdim olunma formasi

Miislliflor 6z maqalalorinin matnlorini asagidaki elektron tinvana gondormslidirlor: info@isjss.com

Kompiiter faylinin adinda birinci miisllifin inisiallar1 olmalidir. Rasmler ayrica fayllarda gonderilmalidir,
lakin rosmlorin yeri maqalonin motninds rosmin némrasini gostarmokls qeyd edilmslidir. Rasm olan fayllarin
adlarinda birinci misllifin inisiallar1 vo rosmin ndmrasi olmalidir.

Mogalonin motni Word formatinda (Word 6.0 — 8.0) toqdim edilmalidir. Magalo A4 formatina uygun 20
sohifo hocmindan artiq olmamalidir. Tovsiys olunan srift Times New Roman, sriftin 6lgiisti 12, sotirlorarasi
interval — 1,5, hor torofdon konar 2 sm., hor abzas siitunun sol torafindon 0,8 sm mosafs ilo baslayir.
Mogalonin motni bu toloblore uygun format edilmolidir, biitiin sotirlor soldan vo sagdan motnin konarindan
¢ixmamaq sortilo diizaldilmalidir. Magaloys motndon basqa miivafiq qrafik material (bir rosmdon az
olmayaraq), istifado edilmis odabiyyatin siyahisi, cadvellor, vo ehtiyac olarsa genis reziime do daxil
olmalidir. Jurnalin redaksiya heyati rosmlori olmayan moqalslori qobul etmir.

Redaksiya heyoti homg¢inin mogqalslorin gap variantini asagidaki {invana gondormoyinizi xahis edir:
“Neftli-qazli hovzalorin stratiqrafiyasi va sedimentologiyasi” jurnalinin redaksiyasi, Hiiseyn Cavid prospekti
29A, Azorbaycan Elmlor Akademiyasinin Geologiya Institutu, Baki, AZ 1143. Kompiiter fayli (mogalonin
matni) maqgalanin ¢ap olunmus variantina uygun olmalidir.

Maqalanin elektron variantinda sahifalor ndmralonmomalidir. Cap olunmus variantda hor sohifonin yuxari
sag kiinclinds sohifalorin ndmralari yazilmalidir.

Mogqalonin ¢ap variantinin sonuncu sohifasi miialliflorin har biri torafinden imzalanmali vo onun
redaksiyaya toqdim olunma tarixi gostorilmalidir.

Maqalanin matnins asagidakilar daxil edilmalidir:

Universal Onluq Tasnifati (UOT) - sol kiincds, Times New Roman — 12 pt srifti ilo, iki interval
otiirmakls moqalonin adi yazilmalhdir.

Moqalonin adi — Times New Roman — 14 pt srifti ilo, galin bas horflorlo, motnin eni boyunca vo
sohifonin ortasina nisbaton simmetrik olaraq yazilir, daha sonra iss iki interval 6tiirmoklo miisllifin soyadi vo
inisial1 yazilmalidir. Xahis edirik slags saxlanilacaq miisllifi gostorin.

Miisllifin inisiali vo soyadi — Times New Roman — 12 pt srifti ila, qalin harflarlo, sohifonin ortasina
nisbaton simmetrik olaraq yazilir, daha sonra iso iki interval dtiirmokls togkilatin adi vo onun elektron
iinvani yazilmalidir.

Miiollifin ¢alisdign toskilatin adi va elektron iinvani - Times New Roman — 12 pt srifti ilo, galin
harflarla, sahifanin ortasina nisbaton simmetrik olaraq yazilir. Xahis edirik moaqalonin yazildigi togkilatin tam
iinvanini, vo miislliflorin cari tinvanini (eger doyisibsa) gosterin. Maqgalonin bir ne¢s miisllifi olduqda vo
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onlar miixtalif toskilatlarda ¢alisdiqda, onlarin adlarinin qarsisinda artan sira ilo raqomler yazilmalidir.
Homin rogomlor ¢aligdiqlar togkilatlara miivafiq olaraq miislliflorin soyadlarindan sonra sotirtistii indeksdo
verilmolidir, masolon 1.S.Quliyev?!, A.A.Feyzullayev® vo s. Daha sonra iki intervalla moqalonin annotasiyasi
verilmolidir.

Annotasiya — qisa xiilaso (1 sohifayadok), daha sonra baslica sozlor (8 s6zo godor). Times New Roman —
12 pt. srifti. Baslica sozlor qalin sriftlo yazilmalidir. Daha sonra 2 intervalla moqalonin osas motni
yazilmalidir.

Magqalonin matni — beynolxalq jurnal sxemino uygun olaraq qurulmali olan osas matn. Burada “Giris”,
“Material”, “Metodika”, “Noticolor vo miizakiralor”, “Son notice”, “Odabiyyatin siyahis1” kimi
yarimsarlovhoalardon istifade edilmasi tévsiys olunur. Yarimsarlovhalor galin Times New Roman — 12 srifti
ilo sohifonin ortasina nisboton simmetrik olaraq yazilmali, vo hor yarimfasil ovvalkinden bir intervalla
ayrilmalidir.

Cadvallar maqgalonin matni ¢ar¢ivasinda yerlosdirilir vo Word formatinda teqdim edilir. Cadvaller yuxar
sag kiinclinden ardicil olaraq ndmrolonmalidir. Har bir codvalin adi olmalidir vo bu ad némroden sonra
yazilmalidir. Codvallorin ad vo ndmralori qalin Times New Roman — 12 srifti ilo yazilmalidir. Cadvallordoki
stitunlarin  yarimsarlovholori qisa olmali, 6l¢ii vahidloerinin adlar1 doyirmi mdtorizolorde verilmalidir.
Cadvallor matnin konarlarindan qiraga c¢ixmamalidir. Cadvalin bir sshifodon diger sohifoye kegmasi
yolverilmozdir. Matns aid codvasllarin maksimum say1 5 ola bilar.

Ixtisarlar, imumi qobul edilmis bir nego ixtisarlar (vo s., mas.,) istisna olmagla, istinadlarda agilmalidir.

Qazmmt1i halinda tapilan qahqlar “Beynslxalq zooloji nomenklatura macallasine” asason tosvir
olunmalidirlar. Moatndo flora vo faunanin novlerinin latin adlari taksonun misllifinin soyad: ilo miisayiot
olunmalidir. Latin s6zleri kursivls verilmalidir.

Formullar: yazarkon Beynolxalq Si sisteminda gebul olunmus fiziki vahidlordan va isaralordon istifado
etmok lazimdir. Formullar araliq hesablamalarsiz, orada istifade olunan simvollarin miitloq agilmasi gorti ila
formuldan dorhal sonra verilmolidir. Moatnds, adi g¢okilorss, formullarin némralori bdyilik motarizalords,
motnin sag haddina yaxin, formul ils eyni xstdo yazilir. Formullarin yazilmasi {igiin Microsoft Equation 3
redaktorundan istifads tdvsiyo olunur. Sonra iso iki interval 6tiirmoklo adabiyyatin siyahisi verilmolidir.

Odobiyyat — motndos adobiyyata istinad xronoloji qaydada, doyirmi motarizalords verilir (miisllif/lar, il).
Ugdon artiq miiallifin isina istinad edildikds isa, birinci miiallifin soyadi gostarilir (mas. Quliyev vo digarlori,
2005). Maqalados hor hans1 miollifsiz yaziya istinad etmadikda, onda homin yazinin adinin ilk iki sézii yazilir
(mos. Stratigrafiya maocallasi..., 2005). Odabiyyatin siyahis1 moqalonin sonunda olifba sirasi ilo verilir.
Burada biitiin miislliflorin soyadlar1 v inisiallari, nesr olunan il, maqalo vo ya kitabin adi, jurnalda cap
olunubsa jurnalin adi vo némrasi vo moagalonin ilk vo sonuncu sohifalori gostorilmalidir. Kitaba istinad
edildikds iso kitabdaki sohifolorinin say1 da gosterilmalidir.

Siyahida eyni miisllifin eyni ilds nosr olunmus yazilaria istinad etdikds, onda onlart ilini gqeyd etdikden
sonra indekslogdirmak lazimdir: a, b, ¢ va s. Tezislors verilon istinadlar da eyni qaydada yerino yetirilmalidir.
Misllifin(lerin) soyad va inisiallar1 kursivls yazilir.

Asagida miixtslif bibliografik istinadlarin niimunsloari verilir:

Kitablar:

babaes, /[.X., I'aoancues, A.H., 2006. I'myOunHOE CTpOeHNE U NEPCHEKTUBBEI He(TEra30HOCHOCTH Dacceii-
Ha Kacnmiickoro mops, b., «Nafta-Press», 305 c.

Kéthe, A., 1990. Paleogene Dinoflagellates from Northwest Germany - Biostratigraphy and
Paleoenvironment, Hanover, 111 p.

Dovri nasrlarda/jurnallardaki maqalalar:

babaes, I11.A., 2005.BnusiHie yCcIOBHH OKpY’Karolei cpelsl Ha MOP(GOJIOTHIO PAKOBUH HYMMYJIUTOB //
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Uzsectus AH. Cepus Hayk o 3emute, Ne 2, c. 62—66.

Hallam, A., 2001. A review of the broad pattern of Jurassic sea-level changes and their possible causes in
the light of current knowledge. Palaeogeogr., Palaeoclimatol., Palaeoecol, v. 167, pp. 23-37.

Moacmuolardaki (o ciimladan dovri macmualordaki) maqalaslor:

Kysueyosa, 3.B., 1959. HmwxHeMHOIICHOBBIE OTJIOXKEHUS AsepOaiipkaHa, WX pacuwicHEHHE W
COTOCTaBIICHHE C CHHXPOHUYHBIMU OTJIOKeHHsMU [py3um // Bompockl reonmorun u reoxumuu. — b.:
Aszepremp, 207-216.

Delamette, M., Caron, M., Brehert, J., 1986. Essai d'interpretation genetique des facies euxiniques de
I'Eo-Albien du bassin vocontien (SE France) sur la base des donnees macro- et microfauniques. C.R. Acad.
Sc. Paris. ser. 11, v. 302, pp. 1085-1090.

Reziime. Oziindo mogalo haqqinda osas molumati, arasdirmanin moqsad vo vozifolori, istifado olunan
metodikani, oldo edilon naticolori 6ziinde oks etdiron genis reziime ingilis dilinds toqdim edilmalidir.
Rezlimenin moqsadi ingilisdilli auditoriyanin rus vo ya azorbaycan dillerinds ¢ap olunmus maqalslarle tanis
olmasidir.

Mlliistrasiyalar. Hor bir rosm (xarito, diagram, sxem vo s.) ayrica fayl soklino toqdim olunur. Yuxarida
geyd edildiyi kimi faylin adinda resmin ndmrasi ve miisllifin inisiallar1 olmalidir.

Rasmlor TIFF, 300 dpi , PDF vo ya CDR formatinda qobul edilir. illiistrasiyalar motnde onlara edilon
istinada uygun nomralonmalidir. Hor bir rosm 160 mm X 230 mm 6l¢iisiindon bdyiik olmamalidir. Xaritolords
miqyas gostarilmalidir.

Maqalanin ¢ap olunmus variantinda resmlorin arxasinda karandasla onlarin noémralari, maqalenin birinci
miiollifinin soyadi vo maqalonin ad1 gdstarilir.

Hor rosmin basligi olmalidir. Rasmlore aid olan izahatlarin siyahisi ayrica varaqds, elektron v ya ¢ap
olunmus variantda toqdim olunmalidir. Matns aid olan rasmlorin say1 10-dan artiq olmamalidir.

Jurnalin redaksiya heyati rangli sakillorin 6donigsiz ¢capini tomin edir.

Redaksiya moaqaloni resenziya li¢lin toqdim etma hiiququnu 6zunds saxlayir. Maqalonin ¢ap olunmus
variantt yoxlama vo cap vo redakts zamani yol verilon sohvlorin diizoeldilmasi {i¢iin geri miisllifa
gondorilir. Miiallif magalonin ¢ap olunmus variantinda ¢apa hazir edilmis motn vo diger materiallara
diizolis etmomalidir.

Gecikmolorin qgarsisini almaq mogsadile, mislliflors son variantin redaksiyaya geri qaytarilmasinin
elektron poct ilo hoyata kegirmalari vo ¢apa hazir variantin alindigi giindon iki hofto miiddstinds diizaliglor
barads molumat vermalori tovsiys olunur.

Maqalays miisllifin arayisi vo ekspertiza akti slave olunmalidir.

Mogalonin jurnala verilmasi onun asli oldugu, he¢ vaxt ¢ap edilmadiyi vo digor noasrlora gondarilmadiyi
anlamindadir. Maqalo miislliflorin hor biri tarafindon imzalanmali vo onun redaksiyaya taqdim olunma tarixi
gostarilmalidir.
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NPABUIJIA [J151 ABTOPOB

MexXayHapoIHBIN HAayIHBINA KypHAT «Cmpamuepadus u ceOumMeHmonocus Hegpme2a3oHoCHbIX bacceli-
HO6» TyOJIHMKYET CTaThH, OCBEINAIOIINE Pa3InYHbIe aClEKThl CTpaTUrpaduu U CEAMMEHTOJIOTHH HedTeraso-
HOCHBIX OacceilHOB B pa3nuuHBIX 4acTax mupa. Chepoil MHTEpecoB XKypHaua SIBIAIOTCS COBPEMEHHBIE U
JpEBHHE YCIIOBHS OCaIKOHAKOIUICHHUs, B 0COOCHHOCTH, He)TEMAaTEePHHCKUX TOPOJT U KOJUIEKTOPOB, MOJIEIIU-
poOBaHHE Mpolecca CeIUMEHTAlNH, OYBOOOPa30BaHWE U AWATCHE3UC, MAICOKINMAT, U3MEHEHUS YPOBHS
MOpSI U CeIMMEHTAllNs, COBPEMEHHbIE U MCKOIaeMble KOMIUIEKCHI (ayHbl U (DJIOPHI U MX HCIIOIb30BAHUE B
(danmanbHOM aHalu3e, TeOXUMHs CTAOMJIBHBIX HM30TONOB U OHOr€OXUMHS, W3MEHEHHS KOJUIEKTOPCKUX
CBOMCTB B 3aBUCHMOCTH OT YCIIOBHH OTJIOKEHUS OCAJKOB, HHTETPALUs Pa3IMUHBIX CTPATUTpapUIECKUX Me-
TOJOB, TAKHX, KaK OHO-, IUTO-, XEMO-, 9KO-, XPOHO-, CEHCMO-, CEKBEHCCTpaTUrpadus NpUMEHUTENBHO K Oca-
JIOYHBIM TOJIIaM He(pTera30HOCHBIX 00IacTeH.

’KypHan BBIXOIHT /1Ba pa3a B rof U MyOJIIMKYeT cTaTbi, 0030pHYI0 HHQOPMALNIO, TUCKYCCHU U KPaTKHE
cooOmeHust. CtaTbu MOTYT OBITH IIPEACTABIEHBI Ha a3epOaiiPKaHCKOM, aHIJIMHCKOM U PyCCKOM SI3bIKaXx.

®opma npeacTaABIEHUS CTATHU

ABTOpBI I0JDKHBI BBICHIIIATh TEKCTHI CBOMX CTAaTEH HA CIIC/TyFOLIMI AJIEKTPOHHBII agpec: info@isjss.com

Ha3zBanue xommbloTepHOro (aiiia JOIKHO COAEpKaTh MHUIMAIBI IEPBOrO aBTOpa. PHCYHKH HOJKHBI
OBITH BBICJIAHBI B OT/ICIIBHBIX (aiiiax, 0THAKO, MECTOMOJI0KEHUE PHCYHKOB JIOJDKHO OBITh MOKA3aHO B TEKCTE
CTaThU MyTEM YyKa3aHUs HOMepa prcyHKa. HazBaHus ¢aiinoB, comepammx PUCYHKH, TOJDKHBI BKIIOYAThH
MHHULMAJIBI IEPBOTO aBTOPA U HOMEP PUCYHKA.

Texkcr crarbu gomkeH 6siTh npeacrasied B Word dopmare (Word 6,0 — 8,0). Pasmep craTey He JOIDKEH
npesbimath 20 crpanui popmata A4, OTCTYII CO BCEX CTOPOH — 2 €M, peKoMeHtyemblit mpudt — Times New
Roman, pazmep mpudTa — 12, MexcTpouHbIii HHTEpBAT — 1,5, KaXKiplid ad3ar HauuHaercs ¢ orctynom 0,8 cm
OT JIEBOTO Kpasi KOJIOHKH. TEeKCT CTaThH JIOJKEH OBITh 0T(HOPMATUPOBAH B COOTBETCTBHH C 3TUMH TpeOoBa-
HUSIMH, BCE CTPOKH JOJDKHBI OBITh BBIPOBHEHBI ClIeBa HAMpPaBO, HE BHIXOS 3a moiisi TekcTta. CTaThsl JOJIKHA
BKJIIOYATh TAK)KE€ COOTBETCTBYIOLIMH rpaduueckuii Marepuai (He MeHee OQHOIO0 PUCYHKA), CIIMCOK HCIIOJIb-
3yeMOH JInTepaTyphl, TaOJIHIIbI, €CJIM HEOOXOMMO, ¥ pacIIMpeHHOE pe3toMe. Penakiys xypHaia He MPHHU-
MaeT He CoJiepKallie PUCYHKH CTAThH.

Penakuus KypHaja Takke MPOCHUT BBICBUIATH paclieyaTaHHbIC BapHaHTHI cTaTel Mo amgpecy: Penmakius
xypHana «CenuMeHTONOTHS U cTpaturpadus HedrerasoHocHbIX OacceitHoBY», UucTutyT Teomornu HAH
AszepOaiimkana, p. I'. JxkaBuna 29A, baky, AZ 1143, Azepbaiimkan. KoMnbloTepHbId (aiii (TEKCT CTaTbu)
JOJKEH COOTBETCTBOBATh PACIICUATAHHOMY BapHaHTY CTaTbH.

CrpaHUIIBI HE JIOJKHBI OBITH MPOHYMEPOBAHKI B JJIEKTPOHHOM BapHaHTE CTaThu. B pacrieyaTaHHOM Ba-
pHaHTe CTaTby HOMepa CTPaHUII IPOCTABIISAIOTCS B BEPXHEM MIPABOM YTITy.

Cratbs [0/DKHA OBITH MOJIMCAHA BCEMU aBTOPAaMH Ha MOCIEIHEH CTpaHUIle pacliedaTaHHOTO BapHaHTa C
yKa3aHHUEM JIaThl IPEJICTABIICHUS CTAThH B PEIAKIIUIO.

TekeT cTaThM JIOJDKEH BKIIIOYATS!

V]IK - B ieBom yrity, mipudt Times New Roman — 12 pt, depes jBa HHTEpBasia revyaTarh Ha3BaHHE CTAThH

HasBanue cratbu — mpudt Times New Roman — 14 pt, 6ykssl 3arnaBusie, yromiueHusie (bold), pacmo-
JIOKCHHBIE CHMMETPHYHO OTHOCHTEIBHO CEPEAMHBI CTPAHUIBI MO BCEH IIMPUHE TEKCTOBOTO OIS, Jajee
yepe3 JBa MHTEpBajia MevyataTb MHULHUAIB U hamMunun aBTopoB. [loxxamyiicra, ykaxure aBTOpa, ¢ KOTOPBIM
HEO0XOIUMO MOAJNEPKUBATH CBA3b.

Muunuansl 1 pamuiauu aBTopos — mpudt Times New Roman — 12 pt, 6ykssr crpounsie (bold), pac-
MOJIOKHUTH CUMMETPUYHO OTHOCHUTEIBHO CEpelNHBI CTPAHHILIBL, Jajiee Yepe3 ABa HHTepBala NeyaTaTh Ha3Ba-
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HUE OpraHu3aiuy 1 ee e-mail.

HaspaHue opraHu3amnuu, B KOTOpoii padoraioT aBTopsl 1 ee e-mail: mpudT Times New Roman — 12 pt,
OykBbl ctpounbie (bold), pacmogoXuTh CHMMETPUYHO OTHOCHTEIBHO CepeqHbI cTpaHulbl. [loxanyiicra,
JlaiiTe TOJHBIM axpec opraHu3alyy, rae padora Obula BBHINOJIHEHA, a TAKXKE aJpec aBTOPOB B HACTOSLIMN
MOMEHT, €CIM OH M3MEHWICS. Eciu aBTOPOB HECKOJIBKO M OHU MMEIOT Pa3IMYHOE MECTO paboThl, TO Hepen
Ha3BaHUSAMH 3TUX OPraHU3AIMI CIIEAYET MPOCTaBUTh LU(PHI B MOPsAKE Bo3pacTaHus. Ty xe uudpy ykazaTb
W B HAaACTPOYHOM HHJAEKCE Mociie (aMWIMK aBTOPOB, PadOTAIOIIEro B 3TOW OpraHU3aluH, HaNpUMeEp,
N.C.I'ynues !, A.A. ®eiizymnaes? u T.1. Jlanee depes [Ba HHTEPBaJIa I€4aTaTh AHHOTALIHIO.

AHHOTAIUSA - KpaTKas aHHoTauus (10 1 cTpanuiibl), nanee kirouyesbie ciosa (1o 8 cios). Hlpudrt Times
New Roman — 12 pt., ki1roueBble ClIOBa MeYaTaTh XUPHBIM WpudToM. [anee uepes qBa HHTepBasa eyaTaTh
OCHOBHOMW TEKCT CTaThH.

TekeT cTaTbM — OCHOBHON TEKCT, KOTOPBI PEKOMEHTyEeTCSI CTPOUTH 1O OOIIETIPUHATON B MEXTyHAPO-
HBIX JKypHajaxX CXeMe, MCHOJb3ys CIEAyIolIne Moa3arojoBku: «BmemeHue», «Marepuam», «MeToaukay,
«Pe3ynpratel n 00cyxaeHue», «3aknoueHue (BbIBOAbI)», «Cnucok aurepaTypbl». [lon3zaronoBku nedaratsb
xupHeiM mpudrom Times New Roman — 12 pt u pacrnonoXuTh CUMMETPUYHO OTHOCHUTENIBHO CEPEeIUHBI
CTPaHHMIIBI, K&KABIM MOApa3aes OTACIATH OT MPEAbIAYIIEro OAHUM HHTEPBAIOM.

TaGauubl pasMeIlaTcs B Mpeeliax TeKCTa CTaThH U TOJDKHBI OBITH MpezcTaBieHsbl B popmate Word.
Onu J0KHBI OBITH IPOHYMEPOBAHBI TIOCIIEA0BATEIBHO B BEPXHEM MPABOM YTy Haz caMoi Tabnuneit. Kax-
nast TabaMia 10JbKHA MMETh Ha3BaHHE, KOTOPOE CIIEAYET 3a HoMepoM Ta0nuipl. [leyaTarorcs Homepa Tabaun
1 ux HaszBauus mpudrom Times New Roman — 12 pt sxupHbiMu OykBamu. [1043aronoBKu B KOJOHKax Tab-
JIMLBI AOJKHEBI OBITh KPATKUMH, HAMMEHOBAHHUS € IMHHL N3MEPEHMUS TOJKHBI JaBaThCS B KPYTJIBIX CKOOKAX.

Tabnuupl HE AOJKHBI BBIXOAUTH 3a MpeAesbl TEKCTOBOTO MOJIs, MEPEHOC TaOIMIIBI ¢ OJHOW CTPAaHHIIBI HA
IPYTYIO He JolycKaeTcsa. MakcuMalbHOe JOITyCTUMOE KOJIWYECTBO TaOIuI B CTaThe 5.

CoxpauleHus 3a UCKJIIIOYCHUEM HEMHOTUX OOIIENPUHATHIX (T.€., Ap., T.A.) JOJDKHBI OBITH pactmdpoBa-
HBI B CCBUTKaX.

HckonaeMble OCTATKH CIIEIyeT OMUCHIBATH COTIacHO «MeXKayHapoJHOMY KOAEKCY 300JI0THYEeCKOH HO-
MeHKJIATypb». [IprBoaMMBIE B TEKCTE JaTHHCKHE Ha3BaHWS BHUIOB (IOPBl U (QayHBI JOIKHBI COTPOBOXK-
natbesi paMunreit aBropa TakcoHa. JIaTeIHb ceyeT HabupaTh KypCUBOM.

ITpu Hanucanuu ¢opMyJ cieryeT HCIOIb30BaTh (PpU3NUECKHEe eIUHMIBI U 0003HAYCHHUS, IPUHATHIC B
MexayHnapoanoi cucreme CH. ®opmynbl naroTces 0e3 MPOMEKYTOUYHBIX BBIKIAIOK C 00s3aTeNbHOW pac-
mH(POBKOI HCIONIB3YEMBIX B HUX CHMBOJIOB, KOTOpPbIE JNaroTcs cpasy mnocie ¢opmynsl. Homepa dopmyd,
€CIIM OHM YIIOMMHAIOTCS B TEKCTE, MPOCTABISAIOTCS B KPYIJIBIX CKOOKaxX OKOJIO IPaBOW I'PaHUIBI TEKCTa Ha
oHO# auHUH ¢ hopmyoit. s Habopa GopMya peKOMEeHIyeTCs UCTob30BaTh pepakrop Microsoft Equa-
tion 3, nanee yepes ABa MHTEpBaJa NeYaTaTh CIIUCOK JIUTEPATYPHI.

Jlutepatypa. B Tekcre craThu CChbUIKAa Ha JIMTEpaTypy AAeTcsl B KPYTJbIX CKOOKax (ABTOp/bI, Tox) B
XpOHOJIOTHYECKOM mopsiike. Ecnu cebiika qaercs Ha paboTy rae Oosiee TpeX aBTOPOB, TO YKa3biBaeTcs (a-
MUIIUS TIepBOro aBropa (Hanpumep, ['ynues u ap., 2005). Ecnu cepinaemast pabora nmpuBoauTcsi 0€3 aBTOpPOB,
TO THIIYTCS JIBa MEPBBIX CJIOBa ee Ha3BaHWs (Hampumep, CtpaTurpaduueckuit Kogekc...., 1998). Crnucox
JUTEPATYPhl IPUBOAMUTCS B ali)aBUTHOM IOPS/IKE B KOHIIE CTaThU M JIOJDKEH BKIIOYATh (PaMUINU ¥ MHUIIHA-
JIBI BCEX aBTOPOB, TOJl U3/1aHMs, HA3BaHWE CTATHH/KHUTH, B Cllydae MyOJIMKalMK B )KypHaJle — ero Ha3BaHHe U
HOMEp BBIITyCKa, HOMEpa MEePBOH M MOCJIEAHEH CTpaHHI CTaTh. EciM ccbuika caenaHa Ha KHUTY, TO HEoO-
XOJUMO yKa3aTh KOJMYECTBO CTPAHUI] B KHUTE.

Ecnu criucok cofep kKuT cChIIKH Ha paboThl OIHOTO M TOTO K€ aBTOPa, OMYOJIMKOBAaHHBIE B OJIUH U TOT XKe
rof, TO He0OXOANMO MPHUIATh UM UHIEKCHI a, O, B U T.J. NIOCHE yKa3zaHus rofa u3nanus. CChUIKM Ha TE€3UCHI
JIOKJIaZIOB JAAr0TCS aHANOTUYHBIM 00pa3oM. DaMunny U MHUIIUAIIBI aBTOPOB MPUBOAATCS KyPCUBOM.
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NMPABUIIA 4J151 ABTOPOB

B cnmcke nutepatypsl BHauane MPUBOAATCS IyOIMKAIMK, W3IaHHBIC HA KUPUJUIHIIE, & 3aTeM JIaTHU H-
CKUM mpudTOoM.

Hwxe npuBoasITCS MPUMEPBI pa3IMYHBIX ONOIHOTpa@UIECcKUX CCHIIOK.

Knuru:

babaes, /I.X., I'aoocues, A.H., 2006. ['TyOMHHOE CTPOCHHE U MTEPCIEKTUBE HEPTETa30HOCHOCTH Oaccei-
na Kacmuiickoro mopsi, b. — «Nafta-Press», 305 c.

Kdéthe, A., 1990. Paleogene Dinoflagellates from Northwest Germany — Biostratigraphy and Paleoenvi-
ronment, Hanover, 111 p.

CTaTbu B IEPHOANYECKHX KYPHAJIAX:

babaes, 111 4., 2005. BnusiHue ycnoBuil oKpysKaromied cpesl Ha MOp(HOJIOTHIO PAKOBUH HYMMYJIHTOB //
M3Bectus HAHA. Cepus Hayk o 3emie, Ne 2, ¢.62—66.

Hallam, A., 2001. A review of the broad pattern of Jurassic sea-level changes and their possible causes in
the light of current knowledge // Palaeogeogr., Palaeoclimatol., Palaeoecol., v.1 67, pp. 23-37.

CraTbu B COOPHHKAX (B TOM YHCJIE MEPOANICCKHX):

Delamette, M., Caron, M., Brehert, J., 1986. Essai d'interpretation genetique des facies euxiniques de
I'Eo-Albien du bassin vocontien (SE France) sur la base des donnees macro- et microfauniques // C.R. Acad.
Sc. Paris. ser. 1., v.302, pp. 1085-1090.

Pe3iome. Pacmmpennoe pe3ioMe Ha aHTIMICKOM SI3BIKE, COJEprKallee OCHOBHYIO HH(OpMAIHIO O CTaThe,
B TOM YHCIIE [EJb W 3aJa49d MCCISAOBAHUS, UCIIOIb30BaHHAS METOUKA, TIOIYYCHHBIE PEe3yIbTaThl U BHIBO-
IIBI, TOJDKHO OBITH TakKe MpejacTaBieHo. Llenb pesroMe — 03HaKOMIIEHHE aHTIIOA3BIYHON ayIUTOPUH CO CTa-
TBSIMH, OITyOJINKOBAaHHBIMHU Ha PyCCKOM U a3epOaliyKaHCKOM SI3bIKaX.

HNnmoctpanmu. Kaxaslii pucyHoK (KapTa, Juarpamma, cxema M T.7.) IpeACTaBlIseTcsl B BUAE OTAEIbHO-
ro (aiina. Kak BbIme yxe ObIJIO yKazaHO, Ha3BaHUE (haiiyia JOHKHO COAEP KaTh MHUIHAIBI IEPBOTO aBTOpa U
HOMEp pUCYHKa.

Pucynku npuaumarorcs B popmatax TIFF (300 dpi), PDF or CDR files UmmtocTpanun 00s3aTebHO HY-
MEpYIOTCS B MOPSJKE UX yKa3aHus B TekcTe. Kakaplii puCyHOK HeE JOJDKEH MpeBhImarh pazmepa 160 Mmm x
230 mm. Ha kapTax o0s3aresnbHO yKa3bIBaTh MaciuTao.

B pacneuaranHOM BapHaHTE CTaThl HOMEpA PHCYHKOB YKa3bIBalOTCSl HA X 00OPOTE MPOCTHIM KapaHsa-
IIOM C YKa3aHueM ()aMHIINU TIEPBOTO aBTOPA U Ha3BaHUSI CTATHH.

Kaxxnprit pucyHOK AOMKEH MMETh 3arjaBue. CIHCOK MOAPUCYHOUHBIX MOAMHCEH TODKEH OBITH npen-
CTaBJIEH B JIEKTPOHHOM M pacledyaTaHHOM BHUJE Ha OTAEIbHOM jHcTe. KomnuecTBO pUCYHKOB B CTAaThe HE
JOJIKHO npeBbIuath 10.

Penaxius sxypHana oOecrieurBaeT 0ecnjiaTHOE TieyaTaHue [[BETHBIX PUCYHKOB.

Penakuus ocraBnseT 3a co00i NpaBo MepeAaTh CTaThIO Ha peleH3nio. BepcTka cTtaTbu HampasisieTcs: aB-
TOpY JUTS TPOBEPKHU M UCIIPABIIEHISI OMUOOK, JOMYIIEHHBIX IIPH HA0Ope U PelaKTUPOBAHUH.

g uckirodeHus 3aep)KeK ¢ BO3BPAILEHHEM BEPCTKH B PENAKIMIO aBTOpaM PEKOMEHIYETCS IOJIb30-
BaThCS 3JIEKTPOHHON MOYTOH M CcOOOIIAaTh 00 HCHpaBICHHUSIX B TEUCHHE ABYX HEAETb IMOCIE IMONyYCHHS
BEPCTKH.

K craThe momxHBI mpuitaraTbcs aBTOPCKas CIpaBKa U akT 3KCIIEPTHU3HI.

[lomaua craTey B )XypHajl O3HAYaeT, YTO OHA OPUTHHANIbHA, HUTJE HE MyOJIMKoBaIach U He Obljla HanpaB-
JieHa B JpyTHE U3/1aTebCTBA.

77



78

The history of stratigraphy

Brief
communications

Sedimentology Stratigraphy

and sedimentology

CONTENTS

E.H. Aliyeva, S.4. Isayev

Abiogenic and organic components of modern terrestrial gastropodes of Azerbaijan:

study of macro-, micro- and bioelements

Sh.S. Kocharli
Seismostratigraphy and prediction of geological section of Azerbaijan

D.A. Huseynov. E.H. Aliyeva
Trace element geochemistry of the Pliocene sediments, the South Caspian basin

O.R. Abbasov
Eocene-Miocene oil shales in Azerbaijan: Stratigraphic controls on formation,
distribution and hydrocarbon generation

Z.N. Mehdiyeva
Characteristics and conditions of accumulation of the Upper Jurassic sediments
in the South-Eastern Caucasus

Sh.S. Kocharli
Classic of the Petroleum Geology of Azerbaijan

Conference information

Guide for authors in English, Azerbaijani and Russian

3-17

18-22

23-38

39-55

5665

66

6768

69-77



MUNDORICAT

E.H. Oliyeva, Isayev S.A.
Azarbaycanin miiasir yeriistii gastropodlarinin abiogen va iizvi tarkibli gabiglarimin 3-17
asas, mikro va bioelementlorinin 6yranilmasi

Stratiqrafiya

S.S. Kogarli

Azarbaycan saraitinda aparilan geoloji kasilisin stratiqrafiya va prognozlasdirilmasi sz

D.A. Hiiseynov, E.H. Oliyeva

) . e e . . 23-38
Conubi Xozar hovzasinin pliosen ¢okiintiilorinin mikroelementlorinin geokimyasi

O.R. Abbasov

Azarbaycanin Eosen-Miosen yaslt yanar sistlori: amalagalmaya, yayilmaya va 39-55
neft-gaztoratmaya stratigrafik nazarat

Sedimentologiya

Z.H. Mehdiyeva
Conub-sorqi Qafqazin iist yura lay dastalorinin xarakteristika va formalagsma soraitlori

5665

S.S. Kécgarli
Azarbaycanin neft geologiyasinin klassiki

66

Stratiqrafiya ve
sedimentologiya tarixindan

Konfranslar barasinds malumat 6768

Qisa moalumatlar

Mualliflor iigiin gaydalar (ingilisca, azarbaycanca va rusca variantlarda) 6977

79



N3 ucmopuu
cmpamuepaguu

u ceQumeHmono2uu

80

Cmpamuepadchus

CedumeHmonoausi

Kpamkue
coobuweHusi

OFrMABNEHWE

D1 Anuesa, C.A. Hcaes
Abuozennas u opeaHuyeckas cocmasnaouue paKo8uH CO8PEMEeHHbIX HA3EMHbIX
2acmponoo Azepbaiiddcana: usyyeHue 0CHOBHbIX, MUKDO, U OUODIeMEHMO8

LI.C. Kouapau
Ceticmocmpamuzpaghusi u NPOSHO3UPOBAHUE 2e0JI02UYECKO20 PA3Pe3a 8 YCaosusx Asep-
banoocana

I A. I'ycetinos, 3.1 Anuesa
Teoxumus mukposemenmos nauoyeHoswvix omuodicenutl, FOoxcrno-Kacnuiickuil 6accetin

O.P. A66acos
DoyeHn-muoyenosule coprouue cranyvl Azepoatiodxcana: cmpamuepagpuieckue
pezynsimopsl hopmMuposansl, pacnpeoeneHus i eHepayull yeieeo00po0os

3.H. Mexmuesa
Xapaxmepucmuxa u yciosus ooOpmMupo8arusi 6epXHEIOPCKUX OMLOHNCEHUL
FOz20-Bocmounozo Kasxasza

111.C. Kouapnu
Knaccuk nepmsnoti eeonoeuu Azepbaiioscana

Unghopmayus o xonpepenyusx

Ilpasuna ons aemopos (anenutickuil, azepoauoNcaHCKuil U pyccKull 6apUaHmbot)

3-17

18-22

23-38

39-55

5665

66

6768

6977



