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MAKHTESH RAMON: A UNIQUE NATURAL-RESOURCE COMPLEX OF STRATEGIC,
MULTI-COMPONENT MINERAL RAW MATERIALS IN SOUTHERN ISRAEL
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Summary. An integrated analysis of regional geological and geophysical factors led to selecting the Makhtesh Ra-
mon area (northern Negev, Israel) to search for diamondiferous associations. The most important regional factor is the
Middle Cretaceous maximum in upper-mantle hot-spot development, which appears prominently in this area. Analysis
of magnetic (paleomagnetic), self-potential, and ion-selective data unambiguously indicates the presence of some bod-
ies possibly having kimberlite (lamproite) origin occurring at small depths (8-50 m) in the western Makhtesh Ramon.
Repeated erosion in the area removed most of the sedimentary associations and significantly simplified mineral sam-
pling and rock collection for geochemical and petrological analyses. Comprehensive mineralogical analyses enabled the
detection of the following minerals-satellites of diamond associations: chrome-diopside, orange garnet, bright-crimson
pyrope, picroilmenite, moissanite, corundum, black spinel, olivine, anatase, and tourmaline (including black samples).
These minerals are not rolled or oxidized, providing additional evidence of their association with the indigenous rocks.
Data from electron microscopy show that the grains of (1) picroilmenite and (2) pyrope contain, respectively: (1) cobalt,
chrome, magnesium, and nickel and (2) chrome, magnesium, and aluminum. This indicates that both picroilmenite and
pyrope have a hyper-abyssal origin, which also indicates the possible occurrence of diamondiferous pipes. Secondary-
importance satellite minerals include feldspars, pyroxenes, magnetite, hematite, ilmenite, galena, pyrite, limonite, mica,
chromite, leucoxene, zircon, rutile, etc. These minerals (compared with the first group) also indicate diamond-bearing
mineralization in the studied area. Small gold and silver plates, along with considerable traces of La, Ce, Th, Nb, and Ta
(Rare earth elements), may also be associated with the nearest kimberlite rock occurrence. The total number of recog-
nized microdiamonds exceeds 300; five diamonds (> 1 mm) were identified (the largest crystals are 1.2 and 1.35 mm).
Thus, based on a set of geological-geophysical factors and the identification of the mentioned minerals, we estimate that
the Makhtesh Ramon area is promising for discovering diamondiferous rocks (kimberlite or lamproite pipes) as well as
diamond crystals in loose deposits. The discovered silver-, gold-, and REE-bearing signatures may be important on their
own.

Keywords: hot spot, diamonds, satellite minerals, gold, REE, geophysical signatures
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Introduction
Three tectono-erosional cirques, termed

Its formation ended approximately 132 Ma
ago, during the Levantine tectonic phase (Katz,

“makhteshim” in Hebrew (sing. “makhtesh”),
lie the anticlinal ridges in southern Israel (north-
ern Negev): Makhtesh Ramon (largest),
Makhtesh Gadol (intermediate), and Makhtesh
Qatan (small). The makhteshim form closed val-
leys surrounded by steep cliffs 200-400 m high,
with outlets carved into the steep southeastern
flanks of some of the largest asymmetric folds
(Zilberman, 2000).

The Makhtesh Ramon erosional-tectonic dep-
ression (canyon), 40 km long and about 8 km wide,
lies 65 km southwest of the Dead Sea (Fig. 1).

Eppelbaum, 1998; Eppelbaum, Katz, 2015). The
subsequent origination of the Levantine margin-
al volcanic suture (Eppelbaum, Katz, 2012)
promoted the accumulation of post-collisional
trap rocks (alkaline basaltic, alkaline gabbroic,
and kimberlitic associations).

Vent facies of the central-type Mahale Kha-
hatsmaut depression contain peridotite xenoliths
with spinel-bearing Iherzolites (Stein et al.,
1993). The presence of such rocks indicates sig-
nificant depths of explosive volcanism. Mag-
matic rocks of the western Makhtesh Ramon
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Canyon are represented by picritic and olivine
basalts, basanites, mantle xenoliths, melilites,
and alkaline picrites (Shimshilashvili, Yudale-
vich, 2005; Vapnik, 2005; Eppelbaum et al.,
2006; Samoilov, Vapnik, 2007; Sharygin et al.,
2011). Itamar (1988) described polymetallic
mineralization in Makhtesh Ramon.

Based on integrated geological, geophysi-
cal, and geochemical investigations, along with
geomorphological reconstructions, we selected
western part of the Makhtesh Ramon Canyon
(Fig. 1) as the most promising area for discover-
ing microdiamonds. We sampled clastic rocks
from both early and late epochs of secondary
erosion, represented by Mesozoic (Lower Cre-
taceous Arod conglomerates) and Cenozoic
(Middle Quaternary—recent alluvium) rocks, re-
spectively. Samples from the near-surface layer
(depth interval 20-80 cm) were concentrated by
conventional tools in the geological base in
Mizpe Ramon town and afterward were thor-
oughly analyzed mainly in the laboratories of

the Moscow State University and Moscow State
Geological-Prospecting University (Eppelbaum
et al., 2002, 2003, 2006; Samykina et al., 2005;
Surkov et al., 2008).

Brief Geological Background

Over 200 basaltic and trachytic dikes in-
truded the sedimentary rocks in the Makhtesh
Ramon area (Bayer, Reches, 1991). Most dikes
are arranged in a complex (radial) system, and a
smaller number of dikes create two systems of
NW-SE and NE-SW trends. The dikes are ac-
companied by many sills of similar composi-
tion. The smaller folds tend to form second-
order structures superimposed on the larger
folds and flexures (Garfunkel, 1993). The
known magmatic outcrops at Makhtesh Ramon,
Har Arif, and Qrief en Naga belong to two dif-
ferent magmatic phases, pre- and post-dating a
sub-Cretaceous unconformity (Garfunkel, Katz,
1967; Starinsky et al., 1980; Lang, Steinitz,
1985; Baer et al., 1995; Gvirtzman et al., 1994).

Fig. 1. Makhtesh Ramon (southern Israel): Fragment of “The Holy Land Satellite DataBase Project” (the imagery was
made from data obtained from NASA’s Landsat 5 satellite with French SPOT satellite)
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Maximal magmatism in the region occurred
about 120 Ma ago, corresponding to the epoch
of global tectono-thermal activation. Larson
(1995) termed this epoch the Middle Cretaceous
maximum in the development of upper mantle
hot spots and associated it with the high devel-
opment of diamond-bearing kimberlites during
the Mid-Cretaceous. In the Makhtesh Ramon
area, this stage is reflected in central-type vol-
canoes composed of lava flows, eruptive brec-
cia, and tuffs, suggesting widespread explosive
volcanism in the Middle Cretaceous (Lang,
Steinitz, 1989; Segev et al., 2005).

Chang and Lee (2011) presented a tectonic
map with three large mantle plumes in the Near
and Middle East, and one of the plumes com-
pletely covers the makhteshim family location.

Ben-Avraham et al. (2002) and later Ep-
pelbaum and Katz (2015) have recognized Ab-

delaziz, Negev, Aleppo, Anaximander, Antileb-
anon, Cyprus, Eratosthenes, Galilee-Lebanon,
Heletz, Judea-Samaria, Levant Basin, Pal-
myrides, and Pleshet terranes in the Easternmost
Mediterranean (Fig. 2). It should be noted that
Makhteshim occurs at the boundary between the
Sinai and Negev terranes, i.e., in the tectonically
weakened zone (see Fig. 2).

The geological map of the Makhtesh Ramon
area (after Sneh et al., 1998) (Fig. 3) shows a
complex, mosaic distribution of sedimentary
rocks and magmatic and metamorphic associa-
tions. The stratigraphic sequence along the Ra-
mon lineament ranges from the Middle Triassic
to the Middle and Late Eocene (Bentor et al.,
1965; Benjamini, 1979; Sneh et al., 1998). At
the same time, Early Cretaceous igneous rocks
play the most significant role.

L

A~ D2 s

Fig. 2. Areal map of the region under study (supplemented after Eppelbaum et al. (2023). Satellite-derived gravity map of the
study area with the main tectonic features (isoline density is 10 mGals). (1) Intraplate faults, (2) interplate faults, (3) the south-
ern boundary of the Mediterranean accretionary belt. DST, Dead Sea Transform; SF, Sinai Fault. MR, Makhtesh Ramon



L.V.Eppelbaum / Stratigraphy, petroleum sedimentology, geochemistry 2 /2026, 3-30; DOI: 10.35714/ggistrat20260200026

MM o

130

Fig. 3. Geological map of the Makhtesh Ramon area. Fragment of the geological map of Israel.
Scale: 1: 200,000, Sheet No. 3 (Sneh et al., 1998). The red square indicates the study area

The volcanic sequence in the western Makh-
tesh Ramon area overlies 55 m of Aptian sedi-
ments (Gvirtzman et al., 1996) and reaches its
maximal thickness of ~200 m there (Garfunkel,
Katz, 1967). At Ma’ale Ramon, the volcanics are
37 m thick and disappear in the easternmost part
of Makhtesh Ramon (Hall et al., 2005).

Mt. Arod (diameter of 1500-2000 m, height
of about 180 m), located in the western
Makhtesh Ramon, is an important tectonic ele-
ment of the area. It is an Early Cretaceous vol-
cano, re-exposed by erosion during the incision
of Makhtesh Ramon. Mt. Arod is composed of
basanitic-nephelenitic rocks, with a lava lake at
its center. The mountain (hill) is surrounded by
tuffs and lava flows and intruded by subvolcanic
stocks and dikes, and a diatreme (Eyal et al.,
1996). Interestingly, diatremes (volcanic pipes
formed by a gaseous explosion) are frequently
associated with kimberlite magmatism.

6

Awvni (2001a) describes the tectonic evolution
of the Makhtesh Ramon area in seven stages.

1. In the beginning (110 million years ago),
this area had rivers and lakes, which developed
near a shallow sea. Sandstone rocks (Hatira
Formation) were deposited in this continental
environment (Lower Cretaceous).

2. A shallow sea with a dense population of
life forms flooded the area 90-100 million years
ago. The Cenomanian and Turonian rocks cover
the top of the Ramon anticline.

3. The rocks folded and formed an anti-
cline (80 million years ago) along the length of
the Ramon fault, an ancient underground geo-
logical fault that was “awakened” by tectonic
movements. A deeper sea later flooded the ar-
ea, where friable limestone formed (Senonian
Formation). The conglomerate rock on top of
the limestone, at the base of the anticline,
formed under continental conditions, indicating
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that the anticline peak protruded like a conti-
nental island above the rest of the anticline,
which was still underwater. Because the top of
the anticline was worn away, there is no con-
glomerate rock on the peak.

4. The Ramon anticline continued to rise
(60-70 million years ago) along the line of the
Ramon fault, with strata of chalk and flint
(Senonian formation) and chalk with some clay
and phosphates (Maastrichtian formation).
Strong erosion washed sands and conglomerates
away from the top of the anticline, and they
were deposited around the anticline.

5. During the Eocene era (40-50 million
years ago), the whole area flooded, including
the Ramon anticline and the primary makhtesh.
Geologists identified the limestone deposited in
this sea in the western part of the Ramon anti-
cline and on the Avdat plateau.

6. The sea level dropped, and the Ramon
anticline continued to rise (30 million years
ago). The peak of the Ramon anticline was
largely eroded, exposing a large sandstone core
that precipitated during the early stages of the
Makhtesh Ramon formation.

7. The rivers have been developing and cre-
ating Makhtesh Ramon (20 million years ago —
present). The fact that the Ramon Ridge now
stands more than 1,000 meters above sea level is
evidence of a marked rise in the ridge. As the
ridge rose, it tilted slightly northeast (towards
the Arava) as the deep Dead Sea Transform val-
ley developed. The large height difference and
the ridge’s tilt led to vigorous erosion and un-
dermined the soft sandstone strata, which were
carried from the Ramon Ridge to the Arava.
Erosion of the ridge's inner parts created
Makhtesh Ramon as we observe it today.

Regional Geophysical Data Analysis

It is assumed that events of regional kimber-
lite magmatism are associated with some pa-
rameters of Earth's crust and lithosphere, includ-
ing some of their physical properties and the
presence of linear deformations on the mantle
surface and in the Earth's crust (Milashev, 1974;
Kaminsky et al., 1995; Mitchell, 1995; Morgan,
1995; Kutinov, Chistova, 2016).

The low heat flow (~35 mW/m?) in south-
ern Israel is a positive indicator of potential di-
amond deposits in the area (Eppelbaum et al.,

2006). Commercial diamond deposits have been
found exclusively in regions with heat flow less
than 40 mW/m? (Kaminsky et al., 1995; Mor-
gan, 1995; Kutinov, Chistova, 2016).

The comparatively deep Moho discontinuity
in the Makhtesh Ramon area (38 km) (Fig. 4)
(Eppelbaum, Pilchin, 2006) is also a positive
signature (Morgan, 1995; Cherepanova et al.,
2013; Kutinov, Chistova, 2016).

Another significant geophysical indicator is
the large depth of the Curie Point isotherm
(Morgan, 1995; Condie, 2001). The calculated
Curie Point isotherm for the Makhteshim area
location is about 39 km (Eppelbaum, Pilchin,
2006) (Fig. 5), which is also an auspicious indi-
cator (cooling lithosphere).

Finally, the last positive regional geophysi-
cal indicator is the relatively shallow depth of
the crystalline basement (Morgan, 1995; Nixon,
1995). In the Makhtesh Ramon area, the depth
of the crystalline basement, according to Ryba-
kov, Segev (2004), is 3.3-3.5 km.

Taken together, these two indicators suggest
that a thick crystalline basement is also favora-
ble. It can also be considered a positive signa-
ture (Morgan, 1995; Cherepanova et al., 2013).
In the study area, the crystalline basement ex-
ceeds 30 km in thickness.
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Fig. 4. Map of Moho discontinuity of the Easternmost
Mediterranean (after Eppelbaum, Pilchin, 2006, with small
modifications). MR, Makhtesh Ramon
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Fig. 5. Curie map of Israel (supplemented after Eppelbaum,
Pilchin, 2006). MR, Makhtesh Ramon

Many authors (e.g., Green, Gueguen, 1974;
Mitchell, 1986; Griffin, 2008) note a possible
major role for mantle diapirism in transporting
kimberlite material from depth to the Earth's sur-
face. From this perspective, the greatest magnetic
anomaly in Israel, 'Hebron' (~110 km NNE of the
Makhtesh Ramon), was interpreted as a mantle
diapir (Eppelbaum et al., 2005). This indicates
that mantle material is rising in this region.

Figure 6A shows an airborne magnetic map
of western Makhtesh Ramon overlaid on a sim-
plified geological map (after Gvirtzman, Wein-
berger, 1994) and two interpreting magnetic
profiles. Results of magnetic field modeling
(semi-automatic software developed at the Mos-
cow State University was applied) along profile
I1 — 11 are presented in Fig. 6B. It should be not-
ed that the airborne magnetic observations (con-
sidering the altitude and spacing of the aero-
magnetic survey) reflect only large anomalous
bodies (at least two buried targets have ex-
pressed quasi-kimberlite structure).
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Fig. 6A. The aeromagnetic map (flight altitude: 1000 m, spacing: 2000 m, IGRF removed) of western Makhtesh Ramon
overlaid on a geological map (after Gvirtzman, Weinberger, 1994), with the locations of two interpreted profile
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in Fig. 6A) (after Eppelbaum et al., 2002, with modifications)

Concerning the confinement of the kimberlite
magmatism to zones of regional linear defor-
mations. Several investigators (e.g., Ben-David,
Mazor, 1988; Zilberman, 1991; Ben-David et al.,
2002) have suggested that the makhteshim struc-
tures were developed during the Middle to Late
Cenozoic in response to the formation of the
Dead Sea Transform Zone (see Fig. 2).

Detailed Geophysical Data Analysis

Magnetic data analysis

The magnetic pattern of the Makhtesh Ra-
mon area is very complex (Folkman, Yuval,
1976; Gvirtzman et al., 1994) because magnet-
ized rocks at different depths (tephrites, basa-
nites, olivine basalts, quartz syenites) contribute
diverse effects to the observed field.

Detailed analysis of the magnetic data (in-
cluding the quantitative interpretation and 3D
modeling; developed methodologies for com-
plex physical-geological conditions are de-
scribed in detail in Khesin et al. (1996) and Ep-
pelbaum, Khesin (2012)) indicates the presence
of near-surface occurrence (from eight to fifty
meters) bodies having the form of thin beds and
‘inverse carrot' (Eppelbaum et al., 2003; 2006).

The observed magnetic map of area ‘I’ is
unclear because a strong regional background
masks local anomalies. Fig. 7 shows the results
of applying the gradient operator to the total
magnetic field data in area ‘I’. Even a simple
visual analysis of this map indicates a series of
ring structures at low depths.

Figure 8 shows an interesting example of
magnetic data re-interpretation. Initial geologi-
cal-geophysical data analysis (Baer et al., 1989)
proposed that this anomaly originated from a
buried sill (Fig. 8). However, re-interpretation
of this anomaly (Eppelbaum et al., 2006) al-
lowed us to conclude that a kimberlite pipe
(classical kimberlite pipe model presented in
Haggerty (1995)) is the most suitable model.

Gvirtzman et al. (1994) analyzed sizable
magnetic anomalies in the Makhtesh Ramon area
and south of it. The authors associated the exam-
ined anomalies with large magmatic bodies of
Late Jurassic—Early Cretaceous age and appar-
ently basaltic consistency. Interestingly, models
of disturbing bodies developed using 2.5D mag-
netic field modeling (Gvirtzman et al., 1994) of-
ten resemble the classic models of large kimber-
lite pipes (Haggerty, 1995; Mitchell, 1995).
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Fig. 7. Results of the total magnetic field processing by the gradient operator in area ‘I’

Paleomagnetic map compilation

Paleomagnetic data are sometimes im-
portant because they can provide results that
other geological and geophysical methods may
not (Eppelbaum, 2015). For compiling the first
paleomagnetic map of Makhtesh Ramon, the
available paleomagnetic, radiometric, and geo-
logical data were examined (e.g., Garfunkel,
Derin, 1988; Lang, Steinitz, 1989; Baer, Reches,
1991; Baer, 1993; Eyal et al., 1996; Gvirtzman
et al., 1996; Segev, 2000; Segev et al., 2005).
The oldest preaccretional dikes (Omolon pale-
omagnetic zone) trend south-north, and the
dikes of the accretional stage (upper part of Gis-
sar paleomagnetic zone) trend east-west (Fig.
9A). The eastern margins of preaccretional and
accretional dike complexes and other magmatic
bodies are older than the western margins. The
eastern Omolon zone is 165.7 Ma; the western
margin is 151.4 Ma. Within the Gissar zone,
ages change from east to west from 142.5 Ma to
126.8 Ma. Various volcanic bodies of the

10

postaccretional stage (Jalal paleomagnetic zone)
are discordant relative to dike orientations in the
Omolon and Gissar zones. Most magmatic bod-
ies of the Jalal zone trend from WSW to ENE
(Fig. 9A). Paleomagnetic analysis carried out by
Gvirtzman et al. (1996) in the SWW part of the
Jalal zone (this paleomagnetic zone is character-
ized by predominant direct polarity) indicates
that all magmatic sample determinations show
direct polarity except for the Mt. Arod area,
where both direct (younger flows) and inverse
(older flows) polarities were registered. The
Gissar paleomagnetic zone is characterized by
numerous approximately equivalent alternations
of direct and reverse polarities (this must be
considered in the qualitative and quantitative
examination of magnetic anomalies). Figure 9B
shows the geodynamic rotation of the Makhtesh
Ramon block (subterrane) in the Middle Meso-
zoic. This rotation was primarily counterclock-
wise, driven by a deep, giant rotating mantle
structure (e.g., Eppelbaum et al., 2021, 2025).
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Self-potential data examination

In the developed self-potential map of ar-
ea | (Fig. 10), an anomalous zone is contoured
(white dashed line), which agrees well with
the magnetic susceptibility map examination
(Eppelbaum et al., 2003). Quantitative inter-
pretation of the self-potential anomalies per-
formed using advanced methods developed in
magnetic prospecting (Eppelbaum et al., 2004;
Eppelbaum, 2021) allowed us to estimate a
depth of the upper edge of the buried target:
~25-30 m.

Application of ion-selective electrodes

An ion-selective electrode method (e.g.,
Nowak, 2010) is based on applying a set of cal-
ibrated ion-selective electrodes (CI-, Br-, I,
Na*, K*, NH;, NO;, NO;, Ag*, S*, Cu*,
Cd?, Pb?*, Hg?*, Ca?*, Ba®*(SO5 ", Cl0,, Re O},
F~, AuCl,, CNS", Ca**+Mg?*, Ph, Phin, Eh) for

studying soil mixtures (loose deposits) “in situ”
or under laboratory conditions. Among these
electrodes, we selected parameters associated
with kimberlite pipes. We present only Na* and
Ba?* maps (Figs. 11 and 12, respectively), but
other ion-selective electrodes also gave positive
results.

Kimberlite rocks, or products of their de-
struction, contain higher Na* contents (Ahrens
et al., 1975; Mitchell, 1986, 1995), which may
also serve as a search indicator. Measurements
using Na* electrodes show a direct correlation
between ion concentration and the registered
potential. The developed Na" map (Fig. 11) en-
abled delineation of a fault-oriented SW-NE
across the points 0/150, 50/375, 100/325,
150/300, 200/275, and 300/225. The fault is
traced in almost all developed ion-selective
maps. The proposed kimberlite pipe location is
contoured by elevated Na* contents.

11
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Fig. 9. Makhtesh Ramon geodynamic—paleomagnetic map (modified and supplemented after Eppelbaum et al. (2023)).
(A) Geodynamic—paleomagnetic indicators. (B) Geodynamic changes in Makhtesh Ramon subterrane displacement in
the Middle Mesozoic. (1) Pre-collisional—collisional basalt dikes, (2) post-collisional alkalic olivine basalt flows and
volcanoclastic rocks, (3) pre-collisional association of alkalic olivine gabbro, monzogabbro, and syenites, (4) post-
collisional association of basanites and nefelinites, (5) quartzitic hexagonal prisms, (6) faults, (7) hypsometric isolines
within the Makhtesh Ramon plateau (1-7) from Garfunkel, Katz, 1967; Zak, 1968; Baer, Reches, 1991; Baer, 1993;
Sneh et al., 1998; Avni, 2001b; Zilberman, Avni, 2004; Vapnik et al., 2007; Yudalevich et al., 2014, 2018; Eppelbaum,
Katz, 2015; Avni et al., 2017), (8) radiometric age of the magmatic rocks Lang, Steinitz, 1989; Segev, 2000; Segev et
al., 2005), (9) counterclockwise (a) and clockwise (b) rotation of the linear structures (faults, dikes, and volcanic
ridges), (10)—(11) magmatic rocks with normal (10), and reversal (11) paleomagnetic polarity (from Ron, Baer, 1988;
Baer et al., 1995; Gvirtzman et al., 1996; Dembo et al., 2022), (12)—(15) paleomagnetic zonation inside the magmatic
complexes: (12) lllawarra, (13) Omolon, (14) Gissar, (15) Jalal
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Fig. 10. Results of self-potential method application at the area | of the western Makhtesh Ramon
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Fig. 11. Map of Na* observations in area | of the western Makhtesh Ramon

Barite is a known kimberlite-generative
mineral (Bobrievich et al., 1959; Ahrens et al.,
1975; Mitchell, 1995). Most of the barite is con-
centrated in the upper part of the kimberlite pipe
(Bobrievich et al., 1959). In the developed map
of barite isopotentials (Ba®*) (Fig. 12), a fault is
clearly traced. Anomalous zones point out the
most prospective areas for near-surface well
drilling or bore-pit excavation.

Mineralogical, Petrological and

Geochemical Data Analysis

Interestingly, Kaminsky et al. (1995), in the
scheme ‘Diamondiferous territories of the
World’, distinguished an Eastern Mediterranean
diamondiferous province.

The first microdiamond in Israel was discov-
ered in the Negev Desert 30 km north of Makh-
tesh Ramon (Israel) in the Cretaceous/Paleogene
boundary iridium layer and was attributed to a
meteorite fall (Flexer et al., 1988b). However, the
habit, size, and characteristic impurities in the
microcrystal suggest that it was washed out from
diamondiferous igneous rocks.

Samples from the near-surface layer were
withdrawn in the western Makhtesh Ramon
(depth interval 10-80 cm), processed at the tem-
porary base in Mizpe Ramon town, and later
thoroughly analyzed in laboratories of the Mos-
cow State University and Moscow State Geo-
logical-Prospecting University (Eppelbaum et
al., 2002, 2003; Samykina et al., 2005; Surkov
et al., 2008).

13
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Fig. 12. Map of Ba?* observations in area ‘I’ of the western Makhtesh Ramon

The minerals of the diamondiferous associa-
tion in these samples can be divided into two
groups. The first group includes chromediopside
(e.g., Fig. 13a and 13b), orange garnet, bright
crimson pyrope (e.g., Fig. 14), picroilmenite,
chromespinel (e.g., Fig. 15), olivine, moissanite,
perovskite, anatase, corundum, titanomagnetite,
and tourmaline (including black species). This
mineral list includes almost all the main satellite
minerals of diamond. The total content of these
minerals is very high (in 150 kg of concentrate,
more than 15 000 grains were identified).

Chromediopside is a well-known satellite
mineral of diamond. Orange garnets, bright
crimson pyropes, and tourmalines also indicate
diamondiferous associations in this area. Co-
rundum and moissanite are even better satellite
minerals in this regard (Mitchell, 1986; lupin et
al., 1990; Kharkiv et al., 1997). Most associated
mineral grains are not rounded or oxidized, sug-
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gesting proximity to diamondiferous bedrock
associations. Moissanite (SiC), widely known as
a rare high-pressure mineral of mantle origin,
offers an important window into oxygen-
deficiency processes deep in the Earth. Re-
searchers found moissanite samples in both
Makhtesh Ramon (Eppelbaum et al., 2006) and
the Qishon Valley (northern Israel) (Eskel et al.,
2007; Griffin et al., 2016). For the first time,
researchers found the 4H SiC polytype in situ in
the Qishon Valley (Mukhin et al., 2015). A
comprehensive examination of this sample indi-
cates a mantle origin for the 4H SiC polytype
and possible redox conditions in a significantly
larger volume of the lithosphere in Israel than
previously thought. A thick lithosphere is a
prominent signature (together with other indica-
tors) for the discovery of diamond-bearing re-
gions (lupin et al., 1990; Mitchell, 1995; Mor-
gan, 1995; Kutinov, Chistova, 2016).
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Fig. 13a. Crystal of chromediopside No. 1243 withdrawn
in selected geological associations of the Makhtesh Ra-
mon deposit
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Fig. 13b. Crystal of chromediopside No. 1517 withdrawn
in selected geological associations of the Makhtesh Ra-
mon deposit
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Fig. 14. Pyrope: back-scattered electron image (left) and electrodispersion spectrum (right)

The second group includes hexagonal
quartz, feldspars, pyroxenes (black, green, dark-
green, gray-green, brown-green), magnetite,
hematite, ilmenite, galena, pyrite, limonite,
small magnetic spheres, mica, hydro-mica,
chromite, leucoxene, zircon (Fig. 16), rutile,
secondary minerals of cuprum (green and blue),
calcite, etc. These minerals, combined with the
minerals of the first group, also suggest the di-
amond potential of this area.

Mineral coesite, identified in large volumes,
is an important signature of the deep origin of
the investigated rocks, according to Sobolev
(2006).
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Fig. 15. Chromespinel. Back-scattered electron image
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Examining rocks with fluoric and other ac-
ids revealed several gold and silver flakes, ac-
companied by traces of REE: La, Ce, Th, Nb,
and Ta. These elements can also indicate prox-
imity to kimberlitic rocks (Kaminsky et al.,
1974; Le Roex et al., 2003; Shcheka et al.,
2006; Giuliani et al., 2013).

Yttrium phosphate (Figs. 17a and 17b) is
usually associated with the nearest kimberlite
(Mitchell, 1986; Hupin et al., 1990).

Experimental testing of detrital sediments
from the western Makhtesh Ramon identified a
set of minerals typical of an arid climate, multi-
ply re-deposited from older deposits, and round-
ed in form: quartz, pyroxene, rutile, leucoxene,
zircon, and tourmaline (Eppelbaum, Vaksman,
2017). However, minerals of a “fresh pattern” are
not rounded and are more stable in weathering
conditions: green pyroxene, olivine, native silver,
gypsum, calcite, barite, and feldspars. From the
withdrawn samples, we selected a group of min-
erals with similar fragment size and weight (Ta-
ble 1). However, their densities differ. This fact
indicates that conventional gravitational concen-
tration in this area may not be effective (Samyki-
na et al., 2005). Therefore, in the Makhtesh Ra-
mon area, an enhanced mineral concentration
scheme (Surkov, 2000) was applied.

Due to microscopic analysis, 1459 grains
were selected and measured from 8 sites (the
results reflect only the preliminary stage of the
investigations), among which were identified
pyrope, garnet, diopside, chromediopside, il-
menite, tourmaline, spinel, rutile, pyroxenes,
zircon (Table 2), as well as galena, pyrite, chal-
copyrite, secondary minerals of cuprum, etc.
(Eppelbaum et al., 2006). In probes selected
from deposits of temporary flows (alluvium)
and conglomerates (Table 3), all identified min-
erals occurred as secondary minerals.

As is noted in Table 3, many samples were
collected in the dry channel (‘wadi’) of Nahal
Ramon (Fig. 18).

We should underline the fact that minerals
revealed in the possible diamondiferous asso-
ciation: pyrope, garnet, diopside, chromediop-
side, picroilmenite, ilmenite, and spinel (ac-
cording to the investigations carried out using
an optical microscope MBS-10) have no trac-
es of wear (they are not smoothed), which in-
dicates the occurrence of indigenous sources.
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Fig. 17a. Back-scattered image of yttrium phosphate crystal
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Fig. 17b. Energy dispersion spectrum of the yttrium phos-
phate crystal
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We observed and examined all prerequisites for
the presence of the desired diamondiferous as-
sociations (volcanism, structural-tectonic envi-
ronments, and geomorphological conditions)
(Eppelbaum et al., 2002, 2003, 2006). We stud-
ied the most representative mineral indicators

using the scanning electron microscope JSM-
5300, which obtained images in reflected elec-
trons and energy-dispersive spectra reflecting
their chemical composition. Altogether, we
studied about 100 minerals using the aforemen-
tioned methodology (preliminary stage).

Table 1

Results of some mineral investigations in the western Makhtesh Ramon area (southern Israel)
(after Eppelbaum et al., 2002)

N/n Mineral Size, mm Average desn- Weight of crystal,
sity, kg/m milligrams
1 Olivine 1.36 x 1.20 x 0.72 3500 411
2 Diopside 1.34x1.19x0.79 3300 4.15
3 Diamond 1.35x1.15x0.75 3510 4.09
4 llmenite 1.36 x 1.16 x 0.55 4750 4.13
5 Gold 1.31x0.90 x 0.20 1740 4.18
6 Quartz 1.34x 1.17x 1.01 2650 4.19
Table 2
Results of detailed granulometric analysis of monofractions of possible genetic and
dynamic indicators of diamonds (density of diamond p = 3510 kg/m?)
p, kg/m® 3580 3220 4750 3300 3270 3350 4210 | 4600 z
Ne | Neofsites | garnet | diopside | picroilmenite [ spinel |tourmaline [ pyroxenes| rutile [ zircon
1 S1 - - 7 - 1 - 1 - 9
2 S2 1.1 13 12 58 9 80 13 6 23 214
3 | S2congl. 11 24 59 4 75 55 169 95 492
4 S3 44 24 85 - 12 86 21 5 277
5 S3 - 2 5 - 23 - 59 14 103
6 S3 7 22 42 2 45 49 100 19 286
I S4 2 2 10 - 17 10 12 1 54
8 S7 1 1 2 - 2 - 6 - 12
z 78 87 268 15 245 213 374 157 | 1447

Total number of measurements: 4341

Fig. 18. Valley of temporary channel (“wadi”) Nahal-Ramon (western Makhtesh Ramon)

17



L.V.Eppelbaum / Stratigraphy, petroleum sedimentology, geochemistry 2 /2026, 3-30; DOI: 10.35714/ggistrat20260200026

Table 3
Description of selected samples (western Makhtesh Ramon)
No. of Volume, Weight, Weight of
it Notes
sample m kg concentrate, kg
Selected from small bore pit (0.3 m) in dry
st 0.0025 ! 0.3 channel (Nahal Ramon)
Cut out from the exposed conglomerates and crushed in
52 0.03 60 3.0 a mortar till obtaining grain sizes of 1 mm
Selected from a small-bore pit with dimensions of 0.6 x
S2.111 0.1 50 4.0 0.6 x 0.6 m in a dry channel, with the fraction less than
1.6 mm
Composed of four bore pits located at distance of 30 m
S3 15 2000 10.0 between themselves in the channel of a dry rivulet, with
a removal fraction less than 1.6 mm
Cut out from the output of indigenous rocks with the
S4 0.02 50 2.0 following crushing and removing fraction less than 1.6
mm (tuff breccia)
Cut out from the outputs of acid basaltoids with the fol-
S7 0.04 70 2.0 lowing crushing in a mortar and removing the fraction
less than 1.6 mm

A short description of the discovered main
mineral indicators of diamonds is presented be-
low.

Picroilmenite is a well-known high-pressure
mineral of kimberlites (Haggerty, 1995; Nixon,
1995; Kharkiv et al., 1997). The mineral grating
is composed of titanium, iron, and oxygen. As
admixtures, Mg, Al, and Cr (possibly involved
in microphases), and calcium (from calcite)
were detected. The detected phase ‘calcium—
titan' from perovskite is also well-known in
kimberlites (Haggerty, 1995; McClenaghan et
al., 2000; Nixon, 1995). Such revealed admix-
tures as cobalt, nickel, and natural Ferrum (re-
flecting the ultrabasic consistency of magma)
are also typical for kimberlites. Manganese re-
flects the exogenetic hydroxides and carbona-
ceous dust, increasing conductivity. Thus, the
observed picroilmenite crystals correspond to
known indicators of diamondiferous associa-
tions (Cullers et al., 1996; Griffin, Ryan, 1995;
Mitchell, 1986, 1995). Electronic imaging indi-
cates that the studied grains have a complex
structure. Their micro-aggregates resemble nod-
ules (micro-nodules) with little transport from
the indigenous source (the crystal surface is not
rolled).

Pyrope is one of the most important mineral
indicators of diamond association (both for
kimberlites and lamproites) (Mitchell, 1986;
Nixon, 1995; Kharkiv et al., 1997). The studied
grains are characterized by a light crimson and
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red color with a lilac tint. The crystal surface is
not rolled. Electron microscope examination
indicates that the main elements are magnesium
(magnesia pyrope), aluminum, silicon, and oxy-
gen, confirming the visual diagnosis. Admix-
tures of chrome and magnesium in pyrope un-
ambiguously indicate that the mineral originated
under high pressures (large depths). Calcium
clearly reflects the calcite micro-phases and
carbon-rich dusting.

Pyroxenes were detected in the various
probes selected in the area (from 3-5 up to 15
units of this mineral) (see Table 2). Pyroxenes
are dark green, brown, and sometimes black.
These minerals are also not eroded. Pyroxenes
are essential components of kimberlites, along
with products of alteration of ultrabasic and
basic rocks. Most of the known diamondiferous
associations contain these minerals (Bulanova,
1995; McClenahgan et al., 2000; Kharkiv et al.,
1997).

Chromediopside is a well-known mineral
associated with diamonds (Mitchell, 1986,
1995; McClenaghan et al., 2000; Nixon, 1995).
A key peculiarity of this mineral is that it is un-
stable under alluvial transport and hypogene
weathering (Marshall, Baxter-Brown, 1995;
Mitchell, 1995; Kharkiv et al., 1997). This min-
eral is the generic isomorphic type of diopside-
hedenbergite (Mitchell, 1995). Diopside con-
tains mainly calcium, magnesium, silicon, and
oxygen. Chrome admixture is rich in 7%
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chrome and 18% MgO. The chromediopside
samples studied are lighter in color than typical
chromediopside grains. Titanium admixture is
typical of such titanium varieties of ultrabasic
rocks as kimberlites and lamproites. The miner-
al is hardly eroded, indicating the nearest occur-
rence of endogenic rocks.

Figure 19 presents the technological scheme
for diamond recognition from the withdrawn
concentrate. In addition to conventional pro-
cedures (grain-size separation, magnetic sepa-
ration, visual identification, X-ray lumines-
cence, electron microscopy, etc.), we used

concentrated solutions. We used these solu-
tions (3HCL+HNO3, HF) with boiling because
many desired minerals were redeposited several
times under the extremely arid climate of south-
ern Israel (e.g., Bentor, 1969) and were covered
by hard shells. Removing these shells was im-
possible without using these solutions (Ep-
pelbaum et al., 2002). This also explains why
diamonds were not found earlier in the area (ex-
cluding Flexer et al., 1988b). Applying the men-
tioned technological scheme at a final stage al-
lowed us to discover numerous microdiamonds
and several diamonds.

Initial sample

v

Ranging of grains by
their size

ry magnetic separation
in intensive field
I=10A

High magnetic fraction '—o Low-magnetic fraction H Non-magnetic fraction '
v

Non-magnetic ultra-
concentrate

Boiling in special solution (3HCL+HNO3). Dissolution of
carbonates, Fe compounds, easy-dissolated minerals and
removing of coatings

Filtration and drying

Boiling in HF solution. Dissolution of silicates and removing of
coatinﬁs '

Filtration and drying h

Visual identification

X-ray luminescence '

Final

Electronic microscopy

Identification

Fig. 19. Fractionation of selected samples of titanomagnetite association: A technological scheme
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After conducting visual and qualita-
tive/quantitative analyses using a binocular mi-
croscope, we investigated the polyminerals frac-
tions using a Camscan-DV scanning electron
microscope equipped with an energy-dispersive
Link AN10000 microprobe. The most signifi-
cant result was the discovery of more than 300
microdiamonds (< 1 mm and << 1 mm) and five

Mry 00002

CamScan

diamonds ranging from 1 to 1.35 mm (along the
longest axis). Most of them were characterized
by a cubic habit, and hexagonal species were
less. Figure 20 shows a microdiamond associat-
ed with quartz. Two large discovered diamond
crystals (which are fragments of a larger crystal
(Surkov et al., 2008)) measured 1.35 mm (Fig.
21) and 1.20 mm.

3 D l:l rm L ——

Fig. 20. Left panel: quartz with diamond. Right panel: enlarged image of the diamond. Back-scattered electron images

MY 02002

CamScan J300pm

02004 S00pm

Fig. 21. The largest diamond crystal ever identified (A and b are the back-scattered electron images of the same crystal

from different sides)
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Figure 22 shows the chemical composition
of the identified meimechite rock sample, which
is very similar to kimberlite associations (e.g.,
Arndt et al., 1995; Eppelbaum et al., 2003).

In the western part of the Makhtesh Ramon
Canyon, we studied exposed volcanic and vol-
canic-fragmentary rocks. These outcrops form
hills up to 150 m high and, from a geological
point of view, represent relics of volcanic flows
(Bentor, 1952), for which columnar (prismatic)
individuality is often typical. Sometimes small
subvolcanic bodies break up these flows. Some
outcrops show a typical presence of volcano-
genic-fragmental rocks. Magmatic rocks are
sometimes covered by Lower Cretaceous depos-
its that define the upper limit of the area's mag-
matic activity; at the same time, these rocks in-
trude rocks older than the Lower Triassic. Thus,
geological data indicate that all magmatic ac-
tivity occurred during the Lower Triassic—Upper
Cretaceous (Bentor, 1952). K-Ar isotope dating
determined the magmatic rocks’ age to be about
125-115 Ma (Lang, Steinitz, 1985, 1989; Lang
et al., 1988; Recanati et al., 1989).

We studied about 100 bright, transparent
sections using a polarized microscope, an elec-
tronic microscope (Camscan 4DV), and an en-
ergy-dispersive microprobe analyzer (Link-
10000). The effusive rocks were divided by

their composition into (1) plagioclase-contai-
ning and (2) not containing plagioclase.

The main volume of samples, withdrawn at
point 100 (probes 100-15; 100-15A; 100-16)
(Fig. 23) and points 124 and 125, consists of
olivine, clinopyroxene, titanomagnetite, nephe-
line, and glass. Albite and potassic feldspars
were sometimes recognized. The content of
nepheline reaches 5-10%.

Fig. 22. Sample of meimechite rock. Back-scattered elec-
tron image

Fig. 23. Samples were withdrawn in probe Ne 100 _16 in Makhtesh Ramon. A and JI — olivine of | and IV
generations, b and B — clinopyroxenes, I' — main mass presented by nepheline points 16-7 and 16-10), titan-

omagnetite (point 16-9), and glass (point 16-8)
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Contains Cr20s in clinopyroxenes from the
sedimentary deposits of the Makhtesh Ramon
range in the range of 0.5-1.2% (Table 4; here
only part of the measurements is presented); the
content of FeO changes from 2.5 up to 6%,
which is typical for chrome diopsides and kim-
berlites and other associations (deep inclusions,
basalts, and carbonates) (llupin, 1984). The
Al;O3 content in the studied clinopyroxenes
ranges from 2.3 to 6.6%, and Na.O from 0.5 to
1.5% (Table 4). The Al.O3—-Na.O diagram of
the studied clinopyroxenes (according to
Ilupin’s (llupin, 1984) classification) falls with-
in the domain of chromediopsides in deep inclu-
sions in basalts and kimberlites of North Ameri-
ca. Comparison of the studied clinopyroxenes
(western Makhtesh Ramon) with the chromedi-
opsides from kimberlites of the “Arkhan-
gelskaya” pipe (Winter Coast, Siberia, Russia)
(Kharkiv et al., 1995) indicates that chromdiop-
sides of sedimentary deposits of Makhtesh Ra-

mon are similar to low-baric group of clinopy-
roxenes generated from the disintegrated spinel
peridodites propagating by magmatic melts
from the upper mantle (spinel peridodites are a
composite part of the deep spinel-pyroxene
phase). Comparison of chromediopsides from
the sedimentary deposits of Makhtesh Ramon
(Eppelbaum et al., 2003) with the clinopyrox-
enes of the Zolotnitsky field of the Arkhangelsk
province (Bogatikov et al., 1999) shows their
close relationship to clinopyroxenes in diamon-
diferous Iherzolites and websterites. Thus,
chromediopsides of Makhtesh Ramon fall with-
in the high-alumina, low-sodium field in dia-
grams by various authors. These inclusions may
originate from deep basalt xenoliths (llupin,
1984), encountered in kimberlite pipes as frag-
ments of spinel peridotites (Kharkiv et al.,
1995), peridotites, and pyroxenes (Bogatikov et
al., 1999).

Table 4

Composition of chrome clinopyroxenes (chromediopsides) from the sedimentary deposits
in the western Makhtesh Ramon

100/ | 100/ | 100/ | 100/ | 100/ | 100/ | 100/ | 100/ | 100/ | 100/ | 100/

150|120 | 121|127 |128[129| 130|131 |132]134]135
SiO, | 52.68 | 51.32 | 50.81 | 53.25 | 52.67 |52.61 | 52.22 | 53.36 [53.16| 53.02 | 50.19
Tio, | 0.36 | 0.62 | 054 | 0.00 | 000 | 032 | 029 | 0.00 |0.24| 025 | 1.25
AlLOs | 281 | 538 | 564 | 481 | 501 | 528 | 584 | 421 |428| 232 | 438
FeO | 470 | 435 | 444 | 267 | 269 | 3.01 | 278 | 2.77 | 2.99 | 3.05 | 4.55
MnO | 025 | 0.25 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00| 0.00 | 0.00
MgO | 1555 | 16.00 | 16.35 | 15.71 | 15.97 [15.77 | 15.65 | 16.26 |16.13| 17.24 | 14.26
CaO |22.49| 2033 | 20.19 | 21.61 | 21.63 | 20.70 | 20.97 | 21.59 [21.70| 22.13 | 23.83
Na,O | 056 | 0.77 | 082 | 117 | 1.18 | 1.39 | 1.13 | 0.98 | 0.78 | 0.98 | 0.39
K,O | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |0.00| 0.00 | 0.00
Cr,0; | 062 | 098 | 1.22 | 0.77 | 0.85 | 0.93 | 1.13 | 0.82 |0.73 | 1.00 | 1.14
NiO | 0.00 | 0.00 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |0.00| 0.00 | 0.00

114/ | 114/ | 114/ | 114/ | 114/ | 114/ | 114/ | 114/ | 114/ | 114/ | 114/

23| 266 | 267|268 |269|270|271|272|274]| 275|276
SiO, | 52.34 | 52.77 | 47.55 | 52.83 | 52.84 |52.91 | 52.43 | 52.33 [52.20| 52.83 | 47.69
Tio, | 038 | 042 | 177 | 021 | 000 | 0.00 | 025 | 025 |0.32| 0.29 | 1.88
Al,Os | 522 | 295 | 659 | 555 | 526 | 499 | 490 | 531 |556| 501 | 6.20
FeO | 298 | 474 | 603 | 318 | 279 | 2.94 | 267 | 2.98 |3.20| 2.76 | 5.97
MnO | 0.00 | 0.22 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00| 0.00 | 0.00
MgO | 15.96 | 14.68 | 12.90 | 15.26 | 14.92 | 15,55 | 15.97 | 15.82 |15.13| 15.70 | 13.06
CaO |20.91| 22.94 | 23.64 | 20.78 | 22.40 | 20.58 | 20.97 | 21.06 |20.79| 21.29 | 24.05
Na,O | 0.92 | 0.83 | 060 | 1.35 | 1.11 | 1.71 | 1.42 | 1.29 | 1.66 | 1.12 | 0.50
K.0 | 0.00 | 0.00 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 |0.00]| 0.00 | 0.00
Cr,0s | 1.01 | 0.46 | 090 | 0.85 | 0.68 | 1.34 | 1.39 | 0.94 |1.14| 0.99 | 0.65
NiO | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |0.00]| 0.00 | 0.00
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Comprehensive mineralogical and geo-
chemical analyses enabled the detection of sev-
eral native small gold plates (Eppelbaum et al.,
2003, 2006). The identified gold plates were
investigated using Surkov’s (2000) advanced
methodology (Fig. 24). Lavi et al. (1988) earlier
identified higher concentrations of gold and Ra-
re Earth Elements (REE) in Makhtesh Ramon
sediments. Flexer et al. (1988a) and Rosenfeld
et al. (1989) have reported detecting some plati-
num-group elements in the vicinity of the
Makhtesh Ramon area. Besides this, Adatte et
al. (2005) found Platinum Group Elements in
trace quantities in another member of the
makhteshim family — Makhtesh Gadol.

.
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Fig. 24. Forms of native gold plates discovered in the
channel deposits of Nahal Ramon in the western
Makhtesh Ramon (Eppelbaum et al., 2006)

The presence of gold and platinum-group
elements may also testify (Kaminsky et al.,
1974; McDonald et al., 1995; Paul et al., 1979)
to the nearest occurrence of basic kimberlite
pipes. At the same time, gold, platinum, and
REE may be important on their own. We pro-
pose that Makhtesh Ramon — the window to

Earth’s upper mantle — contains a compound
commercial ore deposit containing several stra-
tegically important elements.

Discussion and conclusions

The maximum number of kimberlite pipes
that have been formed in the world (by radio-
metric data) is in the interval of 125-63.5 Ma
(Katz, Eppelbaum, 1998). It coincides with the
maximal magmatic activation in the region un-
der study (120 Ma). The geophysical, tectonic,
mineralogical, petrological, geochemical, and
other factors described in the previous sections
indicate the presence of rocks of abyssal origin
(including diamondiferous and other economic
components) in the Makhtesh Ramon area.

Analyzing the Makhtesh Ramon complex
deposit (Eppelbaum et al., 2006) together with
the discovery of diamonds and kimberlite indi-
cator minerals in the Qishon Valley (northern
Israel) (Eskel et al., 2007; Griffin et al., 2016),
NW Syria (Mahfoud, 2002), and Central East-
ern Desert, Egypt (Barakat, Kandil, 2019) re-
sulted in a map showing the Eastern Mediterra-
nean—Nubian diamondiferous belt (modified
after Eppelbaum, Katz, 2012) (Fig. 25). The de-
veloped scheme can be used to predict further
diamond discoveries in the region.

Available geological and geophysical data
indicate that the Makhtesh Ramon area
(southern lIsrael) is favorable for discovering a
diamondiferous deposit (Eppelbaum et al.,
2003, 2006). Judging from petrographic, geo-
physical, and geomorphological data, the dia-
mondiferous sources are situated at shallow
depths (Eppelbaum et al., 2002). Unfortunate-
ly, further investigations in the Makhtesh Ra-
mon area are hampered because it is a state
geological reserve where all mining is prohib-
ited. However, further combined mineralogi-
cal, geochemical, and geophysical studies, in-
tegrated with mining works, will likely be re-
warded with the discovery of diamondiferous
rocks and other useful minerals. The presence
of useful components such as gold and Rare
Earth Elements (especially the latter) may be
as significant as diamonds. Undoubtedly, this
area may become a center of mining explora-
tion in Israel (a country characterized by the
world's most advanced diamond-manufac-
turing industry).
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Fig. 25. East Mediterranean—Nubian diamondiferous belt.
(1) areas of the diamond discovery (after Mahfoud, 2002;
Eskel et al., 2007; Eppelbaum et al., 2006; Griffin et al.,
2016; Barakat, Kandil, 2019), (2) Cretaceous magmatic, (3)
Levantine-Nubian volcanic fault system, (4) boundaries be-
tween the tectonic plates, (5) Aegean-Anatolian plate, (6)
province of the terrane belt with a thinned Precambrian crust
(@ — land, b — marine), (7) province located on the ancient
Nubian-Arabian Precambrian platform (a — land, b — marine)

Analysis of the tectonic evolution model in-
dicates that significant erosion processes sub-
stantially reduced the thickness of sedimentary
deposits in the area studied. This allows the
most cost-effective open-cut mining method.

The revealed horizons of technical water of su-
perficial occurrence (e.g., Issar, 1983; Ben-
David et al., 2002) are crucial for the process of
withdrawn sample enrichment. A mild climate
allows us to carry out integrated mining-geolo-
gical work year-round while minimizing energy
costs. Another important factor is the lack of
jobs in nearby towns and settlements (creating a
mining center may provide several hundred new
jobs). Finally, the projected water channel be-
tween the Red and Dead Seas (Abu Ghazleh et
al., 2009; Fine, 2018) is located near the discov-
ered deposit, which will allow us to connect ad-
ditional communication (including the channel
and railway) and electric (hydroelectric power
station) capacities.

A very simplified calculation may be car-
ried out using elementary principles of probabil-
ity theory. We have six independent indicators
(regional tectonics, regional geophysics, local
geophysics, mineralogy, petrology, and geo-
chemistry) that positively estimate the diamond
bearing of the Makhtesh Ramon area. For sim-
plicity, let's treat these indicators as equivalent
and assign each a weight of /2. The significance
of mineralogical indicators (revealing diamonds
and indicator minerals) is greatly higher than .
The probability of the random coincidence of
these factors (according to the trivial rules of
probability theory (e.g., Koralov, Sinai, 2007))
in this case is (¥2)6 = 0.0156 = 1.56%; e.g., the
positive assessment of the diamond-bearing po-
tential of the Makhtesh Ramon area is 98.44%.
Really, this parameter is higher.
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MAXTEII-PAMOH - YHUKAJBHBIIA TPUPOTHO-PECYPCHBIA KOMILIEKC CTPATETHYECKOI'O
MHOI'OKOMITIOHEHTHOT O CbIPbs HA IOTE U3PANJIA

Auneandaym JI.B.!?
'Kagpeopa 2eopusuxu, paxyromem mounvix nayk, Tenv-Asusckuii Ynusepcumem, Mspauno
6997801, Tenv-Asus, Pamam-Asus
2Asepbaiioxcanckuii 20cydapcmeennlil yuusepcumem nehmu u npomviunennocmu, Asepbatioxcan
AZ1010, Baxy, npocn. Azaonwie, 20: levap@tauex.tau.ac.il

Peztome. Ha ocHOBE KOMIUIEKCHOTO aHAIN3a PETMOHAIBHBIX reosoro-reodusndeckux ¢axropos, Maxrem-Pamon
(ceepnsbrit Heres, M3panne) Obl1 BEIOpaH B KauecTBE NMEPCHEKTUBHOTO yYacTKa ISl TIOMCKA aJIMAa30HOCHBIX KOMILIEK-
coB. BaxHeWmmM pernoHasibHBIM (PAKTOPOM SIBIISIETCS MAKCUMYM aKTHBHOCTH MaHTHHHOTO TOpSYETro IISITHA B Cpea-
HEMEJIOBYIO 3I10XY, OTYETIIMBO IPOSIBUBIINIICS Ha JAHHON TeppUTOPHH. MHOTOKpaTHBIE 3PO3MOHHbIE MPOLECCH MpPH-
BEJIN K y/AJICHHUIO OOJBIIEH YacTH OCaJOYHBIX OTIOKEHWH. AHAIM3 JaHHBIX MarHUTOMETPHH, METOJIa €CTECTBEHHOTO
ANEKTPUYECKOTO TIOJS U PE3yNIbTaTOB MOHOCEIEKTUBHBIX M3MEPEHUI OJHO3HAYHO yKa3bIBaeT HA HAJIMYWE B 3alagHOMN
gacti Maxrem-PaMoHa reoornyeckux Tel, 3aleralomux Ha Hebompmux rryonHax (8-50 M) U, BEpOSATHO, MMEIOIINX
KHUMOEpINTOBOE (JITAMIIPOUTOBOE) MPOUCXOKACHHE. MUHEPaTOTHIeCKHe UCCIICAOBAHIS MO3BOIMIIN BBIIBUTH CIIEIYIO-
e MUHEPAIBI-CITyTHUKH aJIMa30B: XPOMIHOIICH], OPAHXEBBII I'paHAT, SPKO-MaJIMHOBBIN NMHUPON, MAKPOMUIBMEHHT,
MyacCaHWT, KOPYH, YEPHYIO IIITHHENb, OJINBUH, aHaTa3 U TypMaiauH. OTCYTCTBHE CIEJOB OKATAHHOCTH HMJIM OKUCIICHHS
CITY’)KUT JOTIOJHUTENBFHBIM CBHICTEIECTBOM HX CBSA3HM C KOPEHHBIMH IOpoAaMu. [laHHBIE 3IEKTPOHHONH MHKPOCKOITUU
MOKa3bIBAIOT, 4TO 3epHa (1) mukpomnbMeHnTa ¥ (2) Imuporna cojiepkaT COOTBETCTBEHHO: (1) KoOaIbT, XpOM, MarHuH u
HHKETb, a (2) XpoM, MarHui ¥ alfOMMHUA. DTO yKa3blBaeT Ha TIIyOMHHBIN (runepabuccaibHbIN) TeHE3UC TaHHBIX MH-
HepasioB. K BTOpocCTeneHHBIM MHHEpajlaM-CITyTHUKaM OTHOCSTCS IOJIEBBIC LINAThI, IIMPOKCEHBI, MarHETUT, T€MaTHT,
WIBMEHUT, TaJIEHUT, IUPUT, IUMOHUT, CIIOZbI, XPOMUT, JIEHKOKCEH, IUPKOH, pyTHI U 1p. Hannune 3Tnx MuHepanos (B
JIOTIOJTHEHHE K MEPBOM TPYIIE) TaKKe yKa3bIBaeT HA aIMa30HOCHYIO MUHEPAJIM3ALUIO B HcclieyeMoM paiione. OOHa-
pyXKEHHEe MEJIKMX TUIAaCTHHOK 30JI0Ta U cepedpa, a Takke 3HauuTeNnbHbIX KoHUeHTpanuid La, Ce, Th, Nb u Ta (peaxose-
MEJBHBIX 3JIEMEHTOB), TAK)K€ MOXKET OBITh CBA3aHO C OMIDKAWIINMHK BBIXOJAMH TOPOA TIIyOMHHOTO MPOUCXOXKICHHS.
OO01ee KOJIMYECTBO BBIIBJICHHBIX MHKpOaiMa3oB mpeBsimaeT 300; Takxke ObUI0 0OHAPYKEHO MATH aJIMa30B Pa3zMepoM
6omnee 1 MM (pa3mepsl HanboJiee KPYIHBIX KPUCTAIIIOB COCTAaBISAIOT 1,2 U 1,35 MM). BeIsSBICHHBIE IPU3HAKH TTPUCYT-
CTBHSA cepedpa, 30J10Ta U PEIKO3EMENBHBIX AIEMEHTOB MOTYT IIPEACTABISATE CAMOCTOSTEIBHBIA HHTEPEC.

Kniouegvie cnosa: zopsauas mouka, aimazsl, MUHEPALbl-CRYMHUKY, 3010M0, peOKO3eMelbHble dAeMEHMbl, 2e0U3i-
yecKue npusHaKu
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MAXTES RAMON: CONUBI iSRAILDO STRATEJi OHOMIiYYOTLI COXKOMPONENTLI
MINERAL XAMMALIN UNIiKAL TOBIii-RESURS KOMPLEKSI

Eppelbaum L.V.12
Tel-0viv Universitetinin daqiq elmlor fakiiltasi, geofizika, Israil
6997801, Tel-Oviv, Ramat-Oviv
2Azarbaycan Doviat Neft va Sanaye Uiversiteti, Azarbaycan
AZ1010, Baki, Azadhq pr., 20: levap@tauex.tau.ac.il

Xiilasa. Regional geoloji-geofiziki amillorin kompleks tohlili asasinda Mahtes-Ramon (Simali Neqev, Israil) orazisi
almazli assosiasiyalarin axtarigi liglin perspektivli saho kimi seg¢ilmisdir. Bu orazids 6ziinii aydin sokilds biiruzo veron
Orta Tobagir dovriinds st mantiyada qaynar noqto aktivliyinin maksimumu on miihiim regional amil hesab olunur.
Tokrar eroziya proseslori ¢6kmo siixurlarinin oksariyystinin yuyulmasina sobab olmusdur. Bu iso geokimyavi vo
petroloji analizlor ti¢iin mineral niimunalorinin goétiiriilmasini va siixur materialinin toplanmasin1 shamiyyatli doracoda
asanlagdirmigdir. Maqnit (paleomaqnit), tobii potensial vo ion selektiv molumatlarin tohlili Mahtes-Ramonun gorb
hissasinds, az dorinliklords (8-50 m) yerloson vo ehtimal ki, kimberlit (lamproit) monsali olan geoloji cisimlorin
varhigini birmanali sokilda gostarir. Mineraloji tadgiqgatlar almazin agagidaki peyk-minerallarini miioyyan etmays imkan
vermigdir: xromdiopsid, narinci nar (qranat), parlaq al qirmiz1 pirop, pikroilmenit, moissanit, korund, qara spinel, olivin,
anataz vo turmalin. Bu minerallarda oksidlosmanin va ya yuvarlaglagsmanin olmamasi onlarin ana siixurlarla slagasinin
olava siibutudur. Elektron mikroskopu moalumatlarina asason, pikroilmenit donalorinin tarkibindo kobalt, xrom,
magnezium va nikel, elacs do pirop donslorinds iso xrom, magnezium vo aliiminium agkar edilmigdir. Bu iso s6ziigedon
minerallarm hiperabissal mongoali oldugunu gostorir Vo eyni zamanda almazdasiyan kimberlit vo ya lamproit
cisimlorinin miimkiin mévcudluguna isars edir. Ikinci doracoli peyk-minerallara iso ¢ol spatlari, piroksenler, magnetit,
hematit, ilmenit, galenit, pirit, limonit, slyudalar, xromit, leykoksen, sirkon, rutil vo s. aiddir. Birinci grup minerallarla
yanasi, bu minerallarin da mévcudlugu todgiq olunan orazido almaz minerallasmasindan xobor verir. Qizil vo giimiisiin
kigik 16vhaciklorinin, homginin La, Ce, Th, Nb vo Ta elementlorinin nazorogarpan izlorinin miisyyan edilmasi
yaxinliqda yerloson kimberlit siixurlarinin tozahiirii ilo da olagosli ola bilor. Sahodo askar edilmis mikroalmazlarin
imumi say1 300-don ¢oxdur; hamg¢inin 6lgiisii 1 mm-dan boyiik olan bes almaz donasi do tapilmisdir (an bdyiik kristal-
larin 6lgiilari 1,2 vo 1,35 mm-dir). Giimiis, qizil va nadir torpaq elementlori ilo baglh miisyyon edilmis perspektivli
geokimyavi slamatlor miistaqil maraq dogura bilar. Belaliklo, geoloji va geofiziki amillarin macmusu va geyd olunan
minerallarin agkarlanmasi asasinda Mahtes Ramon orazisi hom almazli siixurlarin, o ciimlodan kimberlit va ya lamproit
borularinin, ham ds yumsaq ¢okiintiilords almaz kristallarinin agkar edilmasi baximindan perspektivli hesab olunur.

Agar sozlar: gaynar noqto, almaz, peyk-mineral, qizil, nadir torpaq elementlori, geofiziki alamatlor
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COMPARATIVE MINERALOGICAL-GEOCHEMICAL CHARACTERISTICS OF THE
OIL-BEARING ROCKS OF EAST AZERBAIJAN WITH ATHABASCA (CANADA)

Mehdiyev O.T.*, Mammadova A.N., Nagizade A.A., Bakhshiyeva F.G.
Ministry of Science and Education of the Republic of Azerbaijan,
Laboratory of Oil and Gas Field Geology,

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

Keywords: East Azerbaijan, Athabasca, oil-bearing rock, mineralogy, major oxides, moisture content, bitumen

© 2026 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

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

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

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

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

Geological setting and study objects

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

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

Materials and Methods

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

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

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

Results and Discussion

General mineral-geochemical comparison
with Athabasca

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

Table 2

Comparison of the average parameters of East Azerbaijan samples with Athabasca

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

60

Content %
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Fig. 2. Comparison of average mineral groups of East Azerbaijan with Athabasca
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Differentiating features across local areas

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

Bitumen content and organic-geochemical
characteristics

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

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

Table 3

Main differentiating parameters across local areas

Area Quartz, % | Carbonate, % SiO2, % CaO, % Bitumen, % | Asphaltene, %
Akhtarma-Puta 14,75 22,75 30,42 18,24 4,69 10,74
Cheyildere 50,75 0,00 66,92 0,86 4,67 10,87
Aralig 21,25 25,50 41,53 17,48 4,48 41,65

60 - = O:l W Resin BN Asphaltens

535

Content, %

Akhtarma-Puta

Cheyildere

Araliq

Fig. 3. Distribution of oil, resin, and asphaltene fractions of bitumen across local areas

34



O.T.Mehdiyev et al. / Stratigraphy, petroleum sedimentology, geochemistry 2 /2026, 31-36; DOI: 10.35714/ggistrat20260200027

Conclusion

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

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

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

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

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

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

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

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

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

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

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

Agar sozlar: Sarqi Azarbaycan, Atabaska, neftli siixur, mineralogiya, asas oksidlor, namlilik, bitum
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CORRELATION OF MAGNETOSTRATIGRAPHIC SCALES AND PALEOMAGNETIC
CHARACTERISTICS OF TRIASSIC DEPOSITS IN THE NAKHCHIVAN
AUTONOMOUS REPUBLIC (AZERBAIJAN, PRELIMINARY DATA)

Bagirova A.A.
Ministry of Sciences and Education of the Republic of Azerbaijan,
“Institute of Geology” Public Legal Entity (PLE), Azerbaijan
119, H. Javid Ave., Baku, AZ1073: arzu-bagirova2013@yandex.ru

Summary. This article presents the results of investigations of the Mesozoic (Triassic) sedimentary deposits in the
Nakhchivan Autonomous Republic, focusing on the horizontal movements of the Earth's crust and approaches to resolv-
ing related tectonic problems. Paleomagnetic investigations were carried out on the Akhura and Tananam stratigraphic
sections, where Triassic sedimentary rocks were studied in detail. Based on the paleomagnetic data, the kinematic pa-
rameters of tectonic blocks and their horizontal displacements were determined. Similar results were obtained from the
characterization of lithological components: clays and fine-grained sandstones exhibit the highest magnetic stability,
coarse-grained rocks display metastable magnetic behavior, whereas coarse-grained sandstones, dolomites, and related
lithologies are characterized by unstable magnetic properties.

During the magnetic cleaning (demagnetization) process, the stable components of remanent magnetization were
isolated. On average, their directions coincide with the magnetization directions determined by the fold test. The inves-
tigated sections exhibit a regular alternation of rocks with normal and reversed magnetic polarity. Following thermal
and stepwise demagnetization, rocks with both normal and reversed magnetization from the Akhura and Tananam sec-
tions yielded the same characteristic magnetization direction. This demonstrates the synchronicity of the natural rema-
nent magnetization (Jn) and confirms the absence of the secondary magnetization components after demagnetization.

The objectives of this study were to investigate the paleomagnetic properties of the Triassic sedimentary rocks ex-
posed within the Nakhchivan Autonomous Republic; to determine the position of the Earth's northern geomagnetic pole
during the Triassic; to evaluate the horizontal displacements and rotational parameters of tectonic blocks; and to recon-
struct the regional geological evolution and paleotectonic development based on paleomagnetic evidence.

The significance of the present paleomagnetic investigation lies in the fact that paleomagnetic methods provide the
only quantitative approach for reconstructing paleotectonic settings and assessing the relative rotations of different geo-
logical structures.

This study represents the first comprehensive paleomagnetic investigation conducted in the Nakhchivan region
(39.5°N, 45.3°E), in which paleomagnetic directions of the Triassic sedimentary rocks were determined using complete
demagnetization procedures and Principal Component Analysis (PCA). Nevertheless, the results obtained from the Na-
khchivan region are in close agreement with previously published paleomagnetic data from neighboring regions and
stratigraphically equivalent Triassic sections, confirming the regional consistency and reliability of the obtained paleo-
magnetic dataset.

Keywords: Magnetic susceptibility, stratigraphic division, geological-geophysical analysis, Tananam sections, Trias
epoch

© 2026 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

The territory of the Nakhchivan Autono-
mous Republic, an integral part of the Republic
of Azerbaijan, is distinguished by its complex
geological-tectonic structure and a geological
section spanning a wide stratigraphic range
from the Devonian to the Holocene (Fig. 1).

Tectonically, the geological structure of the
sedimentary cover is not homogeneous; it is
characterized by the complex interrelationships

of the following structural units (tectonic zones)
that differ in lithological-stratigraphic sections,
deformation features, and geological history: 1.
Sharur-Julfa Uplift Zone; 2. Ordubad Trough
Zone; 3. Zangezur Uplift Zone; 4. Nakhchivan
Superimposed Basin (Babayev et al., 2016).
These zones differ from one another in the com-
position of their geological formations, the nature
of tectonic deformations, age, and thickness; they
are, in turn, composed of tectonic blocks of vari-
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ous sizes bounded by deep faults. The studied
area belongs to the Sharur-Julfa Uplift Zone.

Lower Triassic: Characterized by Xenodis-
cus and Paratirolites; Goniatites adichianus
(Moll) is present at the basal part.

Middle Triassic: Tabular limestones (Mus-
chelkalk) with various greyish-green and pink-
ish shades containing gastropod and lamelli-
branch (bivalve mollusk) fossils.

Upper Triassic: A thick sequence of cav-
ernous dolomite devoid of faunal remains. The
observed thickness of the Triassic limestone se-
guence exceeds 1.5 km.

Geology of the studied area

The Nakhchivan Autonomous Republic
(NAR) area consists of sediments from the
Paleozoic, Mesozoic, Tertiary, and the Quater-
nary periods. The geological cross-section (from
bottom to top) is shown in Fig. 1.

The Oldest Rocks: The oldest rocks are
represented by alternating layers of medium-
and thin-bedded gray and black limestones, mi-
ca-bearing intermediate layers, quartzites, and
schists. The characteristic fauna of the Middle

and Upper Devonian periods has been discov-
ered in the limestones and, to some extent, in
the sandstones and schists. The visible thickness
of this layer exceeds 1 km.

Carboniferous Rocks: A thick sequence of
dark gray, medium- and thick-bedded lime-
stones containing Carboniferous fauna lies di-
rectly on top of the alternating sequence of De-
vonian rocks mentioned above.

Permian Rocks: The Carboniferous lime-
stones transition into reddish-colored limestones
with Permian fauna, followed by a sequence of
thin limestones (local marls and sandstones).

Triassic Rocks: At higher elevations, the
Permian limestones give way to reddish-gray,
partially dolomitic, medium-bedded Triassic
limestone sequences.

The Triassic period is primarily developed in
the southeastern part of the middle stream of the
Eastern Arpachay River, within the upper and
middle stream basins of the left tributary, Akhura-
chay (Gabakhlychay). Outside the Eastern Arpa-
chay Basin, the Triassic period is widespread in
the Jahrichay region (Subus mountain range) and,
finally, in the Julfa depression (Fig. 1).

Fig. 1. Geological map of Nakhchivan and the locations of paleomagnetic sampling sites along the Tananam and

Akhura sections
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Stratigraphy of the Studied Area

The stratotype is located to the northeast of
Tananam village, while the parastratotype is
situated in the Nehram depression (Ismail-Zade
et al., 2005). To the northwest, the major expo-
sures are widespread around the Gabaglychay
and Jahrichay basins, in the areas of Chalkhan-
gala, Garabaghlar, Tananam, Akhura, and Ha-
vush villages. Additionally, it forms the sum-
mits and slopes of the Daralayaz mountain
range, including the peaks of Ardaghy, Hinada-
li, Remlar, Garavultapa, Anabad-Gadik, Gara-
qush, and Bazakli mountains. Smaller expo-
sures are observed at the source of the Liz-
birtchay and the upper reaches of the Kichik
Davaolandara stream (the south of Ardych
Mountain). It also participates in the geological
cross-section of the northeastern wing of the
eponymous rise in the Julfa depression in the
southeast.

The area is represented by gray to dark
gray dolomites and dolomitic limestones. The
lower and middle Triassic deposits are trans-
gressively deposited, with their weathered top
sections unconformably covered by various
Jurassic and Cretaceous layers. The discovery

of rare fauna remains at the base of the cross-
section allows the upper Triassic deposits to be
classified accordingly.

The dolomites are characterized by gray
color, medium- to thick-bedded cavernous
structures with cracks, which rest unconforma-
bly on the rock formations of the Ardaghy lay-
er. Their thickness is around 30 meters
(Rustamov, 2023).

The Upper Triassic dolomites, which are
gray in color and have medium- to thick-
bedded cavernous structures, unconformably
rest on the rocks of the Ardaghy layer. The to-
tal thickness of the cross-section is 600 meters
(the Upper Triassic) (Fig. 2).

The Middle Triassic Layer Sequence:
Dark gray, thick-bedded, silicified and iron-
rich brecciated dolomites with a thickness of
35 meters. The total thickness is 224 meters.

The Lower Triassic Layer Sequence:
The layer consists of gray conglomeratic lime-
stones, thick-bedded marly limestones, clayey
limestones, thin-bedded laminated limestones,
and thin-layered fucoid-bearing limestones.
The total thickness is 346 meters.

Fig. 2. Dolomites of the Upper Triassic Tananam Formation
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Based on the data from E.A.Molostovski on
the South Ural and the central part of the East-
ern European Platform, a regional magnetostrat-
igraphic table for the Lower Triassic was pre-
pared (Bazhenova, 1983). The most up-to-date
version of the regional magnetostratigraphic ta-
ble for the Permian and Triassic periods of the
Eastern European Platform has been presented
by summarizing the works of the aforemen-
tioned researchers (Molostovski, 1985). How-
ever, most of the data used in its preparation
were obtained and verified without meeting the
requirements of magnetostratigraphy (Krasa et
al., 2007).

Thus, obtaining new paleomagnetic data for
the Perm-Triassic boundary interval of the Rus-
sian Platform is an urgent task for refining and
detailing the regional magnetostratigraphic table
and the GPTS (Geologic Time Scale). The study
area is located in the western part of the Na-
khchivan Autonomous Republic, around the Sha-
rur plain, and includes the villages of Tananam,
Nehram, and Akhura. The region has undergone
significant deformation due to the Aip orogeny.
Given its proximity to an active tectonic zone,
weak seismicity is also possible (Fig. 5).

The Upper Triassic section is represented by
the Tananam layer formation, a carbonate facies
with a maximum thickness of 800 meters, and it
is found in the geological structure of the Au-
tonomous Republic, along with the Lower (Car-
nian) and Middle Norian stages. The rocks of
the Carnian stage constitute the main part of the
sequence, while the upper part of the cross-
section belongs to the Norian stage. The area is
tectonically active and rich in faults.

Methodology

The article is focused on the study of the ge-
ological structure, formation conditions, and
paleotectonic characteristics of Triassic period
sedimentary rocks and dolomites in the Na-
khchivan region. In the laboratory, samples were
subjected to petrographic analysis to study their
mineral composition, magnetic susceptibility,
and textural and structural characteristics through
optical microscopy (Bagirova, Rzayev, 2018).

Geochemical analysis methods were used to
determine the chemical composition of the car-
bonate rocks. In the Dynamic Geology Labora-
tory, demagnetization measurements of rock
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samples were performed using the LDA-5 De-
magnetizer, employing alternating and direct
magnetic fields.

The remanent magnetization of rock sam-
ples, particularly those with strong magnetic
properties, was determined using the JR-6A
spinner magnetometer. In addition, the phase
and amplitude of the induced electromotive
force (EMF) in the samples were measured us-
ing this instrument.

Rock samples were also subjected to ther-
mal demagnetization using the TD-48-SC ther-
mal demagnetization furnace, which operates
over a temperature range of 25-800°C.

Magnetic susceptibility was measured in the
selected samples, and stepwise thermal and al-
ternating magnetic field cleaning methods were
applied to separate the initial magnetization
components within the framework of the pale-
omagnetic studies. Based on the obtained re-
sults, the possible horizontal movements of geo-
logical blocks during the Triassic period and the
influence of rifting regimes were assessed
(Khramov, Sholpo, 1967).

Structural-Geological Analysis: Faults,
anticline and syncline structures, as well as tec-
tonic elements related to the rift zone were stud-
ied. In particular, the positioning of peridotite
intrusions observed in the dolomite layers and
their tectonic relationships were analyzed.

All the obtained data were comprehensively
summarized, leading to the conclusion that the
dolomites in the Nakhchivan region formed in
riftogenic-sedimentary conditions during the
Triassic period, involving mantle-derived mag-
nesium-carbonate thermal waters.

Paleomagnetic Analysis

Magnetic susceptibility was measured in se-
lected samples, and stepwise thermal and alter-
nating magnetic field cleaning methods were ap-
plied to separate the initial magnetization com-
ponents within the framework of paleomagnetic
studies. Based on the obtained results, the possi-
ble horizontal movements of geological blocks
during the Triassic period and the influence of
the rift regime were assessed (Khalafly, 2007).

For paleomagnetic research, materials
were collected from Mesozoic-aged sedimen-
tary rocks from three cross-sections in Na-
khchivan. This paleopole position is in fairly
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good agreement with the mean Triassic pole
position of the Turan Plate (149°E longitude;
49°N latitude). Additionally, a Triassic pal-
aeogeographic reconstruction of Iran, Arabia
(Gondwana), and the Turan Plate (Eurasia) is
also presented (Soffel et al., 1996). To isolate

the characteristic remanent magnetization,
both alternating and stable magnetic fields, as
well as temperature demagnetization proce-
dures, were used for detailed paleomagnetic
analysis. The following results were obtained
(Kodama, 2012) (Fig. 3.3).

Table 1

Primary paleomagnetic directions and paleomagnetic poles of the Trias rocks of Nakhchivan, Ty in (Induan)
T1ol (Olenekian) Tzan (Anisian) T, Id (Ladinian) T ca (Carnian) T3 no (Norian) number of samples,
D — Declination, Inc — Inclination, K = Fisher K, aq5 = virtual geomagnetic pole (VGP) 95% cone of confidence

Spesimen (03 A Dec Inc R K | ags [0} A | 01| O Rot
Tiin 39.84 45.33 238 39 | 209 | 10 | 10 21 | 282 | 11| 3 | CCW58
Tiol 39.502 | 45.334 | 1929 | 85 20 | 21 7 -40 [ 908 | 8 | 11 | CCW 40
Tzan 39.503 | 45.197 207 | 201 | 31 9 10 -34 | 192 | 10| 5 | CCW 37
T2 1d 39.504 | 45.196 210 |7.02 | 31 9 10 | -389 | 18 | 10| 5 | CCW 30
Tsca 39.504 | 45.195 139 (138 | 20 | 21 | 138 | -30 | 274 | 10| 5 | CCw 41
Tsno 39.500 | 45.192 148 (273 | 21 | 21| 10 -40 | 269 | 10 | 5 | CCW 42

Induan: In between 3-7.9
Olenekian: In between 1-4.9
Anisian: In between 1-2.4
Ladinian: In between 1-3.16
Carnian: In between 2-9.3
Norian: In between 1.5-4.75

counterclockwise-CCW
Geodynamic Interpretation
Fisher Mean: Dec = 189.7°

I (Inclination): 15.1°

ags (Confidence Interval): 8.5°
k (Concentration Parameter): 18

This data indicates that Nakhchivan was situated in an equatorial-subtropical position along

the northern margin of the Tethys Ocean.
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Fig. 3. Stereographic Trajectory of Movement for Sample No. 16 in the Tananam section
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In the Tananam Gross-section, the direction gram — shows the directional changes of the vectors
during step-by-step demagnetization of sample No. during demagnetization (both in the horizontal and
16 is shown. The (D, J) projections are presented vertical planes).

(Fig. 2). In the top-right corner — Zijderveld Dia-
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Fig. 4. Paleomagnetic Scale of Triassic-aged Sedimentary Rocks in the Tananam Cross-section

To the north of the Akhura village, the Low-
er Triassic sediments participate in a small syn-
clinal fold structure and extend in a narrow strip
towards the Kyurdkend area. Here, the Lower
Triassic is deposited on the Upper Permian sedi-
ments and, in some places; it is associated with
either the Upper Tabasaran or with the Upper
Permian directly. To the north of the Akhura vil-
lage, the Lower Triassic sediments again partici-
pate in a small synclinal fold structure and extend
in a narrow strip towards the Kyurdkend area.

To the north of Akhura village, the Lower
Triassic sediments participate in a small syncli-
nal fold structure and extend in a narrow strip
towards the Kyurdkend area. Here, the Lower
Triassic rests on the Upper Permian sediments
and, in places; it is associated with either the
Upper Tabasaran or Upper Permian. To the
north of the Akhura village, the Lower Triassic
sediments again participate in a small synclinal
fold structure and extend in a narrow strip to-
wards the Kyurdkend area.
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Fig. 5. Correlation of the Triassic-aged Cross-sections
Discussion tions presented for those cross-sections (Fig. 3).

Thermal Cleaning Gives Similar Results

The majority of the studied samples demon-
strate very simple demagnetization behavior. In
some of them, a two-component magnetization
is observed. However, in most cases, after the
unstable part of the magnetization is removed
by heating to 100-150°C, only one component
remains (Fig. 3.1). This component corresponds
to the high-temperature component observed in
the two-component samples. It decreases to-
wards the starting point in orthogonal diagrams
and represents the characteristic remanent mag-
netization (ChRM) in both cases. The maximum
blocking temperature of these ChRMs varies
depending on the contacts. In samples taken
from the Tananam and Akhura cross-sections,
the maximum blocking temperature is typically
around 600-640°C (Fig. 5), while in samples
from the Tananam cross-section, ChRM disap-
pears entirely only around 660-670°C (Fig. 3.2).
Based on the maximum blocking temperature
values, it can be said that the primary remanent
magnetization carrier in the studied rocks is
magnetite, which has been oxidized to various
degrees. In all of the studied contacts, the aver-
age direction of ChRM is characterized by posi-
tive inclination and north-northeast declination
(Table 1). The average direction obtained in the
article for the Tananam—Akhura cross-sections
aligns very well with the paleomagnetic direc-
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Since the bedding corrections applied for differ-
ent outcrops were not significantly different, a
reliable “fold test” could not be conducted.
Therefore, results obtained by Nguen and
Pecherski for the Triassic-aged rocks in neigh-
boring areas are referenced. These results are
almost identical to our paleomagnetic directions
and confirm the Triassic age of the ChRMs iso-
lated in the Tananam and Akhura cross-sections.

The average direction of ChRM obtained
from the Central Iran zones does not statistically
differ from the data we acquired. These direc-
tions significantly differ from both normal and
reverse directions, and do not reflect the actual
direction of the ancient geomagnetic field (Salehi
et al., 2026). The similar directions of the outer
values can be partially explained by the fact that
at least five of them were taken from consecutive
layers along the cross-section and were likely
formed within a short time interval. The primary
origin of the ChRM isolated in the Tananam,
Akhura, and Central Iran cross-sections indicates
that these rocks are suitable for paleointensity
studies (Table 1). The double heating process
was conducted in at least 16 stages, up to 650°C
(Fig. 4). After each stage, TRM checks and mag-
netic susceptibility measurements were conduct-
ed. For each sample in paleointensity determina-
tion, 2.5 cm-sized two to four cubic samples
were used. Some of the samples were heated in a
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furnace with a residual magnetic field of less
than 50 nT and processed in a device (LDA-5)
that measures both stable and variable magnetic
fields (Molostovski, 1985).

The Induan period (252-249 Ma years)
forms the beginning of the Triassic period. And
from a paleomagnetic point of view, it is con-
sidered one of the most complex stages in the
history of the Earth.

D=238° Inc=39° K=10

R =-58° counterclockwise

Olenekian period (249-245 Ma) Tananam
section:

D=19209°

R =-40°

The Nakhchivan block was rotated in the
counter-clockwise direction during this period.

Anisian period (Middle Triassic) (245-
237 Ma) Paleomagnetic materials for the con-
sist mainly of reddish carbonate and terrigenous
sediments.

D =207°

R=-37°

Ladinian (Middle Triassic) (237-228 Ma)

During the Ladinian period of the studied
Tananam section:

D=210° Inc=7.02° K=9 oag=10°

R =-30° (turned counter clockwise).

o5 = 10°

Inc=8.5° K=21 oag=7°

Inc=20.1° K=21 og=9.8°

Carnian period (Upper Triassic) (228-216
Ma)

Dor.=139° Inc=13.8° K=9 oag5=13.8°

For the Norian floor, the Eurasian ARWP
Dref = 300 is adopted.

Norian period (Upper Triassic) (216-203
Ma)

D =148° Inc=2.73°

R = Dobs-Dref

R =42°

Nakhchivan-Iranian microblocks were mov-
ing tectonically. It is widely used in regional
studies between 30-90°.

The result we received corresponds to this
regional model.

K=21 ag=10°

Results

This study is the first work conducted in the
Nakhchivan region, at latitude of 39.5°N and
45.3°N, where paleomagnetic directions of the
Triassic-aged sedimentary rocks have been ob-
tained using complete demagnetization and
principal component analysis (PCA) (Fig. 5).
Nevertheless, the results from the Nakhchivan
region show a high degree of agreement with
neighboring regions and previous studies con-
ducted on cross-sections of the same age.
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KOPPEJIALUSA MATHUTOCTPATUTPAOUYECKHUX IIKAJI U TAJIEOMAT'HUTHASA
XAPAKTEPUCTUKA TPHACOBBIX OTJIO)KEHUIA HAXUBIBAHCKOM
ABTOHOMHOMU PECIIYBJIMKU (ABEPBAUI’KAH, IIEPBBIE JIAHHBIE)

Baruposa A.A.
Munucmepcmeo nayku u obpazosanusn Azepoaiiosrcanckoil Pecnybauku,
“Uncmumym 2eonozuu” Ilybnuunoe ropuduueckoe auyo, Azepoaiiorcan
AZ1073, Baxy, npocn. I. [lncasuoa, 119: arzu-bagirova2013@yandex.ru

Pe3tome. B cTatbe npeAcTaBIeHbl PE3yIbTaThl HCCIEIOBAHUSA ME3030HCKHUX (TPUACOBBIX) OCAAOUYHBIX OTJIOKEHUH Ha
Tepputopun HaxubiBaHckoii ABTOHOMHOM PecrtyOinKy, NOCBSIEHHBIE H3YUYEHHIO TOPU3OHTAIBHBIX JBIKCHUI 36MHOMN
KOPBI U PEKOHCTPYKIUH, CBSI3aHHBIX C HUMM TEKTOHHUYECKHUX TpoleccoB. [laneomMarHuTHeIe Hccae0BaHUsA ObLIH MPO-
Be/IeHbI Ha cTparurpaduueckux paspeszax Axypa u TaHaHam, rjie JeTaIbHO M3yYEHBI TPHACOBBIE 0CALO0YHBIE MOPOJIBL.
Ha ocHOBe naneoMarHuTHBIX TaHHBIX OBUIN ONpe/IeNeHbl KHHEMAaTHUECKHE TTapaMeTpbl TEKTOHMYECKHUX OJIOKOB U BEJIH-
YHHBI UX TOPU3OHTAIBHBIX IIepeMEeLIeHNH. AHANIN3 JTUTOJIOTHYECKUX KOMIIOHEHTOB M0KAa3aJjl, YTO TIIMHBI U MEJIKO3EpHU-
CTBIE TIECYAHNKH XapaKTepHU3yIOTCsl Hanbosee yCTOWYNBONH OCTATOYHON HAMarHUYEHHOCTBIO, KPYITHO3EPHUCTHIE ITOPO-
Ip1 00JIaIal0T MeTacTaOWIBHBIME MarHUTHBIMH CBOIMCTBaMHM, TOTJa KaK KPYIHO3EPHHUCTHIC ITECUYAHWKH, TOJOMHUTHI U
JpYyTUE TUTOJIOTHYECKNE PA3HOBUIHOCTH OTIMYAIOTCS HEYCTONYMBBIM MarHUTHBIM ITOBEACHUEM.

B mponecce MarHUTHOW OYHCTKH (pa3sMarHMYMBAaHWS) OBUIM BBIAEIEHBI YCTOWYHMBBIE KOMIIOHEHTHI OCTATOYHOMH
HAaMarHMYeHHOCTHU. B cpenHeM MX HallpaBJIEHUs COBNAAAIOT C HAIIPABJICHUSIMU HAMarHUYEHHOCTH, YCTaHOBICHHBIMU
¢ momoikio Tecta cknaguaroctu (fold test). B ncciaenoBaHHBIX pa3pe3ax HaOIOJACTCsI 3aKOHOMEPHOE YepeI0BaHUE
MOPOJ C HOPMAJIBHON U 00PATHOW MarHUTHOH MOJSIPHOCTHIO. [locie TepMUUECKOM M MO3TAMHONH MAarHUTHON OYHUCTKU
00pa3ipl, Kak ¢ HOpMaJbHOM, TaKk U ¢ 00paTHOW MOJSIPHOCTBIO U3 pa3pe3oB Axypa u TaHaHam mpuoOpenu exuHoe
XapaKTepUCTHUECKOE HANpaBlIeHHE HAMarHUYEHHOCTH. JTO CBHAETENBCTBYET O CHHXPOHHOCTH €CTECTBEHHOM OCTa-
TOYHOM HaMarHU4EeHHOCTH (Jn) M MOATBEPKIAaeT OTCYTCTBHE BTOPUYHBIX KOMIIOHEHTOB HaMarHWYEHHOCTH IIOCIHE
pa3MarHMYMBaHUs.

ensiMu HACTOSILErO UCCIEAOBAHMS ABIIAINCH U3yUYEHHE MAJEOMArHUTHBIX CBOIMCTB TPHACOBBIX OCAJOYHBIX IO-
pol, pacnpocTpaHEHHBIX Ha TeppuTopun HaxupiBaHCcKOH ABTOHOMHON PecmyOnuku; ompezencHHe MOJOXEHUS ce-
BEPHOT0 T€OMAarHUTHOIO IOJI0ca 3€MIIM B TPUACOBBIN MEPUOJ; OLIEHKAa TOPH30HTANBHBIX EPEMELICHUN 1 MapaMeT-
POB BpallleHUs TEKTOHHYECKUX OJIOKOB; a TAaKXKe PEKOHCTPYKIHS I'€0JIOTUYECKOH HBOJIOIMU PErHOHa M €ro Iajeo-
TEKTOHHUYECKOI'0 Pa3BUTHUS Ha OCHOBE MaJEOMAarHUTHBIX AaHHBIX. HayuyHas 3HAUMMOCTB HACTOSILErO UCCIEJOBAHUS
3aKJII0OYAeTCsl B TOM, YTO MAaJ€OMAarHUTHBIE METOJBI SBISIOTCA €IUHCTBEHHBIM KOIHMYECTBEHHBIM HHCTPYMEHTOM,
MTO3BOJIIONINM PEKOHCTPYHPOBATh MaJeOTEKTOHNYECKYI0 OOCTAaHOBKY M OIICHMBATh OTHOCHTEIbHBIC BPALICHUS pa3-
JIUYHBIX F€0JIOTHYECKUX CTPYKTYP.

Hacrosmas pabora mpencrtaBisieT co00i mepBoe KOMIUIEKCHOE MaJeoOMarHUTHOE HCCIIeIOBAHME, BBHINIOJHEHHOE B
HaxusiBanckom peruone (39,5° c.mr., 45,3° B.j1.), B KOTOPOM TMaJ€OMarHUTHBIE HANPaBIEHUS TPUACOBBIX OCAJIOYHBIX
opoJi OBUIM OTpENeNeHbl ¢ MCHOJIb30BAHMEM IIONHOTO pa3MarHWYMBAaHUS M METO/AA aHaJN3a TJIABHBIX KOMIIOHEHT
(Principal Component Analysis, PCA). Ilony4eHHble pe3yibTaThl XOPOILIO COTJIACYIOTCSI C paHee OIyOJIMKOBAHHBIMH
MaJIEOMarHUTHBIMU JIAHHBIMU M3 COCEAHUX PETHOHOB M CTPAaTUTPa(UUecKd COMOCTaBUMBIX TPUACOBBIX Pa3pe3oB, UTO
MOJITBEPKIAET PETUOHANBHYIO COTIIACOBAHHOCTD M HAAEKHOCTD MTOJyYEHHOTO NAJIEOMArHUTHOTO MaTepHaa.

Kniouegvie cnosa: macHumuas 60CHpUUMHUBOCb, CMpamuzpaguueckoe deneHue, 2e01020-2e0u3udeckKul ananus,
paspesvl Tananam, mpuacogwiii nepuoo

NAXCIVAN MUXTAR RESPUBLIKASININ TRIAS COKUNTULORININ MAQNITOSTRATIQRAFIK
SKALALARININ KORRELYASIYASI VO PALEOMAQNIT XARAKTERISTIKASI
(AZBRBAYCAN, iLKIN MOLUMATLAR)

Bagirova A.9.
Azarbaycan Respublikast Eim va Tahsil Nazirliyi,
“Geologiya Institutu” Publik Hiiquqi Saxsi (PHS), Azarbaycan
AZ1073, Baki, H. Cavid pr., 119: arzu-bagirova2013@yandex.ru

Xiilasa. Mogalods Naxgivan Muxtar Respublikasi arazisinds Mezozoy (Trias) ¢okiintiilorinin dyranilmasinin natica-
lori, yer qabiginin horizontal harokatlari vo problemin halli yollar: tagdim olunur. Axura va Tananam Kkasilislarinda
paleomaqnit todqigatlar1 aparilmis vo Trias ¢Okiintiilori 6yronilmisdir. Paleomagnit molumatlar1 osasinda ilkin olaraq
bloklarin kinematik parametrlori vo onlarin horizontal yerdoyismolori miioyyan edilmisdir. Oxsar noticalor kompo-
nentlorin xarakteristikasi zamani da aldo olunmusdur: gillor vo xirdadonali qumdaslar1 daha stabil, iri donali siixurlar
metastabil, iri donali qumdaslari, dolomitlor va s. iso geyri-sabitdir.

Magnit tamizlonmasi prosesinds magnitlonmonin sabit komponentlori ayrilir. Orta hesabla onlarmn istiqgamoti kosik
tisulu ilo miioyyan edilon magnitlonms istigamati ilo {st-iisto diisiir. Kosilislordo diiz vo tors magnitlonmays malik
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stixurlarin miintozom névbalogmasi miisahido olunur. Zaman vo temperatur {izro tomizlonmodon, hamginin marhalali
maqnit tamizlonmasindon sonra Axura vo Tonanom kasiliglorinds ham diiz, ham do tors magnitlonmays malik siixurlar
eyni istigamati alir. Bu, Jn-un sinxronlugunu va tomizlonmoadan sonra Jn-ds ikinci daracali magnitlonma komponent-
lorinin olmadigini gostarir.

Bu tadgigatin magsadi Nax¢ivan Muxtar Respublikasi orazisinds askar edilmis Trias ¢okiintii siixurlarinin paleo-
maqnit xiisusiyyatlorini dyranmak; bu geoloji dovrlordo Yerin simal geomaqnit qiitbiiniin movqeyini miayyanlos-
dirmoak; tektonik bloklarin {ifiiqi yerdayismolarini va firlanma parametrlorini giymotlondirmok; paleomagnit malumat-
lara asaslanaraq bolganin tokamiilii vo paleotektonik proseslarinin yenidon qurulmasi.

Apardigimiz paleomaqnit todgiqgatlarinin aktualligi vo shomiyyati ondan ibarotdir ki, yalniz bu iisul vasitasilo
paleotektonik goraiti miioyyon etmok vo miixtolif geoloji strukturlarin bir-birino nisboton firlanmasimi kemiyystco
giymatlondirmak miimkiindiir.

Bu tadqigat, tam demaqnitlosma (magqnisizlesdirma) va asas komponentlarin analizi (PCA) metodlarindan istifads
etmoklo Trias yash ¢okmao siixurlarin paleomaqnit istiqgamatlorinin oldo edildiyi, 39.5° simal enliyi vo 45.3° sorq uzun-
lugunda yerloson Naxgivan bdlgasindo aparilmis ilk igdir. Bununla belo, Naxgivan bolgasindon oldo olunan naticolor
gonsu regionlar va eyni yasl kasilislor lizorinds aparilmis avvalki tadqiqatlarla yiiksok deracads uygunluq toskil edir.

Agar sozlar: maqgnit hassashig, stratigrafik bolgii, geoloji-geofiziki analiz, Tonanam Kasilislori, Trias dévrii
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Summary. Safe management and disposal of hazardous waste is a critical environmental and public health priority
globally, and an urgent infrastructure need for Georgia. Despite ongoing industrial growth and environmental regulatory
approximation with European Union standards, Georgia currently lacks a modern, engineered, compliant facility dedi-
cated to hazardous waste landfilling. As a result, hazardous industrial byproducts are often stockpiled on-site in tempo-
rary storage facilities or in unlined municipal dumpsites, threatening regional water resources and public health.

This study presents a GIS-based multi-criteria evaluation for hazardous waste landfill site selection in Eastern Geor-
gia, focusing on the Marneuli, Gardabani, and Tetritskaro municipalities. A multi-layer spatial database was assembled
in a GIS environment, incorporating a 20-meter resolution Digital Elevation Model (DEM) and derived hillshade,
1:25,000 topographic map, 1:200,000 geological map, regional seismic hazard model, landslide and mudflow suscepti-
bility maps, hydrological networks, infrastructural layers, and cadastral property boundaries. Adopting the environmen-
tal criteria framework developed by the European Bank for Reconstruction and Development, candidate locations were
evaluated across 20 social, environmental, technical, and geological parameters. Each parameter was scored on an inte-
ger suitability scale from 1 to 5. Spatial screening identified 10 candidate locations. Aggregated multi-criteria scoring
revealed three primary candidate sites: Marneuli (73), Tsintskaro (71), and Former Military Site (65).

This research establishes an empirical, objective decision-support baseline to guide the development of Georgia's
first hazardous waste disposal facility, and outlines a comprehensive 6-phase GIS workflow for regional environmental
infrastructure planning.

Keywords: hazardous waste management, landfill site selection, Geographic Information Systems (GIS), Multi-
Criteria Decision Analysis (MCDA), Eastern Georgia, environmental planning

© 2026 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Rapid industrial expansion, urbanization,
and technological modernization have generat-
ed substantial volumes of solid and hazardous
waste globally (Kaza et al., 2018; Yatoo et al.,
2024). While solid waste predominantly com-
prises biodegradable matter, paper, plastics,

48

and inert debris, hazardous waste consists of
industrial byproducts, toxic chemical residues,
heavy metals, medical waste, and flammable,
corrosive, or ecotoxic compounds that pose se-
vere risks to public health and ecological equi-
librium (Singh, 2022). Mismanagement of such
wastes can lead to long-term environmental
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degradation, notably the contamination of sur-
face and groundwater resources through toxic
leachate percolation, soil salinization, and at-
mospheric emissions of volatile organic com-
pounds (Kareem et al., 2023).

In Georgia, the transition toward modern
environmental governance and industrial align-
ment with international standards has highlight-
ed hazardous waste management as a critical
national issue (Chikhradze et al., 2025). Georgia
generates diverse industrial, medical, and agri-
cultural chemical wastes, primarily concentrated
along the economic and industrial transport cor-
ridors encompassing Thilisi, Rustavi, and sur-
rounding municipalities (Buachidze et al., 2016;
Buachidze et al., 2021).

Despite substantial regulatory progress un-
der the European Union—Georgia association
agreement and the adoption of the national
Waste Management Code, Georgia does not
yet possess a single modern, engineered, com-
pliant facility dedicated to the disposal or long-
term containment of hazardous waste. As a
consequence of this infrastructure deficit, haz-
ardous industrial residues are frequently stored
within aging industrial premises. Moreover,
wastes are stockpiled in temporary on-site
holding units that lack adequate containment
safeguards (Le Pavic et al., 2026).

Establishing a hazardous waste landfill is
one of the most contentious and complex spatial
planning tasks in environmental engineering.
Landfill site selection requires balancing envi-
ronmental, hydrogeological, engineering, eco-
nomic, and socio-political constraints.

The integration of Geographic Information
Systems (GIS) with Multi-Criteria Decision
Analysis (MCDA) has become the gold stand-
ard (Vijay et al., 2005). GIS provides capabili-
ties to capture, store, analyze, manipulate, and
visually present disparate geospatial layers,
ranging from satellite remote sensing data, digi-
tal elevation models (DEM), and hydrological
streams to infrastructural networks and cadastral
layouts (Chalkias, Lasaridi, 2011). Furthermore,
MCDA techniques provide structured mathe-
matical and operational frameworks to weight
qualitative and quantitative decision parameters,
reconcile competing objectives, and rank spatial
alternatives (Gorsevski et al.,, 2012; Singh,
2019; Ali et al., 2023).

While international studies have frequently
coupled GIS with the Analytic Hierarchy Pro-
cess (AHP), Fuzzy AHP, Ordered Weighted
Averaging (OWA), and the Technique for Order
of Preference by Similarity to Ideal Solution
(TOPSIS) to allocate municipal solid waste
sites, hazardous waste landfill siting requires
specialized regulatory, engineering, and geo-
hazard considerations (Chang et al., 2008;
Wang et al., 2009; Nas et al., 2010; Khorsandi
et al., 2019; Elkhrachy et al., 2023).

This study presents a GIS-based multi-
criteria evaluation for hazardous waste landfill
siting in Eastern Georgia, focusing on Marneuli,
Gardabani, and Tetritskaro municipalities. Uti-
lizing the systematic environmental criteria
guidelines formulated by the European Bank for
Reconstruction and Development, this study in-
tegrates 20 social, environmental, technical, and
geological criteria across high-resolution spatial
datasets.

Through an objective scoring framework,
10 candidate locations (see Fig. 1) are screened
and ranked. The ultimate goal of this research is
to resolve the infrastructural deficit in Georgia's
hazardous waste sector by identifying geologi-
cally secure, environmentally robust, and social-
ly acceptable candidate locations for future fa-
cility development.

Materials and Methods

Study area description

The study area is located in Eastern Georgia
within the Kvemo Kartli region (see Table 1),
encompassing sections of the Marneuli, Gar-
dabani, and Tetritskaro municipalities, situated
directly south and southeast of Thilisi and adja-
cent to the industrial center of Rustavi. Geo-
graphically, this territory serves as a core logis-
tical, industrial, and agricultural center of the
South Caucasus.

The terrain ranges from flat alluvial plains
and low-elevation semi-arid plateaus along the
Mtkvari River basin to hilly terrain and struc-
tural cuestas formed by the foothills of the
Lesser Caucasus (Tielidze, 2019). The regional
climate is predominantly dry semi-arid to tem-
perate continental, characterized by hot sum-
mers, moderately cold winters, and mean annu-
al precipitation between 400 and 550 mm
(Keggenhoff et al., 2014).

49



A.Giorgadze et al. / Stratigraphy, petroleum sedimentology, geochemistry 2 /2026, 48-59; DOI: 10.35714/ggistrat20260200029

Tsintskaro

11 Kilometers

- laghiuja Dumpsit
R o e

1
1%
1
|
|

S

Fig. 1. Candidate sites on a 1:25,000 scale topographic map

The hydrographic network is controlled by
the Mtkvari River and its key regional tributar-
ies, including the Khrami and Algeti rivers,
alongside enclosed water bodies such as Lake
Kumisi. Groundwater configurations vary
across the study territory: shallow water tables
characterize the river floodplains, while deeper,
confined, and semi-confined aquifers underlie

the elevated structural plateaus, all these gener-
alized information about groundwater levels
were obtained from state hydrogeological maps.
Land use is divided between irrigated agricul-
tural farmlands, dry pastures, expanding subur-
ban agglomerations, transport infrastructure,
and heavy industrial installations in Rustavi.

Table 1

Coordinates of candidate sites (UTM -38N Zone)

X Coordinate Y Coordinate Location
498002 4608904 Gamarjveba
496697 4596234 Former Military Site
497595 4598289 laghluja
504354 4602529 Akhali Samgori-1
507911 4601769 Akhali Samgori-2
504094 4596407 Tazakendi
507314 4595547 Nagebi
471284 4599214 Tsintskaro
484819 4596234 Marneuli
490913 4595585 laghluja Dumpsite
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Regional geological, tectonic and

geohazard setting

As hazardous waste landfills require isola-
tion from the biosphere across multi-decadal
time horizons, the geological barrier represents
the single most important safety component.
The candidate territories are situated within the
Marneuli structural block, which belongs to the
weakly folded sedimentary cover of the Bolnisi
subzone within the Artvin-Bolnisi tectonic zone
of the Lesser Caucasus fold-and-thrust belt sys-
tem (Adamia et al., 2017; Alania et al., 2026).
Stratigraphically, the candidate sites sit atop two
primary sedimentary suites: 1. Lower Oligocene
Sakaraulo Stage (Nilsk): Dominated lithologi-
cally by thick molassic successions of arkosic
and greywacke sandstones intercalated with
thick layers of non-carbonate, jarosite-bearing,
and gypsiferous clays. These dense clay layers
exhibit low hydraulic conductivity and high clay
mineral contents, offering natural impermeable
containment properties. 2. Lower Miocene
Maeotian-Pontian Stages (N:°m-p): Comprising
thick clays and fine sandstones, occasionally
interbedded with polymictic conglomerates. The
dominant horizons provide natural attenuation
barriers that prohibit downward migration of
hazardous leachates (Gudjabidze et al., 1977).

Seismic hazards here are governed by the
ongoing deformation within the Arabia-Eurasia
convergence zone (Alania et al., 2018; Alania et
al., 2022). According to the probabilistic seis-
mic hazard and Peak Ground Acceleration
(PGA) mapping for Georgia (Onur et al., 2020),
the candidate locations fall within a uniform re-
gional seismic zone characterized by a PGA ref-
erence value of 0.24 g (with a 10% exceedance
probability in 50 years). Exogenous geological
hazards, specifically landslide and mudflow sus-
ceptibility, were evaluated using regional geo-
hazard inventories and topographic slope gradi-
ents. Hilly margins and dissected plateau slopes
in Kvemo Kartli display moderate-to-high sus-
ceptibility to gravitational mass movements,
whereas the low-gradient plateau surfaces and
alluvial terraces exhibit low susceptibility.

Geospatial data acquisition and processing
Primary and secondary spatial datasets were
processed using GIS software. A 1:25,000-scale
topographic map was used to extract administra-

tive boundaries, populated places, transport ax-
es, and spot elevations. Cadastral land-registry
polygons were integrated to identify public ver-
sus private land ownership boundaries and legal
land use categories. A 20-meter spatial resolu-
tion Digital Elevation Model (DEM) was used to
compute topographic surface metrics, including
terrain slope, topographic aspect, and a hillshade
model. These layers enabled the identification of
low-gradient terrain to minimize excavation vol-
umes and erosion risks. The 1:200,000 Geologi-
cal Map of Georgia (Gudjabidze et al., 1977) was
used to establish surface lithological units. Also,
rivers, secondary channels, natural lakes and
canals were mapped as polyline and polygon
layers. Spatial layers were assembled for air-
fields/aerodromes, archaeological and cultural
monuments, protected conservation territories
(e.g. the Gardabani Managed Reserve), rail-
ways, and road arteries, while distance buffers
of 500 meters were established around prelimi-
nary candidate locations to evaluate local isola-
tion margins (See Fig. 4).

Multi-criteria Decision Analysis (MCDA)

framework

The initial 10 candidate locations were em-
pirically identified and validated through exten-
sive field campaigns, including site assessments
conducted during the EBRD project in 2024. In
this study, the constraint and exclusion process
is directly embedded within the scoring matrix;
sites exhibiting critical environmental or tech-
nical deficiencies received minimum scores, ef-
fectively excluding them from final considera-
tion and isolating the top-scoring locations. The
model evaluates 20 discrete spatial parameters
grouped into three main categories: social, envi-
ronmental, and technical/geological (see Table
2). Candidate sites are assigned suitability rating
scores for each parameter on an integer scale
from 1to 5.

Score 1 (poor) means that conditions pose
severe environmental risks, direct social con-
flicts, or insurmountable technical barriers that
cannot be mitigated by standard engineering
practices. Score 2 (low suitability) represents
that conditions are highly unfavorable and
would require extensive engineering interven-
tions or complex reclassifications to meet min-
imum safety standards. Score 3 (moderate) is
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acceptable conditions but requires standard en-
gineering adjustments or mitigations. Score 4
(High) means favorable conditions that naturally
align with safety and operational requirements,
requiring minimal technological intervention,
while Score 5 (optimal) is the highest tier of
suitability, providing maximum natural envi-
ronmental containment, optimal logistical effi-
ciency, and zero social or legal conflicts.

Results and Discussion

The scoring results clear distinction be-
tween the top three (Marneuli, Tsintskaro, For-
mer Military Base) candidate sites (scores 65-
73), while the remaining candidate locations
scored 51-64. Akhali Samgori-2 (51 points),
Akhali Samgori-1 (56 points), and Tazakendi
(63 points) scored poorly across hydrogeologi-

cal criteria. These locations are underlain by
shallow water tables, lie close to drainage chan-
nels, and feature Quaternary alluvial gravels at
the surface rather than impermeable bedrock.
These conditions increase the vulnerability of
regional aquifers to leachate migration. Nagebi
(55 points) suffered from private landowner-
ship, inadequate area, irregular boundary geom-
etry, and shallow groundwater conditions.
Gamarjveba (56 points) showed limited contig-
uous area, close proximity to suburban devel-
opment corridors, and surface exposures of al-
luvial formations. laghluja Dumpsite (64 points)
and laghluja Plateau (60 points) provide imper-
meable soils, but scored lower due to poor road
access, uneven morphology, complex local to-
pography, and existing dumping operations.

Table 2

Multi-criteria evaluation parameters template for the candidate sites

Basis of value selection (Score)

Parameters
3

Type of access road Track Minor road Main road
Distance to main road >10 km 2-10 km <2 km
Distance to railway sidings >5 km 2-5 km <2 km
Railway sidings on site No Possibly Yes
Distance to power supply >1 km 0.5-1 km <500 m
Use of site by local population Often Moderate No
Depth to aquifer <10 m 10-50 m >50m
Distance to nearest surface water <500 m 0.5-1km >1 km
Main ownership of land Private State Owned
Current activities on site Active Possibly No
Existing facilities on site No Some Yes
Size (minimum 20 Ha) Small Adequate Large
Topography Steep Moderate Level
Landform Uneven Rough Flat
Shape (length to breadth ratio) Irregular >3 1-2
Geological strata at surface Alluvium Rock Clay
Chemically aggressive minerals High Moderate Low
Susceptibility to flooding and erosion High Moderate Low
Mineral resources on site Definite Possible No
Mineral reserves permitted Definite Possible No
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PHASE 1: Problem Definition & Criteria Selection

Social Factors
Access, Transport, Land Use

Environmental Factors
Aquifer Depth, Surface Water

Technical & Geological
Size, Slope, Lithology, Hazards

PHASE 2: Spatial Data Acquisition & Processing

PHASE 3: Integration of Field Data & Scoring Criteria

Criteria Scoring

PHASE 5: Spatial Overlay & Site Evaluation

PHASE 4: Multi-

PHASE 6: Ranking & Final Validation

Rank I: Marneuli
Score: 73

Rank II: Tsintskaro
Score: 71

Rank Ill: Former Military Site
Score: 65

Fig. 2. A 6-phase GIS workflow for hazardous waste landfill siting

In this assessment, an unweighted linear ad-
ditive scoring model was utilized, assigning
equal mathematical weight to all 20 social, envi-
ronmental, and technical parameters. Each crite-
rion was scored strictly on a 1 to 5 scale, yield-
ing a maximum theoretical site score of 100
(See Fig. 3). This unweighted approach was
adopted to establish a transparent, objective
screening baseline and to eliminate the subjec-
tive biases often associated with expert-assigned
weighting frameworks. Consequently, the final
rankings exhibit narrow numerical margins, par-
ticularly between the top-tier locations:
Marneuli (73 points) and Tsintskaro (71 points).

Because of these small score differences,
the specific ranking order of the top candidate
sites is highly sensitive to minor parameter fluc-
tuations; a 1- or 2-point adjustment in a second-
ary logistical parameter (such as access road
quality or proximity to power supplies) could

alter the sequential ranking of the top two sites.
However, despite this mathematical sensitivity
at the top of the ranking, the overall screening
result remains appropriate. The clear separation
between the top three candidate sites (65-73
points) and the lower-tier sites (51-64 points) is
driven consistently by critical, high-impact en-
vironmental parameters. Sites that scored low
were ultimately constrained by fundamental hy-
drogeological factors - such as shallow aquifers
(<10 m) and permeable alluvial geology, which
cannot be easily mitigated by engineering inter-
ventions. Therefore, while the precise 1st, 2nd,
and 3rd place rankings may shift based on fu-
ture detailed weighting, these three sites are de-
finitively validated as the most secure locations
for subsequent on-site geotechnical characteri-
zation and Environmental and Social Impact
Assessments (ESIAS).
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Akh. Akh.
Tazakendi laghluja Samgori-1 Gamarjveba MNagebi Samgori-2
5 2 3 3 4 3
5 4 4 4 5 4
4 1 3 3 4 2
1 1 1 1 1 1
4 3 4 4 4 4
3 3 4 4 3 3
1 3 2 2 1 1
1 4 1 1 1 1
3 3 1 3 0 1
3 3 3 3 3 3
1 1 1 1 1 1
4 5 5 3 0 2
4 3 3 3 4 3
4 2 2 2 2 3
4 2 3 4 0 3
1 4 1 1 4 1
3 3 3 3 3 3
4 3 4 3 3 4
4 5 4 4 5 4
4 5 4 4 5 4
63 60 56 56 55 51

Fig. 3. Full multi-criteria scoring matrix for all candidate locations

Evaluated Former laghluja
Parameter Marneuli Tsintskare  Military Dumpsite
1. Access road type 3 3 1 2
2. Dist. to main road 4 4 3 3
3. Dist. to rail sidings 3 3 1 1
4. Rail sidings on site 1 1 1 1
5. Dist. to power 4 4 3 4
supply
6. Site use by 5 3 3 2
population
7. Depth to aquifer 3 3 3 3
8. Dist. to surface 2 4 2 2
water
9. Land ownership 5 3 3 5
10. Current site
activities 4 4 2 2
11. Existing facilities 1 1 3 1
12. Size (= 20 ha) 3 5 5 3
13. Topography 3 5 4 4
(Slope)
14. Geomorphology 3 4 4 4
15. Geometric shape 4 4 4 4
16, Surface geclogy 4 3 4 4
1?:. Aggressive 3 3 3 3
minerals
1.8. Flood/erosion 1 5 3 2
risk
19. Mineral resources 5 5 5 5
20. Permitted 5 5 5 5
reserves
Total Aggregated
S 73 71 65 64

Score

Conclusion

Our study applied a GIS-based multicriteria
evaluation framework (See Fig. 2) to select suit-
able landfill sites for hazardous waste disposal
in Eastern Georgia, focusing on the Marneuli,
Gardabani, and Tetritskaro municipalities. As
mentioned above, by integrating 20 social, envi-
ronmental, technical, and geological criteria
based on the EBRD guidelines, 10 candidate
locations were screened and ranked.

Marneuli site (Rank I, Score: 73) is the op-
timal candidate location. Key advantages in-
clude designated non-agricultural land status,
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full state ownership, large area, direct access to
paved transport arteries, an impermeable sub-
strate of Maeotian-Pontian clays, and compati-
ble land use legal status.

Tsintskaro site (Rank 1, Score: 71) is also a
strong candidate featuring level terrain, low ero-
sional risks, a deep aquifer, thick impermeable
Sakaraulo clay strata, and co-location within an
established industrial waste corridor (adjacent to
a regional municipal landfill and industrial ex-
plosives plant), though it requires agricultural
land reclassification.
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Fig. 4. 1) and 2) 1:200,000 scale geological maps; 3) Hillshade derived from a 20-meter resolu-
tion DEM; 4) Airports, cultural heritage sites and hydrographic network; 5) Protected area,
road and railway systems; 6) Landownership; 7) Geohazard zoning

Former Military site (Rank 111, Score: 65) is
a viable candidate offering the largest buffer
distance to residential settlements (3.7 km) and
direct on-site railway system connections,
though it requires road surface upgrades.

These results offer an empirical, scientifically
grounded roadmap for policymakers, environmen-
tal engineers, and international financial institu-

tions. Prior to final site commissioning, next steps
must focus on detailed geotechnical borehole drill-
ing and in-situ hydraulic conductivity testing
across the top-ranked candidate locations, com-
prehensive site-specific Environmental and Social
Impact Assessments (ESIAS), structural seismic
design of multi-barrier containment cells calibrat-
ed to the local (0.24 g) PGA hazard parameter,
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and transparent public consultation processes to
build community engagement and trust.
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U TUC-OLEHKA IIPU PETUOHAJIBHOM IIJIAHUPOBAHUM KOJIOT' MYECKOM
UH®PACTPYKTYPbI BOCTOYHOM I'PY3UH
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Pe3ztome. besonacHoe obparmieHne C OMACHBIMU OTXOJaMH W MX 3aXOPOHEHHE MPEICTABISIOT CO00W KPUTHYECKU
BKHBIN TTI00ATBHBIN MIPHOPHUTET B chepe oXpaHbl OKPYKAIOMIEH cpellbl M 0OMIECTBEHHOTO 37]paBOOXPAHEHHUS, a TAKKE
OCTpyI0 MHMPACTPYKTYpHYIO MOTPEOHOCTHh it [ py3un. HecMoTps Ha TpOAOIKAIOIMIMUNACS TMPOMBIIUIEHHBIH POCT U
TApMOHHM3AIMIO 3KOJOTHYECKOT0 3aKOHOIATeNbhCcTBA CO craHmaptamu Epormeiickoro Coro3a, B HacTosIiee BpeMs B
I'py3um OTCYTCTBYyeT COBpPEMEHHBIH, HHXCHEPHO OOOpPYIOBAHHBIA W COOTBETCTBYIOIINIT HOPMATHBHBIM TPEOOBaHUSIM
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MOJIUTOH, TPeJHA3HAUYEHHBIN AT 3aXOPOHEHHsI OMACHBIX OTXOJ0B. B pe3ynbraTe omacHble MOOOYHBIE NPOLYKTHI MPO-
MBIIIUIEHHOTO MPOU3BOJICTBA 3a4aCTYyI0 CKJIAJUPYIOTCS HEMOCPEACTBEHHO HAa TEPPUTOPUSX MPEANPUSITHH BO BPEMEH-
HBIX XPaHWIUINAX WIM Ha HEU30JHPOBAHHBIX MYHMIUIAIBHBIX CBAJIKAX, YTO CO3AAET Yrpo3y PErHOHAIBHBIM BOJHBIM
pecypcaM ¥ 3J0pOBBIO HACEICHHUS.

B wuccrenoBaHnu paccMaTpuBaeTCsi KOMIUIEKCHBIM IOAXOA C HCIONB30BAHHEM T€OMH(OPMAIMOHHBIX CHCTEM
(T'"C) mns ompeneneHns: ONTUMAIHFHOTO MECTOIIOJIOKEHHSI TTOJIMTOHA OTIACHBIX OTXOJOB B BOCTOYHOH dacTu [ py3um,
yzaemsist ocoboe BHUMaHue MyHHIunanmuTeraM Mapreynu, ['apnabanu n Terpuiikapo. B reonrdopmarimionHoi cucreme
(T'UC) 6511 chopMupoBaH KOMIUIEKC IPOCTPAHCTBEHHBIX JAaHHBIX, 00BeIMHUBIINI IH(POBYIO MoAeb penbeda (LIMP)
¢ paspemeHreM 20 METPOB M TIOJyYEHHYIO Ha €€ OCHOBE MOJIETb 3aTCHEHMS penbeda, TomorpaduuecKyro KapTy Mac-
mrada 1:25 000, reonorndeckyto kapry maciraba 1:200 000, pernoHanbHY0 MOJETbh CEHCMUYECKON OMAaCHOCTH, Kap-
TBHI PacIpOCTPAHEHUs OIOJI3BHEBBIX M CEJIEBBIX IIPOLIECCOB, TUIPOrpadUuecKylo CeTh, TaHHbIE 00 MH(PACTPYKTYpE, a
TaKXKe KaJJaCTPOBbIE IPAHUIIBI 3¢MEJbHBIX YYaCTKOB.

C npuMeHEHUEM CHCTEMBI 3KOJIOTHYECKUX KPUTEpPHEB, pa3paboTaHHOi EBponelickuM GaHKOM PEKOHCTPYKIMH H
pasBurtust (EBPP), noTeHmansuble yyacTku ObuIH oLleHEeHbI 0 20 COLMANbHBIM, 9KOJIOTHYECKUM, TEXHUYECKUM H I'€0-
JIOTHYECKUM TapaMeTpaM. [ KaxJI0ro napaMeTpa MUCIOIb30BaNach MATHOANIbHAS CUCTEMA OIIEHKU CTETIEHHU IPUTO-
HOCTH. B pesynprare mpocTpaHCTBEHHOTO aHanu3a ObUIO BBIBICHO 10 MOTEHIMANBHBIX y4acTKoB. Ha ocHOBe KoM-
IUIEKCHOM OIIEHKH IT0 COBOKYITHOCTH KPHUTEPHEB OINPENEIICHBI TPU NMPHOPUTETHHIE uromanku: Mapraeynu (73 Gamna),
Huankapo (71 6amwr) i TeppuTOpHs OBIBIIETO BOCHHOTO 00BeKTa (65 OaioB).

Pe3ynbTaThl MccaenoBaHMs 00ECIIEUNBAIOT HAYYHO OOOCHOBAHHYIO M OOBEKTHBHYIO MH()OPMALMOHHYO 0a3y I
TIPUHSTHS PEHICHUH OTHOCHTENIFHO pa3MelleHus nepBoro B ['py3nn o0beKkTa 3aXOpOHEHHUS OMAcHBIX 0TX040B. Kpome
TOro, B paboTe MpeaCcTaBlIeH KOMILIEKCHBIN MATHATANHBIN anroputM Ha ocHoBe ['MC, npenHa3sHayeHHBIH Ui peruo-
HaJILHOTO MIAHUPOBAHUS 00BEKTOB IKOJIOTUIECKON HHPPACTPYKTYPHL.

Kniouegvie cnoga: obpawenue c onacHbiMu omxo0amu, onpeoeieHue MeCmonoiodiCeHus NoIUOHA 3aX0POHEHUS.
omx0008, ceoutngopmayuonnvie mexnonoeuu (I'UC), cucmema kpumepueg 6b100pa oONmMUManrLHo2o yuacmia, Bocmou-
Has I py3us, meppumopuanbHoe IKoI02UUecKoe NAAHUPOBAHUE

SORQiI GURCUSTANDA EKOLOJi INFRASTRUKTURUN REGIONAL PLANLASDIRILMASINDA
GEOLOJIi-GEOKIMY®9Vi VO HIDROGEOLOJI SORAITIN KOMPLEKS TOHLILI VO
CiS QiYMOTLONDIRILMOSI

Giorgadze A.%%*, Cikviladze X.%, Oboladze S.13, Mcedlisvili G.%, Buacidze N.*, Kavtaradze B.»®
YGiirciistan bark maisat tullantilarin idara edilmasi sirkati MMC, Giirciistan
0186, Thilisi, A. Politkovskaya kiic., 14
2G. Tsulukidze ad. Dag-Madon Institutu, Giirciistan
0186, Tbilisi, E. Mindeli kii¢., 7
3] Cavaxisvili ad. Thilisi Doviat Universiteti,

P. Melikisvili ad. Fiziki va Uzvi Kimya Institutu, Giirciistan
0186, Thilisi, A. Politkovskaya kiig., 14
AGiirciistan Texniki Universiteti, Hidrometeorologiya Institutu, Giirciistan
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I Cavaxisvili ad. Thilisi Déviat Universiteti, Giirciistan
0179, Thilisi, I. Caveavadze pr., 3
*Yazismalara masul: giorgadze.anzori@gtu.ge

Xiilasa. Tohliikoli tullantilarin etibarli idars olunmast vo utilizasiyast qlobal miqyasda otraf miihitin vo ictimai
saglamhigin qorunmasi baximindan miihiim prioritet, Glirciistan {iglin iso toxiresalinmaz infrastruktur ehtiyacidir.
Davam edon sonaye artimima va ekoloji tanzimlomalarin Avropa ittifaqi standartlarina uygunlasdiriimasina baxmaya-
raq, hazirda Giirciistanda tohliikali tullantilarin basdirilmasi {igiin nazords tutulmus miiasir, mithandis-texniki cohotdon
tochiz edilmis vo normativ talablors cavab veran xiisusi obyekt mévcud deyil. Naticads, ssnaye mansali tohliikali yan
mohsullar ¢ox vaxt miiassisalorin orazisinds miivaqgsti saxlama sahslorinds vo ya izolyasiyaedici qatt olmayan
baladiyys tullant1 sahalarinds toplanir ki, bu da regional su ehtiyatlari va ictimai saglamliq tigiin tohliiks yaradir.

Bu todqiqat Sarqi Giirciistanda, Marneuli, Qardabani va Tetritskaro balodiyyolarini shato etmoklos, tohliikoli tullanti
poligonu iigiin saho segimino dair Cografi Informasiya Sistemlorino (CIS) osaslanan goxmeyarli giymatlondirmoni
togdim edir. CIS miihitindo 20 metr mokan ayirdetmasino malik Rogomsal Yiiksoklik Modeli (RYM) va ondan oldo
edilmis kolgolondirilmis relyef modeli, 1:25 000 miqyasli topoqrafik xarits, 1:200 000 miqyash geoloji xarits, regional
seysmik tohliiko modeli, siiriismo vo sel hadiselorine meyillilik xoritolori, hidroloji sabakalor, infrastruktur laylar1 vo
kadastr miilkiyyat sorhadlorini birlosdiran ¢oxlayli mokan molumatlar1 bazasi yaradilmigdir. Avropa Yenidonqurma vo
Inkisaf Banki1 torafindon hazirlanmis ekoloji meyarlar gorgivasi asasinda namizod saholor 20 sosial, ekoloji, texniki vo
geoloji parametr iizro qiymotlondirilmisdir. Hor bir parametr 1-don 5-dok tam odoadlorden ibarst yararliliq skalasi tizro
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qiymotlondirilmisdir. Mokan skriningi noticasinds 10 namizod saho miioyyon edilmisdir. Umumilosdirilmis coxmeyarl
giymatlondirmo noticasinds {i¢ 9sas namizod saho miioyyon olunmusdur: Marneuli (73), Tsintskaro (71) vo Kegmis
Horbi Saho (65).

Bu todqiqat Giirciistanda tohliikali tullantilarin basdirilmasi ti¢iin ilk xiisusi obyektin yaradilmasina istiqgamat veran
gorarlari gobulunu doastoklomok mogsadilo empirik vo obyektiv baza formalasdirir vo regional ekoloji infrastrukturun
planlasdirilmasi {igiin hartorafli 6 morhaloli CIS is axinmni toqdim edir.

Acar sozlar: tohliikoli tullantilarin idaro olunmasi, tullantilarin basdirilmast poliqgonunun yerlasma yerinin
miiayyan edilmasi, cografi informasiya sistemlori (CIS), optimal sahanin segilmasi meyarlart sistemi, Sarqi Giirciistan,
arazi iizra ekoloji planlagdirma
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the word “Summary” and the text should have font: — 11 pt, lower-case letters. The text in Summary
should not contain formula. References should be avoided. Also, non-standard or uncommon abbrevi-
ations should be avoided, but if essential they must be defined at their first mention in the abstract it-
self. The width of the text should not exceed 13.5 cm and should be placed symmetrically relatively
the middle of page. Single space between lines should be considered. Summary should be given in the
original language of the manuscript, also in Russian and English and contain 200-250 words.
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Keywords

Immediately after the abstract in a single space provide a maximum of 7 keywords, avoiding
general and plural terms and multiple concepts (if possible, avoid, for example, 'and', 'of'). The word
“Keywords” with colon should be bold and italic. After the colon the keywords should appear italic
and separating from each other by comma. The keywords will be used for indexing purposes. After
two spaces Introduction should come.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed litera-
ture survey or a summary of the results.

Requirement to manuscript design

There are no strict requirements on consequent enumeration of the titles in the manuscript. Au-
thors can put title in any style or format as long as the titles in the manuscript are consistent. Au-
thors can select to either enumerate each title or not to enumerate. Titles and subtitles are indented
in the text by separate line on the line with an indentation and are printed by bold font — 14pt (for
titles) and 12pt (for subtitles). Their appearance begins on the left margin of the text.

Text of the manuscript

Each paragraph begins with indentation of 1 cm from the left margin of the column. The spaces
between lines in the text are 1.5 interval, the text of the paper is printed in the MW. Recommended
font: 14pt (Times New Roman). The other fonts (Helvetica, Arial and etc.), should be avoided. The
papers are presented in Azerbaijani, Russian, or English languages. However, if presented in Azer-
baijani language, please, ensure to provide the Russian version of the manuscript. Overall, the pref-
erence will be given to the papers presented in English.

The text of the paper should be formatted (in particular, all lines should be justified from left
and right without leaving the margins of the text), should be edited and checked from the spelling
viewpoint, special geographical terms and signs (in the international SI system).

Page format

Page format corresponds to A4 format, (21,0x29,7cm). Margins: from left 3 cm, right — 1.5 cm,
from top and bottom — 2 cm. Number all manuscript pages consecutively in the lower right corner.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher.
Methods that are already published should be summarized, and indicated by a reference. If quoting
directly from a previously published method, use quotation marks and also cite the source. Any
modifications to existing methods should also be described.

Theory/calculation

Theory section should extend, not repeat the background to the manuscript already dealt with in

the Introduction and lay the foundation for further work. In contrast, a Calculation section repre-
sents a practical development from a theoretical basis.
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Illustrations, tables, formulas

Each figure (map, diagram, scheme, etc.) should be presented as a separate object in the end of
the text or as file in JPEG (*.jpeg, *.jpg). As a rule, their sizes should not exceed 7.75 cm in the
width. It should not exceed the width of text margin (16.5 cm) and located symmetrically relatively
the middle of page. Picture caption should be carried out by font — 12pt (bold), the caption (deci-
phering of conditional signs, explanation etc.) font TNR — 12 pt in italics. Each figure and caption
should be on one page, and figure caption is under the figure.

For graphical work, you are recommended to use the following guidelines:

« For bitmap images, use the JPG/JPEG, TIF format at 300-dpi resolution, 256 grayscales.
« Vector images must be submitted in CorelDraw, Adobe Photoshop.
 For photographs, use a JPG/JPEG, TIF format at no less than 300 dpi.

Numbers and names of tables are given by font — 12pt (bold) above them. The tables should not
be huge and should not be left the boundaries of text margin. The tables should not have continua-
tion from one page to another. The tables should be placed in the text of the paper. Please, number
tables consecutively in accordance with their appearance in the text and place any table notes below
the table body. Each figure and its caption must be placed on the same page, with the caption direct-
ly below the figure. Abbreviations are not allowed in the table.

Formulas are given without intermediate computation, with compulsory deciphering of symbols
using in them (immediately after formulas), with a distinct displacement of degrees and footnote
indexes, relatively the middle of page, containing this formula. Numbers of formulas are put in
round brackets near the right margin of text on one line with formula in case if they are mentioned
in text. Microsoft Equation is recommended for formulas. The width of line with formula and num-
ber of formula should not exceed 7.75 cm.

Results and/or Discussions

Results should be clear and concise. Discussion should explore the significance of the results of
the work, not repeat them. A combined Results and Discussion section is often appropriate. Avoid
extensive citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short. Conclusions section may stand
alone or form a subsection of a Discussion or Results and Discussion section, depending on the
decision of author(s), style of the research in manuscript, obtained results from theory/calculations,
etc.

Reference

Please follow the reference style shown in the examples below. References must not be num-
bered and provided entirely in English, regardless of the original language of the publications. The
original language of the source must be indicated in parentheses at the end of the reference, e.g., (in
Azerbaijani) or (in Russian).

The names of publishers must remain untranslated and be given in their original form, such as
Nauka, Nedra, Nafta-press, EIm, etc.
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Example:

Garibov Y.E. Anthropoge
nous transformation of modern landscapes of the Azerbaijan Republic and their optimization
ways. Abstract of PhD dissertation (geography), Baku, Azerbaijan, 2013, 47 p. (in Azerbaijani).

Hasanov T.Ab. Ophiolites of Lesser Caucasus. Nedra. Moscow, 1985, 240 p. (in Russian).

Isachenko A.G. Landscape studies and physico-geographical zoning. Vysshaya shkola. Mos-
cow, 1991, 366 p. (in Russian).

Bortnikov N.S. Geochemistry and origin of ore forming fluids in hydrothermal-magmatic sys-
tems in tectonically active zones. Geology of ore fields. VVol. 48, No. 1, 2006, pp. 3-28 (in Russian).

Examples of References for the paper
REFERENCES

Dearing J. Magnetic susceptibility. In: Walden J., Smith J.P., Oldfield F. (Editors). Environmental Magnetism: a practi-
cal guide, Quaternary Research Association. Technical Guide, No. 6, London 1999, pp. 35-62.

Dodonov A.E., Tchepalyga A.L., Mihailescu C.D., Zhou L.P., Markova A.K., Trubikhin V.M., Simahova A.N., Koni-
kov E.G. Last-interglacial records from central Asia to the northern Black Sea shoreline: stratigraphy correlation.
Netherlands Journal of Geosciences, Vol. 79, No. 2/3, 2000, pp. 303-311.

King JW., Channell J.E.T. Sedimentary magnetism, environmental magnetism, and magnetostratigraphy. U.S. Nat.
Rep. Int. Union Geod. Geophys. Rev. Geophys. 1987-1990, V. 29, 1991, pp. 358-370.

Lowrie W. Identification of ferromagnetic minerals in a rock by coercivity and unblocking temperature properties. Ge-
ophys. Res. Lett., Vol. 17(2), 1990, pp. 159-162.

Mammadov A.B., Aleskerov B.D. Pleistocene of Azerbaijan. Azerbaijan National Academy of Sciences. Institute of
Geo- graphy. Baku, 2002, 70 p. (in Russian)

Pilipenko O.V., Sharonova Z.V., Trubikhin V.M., Novruzov Z., Karyagdy S.K., Abrakhamsen N. Study of environ-
mental change of Karaja section rocks formation (Azerbaijan) on results of petromagnetic research. Earth Physics,
No. 4, 2009, pp. 85-96. (in Russian)

Trubikhin V.M. Paleomagnetic method and dating of regional geological events of Pontian-Caspian. New data on geo-
chronology of Quaternary period. Nauka. Moscow, 1987, pp. 150-157. (in Russian)

Alizade E.K., Tarikhazer S.A. Exomorphodynamics of mountain relief and its estimation. Victory. Baku, 2016, 236 p.
(in Russian).

Budagov B.A. Modern natural landscapes of the Azerbaijan SSR. EIm. Baku, 1988, 135 p. (in Russian)

Census of the population of the Republic of Azerbaijan, 2009. Vol. 19. Baku, 2011, 820 p. (in Azerbaijani)

Constructive geography of the Republic of Azerbaijan (B.A.Budagov, ed.). In three volumes. Vol. 3. Avropa. Baku,
2003, 256 p. (in Azerbaijani)

Garibov Y.A. Anthropogenic transformation of modern landscapes in Azerbaijan Republic. Mars print. Baku, 2011, 299 p.
(in Azerbaijani)

Garibov Y.A. Optimization of natural landscapes in Azerbaijan Republic. Printing house of ATU. Baku, 2012, 216 p.
(in Azerbaijani)

Ibrahimov T.O. Landscape studies and their ecological problems. EIm. Baku, 2015, 384 p. (in Azerbaijani)

Kazakov L.K. Landscape science (natural and anthropogenic landscapes). Academy MNEPU. Moscow, 2004, 264 p.
(in Russian)

Mammadov G.Sh. Fundamentals of soil science and soil geography. EIm. Baku, 2007, 660 p. (in Azerbaijani)

Mammadov R.M. Landscape planning in Azerbaijan (first experience and application). Baku, 2009, 142 p. (in Azerbai-
jani)

Miller G.P. Landscape studies of the mountain and foothill areas. Vishcha shkola. Lviv, 1974, 202 p. (in Russian)

Namazova S.N. Assessment of sustainable development and landscape planning of Khyzi administrative district. Proceed-
ings of Pedagogical University, series of natural sciences, No. 4, 2014, pp. 70-72. (in Azerbaijani)

Suleymanov M.A. Geographical laws of natural and anthropogenic landscapes of Azerbaijan. Abilov, Zeynalov ve ogullari.
Baku, 2005, 248 p. (in Azerbaijani)

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Citation in the text must be given depending on the origin of the manuscript language.
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All citations in the text should be in parenthesis and should refer to:

1. Single author: the author's name (without initials) and the year of publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by ‘et al." and the year of publication.
Groups of references should be listed chronologically. Example: “as evidenced (Bryulov, 1999;

McKenzie, 2000)...”. Citation can be also such as follows: “Alizadeh et al. (2016) have recently
shown ...”.

List: References should be arranged alphabetically. Font — 12 pt. Family name starts with the
capital letter, the rest letters in the family name — in lower-case, no comma after the family name.
After author(s) name(s), journal title/book title, chapter title/article title, volume/issue number, book
chapter/ journal number, printing house, city, year of publication and pagination must be present.
Use of DOI is highly encouraged. More than one reference from the same author(s) in the same year
must be identified by the letters 'a’, 'b’, 'c’, etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Ismayil-zadeh A.J. Bipolar conjugation of volcano-plutonic and ophiolitic belts in Caucasus.
Proceedings of NAS of Azerbaijan. The Sciences of Earth, No. 1, 2009, pp. 40-53 (in Russian).

Reference to book:

Mustafayev G.V. Mesozoic granitoid formations of Azerbaijan and peculiarities of its metal-
logeny. EIm. Baku, 1977, 234 p. (in Russian).

Reference to a chapter in an edited book:

Mettam G.R., Adams L.B. How to prepare an electronic version of your article. In: Introduction
to the Electronic Age. E-Publishing Inc., New York, 2009, pp. 281-304.

Reference to dissertation and/or Abstract of dissertation (known as Avtoreferat):

Garibov Y.E. Anthropogenous transformation of modern landscapes of the Azerbaijan Republic
and their optimization ways. Abstract of PhD dissertation (geography), Baku, Azerbaijan, 2013, 47
p. (in Azerbaijani).

Reference to Conferences and Symposia

Khain V.Ye. Northcaucasian-Turkmeno-Northafganian Late Triassic volcano-plutonic belt and
detection of north zone of Tethys. Doklady AS of USSR, Vol. 249, No. 5, 1979, pp. 1190-1192 (in
Russian).

Reference to a website:

Cancer Research UK. Cancer statistics reports for the UK. 1975, http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/(accessed 13 March 2003).
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Reference to a dataset (methodological recommendation booklet):

Oguro M., Imahiro S., Saito S., Nakashizuka T. Mortality data for Japanese oak wilt disease
and surrounding forest compositions. Mendeley Data, Vol. 1, 2015.

Submission

All submitted papers undergo reviewing and approval by the Editorial Board. Papers which
passed this procedure and received a positive review, are published free of charge. Authors should
submit their manuscripts online to the Editorial Board via “Submit the manuscript”.

The term of the manuscript reviewing takes from one to two months since the date of its sub-
mission to the Editorial Office. Manuscripts are published in the order of their submission. Help us
to make your manuscripts to the highest possible standards — in both paper and electronic formats.
Submitting your manuscripts in an electronic format helps us produce your work to the best possi-
ble standards, ensuring accuracy, clarity and a high level of detail.

In the case when the manuscript will be returned to the authors for alteration, the revised ver-
sion should be returned to the editorial office within two weeks. If the manuscript is delayed by the
authors for over two weeks, it will thereafter be considered by the editorial office to be newly re-
ceived.

When submitting a paper, please, send the scanned electronic version of the cover letter ad-
dressed to the Editor-in-Chief with a request to accept the paper for review according to the rules of
the Journal and after required procedures, if applicable, to publish it.
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MUOSLLIFLOR UCUN QAYDALAR

“Stratigrafiya, neft sedimentologiyasi, geokimya” jurnalinin redaksiya heyati magalslori, icmal
xarakterli molumatlari, miizakiralori vo qisa moalumatlar1 gabul edir. Magalalor Ingilis, Rus vo
Azarbaycan dillarinds tagdim edils bilar.

Noasr edildikdan sonra maqalalara fardi DOI identifikatoru verilir.
Maqalonin adi

Srift: Times New Roman (TNR) — 12 pt, biitiin harflor boyiik, qalin olmali, sahifonin ortasinda
tam enino (16,5 sm) simmetrik yerlogdirilmalidir. Sonra bir interval buraxaraq miialliflorin soyadi
Vo admin bas horflori yazilmahidir. Magalonin adi orijinalda rus veo ingilis torciimalorine uygun
olaraq yazilmalidir.

Miialliflorin inisiali va soyad, islodiklari taskilatin ada

Sriftin dlgiisii — 11 pt, kigik harflorlo sohifanin morkazina simmetrik yerlosdirilmolidir. Asagida
togkilatin adi, pogt tinvani iki noqto ilo — miallifin e-mail tinvani (biitiin marhalolords, elocs do
nosrdon sonraki yazismalar vo miiraciatlor ligtin). Srift — 11 pt, kursiv, kigik harflorla, sohifanin tam
enina simmetrik yerlosdirilmalidir.

Miislliflor asagidaki ardicilligla qeyd edilmolidir: ovvolco soyad, sonra iso inisial. Ogor
muolliflor forgli toskilatlarda islayirlorss, inisialdan sonra yuxari indeksds rogoam qoyulmalidir.
Soyad Vs inisialdan sonra, ndvbati Sotirdo miivafiq yuxari indeks miolliflorin isladiyi toskilatin adi
ilo uygun olaraq yerlosdirilmalidir. Masolon, asagidaki kimi:

Ismail-Zadeh A.J.1, Musyaev Sh.D.2, Veliyev Z.A
!Geology and Geophysics Institute, Azerbaijan National Academy of Sciences, Azerbaijan
119, H. Javid Ave., Baku, AZ1073: arifismail@mail.ru
2“4zerGold” CJSC, Azerbaijan
2H, M.Mushfig Str., Baku, AZ1004

Xiilasa

Xiilasada 200-250 s6z olmali va burada tadgiqatin magsadi, mahiyyati vo lazim galorsa, metod-
lar1 (ogor tolob olunursa) izah edilmalidir. “Xiilase” sozli qalin sriftlo ¢cap olunmalidir. Hom
“Xiilaso” s6zii, ham do moatn 11 pt. srift 6l¢iisiinda, kigik horflorlo yazilmalidir. Xiilaso matni
diisturlardan ibarat olmamalidir. Istinadlardan istifade etmoyin. Standart olmayan va ya nadir
abreviaturalardan ¢okinin, lakin lazzim golorse, onlar ilk dofo geyd edildikdo agiq sokilds
gostorilmalidir. Motnin eni 13,5 sm-don ¢ox olmamalidir vo sshifasinin morkozindo simmetrik
yerlosdirilmalidir. Matndo satirlor arasindaki mosafo — 1 interval olmalidir. Xiilasa orijinal dildo, rus
va ingilis dillarinds taqdim olunmali va hacmi 200-250 s6z olmalidir.

Acar sozlor

Xiilasadon sonra 1 interval buraxaraq, maksimum 7 sézdon ibarat agar sozlor yerlosdirilmalidir,
bu zaman tmumi vo ¢oxsayli terminlordon vo anlayislardan ¢okinin (miimkiinsa, masalon, “va”
baglayicisindan istifads etmoyin). “Acar sozlor” iki ndqta ilo kursiv vo galin sriftlo yazilmalidar. iki
noqto isarasindon sonra agar sozlor kursivle, vergiillo ayrilaraq yazilmalidir. Agar sozlor
indekslosdirma zamani istifado olunacaq. Daha sonra 2 intervaldan sonra Giris yazilmalidir.
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Giris

Isin magsadlorini, mévzunun dyronilmasini gostarin, bu vaxt dorc olunan materiallarin vo ya
tadqiqatin naticalarinin atrafli icmalindan uzaq olun.

Magqalanin tartibinin talablari

Motnin sarlovhasinin ndmralonmoasi ilo bagli birbasa taloblor yoxdur. Mialliflor sarlévhalori
istadiklori stil vo formatda c¢ap edo bilorlor. Sorlovhalori nomralomok vo ya némralomomok
muolliflorin ixtiyarindadir. Sarlévhalor va yarimsarlovhalor matnds ayr1 bir satirds sol torofdo ara
buraxaraq qalin sriftlo — 14 pt (sarlovholar tigiin) va 12 pt (yarimsarlévhalor {igiin) ¢ap olunmalidir.

Magqgalanin matni

Hor bir abzas sohifanin sol torafindon 1 sm arali baslayir. Matnds satirlor arasindaki mosafe —
1,5 interval olmalidir, magalo MW formatda ¢ap edilmalidir. Tévsiya olunan srift olgiisii — 14 pt
(Times New Roman). Basqa sriftlordon istifado etmoyin. Mogalolor Azarbaycan, rus vo ya ingilis
dilinds togdim olunmalidir. Ogor mogalo azorbaycanca yazilibsa, xahis edirik, rus dilindo olan
versiyasini da alavo edin. Ingilisco tagdim olunan mogalslors iistiinliik verilocak.

Moagalonin motni diizgiin formatlanmali (xiisusila, biitiin satirlor soldan va sagdan diiz olmali,
sohifodon konara ¢ixmamalidir), diqgoatlo redakts olunmali va cografi adlarin, geoloji terminlarin vo
beynoalxalq Sl sistemindoki simvollarin diizgiin yazilmasi baximindan yoxlanilmalidir.

Sohifonin formati

Sohifonin formatt A4 Glgilistine (21,0 x 29,7 sm) uygun olmahdir. Konarlar: soldan — 3 sm,
sagdan — 1,5 sm, yuxaridan vo asagidan — hor biri 2 sm mosafods, olyazmasinin sohifolorinin
nomralonmasi — asagi sag kiincdo olmalidir.

Material vo metodlar

Miistaqil tadgiqatginin isi yenidon ¢apa eda bilmasi tigiin atrafli malumat toqdim edin. Bundan
owval dorc olunmus metodlari qisa sokilds izah edin va onlara istinad edin. ©vvallar dorc olunmus
bir metodu birbasa sitat gatironds onu dirnaq i¢inds yazin va monbani gostarin. Mévcud metodlarin
biitiin doyisikliklarini do geyd etmalisiniz.

Nazariyya va hesablamalar

Nozori hisso genis sokildo togdim olunmali vo golocak islor iiglin asas yaratmalidir, girisdo
verilmis molumatlar tokrarlanmamalidir. Hesablamalar bolmasi isin praktik hissasini tasvir edir, bu
da isin nazari mévqgeyini tasdiglayir.

Mlliistrasiyalar, cadvallor, diisturlar

Hor bir sokil (Xarits, diagram, sxem va s.) moatndon sonra ayr1 obyekt kimi toqdim olunmali vo
ya JPEG (*.jpeg, *.jpg) formatinda fayl olaraq gondarilmalidir. Onlarin 6l¢iilori, bir gayda olarag,
eni 7,75 sm-i va ya sohifonin konarlarimi (16,5 sm) asmamalidir. Sakillor sshifonin markazinda
simmetrik yerlosdirilmalidir. Soklin altindaki yazilarin olgiisii — 12 pt, sokilaltt yazi motni (sorti
isaralorin izahi vo s.) — 12 pt; kursivlo yazilmalidir. Hor bir sokil va sokilalti matn eyni sohifods
olmali, sokilalt1 yazi motni soklin altinda yerlosmalidir.
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Qrafik islor tiglin asagidaki qaydalari tovsiys edirik:

e Rastr tosvirlar ti¢iin JPG/JPEG, TIF formatini 300 dpi, boz rongin 256 qradasiyasinda istifado
edin.

e VVektor tosvirlor CorelDraw, Adobe Photoshop formatinda toqdim olunmalidir.

e Fotolar ti¢iin JPG/JPEG, TIF formatin1 300 dpi-don asagi olmayan rezolyusiyada istifado
edin.

Codvallorin nomralari vo adlari onlarin tizorinds 12 pt sriftlo gostorilmalidir. Codvallor gox
miirokkab olmamalidir vo Sohifodon konara ¢ixmamalidir. Cadvalin bir sshifadan digerine kegmasi
qadagandir. Cadvallor magalonin motni i¢inds yerlosdirilmalidir. Cadvallori matndaki yerins uygun
olaraq bir-birinin ardinca nomralayin, cadvalo aid qeydlori iso cadvalin altinda yerlogdirin.
Codvaldo qisaltmalara icazo verilmir. Disturlar arasdirmalar olmadan verilmolidir, istifado olunan
simvollarin agilist (diisturdan dorhal sonra) miitloq olmalidir vo doracalorin vo alt indekslarin
motndoki diisturun ortasinda doqiq sokilda yerlosdirilmasi talob olunur. Diisturlarin némralari, agor
onlara istinad olunursa, diisturun sag torofinds, diistur ilo eyni Xoatdo dairovi moétarizalor iginda
gostarilmalidir. Diisturlarin yazilmasi ti¢iin Microsoft Equation redaktorundan istifado edilmalidir.
Diistur va diistur ndmrasi olan satrin eni 7,75 sm-dan ¢ox olmamalidir.

Naticalar va/va ya Miizakiralar

Noticalor aydin va qisa sokilds togdim edilmalidir. Miizakiralords isin naticalorinin shamiyyati
xiisusi geyd edilmalidir, naticalori tokrarlamamali, goxsayli sitatlardan va darc olunmus adabiyyatin
miizakiralorindon ¢okinilmalidir. Naticalor vo Miizakiralor bolmalarinin birlosdirilmasi miimkiindiir.

Naticalar

Todqiqatin osas naticalori qisa sokildo togdim oluna bilor. Naticolor bolmasi ayrica yerlogdirilo
bilor vo ya Miizakiralor va ya Naticalor vo Miizakiralor bolmalarinin alt bolmasi kimi mislliflorin
se¢imina uygun olaraq, eloco do mogalonin tislubuna, aldo olunan nazari naticalors, hesablamalara
Va s. gora yerlogdirilo bilar.

9dabiyyat

Odobiyyat asagida gostorilon toloblora vo niimunolore uygun olmalidir: némralonma
aparilmadan vo nagrin orijinal dilindon asili olmayaraq tamamils ingilis dilinds toqdim edilmalidir.
Monbayin orijinal dili bibliografik istinadin sonunda métariza daxilinds geyd olunmalidir, masalan:
(in Azerbaijani) vo ya (in Russian).

Nosriyyatin adini torciimoa etmadon gostarin, moasalon: Nauka, Nedra, Nafta-Press, EIm va s.

Masalan:

Garibov Y.E. Anthropogenous transformation of modern landscapes of the Azerbaijan Republic
and their optimization ways. Abstract of PhD dissertation (geography), Baku, Azerbaijan, 2013, 47
p. (in Azerbaijani).

Hasanov T.Ab. Ophiolites of Lesser Caucasus. Nedra. Moscow, 1985, 240 p. (in Russian).

Isachenko A.G. Landscape studies and physico-geographical zoning. Vysshaya shkola. Mos-
cow, 1991, 366 p. (in Russian).
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Bortnikov N.S. Geochemistry and origin of ore forming fluids in hydrothermal-magmatic sys-
tems in tectonically active zones. Geology of ore fields. Vol. 48, No. 1, 2006, pp. 3-28 (in Russian).

Mbagqals ii¢iin adabiyyat siyahisinin taqdim olunmus niimunasi
REFERENCES

Dearing J. Magnetic susceptibility. In; Walden J., Smith J.P., Oldfield F. (Eds.). Environmental Magnetism: a practical
guide, Quaternary Research Association. Technical Guide, No. 6, London 1999, pp. 35-62.

Dodonov A.E., Tchepalyga A.L., Mihailescu C.D., Zhou L.P., Markova A.K., Trubikhin V.M., Simahova A.N., Koni-
kov E.G. Last-interglacial records from central Asia to the northern Black Sea shoreline: stratigraphy correlation.
Netherlands Journal of Geosciences, Vol. 79, No. 2/3, 2000, pp. 303-311.

King JW., Channell J.E.T. Sedimentary magnetism, environmental magnetism, and magnetostratigraphy. U.S. Nat.
Rep. Int. Union Geod. Geophys. Rev. Geophys. 1987-1990, V. 29, 1991, pp. 358-370.
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Xahis edirik, matnds istinad edilon hor bir adabiyyat manboyinin odobiyyat siyahisinda olmasina
(vo oksina) diqgat yetirin. Matndoki istinadlar original dilds verilmalidir.

Biitiin istinadlar motndo moétorizays alinmali vo agagidaki gaydalara uygun olmalidir:

e Bir miiollif: miiallifin soyadi (inisial olmadan), nasr ili;

o Iki miiallif: har iki miiallifin soyadi, nosr ili;

« Ug vo ya daha ¢ox miiallif: birinci miiallifin soyad, ardindan “et al.” (vo S.), nasr ili.

Bir sira istinadlar xronoloji ardicilligla toqdim olunmalidir. Moasalon, (Bryulov, 1999;

McKenzie, 2000)...”. Istinad homg¢inin asagidaki formada da ola bilor: “Alizadeh et al. (2016) have
recently shown ...”.
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Odabiyyat siyahisi: istifado olunan adobiyyat monbalori olifba sirasina uygun olmalidir. Sriftin
Olgiisli — 12 pt. Soyad boyiik horflo baslayir, digor harflor kigik olmalidir, soyaddan sonra vergiil
olmamalidir. Soyad(lar)dan sonra jurnalin adi/kitabin adi/ b6lmanin adi/magalonin adi, cild/némrs,
kitabin bélmasi/jurnalin ndmrasi, nasriyyat, sahar, nasr ili va Sahifo nomralari gostarilmalidir. DOI
identifikasiya indekslorinin istifadosi tovsiya olunur. Eyni miollifin eyni noasr ili ti¢iin bir nego
adobiyyat manbayi varsa, alavs olaraq “a”, “b”, “c” va s. harflari tatbiq olunmalidir (Aliyev, 2009a).

Niimunalor:
Jurnal magalalarina istinadlar:

Ismayil-zadeh A.J. Bipolar conjugation of volcano-plutonic and ophiolitic belts in Caucasus.
Proceedings of NAS of Azerbaijan. The Sciences of Earth, No. 1, 2009, pp. 40-53 (in Russian).

Kitablar va monografiyalara istinadlar:

Mustafayev G.V. Mesozoic granitoid formations of Azerbaijan and peculiarities of its
metallogeny. EIm. Baku, 1977, 234 p. (in Russian).

Redakta olunan kitablardak: bolmalara istinadlar:

Mettam G.R., Adams L.B. How to prepare an electronic version of your article. In: Introduction
to the Electronic Age. E-Publishing Inc., New York, 2009, pp. 281-304.

Dissertasiyalar va ya avtoreferatlara istinadlar:

Garibov Y.E. Anthropogenous transformation of modern landscapes of the Azerbaijan Republic
and their optimization ways. Abstract of PhD dissertation (geography), Baku, Azerbaijan, 2013, 47
p. (in Azerbaijani).

Konfranslar va simpoziumlara istinadlar:

Khain V.Ye. Northcaucasian-Turkmeno-Northafganian Late Triassic volcano-plutonic belt and
detection of north zone of Tethys. Doklady AS of USSR, Vol. 249, No. 5, 1979, pp. 1190-1192 (in
Russian).

Veb-saytlara istinadlar:

Cancer Research UK. Cancer statistics reports for the UK. 1975, http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/(accessed 13 March 2003).

Malumat bazalarina istinadlar (metodoloji maqalslar, brosiirlar):

Oguro M., Imahiro S., Saito S., Nakashizuka T. Mortality data for Japanese oak wilt disease
and surrounding forest compositions. Mendeley Data, Vol. 1, 2015.

Magalalarin tagdim edilmasi

Toqdim olunan biitiin magalolor resenziyalasdirilma vo redaksiya heyati torafindon tosdiglon-
maya gondoarilir. Bu prosedurdan kegon vo miisbat ray alan moqalslor pulsuz darc olunur. Miialliflor
olyazmalarin1 “Magalani tagdim et” (Submit the manuscript) funksiyasi vasitasilo onlayn olarag

Redaksiya Heyatina togdim etmoalidirlor.
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Roay prosesi mogalonin redaksiyaya taqdim olunmasindan etibaron 1-2 ay miiddatinda davam
edir. Moqalalor gobul edildiklori ardicilligla dorc olunur. Hom kagiz, ham do elektron formatda
togdim olunan moqalslorin yiiksok pesokar standartlara uygun olmasini xahis edirik. Magalalarin
elektron formatda toqdim edilmasi etibarliligi, daqiqliyi vo otrafli molumathiligimi tomin edarok
isinizi yiiksok saviyyads hazirlamaga komok edacak.

Mogalo mislliflora doyisikliklor edilmasi iigiin qaytarildiqda, diizeldilmis variant iki hafts
arzinda redaksiyaya qaytarilmalidir. Ogor slyazma misllifin giinahi tiziindon iki haftadon artiq
gecikoarso, redaksiya torafindon magals yenidan gobul olunmus kimi giymatlondirilacok.

Mogaloni toqdim edarkon bas redaktorun adina gondoarilon miisayiot moktubunun skan edilmis
elektron versiyasini da géndormali, mogalenin jurnalin qaydalarina uygun olaraq baxilmasi vo biitiin
toloblors uygun oldugu halda ¢ap olunmasi xahis olunmalidir.
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ITPABUJIA U1 ABTOPOB

Penakimonnslii coBeT KypHana "Stratigraphy, petroleum sedimentology, geochemistry" mpu-
HUMAEeT CTaThH, 0030pHYI0 HH(OPMAIHIO, IUCKYCCUU M KpaTKue coobmienus. CTaTbu MOTYT OBITh
MPEICTABIICHBI Ha aHTJIMICKOM, PYCCKOM U a3epOaiiKaHCKOM SI3bIKaX.

IHociie nyGauKanmumn, CTaThbsIM NPUCBAUBAETCHA NHAUBUAYAJILHBIA naeHTHPUKaTOp DOI
Ha3sBanmue craTbn

[pudt: Times New Roman (TNR) — 12 pt, Bce OykBbI 3arjaBHbIE, )KHPHBIE, CIIETyET pacroJa-
raTb CAHMMETPUYHO OTHOCHUTEIIBHO CEPEIUHBI CTPAHMIIBI 1O BCEH MmmpuHE TeKcToBoro mois (16,5
CM), Jaliee Yepe3 OJMH MHTEPBaJ MedaTaTth (aMHINK aBTOPOB M MHHUIIMAILL. Ha3BaHue mevaraercs
Ha SI3bIKE OPUTHHAJIA, COOTBETCTBYIONICTO PYCCKOMY M aHTJIHICKOMY ITIEPEBOJIAM.

Nauuuansl u pamMuinu aBTOpoB, HA3BaHHE OPraHU3aliM, B KOTOPOii OHU padoTalT

Pasmep mpudra — 11 pt, ctpounsie OYKBBI HYXKHO pacmojaraTb CHMMETPUYHO OTHOCHUTEIHHO
Cepe/IHbl CTPaHMIIbI, TEKCTOBOro noJjis. [lanee Huke neyaTaTh Ha3BaHUE OpPraHU3aALUM, €€ OYTO-
BBII aJpec U Mmocje ABOSTOYHs — €-mail aBTopa (1711 KOHTaKTOB M MEPENUCKH Ha BCEX ATarax Mpo-
1iecca peLeH3upoBaHmsl, MyOIuKaluy, a TaKxke B epuoa nocie myonukauun). lpudrt — 11 pt, kyp-
cuB, OYKBBI CTPOYHBIE, pacrojaraTb CAMMETPHUYHO OTHOCHUTEIIFHO CEPEJMHBI CTPAHUIIBI IO BCEH
HIMPUHE TEKCTOBOTO IMOJIS.

ABTOpPOB cilefyeT yKas3bIBaTh B CIEIYIOIIEM IOpSAKE: CHadaja medaTtaercs (haMuius, 3aTeM
uHUIMaisl. Ecnu aBTOphl paboTaloT B pa3HBIX OpraHU3alMsX, 10C]IEe MHUIIMAJIOB CJIeyeT CTaBUTh
uudpy B HaacTpouHoM HHAekce. [locne ¢pamminy U MHUIMATIOB aBTOPOB Ha CIEIYIOIIEH CTpOKe
HY’KHO PAaCIOJIOKUTh COOTBETCTBYIOLINI HAJCTPOUYHBINA MHAECKC B COOTBETCTBUU C HAa3BaHHEM OP-
raHu3anuu aBTopo. Hanpumep, Tak, kak yKkazaHO HUXKE:

Ismail-Zadeh A.J.1, Musyaev Sh.D.2, Veliyev Z.A
!Geology and Geophysics Institute, Azerbaijan National Academy of Sciences, Azerbaijan
119, H. Javid Ave., Baku, AZ1073: arifismail@mail.ru
2“4zerGold” CJSC, Azerbaijan
M.Mushfig Str., 2H, Baku, AZ1004

Pe3rome

Cnenyer BKIIOUMTH pe3toMe u3 200-250 ciaoB, OMUCHIBAIONINX 33/1a4d, CYTh, a TaAKKE€ METOJIbI
(ecntu HeoOxoauMo) uccnenoBanus. CiaoBo «Pestome» medatarh *HUpHBIM ImpudToM. Kak cioBo
«Pe3roMe», Tak U TEKCT TOJKHBI UMETh pasMep mpudra — 11 pt., OykBbl — cTpouHble. TeKCT pesio-
Me He JIOJDKEH conepkarh Gpopmyit. He ucnons3yiite cepiiku. M36eraiite HecTaHIapTHBIX UM pel-
KuX ab0peBHaTyp, HO €CIIM OHU HEOOXOAUMBI, TO AOJKHBI OBITh pacuIM(ppOBaHbl B CAMOM pe3toMe
pu nepBoM ynomuHanud. lIupuna Tekcta He no/mkHA mpeBblmaTh 13,5 M, a TEKCT CleyeT pac-
roJyiaraTb CHMMETPUYHO OTHOCHUTEIIBHO CepeNHbI CTpaHMIIbl. PaccTosiHME MEXy CTPOKaMHU B TEK-
cre — 1 uHTepBan. Pe3lomMe NMpeAcTaBiIsAIOTCS Ha s3bIKaX OPUTMHANA, PYCCKOM M AHIVIMHCKOM M
ToJKHBI coqiepxath 200-250 cios.

KiroueBnie cjioBa

Cpa3zy nociie pestoMe uepe3 | mHTepBail ciaenyeT paclookKUTh KIHOYEBBIE CI0BA, BKIHOYAO-
e MaKCUMyM 7 CJIOB, IpU 3TOM M30eraite oOmUX U MHOXKECTBEHHBIX TEPMUHOB U MOHATHUH (ec-
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JI1 BO3MOYKHO, HE HCIOJIb3YHTE, HAIIPUMeEp, COI03 «1»). «KitodueBbie clioBa» ¢ IBOCTOYHEM HYNHO
HaOupaTh KypcUBOM M XHUpHBIM mmpudrom. [locne aBoeTouns caMu KIIIOYEBBIE CIOBA IEYATAIOTCS
KypcHBOM uepe3 3amnsiTyro. KitoueBbie cioBa OyayT HCIONb30BaThCs MpU UHAECKCHpoBaHUU. Jlanee
yepe3 2 UHTepBaia reyaratb Beenenue.

BBeaenue

YkaxkuTe 1menu padoThl, U3y4eHHOCTh TEMBI, MPU 3TOM H30eraiiTe moapoOHOTro 0630pa my0IIn-
KaIMii WK Pe3yJIbTaTOB UCCIICIOBAHUIA.

TpeOoBaHusi K 0()OPMIIEHUIO CTATHH

Her npsiMbIxX TpeOOBaHUI K HyMepally 3arojIOBKOB PyKONUCH. ABTOPBI MOTYT I€4aTaTh 3aro-
JIOBOK B JIFOOOM cTmiie U (popmarte. MOKHO HyMepOBaTh M HE HyMEpOBATh 3arojIOBKH (Ha pacCMOT-
peHHe aBTOPOB). 3arojIOBKH M MOJ3ar0JIOBKU CJIEAYET BCTaBIATh B TEKCT B JIEBOM I10JI€ HA OTAEIb-
HOM CTPOKE C OTCTYIIOM H I1€4aTaTh KUPHBIM mpudToM — 14 pt (s 3aroiaoBkoB) u 12 pt (au1s moa-
3aroJIOBKOB).

Tekcr cTaThn

Kaxxapiii ab3an HaunMHaeTcs OTCTynoM | CM OT JIeBOM TpaHHIIbI TEKCTOBOro mnoisi. PaccrosiHue
MEXJly CTpOKaMH B TeKCcTe — 1,5 uHTepBasa, TEKCT CTaThu cieayer neyatatb B MW. Pexkomenye-
MbIi pasmep mpudra — 14 pt (Times New Roman). [pyrue mpudTsl NIpocUM HE HCIOIb30BATh.
CraTbu peACTaBISIIOTCS Ha azepOaii/PKaHCKOM, PYCCKOM WIJIM aHTJIMHACKOM si3bIkax. OHaKo, eciu
OHHU Ha azepOailPKaHCKOM, MOXKATyHCTa, MPUIIOKUTE PYCCKYIO Bepcuio pykonucu. IIpeamnourenue
OyZIeT OTHAaBaThCS CTAThSIM, MIPEJICTABICHHBIM Ha aHTIIMHCKOM SI3BIKE.

Tekct craThbu JOKEH OBITH OT(GPOPMATHUPOBAH (B YACTHOCTH, BCE CTPOKH JOJKHBI OBITH BBI-
POBHEHBI CJIeBa U CIIpaBa, HE BBIXOJS 3a IOJIE TEKCTAa), THIATEIHHO OTPEIAKTHPOBAH U BHIBEPEH C
TOUYKU 3pEHUs NMPAaBUIBHOCTU HAMMCAHUs reorpauuecKkux Ha3BaHUi, F€0JIOTHYECKUX TEPMUHOB U
o0o3HavyeHui (B MexTyHapoHo# cucteme CH).

®opmaTt cTpaHHUIbI

®dopmar crpaHuilbl cooTBeTcTBYET hopmary A4 (21,0 x 29,7 cm). Tlona: cnea —3 cwm, cripaBa —
1,5 cm, cHU3y ¥ cBepXy — 1o 2 cM. Hymepanus cTpaHuil pyKOIUCH — B HUKHEM MPABOM YTITy.

MarepuaJj u MeTOAbI

HpCI[OCTaBBTC ACTAJIbBHYIO I/IH(I)OpMaL[I/IIO, MO3BOJIAIOIIYIO BOCIIPOU3BECTU pa60Ty HC3aBUCH-
MBIM HCCI€O0BATCIICM. CnezlyeT KpaTKO HU3JIOKHUTH paHEC OHy6J'II/IKOBaHHI)Ie MCTOJBI U YKa3aTb Ha
HHUX CCBIJIKH. HpI/I HEMOCPCACTBCHHOM TUTHPOBAHUU PAHCC 0Hy6J'II/IKOBaHHOF0 METOJa HCHOHBSYﬁ-
TC KaBbIYKN U YKAXKHUTC UCTOYHHK. HY)KHO OIHMCKLIBATEH JIIOOBIE MO)II/I(i)I/IKaIII/II/I CymECTBYIOIIUX MC-
TOOOB.

Teopust u pacyeTsl (BLIYHCTCHHS)
TeopeTnyeckass 4acTh JOJDKHA H3JararbCsi B PAaCIIMPEHHOM BHUJE M CO3/JaBaTb OCHOBY JUIA
nanbpHENIe paboTel, a HE TOBTOPATH WH(OPMAITUIO, TPUBEICHHYIO BO BBeneHUH. Pa3nen PacueTs

(BBIYMCIICHUSI) OMHUCHIBACT MPAKTHYECKYIO YacTh PabOThHI, MOATBEPKAAIOIIYI0 TEOPETHUECKUE TI0-
JIO’KCHUS pPaOOTHI.
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NiumocTpaunu, Tadauubl, GopmyJibl

Kaxxapiii pucyHok (kaprta, [uarpamma, cxema u T.J.) IPEeACTaBIIsSETCs B BUJIE OTACIBHOTO 00b-
eKTa B KOHIIE TeKCTa WK B Buae ¢aitna B popmare JPEG (* jpeg, *.jpg). X pa3mepsl, Kak npaBu-
J10, HE JIOJDKHBI MPEBBIIATh MUPHUHBI B 7,75 ¢M miam TekctoBoro moiis (16,5 cm). Pucynku cnemyer
pa3MeniaTb CHMMETPUYHO OTHOCHUTEIIBHO CEpPEelUHBI CTpaHHIBl. Pasmep mpudTa noaprucyHOYHBIX
noanuceit — 12 pt, a moaApuCyHOUHOTO TeKCTa (pacmudpoBKa yCIOBHBIX 0003Ha4YeHHUM U T.1.) — 12
pt; Habupaercst KypcuBoM. Kakaplii pUCYHOK M TIOAPUCYHOUYHBIA TEKCT JOJDKHBI paclioyiaratbesi Ha
OJIHOM cTpaHHuIle, TPUYEM MOJPUCYHOUHBIM TEKCT — MO/ PUCYHKOM.

st rpaduueckoii paboThl pEKOMEHIYETCsl UCTIONIb30BaTh CIEAYIOIINE paBUIa;

e Jlns pactpoBbIx n3o00paxenuit ucnonszyite hopmar JPG/JPEG, TIF npu paspemenun 300
dpi, 256 rpaganwmii ceporo.

o Bekropnblie n3o0paxkenus cienyet npenoctasisith B CorelDraw, Adobe Photoshop.

o Jlna dhororpaduii npumensiite popmar JPG/JPEG, TIF npu paszpemennn He menee 300 dpi.

Homepa n na3Banms Tabnun npuBoasrcs mpudrom 12 pt Ham HuMu. Tabaumpl HE AOIDKHBI
OBbITh IPOMO3JIKUMH U BBIXOJUTH 3a IpeJelibl TEKCTOBOrO nouis. IlepeHoc Tabmuisl ¢ 0HOM cTpa-
HULBI HA APYTYIO HE JomyckaeTcsa. TaOuuibl JOHKHBI ObITh OMEIIEHBI B TEKCT cTaThi. IIpoHyme-
pyiTe TaOaMLbl OJHY 3a APYIoi B COOTBETCTBHM C MX MECTOIOJIOKEHUEM B TEKCTE, a IPUMEUYaHUs
K HUM pa3MecTuTe moj tadnunei. B Tabnuie He gomyckarorcst cokpanieHusi. @opmMyiisl qarorcs 0e3
IIPOMEKYTOUHBIX BBIKJIAJ0K C 00513aTeIbHON pacIM(pOBKON UCIOIBb3YEMBIX B HUX CUMBOJIOB (Cpa-
3y mocie GOpPMYIIbl) C YETKUM CMEICHHEM CTETICHEeH U MOJICTPOYHBIX UHIEKCOB OTHOCUTEIEHO Ce-
peluHBI CTPOKH, cozeprkalei 3ty ¢popmyiry. Homepa ¢popmyi, eciy OHM yIOMUHAIOTCS, YKa3bIBa-
IOTCSl B KPYTJIBIX CKOOKax y MpaBOW I'paHMIIBI TEKCTa, Ha OJHON JIMHUK ¢ dopmynoi. s nHabopa
dbopmyn crieayet ucnonb3oBaTh peaakrop Microsoft Equation. lupuna ctpoku ¢ ¢popmynoit u Ho-
MepoM (OpMyJIbI HE JJOJKHA MPEBBIATh 7,75 cM.

PesyabTaTsl n/uiau ObécyxneHust

Pe3ynbratsl TOMDKHBI OBITH M3JIOKEHBI Y€TKO M KpaTko. B OOcyxneHuu cienyeTr akieHTHPO-
BaThCsl HAa 3HAYMMOCTHU Pe3yJIbTaTOB PaOOTHI, a HE MOBTOPSTH UX, M30erasi MHOTOYMCICHHBIX LUTH-
poBaHMi U OOCYKIEHUI OMyOIMKOBaHHON IuTepatypsl. JlomyckaeTcss oObequHeHHe pa3zenoB Pe-
3ynbTaThl 1 OOCyXKIEHHE.

BriBoabI

OcHOBHBIE BBIBOJIBI UCCIICIOBAHMSI MOTYT OBITh M3JI0KEHBI KpaTko. Pa3gen BbIBOABI MOXET
pacroyiaraTtbCs OTIETBLHO WKW 00pa3oBbIBaTh mojapasaen Oocyxaenus wim PesyabraTtoB m O0-
CY:KIeHHI 0 PacCMOTPEHUIO aBTOPOB, a TAKXKE€ B 3aBUCHUMOCTU OT CTHJIA CTaTbH, MOJTYYEHHBIX
TEOPETUYECKUX PE3YJIbTAaTOB, BBIYUCIECHUH U T.JI.

Jlureparypa

JIuteparypa J0JDKHA COOTBETCTBOBAThH HIDKEIPUBEAEHHBIM TPEOOBAHUSM U IPUMEpPaM: TIPHUBO-
IUTbCs 0e3 HyMepald W MOJHOCThIO HAa AHTJIMICKOM SI3bIKE€ HE3aBHCHMO OT sI3bIKa OpUTHMHANA
nyonukanuu. OpUruHaNbHBIN A3bIK UICTOYHMKA HEOOXOJUMO YKa3blBaTh B CKOOKax B KOHIE OHO-
nrorpadUIecKoi cchlIky, Hanpumep: (in Azerbaijani) wium (in Russian).

Ha3Banusi W31aTenbCTB ClEMyeT yKa3plBaTh 0Oe3 IepeBo/ia, B OPUTHHAIHHOM HAIMCAHWH,
Hanpumep: Nauka, Nedra, Nafta-Press, Elm u 1. 1.
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Crnucok nuTepaTyphl JOJDKEH OBITh yropsaaoueH o andasury pamunuii nepssix aBTopoB. Bee
oubmmorpaduueckue CBEICHUS JOJDKHBI ObITh MONMHBIMU W TouHbIMH. [Ipu Hammuuu DOI HacTos-
TEJIBHO PEKOMEHIyeTCs YKa3bIBaTh €ro B Oubnuorpaduyeckoil 3ammcu.

Hanpuwmep:

Garibov Y.E. Anthropogenous transformation of modern landscapes of the Azerbaijan Republic
and their optimization ways. Abstract of PhD dissertation (geography), Baku, Azerbaijan, 2013, 47 p.
(in Azerbaijani).

Hasanov T.Ab. Ophiolites of Lesser Caucasus. Nedra. Moscow, 1985, 240 p. (in Russian).

Isachenko A.G. Landscape studies and physico-geographical zoning. Vysshaya shkola. Mos-
cow, 1991, 366 p. (in Russian).

Bortnikov N.S. Geochemistry and origin of ore forming fluids in hydrothermal-magmatic sys-
tems in tectonically active zones. Geology of ore fields. VVol. 48, No. 1, 2006, pp. 3-28 (in Russian).
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[Toxaiy¥icra, y10CTOBEPHTECH, UTO KaXIbIi JTUTEPATYPHBIA UCTOYHUK, HA KOTOPBIA CCHUIAIUCH
B TEKCTE, MIMEETCS B CIIUCKE JUTEparypbl (1 Ha000poT). CChUTKM B TEKCTE JOJDKHBI JaBaThCS Ha
SI3bIKE€ OpUTMHAJA.

Bce ccplIKn B TEKCTE JOJI2KHBI OBITH 3aKIIOYEHEI B CKOOKH M OTHOCUTHCS K:

1. Ognomy aBTOpY: hamuius aBTopa (0€3 HHULIMATIOB), TOT U3AAHUS;
2. JIBym aBTOpam: (hamuiinu 0O0UX aBTOPOB, TOJ U3AHHUS;
3. Tpem u Oosee aBTopam: (pamMuIKsi IEPBOTO aBTOPA, fayiee cieayer «et al.y (1 ap.), Toj u3IaHus..

Psin cchutok cnemyer mpeacTaBUTh B XpoHoJorndeckoM mopsiake. Hampumep, (Bryulov, 1999;
McKenzie, 2000)...”. Ccpuika Takxke MOXKET ObITh B cieaytomieii ¢popme: “Alizadeh et al. (2016)
have recently shown ...”.

Cnucok aumepamyput. Llutupyemble IUTEpaTypHbIE UCTOYHUKHU JOKHBI OBITh BEICTPOCHBI 110
andasury. Pazmep mpudra — 12 pt. amuinuss HaUMHASTCS 3arJIaBHOW OyKBOHM, OCTaJIbHBIC OYKBBI
cTpounble 6e3 3amsToil mocie damunuu. [locne pamunuu(it) aBTopa(oB) yKkasplBaloTCs Ha3BaHUE
KypHaJa/Ha3BaHWE KHUTW/HA3BaHUE pa3jeiia/Ha3BaHUE CTaThU, HOMEP TOMa/ BBITYyCKa, IJlaBa KHH-
TU/HOMEp KypHalla, U3JaTelbCTBO, TOPOJ, TOJl U3/IaHUs U HOMepa cTpaHuil. HacrosTensHO peko-
MEHJIyeTCsl UCTIONb30BaTh uaeHTH(GuKkannonnsie nHaekcsl DOL. B ciydyae HECKOIBKUX CCBUIOK Ha
JTUTEepaTypHble UCTOYHUKU OJJHOTO U TOTO K€ aBTOPa M OJMHAKOBOTO TOJla W3/IaHusl, CIeAyeT MpH-
MEHUTH JIONOJHUTEILHO OyKBHI “a”, “b”, “c” u T.1. (Aliyev, 2009a).

IIpumepsr:
Ccoliku Ha JicypHaivbHble cmampu:

Ismayil-zadeh A.J. Bipolar conjugation of volcano-plutonic and ophiolitic belts in Caucasus.
Proceedings of NAS of Azerbaijan.The Sciences of Earth, No.1, 2009, pp. 40-53 (in Russian).

Ccoinku Ha Knuzu u monozpaguu:

Mustafayev G.V. Mesozoic granitoid formations of Azerbaijan and peculiarities of its metal-
logeny. EIm. Baku, 1977, 234 p. (in Russian).

Ccoliku Ha 21a6bl 6 KHU2ax noo pedaKyuei:

Mettam G.R., Adams L.B. How to prepare an electronic version of your article. In: Introduction
to the Electronic Age. E-Publishing Inc., New York, 2009, pp. 281-304.

Ccovinku na ouccepmayuu u/unu agmopegepamot:

Garibov Y.E. Anthropogenous transformation of modern landscapes of the Azerbaijan Republic
and their optimization ways. Abstract of PhD dissertation (geography), Baku, Azerbaijan, 2013, 47
p. (in Azerbaijani).

Ccolnku na Konghepenyuu u cumMno3uymol:

Khain V.Ye. Northcaucasian-Turkmeno-Northafganian Late Triassic volcano-plutonic belt and
detection of north zone of Tethys. Doklady AS of USSR, Vol. 249, No. 5, 1979, pp. 1190-1192 (in
Russian).
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Ccoiiku na eedocanmet.

Cancer Research UK. Cancer statistics reports for the UK. 1975, http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/(accessed 13 March 2003).

Ccovinku na 6azvl OaHHbIX (MemM000102udecKue pazpadomku, oyKiemst, Opoutiopo):

Oguro M., Imahiro S., Saito S., Nakashizuka T. Mortality data for Japanese oak wilt disease
and surrounding forest compositions. Mendeley Data, Vol. 1, 2015.

IIpencraBiienune crarei

Bce mpencraBiieHHble CTaThbU MOCHUTAIOTCS HA PEIEH3UPOBAHUE M OJI00pEHUE peAaKIMOHHON
kosuterun. CTaThy, KOTOPBIE IPOIUIN 3Ty MPOIEAYPY U MOYIHIN MOJIOKUATEITHHBIA OT3BIB, ITyOJIH-
KytoTcs OecruiaTHO. ABTOpam clieyeT MpeAcTaBisiTh pykonucu B Penakunonnyro Komneruto on-
nain nocpenctsoM pyukiuu “Iogars crarbio (Submit the manuscript)”.

PenensupoBanue qutcs 1-2 Mecsina co JHS IpeCTaBICHUS CTaThu B peaakiuio. CtaTeu my0-
JUKYIOTCSl B TIOPSAJKE MOCTYyIUIeHHs (ouepenHocTH). bynem OmaromapHbl, eciu cTaThbu Kak B Oy-
Ma)XHOM, TaK U JJIEKTPOHHOM BHJE OyAyT COOTBETCTBOBATh BHICOKMM MIpPO(ECCHOHATbHBIM CTaH-
napram. [IpeacraBinenue craTteél B JIEKTPOHHOM BHJE IMOMOXKET HAM TOJTOTOBUTH Balry paboTy
HaWTy4IIuM oOpa3om, obecreunBasi J0CTOBEPHOCTh, YETKOCTh U MOAPOOHYI0 HHOPMATUBHOCTb.

B ciyuae Bo3Bpara cTtaThu aBTOpam JAJisi BHECEHUSI MU3MEHEHUHN JOPAOOTaHHBINA BApUAHT JOJKEH
OBITH BO3BpAIIICH B PEaKIIMIO B TeUeHHe IBYX Heleab. Ecau pykonuck OyAeT 3aiep:kaHa 1o BUHE
aBTOpa 0oJ1ee IBYX HeleJib, OHAa OyJIE€T pacCMaTpUBaThCs PelakliMel KaK BHOBb ITOCTYIMBIIAS.

[Tpu mpencraBiIeHUH CTaThU HEOOXOAWMO TMPUCIATH TaKXKe OTCKAHUPOBAHHYIO DJEKTPOHHYIO
BEPCHIO COMPOBOIUTEIHHOTO MMChMa Ha UMsI TJIAaBHOTO PEIAKTOpa ¢ MIPOChOOH MPUHATH CTaThIO HA
paccMOTpEeHHE COTTIaCHO MpaBWJIaM KypHaia U B cllydyae COOTBETCTBHUSI BCEM TPeOOBaHUSIM OITyO-
JIMKOBATh €e€.
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