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‘... whenever men can form no idea of distant and unknown
things, they judge them by what is familiar and at hand .
— Giambattista Vico

REVISITING THE “ASIATIC MEDITERRANEAN”: EARLY HOLOCENE HIGHSTANDS
AND HYDROLOGICAL CONNECTIVITY ACROSS THE PONTO-CASPIAN BASIN

Gallagher R.
Independent Researcher, Scotland
170, Gardner Drive, Aberdeen, AB12 5SA: gallagher_ronnie@yahoo.co.uk

Summary. Understanding hydrological change across the Ponto-Caspian region during the Late Pleistocene—Early
Holocene transition remains a key challenge in Quaternary science. While existing models emphasise climate forcing
and glacio-isostatic adjustment, a number of geomorphological, sedimentary, and biological observations are not easily
reconciled within current frameworks.

This study synthesises evidence from the Caspian, Black Sea, Mediterranean, and adjacent regions, with particular
focus on the geomorphology of Azerbaijan. Raised terraces, high-elevation strandlines, and apparent wave-modified
mud-volcano surfaces occur at levels significantly above the widely accepted Khvalynian highstand (~+50 m a.s.l.),
suggesting the possibility of previously unrecognised hydrological conditions. Additional lines of evidence include os-
tracod faunal turnovers, shifts in salinity-sensitive taxa, anomalous sedimentary records, and indications of changing
basin connectivity across Eurasia during the Early Holocene.

Taken together, these observations support the interpretation that regional hydrology was more dynamic and com-
plex than commonly assumed. Rather than a single-event framework, the data are more consistent with a multi-phase
system involving fluctuating water levels, episodic basin overspill, stratified flow regimes, and variable connectivity
between the Black Sea, Caspian Sea, and neighbouring basins. In this context, earlier concepts of an enlarged Pleisto-
cene “Asiatic Mediterranean” are reconsidered as a working hypothesis.

The study also re-examines the Black Sea reconnection debate, suggesting that alternating phases of outflow and in-
flow through the Bosphorus may better explain available evidence than either strictly catastrophic or purely gradual
models. Broader regional comparisons, including North Africa and the Arctic margin, indicate that hydrological and
environmental changes during this interval may have been temporally clustered.

While the interpretations advanced here remain provisional, they highlight the need for integrated, multidisciplinary
investigation. Future work should prioritise geochronological dating of strandlines and terraces, sediment coring, hy-
drodynamic modelling, and DEM-based palaeoshoreline reconstruction. The distinctive geomorphology of Azerbaijan
may prove central to resolving outstanding questions concerning Eurasian Quaternary hydrology.

Keywords: Ponto-Caspian region, Early Holocene, Caspian Sea level, Black Sea hydrology, Quaternary palaeohy-
drology, basin connectivity, marine transgression, glacio-isostatic adjustment, palaeoshorelines, “Asiatic Mediterrane-
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Introduction

Following a presentation in 2011 at the In-
stitute of Geology and Geophysics in Azerbai-
jan (GIA), evidence was presented for extreme
former flood levels in the Caspian Sea, inferred
from raised terraces, strandlines, and erosion
features on mud volcanoes. This work led to the
paper “The Ice Age Rise and Fall of the Ponto-
Caspian: Ancient Mariners and the Asiatic Med-
iterranean” (Gallagher, 2011), in which a major

phase of Ice Age freshwater flooding was pro-
posed. This event was interpreted as forming a
vast inland water body — the “Asiatic Mediter-
ranean” (AM) — representing a greatly expanded
Ponto-Caspian basin. A subsequent Early Holo-
cene marine inundation was also suggested, ini-
tially associated with strandlines at ~222 m
above sea level (a.s.l.), now revised to ~312 m
a.s.l. These elevated strandlines and associated
erosional features indicate flooding on a scale

3
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that is difficult to reconcile with conventional
models of Caspian Sea-level change, particular-
ly the widely cited Khvalynian highstand of ap-
proximately +50 m a.s.l. (Arslanov et al., 2016).
It is therefore possible that geomorphological
evidence for higher flood stages has been over-
looked or treated as anomalous, along with its
broader implications for regional hydrology.

The present study builds on this earlier
work and addresses three principal observations:
a prominent raised terrace, high-level strand-
lines, and wave-erosion features on mud volca-
noes. These features have prompted a wider in-
vestigation into the possibility of large-scale
flooding across Ice Age Eurasia, followed by a
significant marine incursion during the Early
Holocene. To avoid repetition, this paper should
be read in conjunction with Gallagher (2011).

If flood levels approached ~312 m as.l.,
much of the Ponto-Caspian basin would have
been inundated, with potential overflow through
the lowest available outlet toward the Sea of
Marmara, raising the possibility that such dis-
charge contributed to erosion of the Bosphorus.
Additional lines of inquiry include possible fau-
nal incursions from the Arctic, supported by in-
terpretations of petroglyph imagery that may
depict marine species such as whales and north-
ern seabirds within the Caspian region. While
speculative, such evidence warrants considera-
tion where it aligns with environmental and ar-
chaeological data.

1. Aim and Objectives

This paper summarises a range of unresolved
observations and paradoxes relating to flood
events in the Ponto-Caspian region during the
Late Quaternary and Early Holocene. The review

Terrace top126m asl

draws on field observations, radiocarbon data,
published literature, and evidence for the physi-
cal, chemical, and biological impacts of extreme
transgressions. Broadly, the evidence points to
two contrasting flood regimes: an Ice Age fresh-
water phase and a major Early Holocene marine
inundation. The scale of the latter suggests it may
have substantially modified or obscured earlier
geomorphological evidence, contributing to the
complexity and uncertainty of regional interpre-
tations. Accordingly, the paper begins by exam-
ining a series of key anomalies from which fur-
ther deductions may be drawn.

1.1. Geomorphology of a 50 km long
raised terrace north of Sumgayit

A representative section of the terrace near
Gilazi (Fig. 1) has been described as a
Khvalynian alluvial plain (Arslanov et al.,
2016). It comprises a gently sloping aggrada-
tional surface extending from ~126 m a.s.l. to a
pronounced escarpment at ~100 m a.s.l., fol-
lowed by a steep descent to ~26 m a.s.l. From
this level, the surface continues to slope gradu-
ally toward the Caspian Sea, with smaller scarps
indicating episodes of both abrupt and progres-
sive water-level change.

The principal concerns relating to this ter-
race are as follows:

1.1.1 First: The terrace sediments are gen-
erally interpreted as alluvial, yet no major river
occurs along the level terrace between Sumgayit
and Gilazi. The Samur River source hypothesis
remains problematic because the terrace reaches
~126 m asl, well above the accepted
Khvalynian highstand.

Fig. 1. Section of a 50 km long raised terrace near Gilazi. The foot of the terrace corre-
sponds to the spillover at the Manych spillway, while the terrace top at ca 126 m a.s.l.
may represent the spillover elevation from the Asiatic Mediterranean. (R. Gallagher)
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1.1.2 Second: An abrupt break between
~100 m and 26 m a.s.l. suggests rapid Caspian
water-level fall, implying reduced inflow or rap-
id basin drainage.

1.1.3 Third: The Khvalynian transgression
is typically divided into Early and Late phases,
associated with terrace levels at ~50 m and 0 m
a.s.l. (Dolukhanov et al., 2009). However, no
clear erosional surface corresponding to the ~50
m level is evident in Fig. 1, despite the suscepti-
bility of alluvial sediments to water erosion.
This presents a dilemma: either the established
Khvalynian chronology is incomplete, or the
~50 km terrace represents a later, larger deposi-
tional event superimposed on earlier surfaces —
potentially linked to a younger marine inunda-
tion (see Section 3.1.1).

The base of the escarpment at ~26 m a.s.l.
may correspond to the spillover threshold into

the Manych Corridor via the Zunda Tolga sill
(Semikolennykh, Panin, Zazovskaya, 2025),
suggesting geomorphological significance. By
extension, the upper level at ~126 m a.s.l. may
represent a former overflow threshold from the
proposed Asiatic Mediterranean. Similarly,
higher terraces (e.g. ~167 m a.s.l.; Gallagher,
2011) may reflect marine inundation rather than
stable palaeoshorelines (Leontyev, 1963), a
point supported by evidence from mud volcano
erosion discussed below.

1.2. Strandline Geomorphology

No accepted explanation exists for the triple
strandlines at ~222 m a.s.l. in the Gilazi Valley
(Gallagher, 2011, Fig. 2). A comparable set
identified in the Tartar River Valley (Figs. 3-4)
reaches ~312 m a.s.l., suggesting a potentially
related flood event.

222m asl strandline

Fig. 2. Gilazi Valley triple strandlines. (GPS — 40°52'35.46"N, 49°1122.48"E).
With little stream erosion these are considered to be relatively recent. (Pers comm)

(R. Gallagher)
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Fig. 3. Tartar River Valley strandlines at 312 m a.s.l. (GPS — 40°21'6.58"N,

46°52'21.67"E), (Google Earth)
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Gilazi Valle:
strandlines

Fig. 4. Triple strandline locations, Tartar River and Gilazi Valley. Note that the
Tartar site is exposed to the Caspian Sea while the Gilazi site is sheltered.

(Maphill)

A key issue is the ~90 m elevation differ-
ence between the two sites. If broadly contem-
poraneous, this may reflect local geomorpho-
logical controls: the confined Gilazi Valley
could have restricted inflow, whereas the more
open Tartar Valley, connected to the Kura sys-
tem, may have experienced fuller inundation.
This implies a complex, possibly oscillating
water-level response during an extreme event.

Although water may have reached ~312 m
a.s.l. long enough to form distinct strandlines, it
was likely short-lived, with evidence near
Cheyildagh indicating a subsequent fall in level

(Fig. 5).

1.3. Mud Volcano Wave Action Erosion
Mud volcanoes are short-lived, highly erod-
ible landforms, making them sensitive indicators

- -
} Watestines near the Visge of Theyildagh
AT N ST 5

of wave action. At Boyuk Kanizadagh (Figs. 6-
7), a ~2 km section of the seaward flank appears
missing, suggesting marine erosion and imply-
ing that floodwaters persisted long enough to
reshape exposed slopes. Further evidence may
come from the Two Brothers (Iki Qardas) mud
volcanoes, once mapped but now reduced to
submerged shoals, possibly indicating prolonged
erosion over decades to centuries. Techniques
such as OSL dating could help constrain the tim-
ing and duration of such flooding.

The pale coloration on the lower slopes of
Boyuk Kanizadagh is unlikely to represent a
simple stratigraphic horizon given the over-
lapping nature of mud flows and may instead
reflect erosional or environmental processes
(see 3.2.2.2).

Fig. 5. Satellite view of watermarks/strandlines near the village of Cheyildagh
in the vicinity of the Daviladagh mud volcano. (GPS — 40°16'20.38"N,
49°12'41.34"E. This may represent a falling water level. (Google Earth)
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Fig. 6. Boyuk Kanizadagh flank facing the Caspian Sea. (GPS — 40°829.15"N,
49°22'54.86"E). Key features are the angle of erosion, erosion gullies, foot extension
and a distinct white colouration. (R. Gallagher)

Wave
erosion

Qotur mud
vulkano
“O'm

Fig. 7. Image of Boyuk Kanizadagh showing an anomalous 2 km long seaward face
of the mud volcano, caused by wave action attack. (PeakVisor.com)

Strong evidence of wave erosion is also ob-
served at the Daviladagh South Mud Volcano
(Figs. 8-9), where terrace-like benches and
smoothed slope breaks occur on the southern
flank. Here, softer mud deposits appear to have
been preferentially eroded, exposing underlying
limestone and producing rounded, laterally con-

tinuous features. Satellite imagery shows con-
trasting preservation between younger, intact
mud flows and older, more eroded surfaces,
suggesting differential exposure to marine con-
ditions. This may indicate a relatively recent
inundation event, consistent with strandline evi-
dence from the Gilazi Valley.

Fig. 8 An oblique view of Daviladagh South mud volcano showing eroded mud
drape overlying tilted limestone stratigraphy. (GPS—40°15'45.27"N, 49°18'49.17"E).

(R. Gallagher)
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Fig. 9. Satellite image of Daviladagh mud volcano with highlighted mud flow and

eroded flank. (Google Earth)

If correct, these observations point to a
large-scale marine transgression across the
Ponto-Caspian basin, potentially reaching eleva-
tions exceeding 260 m a.s.l. While difficult to
reconcile with conventional models, this inter-
pretation arises directly from the geomorpholog-
ical evidence and warrants further investigation.

2. Factors concerning the Asiatic

Mediterranean

The term “Asiatic Mediterranean” (AM)
was introduced by Eduard Suess to describe a
vast inland water body that, at times during the
late Tertiary and Quaternary, may have linked
the Black, Caspian, and Aral seas, and possibly
extended into western Siberia. Earlier geolo-
gists, including Humboldt, Marny, Chikhachev,
and Murchison, had similarly proposed the ex-
istence of an extensive interconnected system of
continental waters.

Within this framework, Eurasian water bal-
ance during the Ice Ages becomes critical. It is
possible that onshore ice sheets periodically
blocked northward drainage of major Siberian
Rivers, diverting flow toward the Caspian basin.
Combined with meltwater input and climatic
variability, such conditions could have sustained
repeated expansions of a large intracontinental
water body — the proposed Asiatic Mediterrane-
an (Gallagher, 2011).

This raises several key questions: What evi-
dence supports the existence and extent of such
a water body, including palaeoshorelines? What
barriers constrained it, and what volumes of dis-
charge were involved? Where and how might it
have drained — possibly toward the Aegean —
and is there sedimentary evidence of such out-

8

flows? Could seasonal melt cycles have pro-
duced widespread flooding and layered depos-
its? What were the geomorphological, climatic,
and ecological consequences, and how might
such a system have influenced early human
populations?

These issues are explored in the sections
that follow.

2.1. Evidence for the Asiatic

Mediterranean

Both direct and indirect evidence for a large
lake can be inferred from the following:

2.1.1. Radiocarbon Dating

To constrain the age and former elevation of
the Ponto-Caspian basin, bulk mollusc samples
were collected from coastal benches in Azerbai-
jan and Bulgaria. As indicators of past water
levels, such deposits provide evidence for pal-
aeodrainage patterns and Quaternary Lake or
sea-level fluctuations, particularly during the
last Ice Age. The radiocarbon results are as fol-
lows in Table 1.

Bulk shell sampling is subject to uncertain-
ties, including age mixing, reservoir effects, and
contamination, and results depend in part on
preparation methods such as bleaching or acid
etching. Despite these limitations, the aim was
to establish relative ages across elevations with-
in the proposed Asiatic Mediterranean. Several
results (Table 1) approach the radiocarbon de-
tection limit (~40,000 BP), suggesting a Late
Quaternary transgression reaching elevations of
up to ~126 m a.s.l. Further sampling, ideally
from securely stratified in situ material, is rec-
ommended.
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Table 1

Radiocarbon dating results of Bulk Mollusc samples from the Caspian and Black Seas

. Elevation
COUNTRy | General Location(GPS |, ' 10nar | MEASURED AGE | 13c/12¢ |CONVENTIONAL
coordinates available) AGE
sea level (m)

Gobustan at 8m 8m 26110 +/- 180 BP +2.50/00 |[26560 +/- 190 BP
Gobustan 18 to 30m 18-30m 28520 +/- 210 BP +1.1 0/00 |[28950 +/- 220 BP
Gobustan 80 to 85m 80-85m 14310 +/- 70 BP +1.6 o/oo |14750 +/- 80 BP
Terrace top near 100 m 32460 +/- 480 BP  [+20/00  |32910 +/- 510 BP
Gobustan.
Gobustan 125m 125 m 16770 +/- 100 BP +1.6 o/oo [17210 +/- 100 BP

AZERBAIJAN [Gobustan shell midden, ca +1.9 o/oo |4630 +/- 30 BP
40°6'43.26"N
1992246 65"E 113 m 4190 +/- 30 BP
Qobu terrace near rock
shelter 140 m 40730 +/- 530 BP +1.1 o/oo 41160 +/- 530 BP
Gobustan shell midden +1.9 o/oo |4630 +/- 30 BP
40°6'43.26"N
1992246 65"E 113 m 4190 +/- 30 BP

BULGARIA Thracian Cliffs 126 m 29010 +/- 170 BP +2.8 0/00 29470 +/- 170 BP
Thracian Cliffs 77m 39200 +/- 490 BP +2.7 0/o0  [39650 +/- 490 BP

Source: BetaLab. Note that most dates are well within the C14 half life test limits. Shells prepared by acid etching.

2.2. Floodwater

Flooding may have been driven by dis-
charge from major Eurasian river systems, in-
cluding the Volga, Lena, Irtysh, Ob, and Ye-
nisei, whose combined flow — based on mod-
ern estimates — approaches ~59,000 m?/s, far
exceeding that of the Volga alone. During gla-
cial periods, however, northward drainage into
the Arctic may have been blocked by exten-

sive ice sheets, leading to river diversion and
ponding (Mangerud et al., 2004; Baker, 2007).

Under such conditions, water may have ac-
cumulated in the West Siberian proglacial basin
(Glacial Lake Mansi) before overflowing via the
Turgai Spillway into the Ponto-Caspian basin
(Fig. 10). This would have fed an enlarged en-
dorheic system — the proposed Asiatic Mediter-
ranean — potentially with intermittent discharge
to the world ocean.

Fig. 10. Topography of large-scale lowland basins and the Manych, Turgai,
and Uzboi spillways. The base map is SRTM data. (Komatsu et al., 2015)
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2.2.1. Caspian Sea Palaeocoastline

Radiocarbon ages from elevations above
~100 m a.s.l. suggest the presence of an ancient
coastline, investigated using the PeakVisor plat-
form (3D Maps and Peaks ldentification). For
comparison, terraces north of Baku were exam-
ined alongside Aral Sea palaeoshorelines, as
both basins would have been contiguous above
~100 m as.l. (Figs. 11-12). In both cases, ter-
race surfaces occur near ~126 m a.s.l., with a
pronounced escarpment at ~100 m a.s.l.

A schematic profile of the Mansi—Usturt
region (Fig. 13) shows a similar pattern, with
a palaeocoastline at ~120 m a.s.l. descending
to a distinct scarp at ~20+ m a.s.l., possibly
marking an overflow threshold toward the
Manych Corridor. These step changes may

50km Raised N |

reflect shifts in basin water balance and hy-
drological connectivity.

2.2.1. Turgai Spillway

Previously, the Turgai Spillway was noted
to lie at ~125 m a.s.l. (Gallagher, 2011), con-
sistent with modern topography. However, this
presents a paradox, as deglacial reconstructions
suggest a substantially lower active spillway
floor. The Turgai Valley — now a low-relief,
largely dry corridor — clearly carried significant
flow during the Pleistocene (Kecs, 1939). Bore-
hole data reveal 15-18 m of pebbly alluvial
sands overlain by clay, indicating high-energy
discharge, while wood and peat from depths of
76 m and 34 m yield radiocarbon ages of ~28.8
ka and ~19.1 ka (Acraxos, I'pocBanba, 1978;
Komatsu et al., 2015).
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Fig. 11. Palaeo terraced coastline North of Baku. Terrace top is at ca 126 m a.s.l. This
may represent the upper limit of the Asiatic Mediterranean prior to its spillover to the

world ocean. (Peakvisor/R. Gallagher)
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Fig. 12 Aral Sea shore lines showing a terrace top at ca 126 m a.s.l., a sudden drop
in water level at ca 100 m a.s.l. and the recognised upper level of the Aral Sea at ca
60-70 m a.s.l. (45°51'57.55"N, 58°40'29.44"E). (Peakvisor/R. Gallagher)
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Fig. 13. Topographical schematic of the Manse Osen Coastline in north Cas-
pian/Russia, showing the proposed palaeocoastline at ca 120 m a.s.l., with a
steep scarp above 20 m a.s.l. The former latter may represent overspill to the
Manych corridor. (Google Earth/Gallagher)

These data imply that the spillway floor
during deglaciation may have been far below its
present ~125 m elevation. Indeed, Glacial Lake
Mansi has been reconstructed at ~60 m a.s.l.
(Mangerud et al., 2004), leaving a discrepancy
of over 60 m that requires explanation.

One possibility is substantial post-19 ka
sediment infill, raising the spillway to its current
level. Supporting this are scabland-like features
and elongated mounds within the Turgai Valley,
suggestive of high-energy flooding capable of
transporting and depositing large sediment vol-
umes (Komatsu et al., 2015; Fig. 14). Such pro-
cesses may represent the waning stages of a ma-
jor flood event.

(o}
50°N 4

T
65°E

Seasonal discharge through the spillway
would also be expected to deliver fine sediments
into the Caspian, potentially forming laminated,
varve-like deposits. This may account for the
fine stratification observed near Gobu, close to
Baku (Fig. 15).

2.2.2. Russian River Water Balance

If the prominent terrace at ~126 m a.s.l.
marks the upper limit of the proposed Asiatic
Mediterranean, the key question becomes how
such a water level was achieved. One possible
answer lies in the combined discharge of the
great Russian river systems, the estimated mag-
nitudes of which are summarised in Table 2.

»

5.3

g
5
o

Fig. 14. Some unusual landforms distributed along the valley may indicate cat-
astrophic flow events. Images include: - a chain of lakes; scabland-like hum-
mocky terrain and parallel elongated mounds. (Komatsu et al., 2015)
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Fig. 15. Laminated sediment layers at the entrance to the Gobu Valley
Elevation 0 m a.s.l. possible varves. (R. Gallagher)

Table 2

Estimated annual discharge of major Russian rivers

Volga ~250 km®/yr
Lena ~540 km®/yr
Irtysh ~95 km?/yr

Ob ~395 km?3/yr
Yenisei ~620 km*/yr

The combined discharge of these rivers is
~1,900 km* per year — a substantial freshwater
flux. For context, the Caspian Sea (~78,000
km?) could theoretically be filled in ~41 years at
this rate, ignoring losses.

Extending this to the wider Ponto-Caspian
system, the present combined volume of the
Black Sea (~547,000 km?®), Caspian (~78,000
km?), and Aral (~1,100 km?) is ~626,300 km*. A
preliminary estimate suggests that raising this
system to ~126 m a.s.l. would require a total
volume of ~0.8 million km?, implying an addi-
tional ~173,700 km? of water.

At an inflow of ~1,900 km® per year, this
volume could be supplied in roughly 90-92
years. While simplified and subject to losses
(e.g. evaporation and seepage), this first-order
estimate suggests that a greatly expanded Ponto-
Caspian basin could have formed on relatively
short timescales.

This rough calculation necessarily relies on
several assumptions: that inflow genuinely av-
eraged 1,900 km?® per year, that evaporation
losses were negligible, that the basins already
contained approximately their present water
volumes, and that all additional inflow contrib-
uted directly to raising the combined lake sys-
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tem toward 126 m a.s.l. What is significant,
however, is that even allowing for substantial
uncertainties, a timescale of 90-92 years is very
short when compared with the duration of a gla-
cial cycle.

If radiocarbon evidence and palaeocoast-
lines support the existence of an enlarged Asi-
atic Mediterranean, its formation is not implau-
sible and may have influenced Ice Age dynam-
ics. While such shoreline evidence is clearer in
the Caspian and Aral basins, it is less obvious
in the Black Sea. To address this, comparable
terrace features were examined in major river
systems, particularly the Sakarya in Turkey and
the Danube.

2.2.3. Sakarya River and Lake Sapanca

Lake Sapanca (40°43'N, 30°15'E) lies at
~31 m a.s.l., just east of the Gulf of Izmit along
the North Anatolian Fault and is thought to have
formerly drained toward the Marmara basin
(Nazik, Merig, Avsar, 2012). Despite being
freshwater, sediment cores contain marine and
brackish microfossils, indicating a past connec-
tion between the Black Sea and Marmara (Leroy
et al., 2009; 2010). Its proximity to the Sakarya
River has led to suggestions of a former hydro-
logical link via that corridor (Nazik et al., 2011),
with the youngest microfossils indicating a Hol-
ocene incursion.

Various mechanisms have been proposed —
tectonic uplift, bird transport, tsunami inunda-
tion, and seiche effects — but none fully resolve
the evidence. In particular, uplift studies argue
against a Holocene Black Sea—Marmara connec-
tion (Yaltirak et al., 2012), leaving the presence
of marine microfossils an unresolved paradox.
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This paradox may be resolved if Black Sea
levels were significantly elevated during the
Pleistocene due to diverted Siberian discharge.
Under such conditions, overspill through the Sa-
karya Gorge could have routed Ponto-Caspian
waters — and aquatic species — via Lake Sapanca
and the Gulf of Izmit into the Marmara basin.

It is further proposed that a larger Early
Holocene marine inundation may have followed
a similar pathway, potentially contributing to
incision or modification of the Bosphorus (see
Section 3.3.2). The presence of mid-Pleistocene
species in the Sapanca record may therefore rep-
resent proxy evidence of earlier Black Sea over-
spill, consistent with the concept of an enlarged
Asiatic Mediterranean.

Erturag et al. (2021) analysed a four-step
fluvial terrace sequence of the Sakarya River in
the Adapazar1 Basin using stratigraphy, geome-
try, and luminescence dating (Fig. 16). Terrace
formation was linked to Black Sea—controlled
base-level changes, with highstands during MIS
5a (~84-72 ka), MIS 3 (~40-30 ka), and MIS 1
(~9 ka—present). An average uplift rate of ~0.78
mm/yr was proposed.

While plausible, this interpretation is com-
plicated by the North Anatolian Fault being pre-
dominantly strike-slip, with mainly horizontal
motion. The 1999 Izmit earthquake, for exam-
ple, showed minimal regional uplift (Barka et
al., 2002), raising questions about the extent to
which vertical tectonics alone can explain the
terrace elevations.

Despite limited evidence for vertical dis-
placement, terraces T3 and T4 occur at ~60 m
and ~106 m a.s.l., raising doubts that uplift
alone explains their elevations. An alternative,
consistent with the Asiatic Mediterranean hy-
pothesis, is that they partly represent former
palaeocoastal levels of a high Black Sea/Lake

phase. While speculative, this possibility war-
rants consideration. Terrace elevations along the
Sakarya are summarised in Table 3.
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Sak.inr_\'n River 30-50 m

Fig. 16. Sakarya River terracing, sample locations and eleva-
tion above the river flood plain. Not to scale. (Erturag, 2021)

2.2.4. River Danube

A preliminary review of the Danube terrace
record shows extensive staircases typically at-
tributed to climate-driven river behaviour (Van-
denberghe et al., 2004 Armas et al., 2019). Ag-
gradation is associated with glacial stages (MIS
2, 4, 6), while incision relates to interglacials
(MIS 1, 5), reflecting shifts in discharge and
sediment supply. Terraces commonly occur at
relative heights of ~20 m, ~50 m, and ~100 m
above the river. These levels broadly overlap
with terrace elevations observed along the Sa-
karya River and within the Caspian basin. While
no direct correlation is implied, this correspond-
ence may warrant further investigation, as wider
hydrological controls — potentially linked to
fluctuations in the proposed Asiatic Mediterra-
nean — could have influenced phases of terrace
formation across the region.

Table 3

Summary of terracing details giving name, elevation and difference in age

Samplesite| Terracetop E!evalion Age T erracetgp Dif.ference fi?me glr\]/?;ﬁ:s; Ratg ofincrease
inmasl Differenceinm inage . inmm/yr
Ref g1l TO 275 760 na na na na
B16B T 325 1160 5 400 80 12.500
SB12D 7 36.2 1830 3.7 670 181 5.522
SB06C 3 60 30040 23.8 28210 1185 0.844
SB202B T4 106 71880 46 41840 910 1.099
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2.2.5. Potential Alluvial origin of Loess

Continuing with the Danube, a map of Eu-
ropean loess distribution broadly resembles the
proposed outline of the Asiatic Mediterranean
(Fink, 1977; Figs. 17-18), with major deposits
across the Danube basin, Germany, Poland,
Ukraine, Romania, and the North Caucasus.

Loess is typically interpreted as a Quater-
nary, wind-blown sediment derived from glacial
and periglacial processes, forming widespread
blankets of fine silt. However, its occurrence far
from former ice margins raises questions about
transport mechanisms (Smalley, 1995).

An alternative possibility is that, if a large
Pleistocene Asiatic Mediterranean existed, major
river systems could have delivered vast quantities
of suspended sediment into this basin. As water
levels later fell, exposed fine sediments may have
been reworked by wind to form loess. This

mixed fluvial-lacustrine—aeolian origin was pre-
viously explored by Gallagher (2013) and echoes
earlier views, including Darwin’s (1846) sugges-
tion of water-laid fine deposits.

While modern research confirms that most lo-
ess is primarily aeolian, the Asiatic Mediterranean
hypothesis may point to a more complex origin
for some deposits, involving interaction between
fluvial, lacustrine, and atmospheric processes.

2.2.6. Fate of the Ice Age River

Two implications stand out. First, the possi-
bility that a land bridge once spanned the Bos-
phorus — constraining discharge from a major
Pleistocene river system — can no longer be
dismissed outright (Gallagher, 2011). If the en-
larged Ponto-Caspian basin repeatedly over-
flowed, the central question becomes unavoida-
ble: where did this vast volume of water, and its
sediment load, ultimately go?

Map of loess distribution in Europe
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Fig. 17. Map of the Loess Distribution in Europe. (Fink, 1977)
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Fig. 18. Montage of Eurasia flooded to +126 m a.s.l., with an outline ancient
coastline with palaeo-settlements Red line is the estimated route of the Ice
Age River. (Google Earth/R. Gallagher)
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The conventional view routes this discharge
through the Marmara into the Aegean. Yet availa-
ble evidence suggests that significant freshwater
outflow into the Aegean may not have occurred at
scale until ~10 ka BP (Aksu et al., 2002). This sits
uneasily with expectations. If large, long-lived
river systems operated across Eurasia during the
Quaternary, they should have delivered immense
quantities of fine sediment to their outlet zones.

The northern Aegean does preserve Late
Quaternary muds, clays, and sapropels — prod-
ucts of mixed riverine, Black Sea, and marine
inputs (Roussakis et al., 2004; Pehlivanoglou,
Tsirambides, Trontsios, 2000). Yet much of this
sedimentary record appears comparatively
young. The question therefore sharpens: if such
discharge persisted over extended timescales,
where is the expected volume of sediment?

This mismatch between predicted and ob-
served sediment accumulation points to a gap in
current reconstructions — one that may hint at
alternative drainage pathways, episodic mega-
flood behaviour, or more complex basin dynam-
ics than presently recognised.

A possible answer to this puzzle may lie be-
yond the Ponto-Caspian, in the North Sea and
English Channel. Before exploring this, it is
useful to consider Palaeolithic settlement pat-
terns: if a vast intracontinental lake existed,
where were human populations located?

A reconstruction of Eurasia inundated to
+126 m as.l. (Fig. 18; Floodmap.net (Flood
Map: Elevation Map, Sea Level Rise Map); Hof-
fecker, 2005) shows most archaeological sites
positioned above the inferred lake level, often
near rivers or along its margins. Such locations
would have provided clear advantages — access
to freshwater, food resources, and transport
routes. Several sites are linked to mammoth hunt-
ing, suggesting strategic occupation of produc-
tive landscapes, possibly including seasonal
movement toward southern wintering areas.

If the proposed Pleistocene river system did
not discharge primarily toward the Aegean, then
an alternative possibility emerges that overflow
was, at times, diverted northwest toward the
Baltic and North Sea. During glacial periods,
the immense weight of continental ice sheets
depressed northern Europe, potentially reshap-
ing drainage pathways and opening routes that
no longer exist.

Seen in this light, Doggerland may repre-
sent more than a passive glacial landscape.
While its sediments are conventionally inter-
preted as glacial and glaciofluvial, with finer
deposits restricted to low-energy environments
(Cameron et al., 1992; Cotterill et al., 2017), the
possibility remains that episodes of large-scale
Eurasian freshwater discharge contributed to its
development.

If such a system operated, even intermittent-
ly, it would imply a far more dynamic and inter-
connected hydrological network across northern
Eurasia than is currently recognised — one capa-
ble of redistributing not only water, but sedi-
ment, ecosystems, and potentially human
movement on a continental scale.

Of particular interest is the Norwegian
Trench, a deep coastal depression extending into
the Skagerrak (Fig. 19). Conventionally, it is at-
tributed to repeated Quaternary ice-stream ero-
sion, acting as a major drainage corridor for the
Fennoscandian Ice Sheet. Yet its scale — reaching
depths of ~700 m, far below the surrounding
North Sea floor — raises the question of whether
glacial processes alone fully account for its exca-
vation (Rise et al., 2005; Sejrup et al., 2005).

If a large Pleistocene river system dis-
charged into the Baltic, it is conceivable that
flow continued westward toward the Skagerrak
and into the Norwegian Trench. Under such
conditions, substantial freshwater discharge may
have interacted with, or even augmented, glacial
drainage systems. Rather than acting solely as
an ice-stream conduit, the trench may at times
have functioned as part of a broader meltwater—
river network.

While speculative, this possibility invites
reconsideration of the trench not simply as a
product of ice, but as a feature shaped by the
combined effects of ice and water operating at
continental scale.

2.2.7. Other Observations and
Considerations

2.2.7.1. Climate

A large Eurasian inland water body would
likely have influenced regional climate by enhanc-
ing evaporation and atmospheric moisture, poten-
tially intensifying snowfall in downwind regions
and contributing to feedbacks affecting glaciation.
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Fig. 19. Shows the location of the Norway Trench (or Channel) as it skirts
the Norwegian coast. Could the Ice Age River augment the ice stream in

carving the trench? (Rise et al., 2005)

2.2.7.2 Glaciers in Turkey

Pleistocene glaciation in Anatolia was pri-
marily controlled by moisture supply from the
Mediterranean and Black Seas, with precipita-
tion rather than temperature acting as the domi-
nant factor (Sarikaya, Ciner, 2015). During low
sea-level conditions (~-120 m), reduced basin
extent may have limited moisture availability.

If an Asiatic Mediterranean existed, its ex-
panded surface could have provided a significant
additional moisture source. Combined with prevail-
ing winds, this may have enhanced snowfall and
contributed to increased glaciation across Anatolia.

2.2.7.3. Onshore Ice Sheet Collapse and
Release of Asiatic Mediterranean Water

A key question concerns the potential col-
lapse of an ice dam and rapid drainage of the
freshwater Asiatic Mediterranean into the Arc-
tic, possibly via the Kara—Barents sector. Based
on earlier estimates, such a release could have
involved ~173,700 km?® of water — comparable
to, or exceeding, major outbursts from Glacial
Lake Agassiz (~100,000-160,000 km?), which
are known to have affected ocean circulation
and climate (Teller et al., 2002).

A discharge of this scale could have pro-
duced significant geomorphological and ocean-
ographic effects, including high-energy seabed
features such as the relict sand waves docu-
mented on the Barents shelf (King et al., 2014;
Boe et al., 2009), as well as short-term reduc-
tions in ocean salinity.

In climatic terms, such an event may be
considered analogous to Heinrich-type freshwa-
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ter forcing. While not a classical Heinrich event,
a large Eurasian outburst could have freshened
surface waters, weaken deep-water formation,
and disrupted the Atlantic Meridional Overturn-
ing Circulation, potentially altering North At-
lantic circulation patterns and promoting in-
creased iceberg discharge.

This raises the possibility that collapse of
Eurasian ice sheets, combined with drainage of
a large inland water body, may have contributed
to poorly understood freshwater-forcing epi-
sodes during the Quaternary. While speculative,
this hypothesis warrants further investigation.

3. Factors Concerning a Marine Deluge

This section presents key evidence for a ma-
jor marine flood and its wider implications. Ob-
servations are necessarily concise, focusing on
critical anomalies, with references provided to
support further investigation and independent
assessment.

3.1. Elevated 126 m Terracing and
its 100 m Escarpment

3.1.1. Raised Terrace North of Sumgayit

The key issues are the elevation of the
~126 m terrace and the source of its alluvium. If
a major flood is considered, prolonged inunda-
tion and gyre-driven transport (Fig. 20) could
have delivered silt to the terrace, suggesting it
formed from flood-derived sediments rather
than solely from the Samur River.
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Fig. 20. Bathymetric map of the Caspian Sea with major
bottom currents and location of study area; DB — Derbent
Basin, MS — Mangyshlak Sill, AS — Absheron Sill, GB —
Gara Bogaz Bay. (Levchenko et al., 2018)

3.1.2. Proposed explanation of the 100 m
asl terrace escarpment

As noted earlier, the ~75 m drop along the
terrace marks a major geomorphological event,
possibly linked to increased outflow from the
Ponto-Caspian system. It may correspond to de-
velopment of the Bosphorus spillway, with the
escarpment descending to ~26 m a.s.l. — close to
the Manych Corridor threshold between the
Caspian and Black Sea basins.

3.2. Strandlines and Mud Volcanoes

3.2.1. Strandlines

Azerbaijan’s mud-volcano terrain, com-
posed of soft, easily eroded material, pre-

serves numerous strandlines and watermarks
that may indicate substantial past transgres-
sions (Figs. 4-9).

The Tartar River Valley strandlines were
visited in January 2026 (Fig. 21), confirming
their presence, although drone imagery — useful
for detailed morphological analysis — could not
be obtained due to licensing restrictions.

3.2.2. Mud Volcano Geomorphology as a
Potential Archive of Former Caspian High-
stands

Two mud volcanoes in eastern Azerbaijan —
Daviladagh South and Boyuk Kanizadagh —
preserve geomorphic features that may indicate
prolonged inundation or shoreline reworking.
Their soft, erodible deposits make them particu-
larly sensitive recorders of such events.

3.2.2.1. Daviladagh South Mud Volcano

As noted earlier, Daviladagh South Mud
Volcano preserves clear evidence of major inun-
dation (Figs. 8, 9, 22), including wave-cut
benches, strandlines, abrasion surfaces, stepped
slope breaks, and contrasts between eroded older
flows and fresher deposits, alongside more re-
sistant limestone outcrops. These features are
consistent with prolonged stillstands and wave
reworking, making the site a strong candidate for
chronological testing. Using a conservative flood
level of ~172 m as.l., reconstruction (Fig. 23)
indicates a flood extent across Eurasia that would
require connection with the Arctic Ocean —
pointing to a transgression on a scale that chal-
lenges existing models of Quaternary flooding.

-_g‘w”!\ :

Fig. 21. Lower of three strandlines in the Tartar River Valley at
~GPS —40°20'42.73"N, 46°51'25.30"E. (R. Gallagher)
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Fig. 22. Montage of Daviladagh S. Mud volcano with sea level set at 172 m
a.s.l. to highlight terracing and watermarks ranging from 191 to 230 m a.s.l.

(Floodmap.net/R. Gallagher)

Fig. 23. Using Daviladagh as a proxy tidal gauge, this represents the extent of
a Eurasian flood level at 172 m a.s.l. Note extensive flooding in the UK,
France and Mediterranean/Red Sea. (Floodmap)

3.2.2.2. Boyuk Kanizadagh

Boyuk Kanizadagh presents one of the most
striking geomorphic signatures in the region.
It’s pale lower slopes and sharply modified
seaward face (Figs. 6, 7, 24) contrast with more
intact flanks, producing a pronounced asym-
metry. The Caspian-facing side appears truncat-
ed and embayed, with evidence of material loss
and a pale horizon near ~115 m a.s.l., while sub
aerial erosion has only lightly modified the re-
maining slopes. This imbalance is difficult to
attribute to normal weathering alone. Instead, it
suggests sustained, directional erosion — con-
sistent with repeated wave or current attack on
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weak mud-volcanic deposits. The morphology
reads less like gradual decay and more like a
surface stripped back by energetic water acting
from a single dominant direction.

If this interpretation is correct, Boyuk
Kanizadagh records not just inundation, but pro-
longed exposure to high-energy conditions. As
such, it offers a rare opportunity for testing:
high-resolution topographic survey could con-
firm shoreline geometries, while luminescence
(OSL) dating of reworked sediments may estab-
lish when — and for how long — this erosion took
place.
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Fig. 24. Montage of Boyuk Kanizadagh showing its proximity to the Caspian
Sea, cone asymetry, pale (salt?) horizon, subaerial gullying and runoff erosion
and wave attacked flank. Enhanced vertical height. (Google Earth/R. Gallagher)

3.2.2.3. Salt and Marine Ingression

This mud volcano, previously illustrated
in Gallagher (2011, Fig. 10) and Fig. 6, dis-
plays a horizontal white layer at ~115 m a.s.l.
Rather than a conventional strandline, this
may represent a zone of salt impregnation,
supported by field observations indicating
salinity. It is suggested that rising waters de-
posited or fixed salts onto the clay surface,
marking the upper limit of a marine trans-
gression, possibly reflecting a salinity bound-
ary. Geochemical testing and comparative
mapping of nearby mud volcanoes are rec-
ommended to evaluate this interpretation.

3.2.2.4. Mud Volcano Composition, Col-
our and Comparison with Chocolate Clays

Mud-volcano ejecta in Azerbaijan is typi-
cally dark brown (Fig. 25), raising a possible
link with the widespread Khvalynian “choco-
late clays.” Both share similar mineral as-
semblages — dominated by illite and smectite
with subordinate kaolinite — reflecting sedi-
ment source and depositional conditions
(Bayramova et al., 2023; Musaelyan, 2022;
Ceutou, Makiaes, 2015). While these clays
are generally attributed to northern sources,
local input from Azerbaijan’s mud volcanoes
cannot be excluded.

Fig. 25. Boyuk Kanizadagh soil brown colouration. Note white (salt?) surface colour.

(R. Gallagher)
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Around 400 mud volcanoes occur across
Azerbaijan, with over 140 offshore, though many
extinct examples survive only as eroded remnants.
Their soft composition makes them highly suscep-
tible to rapid degradation, consistent with the sig-
nificant erosion observed at sites such as Davi-
ladagh South and Boyuk Kanizadagh.

Further evidence comes from the top of a
nearby mesa (Fig. 26), where Early Quaternary
brackish-water molluscs (Dreissena and Cardi-
idae) were identified, Yanina, pers. comm., sug-
gesting former aquatic conditions and consider-
able erosion.

Taken together, these observations indicate
substantial Quaternary erosion and support the
possibility of a larger former inland water body
influencing the region.

3.2.3. Missing Kura River Delta

Little or no sediment deposition occurred at
the Kura Delta between ~9000 and 2000 BP
(Hoogendoorn et al., 2005; Fig. 27), suggesting
sediment may have accumulated farther up-
stream. This is consistent with a higher Caspian
level during the early Holocene, possibly due to
marine transgression. Supporting evidence may
come from a shell midden at Gobustan dated to
4190 + 30 BP (Table 1), which lies several kil-
ometres inland under accepted sea-level recon-
structions (Rychagov, 1997). This discrepancy
raises the possibility that the Kura River dis-
charged into a higher-standing basin. Further
radiocarbon dating along the Kura corridor
could help test this hypothesis.
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Fig. 26. Fresh looking mollusc fragments on top of a 170 m a.s.l. mesa. Identi-
fied as molluscs of Dreissena and Early Quaternary Cardiidae (Tamara Yanina).
Mesa elevation is (GPS — 40°14'11.70"N, 49°19'35.01"E. (R. Gallagher)
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Fig. 27. Geochronological representation of the different phases of delta
development superimposed on the Holocene Caspian sea-level curve.

(Hoogendorn, 2005)/(Rychagov, 1997)
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3.3. Caspian and Black Seas

3.3.1. Data synthesis and paradoxical in-
terpretations

Late Pleistocene—Holocene sea levels in the
Caspian and Black Seas were highly variable
and often diverged from global eustatic trends
(Yanko-Hombach, Kislov, 2018), giving rise to
three key paradoxes:

e Paradox 1: The Early and Late Khvalynian
transgressions (MIS 3 and Late Glacial) are
well documented, but their water sources
remain uncertain and difficult to explain by
conventional hydrology.

 Paradox 2: While some Caspian and Black
Sea level changes align with climatic shifts,
others do not, raising questions about in-
consistent climate—sea-level relationships.

 Paradox 3: Proposed major Black Sea out-
flows via the Bosphorus are difficult to rec-
oncile with reconstructed basin-level fluctu-
ations during the same period.

These paradoxes may be better understood
within the framework of an Asiatic Mediterra-
nean and a subsequent marine flood, potentially
requiring a reassessment of conventional Qua-
ternary hydrology.

Paradox 1 may reflect ponding of Siberian
river discharge within an enlarged inland basin,
partly constrained by a Bosphorus land bridge
and operating independently of eustatic sea lev-
el. Paradox 2 suggests Black Sea level changes
were not solely climate-driven, but influenced
by this broader system. Paradox 3 relates to a
possible marine deluge, discussed further below.

3.3.2. Bosphorus Origins

The Bosphorus is widely interpreted as an in-
cised valley formed subaerially, with evidence for
southward outflow from the Black Sea and delta
formation south of the strait from ~10 ka BP
(Hiscott et al., 2002, 2007; Aksu et al., 2002).
Within the proposed framework, limited glacial-
period overflow may have established this south-
ward-flowing valley, while a later, more powerful
marine outflow — driven by a basin-level gradient
— could have deepened the channel and sculpted
its steep morphology. This enhanced flow may
also have eroded and bisected earlier deltaic de-
posits, leaving the anomalous paired delta rem-
nants observed today (Fig. 28).
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Fig. 28. Superimposed isopatch maps of depositional deltaic
lobes showing a gap between lobes. This suggests an erosion
event due to significant outflow from the Bosphorus indicated
by the red dashed arrow. (Hiscott, 2007)/Gallagher)

3.3.3. Norway Lobster in the Aegean

and Adriatic

Further evidence for possible northern marine
ingress is the presence of the European lobster
(Homarus gammarus) in the Aegean and Adriatic.
Genetic studies suggest links to northern popula-
tions, potentially indicating dispersal via a Baltic—
Arctic-Black Sea route rather than through Gi-
braltar (Triantafyllidis et al., 2005; Fig. 29).
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Fig. 29. Norway Lobster H. gammarus dendrogram
showing relationship among 44 European population.
Genetically Norway and Netherlands are close to the Ae-
gean and Adriatic. (Triantafyllidis et al., 2005)
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4. Discussion

These observations highlight persistent
discrepancies in current interpretations, sug-
gesting that a broader regional perspective
may be needed. Considered together, the hy-
potheses of a flooded Ice Age Eurasia and a
subsequent marine inundation offer a frame-
work within which disparate evidence may
form a more coherent picture of Quaternary
change. The following sections examine addi-
tional lines of evidence as further “pieces of
the puzzle,” testing the possibility and mecha-
nisms of a major flood event.

4.1. Traditions of the Flood

Sir Joseph Prestwich argued that a large
body of water once occupied parts of north-
western Europe and was catastrophically re-
leased, helping to form features such as the
English Channel and linking geological evi-
dence with widespread flood traditions (Prest-
wich, 1893-1894). He cited raised beaches,
widespread loess deposits, other anomalies and
“ossiferous fissures” containing the skeletal
remains of both carnivores and herbivores and
lacking signs of predation. Some fissures,
such as those at Mont de Séne in Santenay
France, (~521 m a.s.l.), may reflect animals
fleeing uphill from rising waters before be-
coming trapped. Although undated at the time,
many of these sites have not been re-examined
with modern methods. Renewed investigation
could provide valuable evidence for the timing
and nature of large-scale flooding in Western
Europe.

'Turticback’ Investigation locations.

Boreholes at Kom el-Ahmar and Quesna show almost identical stratification even

4.2. Mediterranean Flood Evidence

4.2.1. Nile Delta Turtlebacks

“Turtlebacks” or geziras are elliptical sandy
ridges rising ~30 m above the Nile Delta, com-
posed of Ethiopian-derived sediments and dated
to ~10-5 ka BP (Rowland et al., 2012; Fig. 30).
They are generally interpreted as fluvial features
formed during the African Humid Period.

An alternative possibility is that they
formed under transgressive conditions within an
enlarged Mediterranean highstand, with later
regression and Nile erosion, leaving them as re-
sidual features. If so, this could indicate an Ear-
ly Holocene transgression exceeding expected
eustatic levels and a Mediterranean shoreline
extending farther inland toward Cairo.

4.2.2. Faiyum Origins

The Faiyum Depression Lake is generally in-
terpreted as a Nile-fed basin formed by overflow
from the Bahr Yussef, with levels fluctuating in
response to climate and Nile discharge during the
African Humid Period (Marks et al., 2018).

An alternative possibility is that a higher
Mediterranean transgression caused back-
flooding within the Nile system, with elevated
downstream levels promoting overflow into the
depression via the Bahr Yussef (~25 m a.s.l.).
Strandlines within the basin (Fig. 31), reaching
~31 m a.s.l., indicate repeated lake-level chang-
es (Sandford, Arkell, 1929). Their generally nar-
row form suggests short-lived stillstands, possi-
bly representing receding shorelines from a
larger, transient lake.
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Fig. 30. Location of two near identical turtleback sites separated by 30 miles.
(Google Earth/ Gallagher) (Rowland et al., 2012)
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Fig. 31. A series of strandlines in the Faiyum depression with an up-
per height of ~31 m a.s.l., marking the successively lower levels of the
Qarun lake shore. From Fig. 20 (Sandford, Arkell, 1929)

4.2.3. Israel Mega Tsunami

A megatsunami affected the Israeli coast
around 10 ka BP, with run-up heights of ~16-40
m and inland inundation of up to ~3.5 km. It is
recorded as a marine sand layer burying Neo-
lithic settlements such as Atlit and Dor, likely
triggered by a submarine landslide or seismic
event (Shtienberg et al., 2020). Its timing broad-
ly coincides with other Early Holocene flooding
events, including formation of Lake Qarun, and
may warrant further consideration in a wider
regional context.

4.2.4. Italy, Lake Bracciano’s Submerged
Neolithic Site

Neolithic dugout canoes (pirogues) from La
Marmotta (~5700-5200 BC) represent the earli-

est known Mediterranean boats and demonstrate
unexpectedly advanced water transport (Gibaja
et al.,, 2024). Some vessels reach ~10 m in
length, yet the site lies ~300 m from Lake Brac-
ciano’s shore at ~11 m depth and over 160 m
a.s.l., raising questions about their intended use.

Given the lake’s inland setting and limited
modern connection via the Arrone River, such
large craft appear excessive for local use alone.
One possibility is that they were also used on
the Mediterranean, implying easier access in the
past. Under a higher sea-level scenario (~176 m
a.s.l.), Lake Bracciano could have been con-
nected to the Mediterranean, functioning as a
sheltered harbour (Fig. 32). If so, La Mar-
motta’s abandonment may reflect falling water
levels and loss of access to the sea.

Lake Bracciano

162m asl
La Marmotte
Archaeological Site

Meoditerranaan Sea.

’lmel raised to 176m as|
_;:,v to connact tolaks

Fig. 32. Lake Bracciano as an embayment of the Mediterranean, with
Sea level at 176 m a.s.l. (Google Earth/Gallagher)
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4.2.5. Arabian Quaternary Paleohydrology

Further evidence of a possible Early Holo-
cene deluge comes from the Arabian Peninsula,
where deeply incised canyons breaching the
~200 m Tuwaiqg Escarpment and large alluvial
fans suggest a major palaeohydrological event
(El Bastawesy, 2014).

Radiocarbon dates (~9,500-5,800 BP) indi-
cate a Holocene age, but conventional rainfall
estimates may be insufficient to explain the
scale of erosion, implying either extreme precip-
itation or a large-scale water-release event.
While the geomorphology confirms significant
flooding, its precise cause remains uncertain.

4.3. Giant ripples, Longitudinal Sand
Waves/Dunes and Oriented Lakes

If marine inundation reached elevations of
~150 m as.l., as suggested by mud volcano
strandline evidence in Azerbaijan, the funda-
mental question becomes: what mechanism
could drive water to such heights? One specula-
tive possibility is that large-scale Earth-system
changes — such as shifts in ocean circulation or
redistribution of tidal energy — may have dis-
placed water masses toward higher latitudes.

If such processes operated, their effects
might not have been confined to a single region.
Comparable signatures could be expected more
widely, raising the question of what geomorpho-
logical imprint sustained, high-energy marine
flow would leave on an inundated landscape.

One possible answer lies in the formation of
large-scale bedforms. As noted for the Barents

tion 81— 135M a8t
X

Austratia Longitudinel Dunes,)
25 210478, DESANOTE

Sea, powerful currents can generate extensive
transverse features aligned with flow direction.
This invites comparison with the longitudinal
dune fields of the Simpson Desert and similar
ridge systems found globally (Fig. 33). These
remarkably uniform, inactive and vegetated
landforms extend over great distances and fre-
quently occur alongside salt pans.

While typically interpreted as aeolian in
origin, their scale, consistency, and elevation
raise the possibility that some may record more
complex formation histories. At the very least,
they illustrate the kinds of geomorphic patterns
that sustained, high-energy flows are capable of
producing.

Table 4 provides selected examples of their
locations and elevations.

Explanations for these landforms vary. In
Australia, many dune systems are attributed to
persistent subtropical anticyclonic wind regimes
(Australian National Botanic Gardens, 2016).
The linear dunes of the Simpson Desert are
thought to have been most active during the
Last Glacial Maximum, with activity declining
into the Early Holocene and stabilisation occur-
ring after ~10 ka BP (Hesse, 2010; Fitzsimmons
et al., 2007). However, this wind-based explana-
tion may not fully account for the occurrence of
similar ridge systems across widely separated
regions, including examples at higher eleva-
tions. Their broader distribution suggests that
additional factors may be involved and warrants
further comparative investigation.

Stable Dunes; Vegetation cover 3
Duna field 1162m long. elevation 11 ast
1-5m tall, 330-700m width )

Fig. 33. Examples of Longitudinal dunes or possible sandwaves from
Australia and Namibia. (Google Earth/Gallagher)
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Table 4

Examples of linear ridge, dune, and possible sandwave fields

Average Elevation

Country Type/Note (mas.l) GPS Coordinates
Argentina Sandwave field 85 35°34'39.05"S
61°59'16.96"W,
Salinas de Ambagasta 118 29°18'49.21"S
64°27'52.39"W
Canada Sandwave field? 143 68° 1'12.77"N 129°
0'11.69"W
Sandwaves? 19 69°24'54.70"N 131°
5'30.22"W
Sandwaves? 93 72°16'56.87"N
105°59'10.11"W
Alaska Elongated Lake, Tractor Lake 12 70°56'32.15"N
157°12'19.19"W
Russia Lake Chany? 105 54°45'19.24"N 78° 3'0.53"E
Yuzny Island? 29 71°43'8.07"N 52°1727.66"E
Lena Delta 7 73°29'18.10"N
124°19'16.77"E
Volga Delta -22 46° 8'44.89"N
47°35'30.71"E
Australia Simpson Desert 100 25°2'16.42"S,
136°54'5.67"E
Namibia Linear dunes 1120 24°47'14.58"S
19°16'13.81"E
Senegal Linear dunes, static 52 15°1928.66"N
15°51'3.77"W
Mauritania Linear dunes 51 17°54'3.05"N
14°56'53.91"W
Zimbabwe Linear dunes 975 19°28'52.32"S
26°35'36.51"E
South Africa Linear dunes 844 27°27'2.66"S 20°34'58.85"E
Kazakhstan Sandwave 383 44°16'16.06"N
69°24'31.28"E

The Baer Knolls of the Volga Delta and
those near the Ural River have been interpreted
as subaqueous features, not aeolian and analo-
gous to longitudinal bedforms of the Brahmapu-
tra (Badyukova, 2016). However, they more
closely resemble submarine sand waves formed
from Brahmaputra-derived sediments in the Bay
of Bengal (Kuehl et al., 1997; Gallagher, 2018).
Models invoking persistent east-west currents
raise hydrodynamic questions. An alternative is
stronger north—south flow, possibly linked to
past Arctic incursions. Further geomorphologi-
cal and sedimentological study is needed to dis-
tinguish between these interpretations.

A possible related sand wave phenomenon
occurs in the Arctic in the form of “oriented
lakes.” In Alaska, these are attributed to persis-
tent winds generating waves that erode lake
margins and elongate basins (Carson et al.,
1962). In Russia, similar lake—ridge assemblag-

es have been interpreted as relict glacial linea-
tions later modified by thermokarst processes
(Grosswald, Hughes, Lasca, 1999). More recent
studies likewise link their orientation to prevail-
ing winds, with lake axes aligned parallel to
dominant airflow and shaped by thaw subsid-
ence, lateral expansion and drainage cycles
(Hinkel et al., 2005).

However, if large-scale flooding affected
Eurasia and the Arctic margin, an alternative
mechanism may be considered. Under higher sea
levels, low-lying coastal plains — such as parts of
northern Alaska and the Lena Delta in Russia —
would have been submerged and exposed to ma-
rine currents. Sustained flow could have generat-
ed large seabed bedforms, which, upon emer-
gence, became relic ridges and depressions that
later filled with water. These features may then
have evolved into elongated lakes comparable to
those observed today (Figs. 34-35).
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ARCTIC OCEAN

Fig. 2. Orientation of lake-and-ridge assemblages in (A}
Alaska~Siberian province, and (B) on western Baffin Is- | A
fand, Canada.

Fig. 34. Location of lake and ridge assemblages bordering
the Arctic Ocean. (Grosswald, Hughes, Lasca, 1999)

Fig. 35. Appearance of lake and ridge assemblages in
Alaska and Russia. (Grosswald, Hughes, Lasca, 1999)

Of additional interest is the chronology of
some “yedoma” ridge systems, where peat
yields radiocarbon ages of ~9.5-7.5 ka (Gross-
wald, Hughes, Lasca, 1999; Fig. 36). This
broadly coincides with other major environmen-
tal changes discussed above, although no direct
causal link is established.

Comparable ridge-and-lake patterns occur
elsewhere, including Canada (Allenby, 1989)
and northeastern Bolivia (Plafker, 1964), where
two distinct orientation sets — sometimes near
right angles — suggest multiple phases of land-
scape development under changing controls
(Fig. 37). Together, these observations point to
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a global geomorphological phenomenon that
may benefit from broader comparative study.
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Fig. 36. Relationship of transverse yedoma ridges and
intermediate thermokarst thaw valleys. Dates to Early
Holocene (Grosswald, Hughes, Lasca, 1999)

4.4. Evidence of Flooding in Scotland and

Western Europe

Several sites in Scotland may indicate epi-
sodes of prolonged inundation. Of particular
interest are a distinctive 1 m fossil-poor sedi-
ment layer in Loch Assynt and the discovery of
whale remains — including a blue whale (Balae-
noptera musculus) — within the Firth of Forth.

4.4.1. Loch Assynt

Loch Assynt is an intriguing site, lying at
~66 m a.s.l. and ~8 km from the present coast,
and ice-free since at least c. 17 ka BP. Sediment
cores have been used to reconstruct environ-
mental change across the Late Glacial-Early
Holocene transition using multiple palaeoenvi-
ronmental proxies.

Within this sequence, “Unit I1,” deposited
toward the end of the Younger Dryas, represents
a low-salinity transitional phase during basin
freshening. It is characterised by poor carbonate
preservation, sparse invertebrates, and an ab-
sence of chironomid insect (Boomer et al.,
2012; Fig. 37).

Age—depth modelling suggests that upper
Unit Il sediments — alternating sands and silts —
date to ~10 ka BP (Figs. 38 and 39). As chiron-
omids are sensitive to salinity, their absence
may indicate unfavourable conditions. One in-
terpretation is that these sediments record a
short-lived disturbance, possibly a marine incur-
sion during the Early Holocene. However, alter-
native explanations, including catchment insta-
bility, cannot be excluded without further study.
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common mode effect. (Grosswald, Hughes, Lasca, 1999)
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be associated with a marine flood and unfavourable breeding conditions. (Boomer et al., 2012/Gallagher)
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4.4.2. Missing Gap in Hunter-Gatherer
settlement in Scandinavia

Jensen et al. (2020) propose dividing the
Early Mesolithic Maglemose culture into two
phases — an Early and a Late Complex — sepa-
rated by a ~600-year hiatus in archaeological
evidence around 10,300 cal BP (Fig. 40). This
gap is interpreted as the result of environmental
change disrupting lake-based hunter-gatherer
lifeways and leading to temporary abandonment
of these landscapes.

This finding is significant in demonstrating
how hydrological change and shifting lake envi-
ronments can reorganise human settlement pat-
terns. In the context of a marine deluge hypoth-
esis, such disruption might also reflect reduced
accessibility or submergence of parts of the
landscape.

4.4.3. Beached Whales in Scotland’s Firth
of Forth and Relative Sea Level

Sixteen whale remains have been reported
from Early Holocene deposits in the Firth of
Forth, most discovered during eighteenth—
nineteenth century drainage and agricultural
works (Clark, 1947; Fig. 41). These span
~9,500-7,000 cal BP, indicating multiple strand-

OrA-X=3 15 Amenorp s

ings over ~2,500 years rather than a single
event. At that time, relative sea level was high-
er, and the Forth estuary extended farther in-
land, with tidal flats and channels allowing
whales to move inland before becoming strand-
ed. Preservation was aided by rapid burial in
low-oxygen sediments, with later emergence of
the carse lands driven by glacio-isostatic uplift
(McMaster, 2024). Of particular note is a blue
whale from Airthrey (University of Stirling),
found at ~8-20 m OD (McMaster, 2024; Fig.
42). Its elevation provides a relative sea-level
marker when adjusted for tidal range and sedi-
ment effects. Current interpretations attribute
such inland strandings to the Early Holocene
Transgression, driven by postglacial sea-level
rise combined with ongoing isostatic rebound
(Smith et al., 2010; Smith et al., 2019). Howev-
er, given broadly synchronous evidence for ele-
vated water levels in regions unaffected by gla-
ciation, including the Caspian and Mediterrane-
an, it is worth considering whether local models
are complete. Early Holocene sea-level histories
may have included short-lived, high-energy ma-
rine incursions or non-linear events not fully
captured in existing shoreline reconstructions.
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Fig. 40. Diagram showing 600-year gap in lake zone occupation, followed by
a change in culture. Land possibly submerged (Jensen et al., 2020)
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Fig. 41. Location of 16 whales stranded in the Firth of Forth, Scotland in the Early Holo-
cene with a Blue Whale at Site No. 6. At Airthrey Castle at Stirling (Clark, 1947)
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Fig. 42. Airthrey Castle Blue Whale stranding. A comparison of the age range and height
above relative sea level. Graph highlights the Early Holocene Transgression (Lambeck et

al., 2014, McMaster, 2024), R. Gallagher

Rather than a single catastrophic flood, the evi-
dence may reflect a more complex interplay of
basin reconnection, regional hydrology, and
time-transgressive sea-level change — issues
central to ongoing debate surrounding Early
Holocene events, including the Black Sea flood
hypothesis (Ryan, Pitman, 1998; Aksu et al.,
2002; Major et al., 2006; Yanko-Hombach et
al., 2007).

4.5. Black Sea Flood Theory

The hypothesis that the Black Sea experi-
enced a catastrophic marine flood in the Early
Holocene — when rising Mediterranean waters
overtopped the Bosphorus and rapidly filled a
lower freshwater basin — has long been debated.
Popularised by Ryan and Pitman (1997), the
idea stimulated extensive research but remains
controversial.
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Alternative interpretations argue against a
sudden breach. Aksu et al. (2002) proposed per-
sistent two-way exchange through the Bospho-
rus, while Major et al. (2006) suggested Medi-
terranean inflow began earlier (~10.2-9.2 ka cal
BP), well before the commonly cited flood date
of ~7.6 ka BP. The central questions therefore
remain: when did seawater first enter the Black
Sea, and was this process abrupt or gradual?

A key difficulty is that the Black Sea is
widely reconstructed as largely fresh or low-
salinity around 7.6 ka BP, complicating models
requiring substantial marine inflow. Both end-
member scenarios thus face hydrological chal-
lenges. In this context, Gallagher (2011) raised
the possibility — albeit speculative — of marine
ingress from the north via the Arctic, supported
here by strandline and mud-volcano evidence
from Azerbaijan suggesting a substantial inun-
dation. Under a more complex scenario of
raised relative sea levels, Bosphorus discharge
and Mediterranean inflow may have operated
simultaneously: i.e. rising Mediterranean levels
allowed inflow into the Marmara, while a de-
veloped Bosphorus channel permitted denser
saline water to enter the Black Sea beneath out-
flowing fresher surface waters.

Such a mechanism would imply a multi-
phase, dynamic history involving basin reconnec-
tion, stratified flow, and evolving water balance,
rather than a single event. The persistence of rela-
tively fresh surface waters could be explained by
strong river inflow during this transitional phase,
even as saline intrusion developed at depth.
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Classical sources may offer indirect support.
The Black Sea’s early designation as Axenos
Pontos (“Inhospitable Sea”), later softened to
Euxeinos Pontos, and accounts of waters break-
ing toward the Bosphorus (Diodorus Siculus...,
1933), while not geological evidence, may re-
flect cultural memory of significant hydrologi-
cal change.

4.6. Green Sahara

During the African Humid Period, begin-
ning around 10 ka BP, the Sahara rapidly be-
came wetter and more vegetated before return-
ing to arid conditions by ~7.3 ka BP (Fig. 43;
Blanchet et al., 2013; Blanchet, Frank, Schou-
ten, 2014). This transition is generally attribu-
ted to orbital (Milankovitch) forcing, with en-
hanced seasonal insolation driving monsoonal
intensification. Dust and marine sediment rec-
ords indicate that similar humid phases re-
curred throughout the Late Quaternary. Cli-
mate models reproduce Sahara greening when
orbital forcing is combined with land-surface
feedbacks, although the speed and magnitude
of change remain difficult to fully capture
(McGee et al. 2013).

The timing is notable: the African Humid
Period broadly overlaps with intervals proposed
for persistent Black Sea outflow (Aksu et al.,
2002; Gallagher, 2011). While this may be co-
incidental, it raises the possibility of wider re-
gional hydrological linkages beyond rainfall
alone.
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Fig. 43. The Green Sahara. In the Early Holocene there are difficult to explain asynchronous
changes in vegetation, runoff and erosion in the Nile River Watershed (Blanchet et al., 2013)
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Evidence discussed here suggests that rela-
tive sea-level changes may also have affected
parts of the Arctic and Ponto-Caspian region
during this time. One speculative interpretation
is that broader climatic or geographic reorgani-
sation influenced moisture belts and hydrologi-
cal gradients.

4.7. Biological Changes in the Caspian

If the Caspian experienced significant
seawater ingress, it is reasonable to consider
whether this was accompanied by the arrival
of Arctic or marine species. The possible
presence of cetaceans has been discussed pre-
viously (Gallagher, 2011). The Caspian seal
(Pusa caspica), closely related to the Arctic
ringed seal, provides clear evidence of past
northern biogeographic exchange, with diver-
gence generally placed in the Middle—Late
Pleistocene (Aladin, Plotnikov, 1993). Addi-
tional ecological patterns are also noteworthy.
Despite high biomass productivity, the Caspi-
an has relatively low species diversity, and
biological abundance declines sharply below
~100 m depth — often interpreted as evidence
of stratification or environmental stress. Ge-
netic studies of relict Arctic taxa, such as My-
sis, further support past northern connections
and subsequent basin isolation (Viinola, 1995;
Gallagher, 2018).

There is also evidence for later species in-
cursions. For example, Cerastoderma glaucum
appears to have entered the basin during the
Early Holocene, implying intervals of marine
connectivity or elevated salinity (Nikula,
Viinold, 2003). Comparable changes are rec-
orded in the Aral Sea, where a ~10 ka BP
event (Boomer, 2012) saw brackish taxa re-
placed by freshwater species, likely reflecting
major hydrological reorganisation linked to
river rerouting. This suggests a degree of re-
gional synchrony.

Taken together, biological and micro-
palaeontological evidence indicates substantial
hydrological change across the Caspian and Ar-
al basins during the terminal Pleistocene—Early
Holocene transition. These shifts — encompass-
ing faunal turnover, changing salinity regimes,
and episodes of connectivity — point to a dy-
namic and complex basin history, not fully cap-
tured by simple lake-level reconstructions.

4.8. Human Impacts and Migrations.

In addition to physical and biological ef-
fects, major flooding would have had significant
impacts on human populations. While Ice Age
water-level rise was generally gradual, sudden
ice-dam failure could have caused rapid shore-
line retreat. Such events likely triggered phases
of human dispersal: an initial movement around
~9.5 ka BP, followed by a later phase between
~7-6 ka BP as environments degraded and the
Caspian became more isolated.

In this context, it is notable that Flinders Pe-
trie proposed a Caucasus origin for early Egyp-
tian civilisation:

“It appears...that the cultural connections
of the earliest Egyptians...point to the Caucasus
region...giving strong grounds for regarding
that region as the homeland of the earliest civi-
lisations of the Egyptians.” — Petrie (1926),
Origin of the Book of the Dead

Petrie offered no mechanism for such
movements. In light of the flood hypotheses
considered here, including possible large-scale
inundation and migration, his suggestion may
warrant renewed interdisciplinary evaluation.

Summary

A detailed timeline of events is provided in
Appendix 1.

This study argues that the geomorphology
of Azerbaijan warrants renewed scientific atten-
tion. Raised terraces, high-elevation strandlines,
and marine erosion of mud volcanoes are diffi-
cult to reconcile with conventional Caspian Sea-
level models. In particular, landforms well
above the widely accepted +50 m Khvalynian
highstand may represent misidentified features
or previously unrecognised hydrological phases.

The paper further suggests that a large
Pleistocene freshwater system linking the Black
Sea, Caspian Sea, and Aral basin remains a
plausible working hypothesis, potentially sus-
tained by diversion of Siberian Rivers during
glacial maxima. In this context, earlier concepts
of an enlarged “Asiatic Mediterranean” may
merit reconsideration.

Early Holocene flood histories were likely
more complex than single-event scenarios im-
ply. Evidence from the Caspian, Black Sea,
Mediterranean, and surrounding regions points
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to interacting processes, including global sea-
level rise, glacio-isostatic adjustment, basin
overspill, salinity stratification, and episodic
marine incursions. The Black Sea Flood debate
may therefore be better framed as a multi-phase
hydrological transition rather than a simple cat-
astrophic versus gradual dichotomy.

Biological and sedimentary records — such
as ostracod turnovers, species incursions, and
ecological stratification — also indicate signifi-
cant environmental reorganisation during the
Late Quaternary—Early Holocene transition.
These changes would likely have affected hu-
man populations through settlement disruption,
migration, and the development of flood tradi-
tions (Chekhovskaya, 2018).

At the same time, hypotheses involving ex-
treme marine levels or continent-scale flooding
remain outside current scientific consensus and
require rigorous testing. Priority research should
include geochronological dating of strandlines

and terraces, sediment coring, hydrodynamic
modelling, DEM-based reconstructions, and in-
tegrated archaeological and palaeoecological
analysis.

Overall, whether or not all interpretations
advanced here are confirmed, the evidence sug-
gests that Eurasian Quaternary flood history is
not yet fully resolved. Azerbaijan, given its dis-
tinctive geomorphology and position between
Arctic, Caspian, and Near Eastern systems, may
preserve key evidence for understanding that
history.

As Montgomery (2012) cautioned, geologi-
cal records typically reflect multiple regional
floods rather than a single global event. Even
so, the scale and coherence of the features dis-
cussed here raise important questions.

At the heart of this study remains a simple
but unresolved problem identified some 24
years ago: - what process formed the Gilazi
strandlines? That is the $64,000 question.

Appendix 1

Integrated timeline of Early Holocene hydrological and ecological changes across the Ponto-Caspian,
Mediterranean, Arctic-margin, and North African regions, c. 12-7 ka BP.

Date / Interval Evidence or Event

Significance

€. 11,000-10,000 BP | Global sea level rising from

lowstand

Baseline context: eustatic sea level rising rapidly, while
regional basins respond variably due to GIA, sill thresh-
olds, and river balance.

Onset of African Humid Peri-
od (AHP)

c. 10,500-10,000 BP

Sahara becomes wetter and vegetated; generally linked to
orbital-monsoon forcing, though onset appears abrupt in
some records.

¢. 10,300 cal BP Maglemose cultural hiatus

(~600 years)

Suggests disruption of lake-based Mesolithic lifeways,
likely linked to hydrological or wetland change.

c. 10,200-9,200 cal | Early Black Sea marine inflow

Implies reconnection earlier than the ~7.6 ka hypothesis;

tsunami (Atlit-Dor)

BP (some models) supports multi-phase basin evolution.
c. 10,000 BP Aral Sea ostracod “Event II” Freshwater taxa replace brackish species, indicating ma-
jor hydrological reorganisation.

c. 10,000 BP Southward Bosphorus flow Indicates development of a spillway and sustained out-
and delta formation flow into the Marmara basin.

c. 10,000 BP Freshwater outflow into the Supported by geochemical and biological indicators in
Aegean marine sediments.

c. 10,000 BP Establishment of Lake Qarun | May reflect Nile back-flooding from higher Mediterra-
(Faiyum) nean levels or increased AHP discharge.

c. 10,000 BP Stabilisation of Simpson De- Indicates environmental change; alternatively interpreted
sert dunes as relict features following earlier high-energy processes.

c. 10,000 BP Loch Assynt anomalous sedi- | Fossil-poor unit lacking chironomids; may reflect salini-
ment layer ty change or hydrological disturbance.

c. 10,000 BP Eastern Mediterranean mega- | High-energy marine event affecting coastal settlements.

¢. 10,000-5,000 BP Formation of Nile “turtle-

backs” (geziras)

Generally interpreted as fluvial; alternatively may reflect
deposition under higher water levels.

c. 9,725 BP Caspian ostracod assemblage

turnover

Indicates major shifts in salinity, water depth, and basin
hydrology.
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Date / Interval Evidence or Event

Significance

c. 9,500-8,500 BP Scottish raised estuary / whale

High relative sea levels linked to isostatic rebound; pos-

strandings sible regional anomalies.

¢. 9,500-7,500 BP Yedoma / oriented lake—ridge | Widespread geomorphic activity in Arctic regions;
formation mechanism debated.

c. 9,500-5,800 BP Arabian palaeohydrological Large-scale drainage and incision; rainfall alone may not
phase (Tuwaiq) explain magnitude.

c. 9,000-7,000 BP Cerastoderma glaucum in Indicates salinity increase and episodic marine connec-
Black Sea tivity.

c. 9,000-2,000 BP Reduced sedimentation at Ku- | May indicate higher Caspian levels and upstream sedi-
ra Delta ment trapping.

c. 8,500 BP Arabian gastropod dating Additional marker of Early Holocene hydrological ac-

tivity.

c. 8,000 BP La Marmotta boats (Lake Advanced watercraft at inland site; may imply different
Bracciano) hydrological connectivity.

c. 7,600 BP Ryan-Pitman Black Sea flood | Widely cited but contested; alternatives favour earlier or
hypothesis gradual reconnection.

c. 7,300-6,000 BP Decline of African Humid Major transition to arid conditions and regional envi-
Period ronmental reorganisation
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IEPEOILIEHKA PAHHEI' OJIOIIEHOBBIX YPOBHEM BBICOKOI'O CTOSIHUS “A3UMATCKOM YACTH
CPEJIM3EMHOMOPBSI” U TUJIPOJIOTMYECKON COOBILIAEMOCTH
YEPE3 IOHTO-KACIIUMCKUI BACCENH

T'annaxep P.
Hesasucumuwiii uccneoosamens, [lllomnanous
ABI12 554, Abepoun, I'aponep [paiis, 170: gallagher_ronnie@yahoo.co.uk

Pe3tome. BrisiBiieHue ruiporeoornieckux npeodpazoBannii B [lorTo-KacmuiickoM perroHe B mepexoHbIi HHTEp-
BaJI MO3/IHETO IUICHCTOIICHa — PAHHETO TOJIONCHA TO-TIPEKHEMY MPECTABISCT OJHY U3 KIFOUEBBIX MPOOJIEM T'€0JIOTHI
YETBEPTUYHOIO Bo3pacta. HecMOTpsi Ha TO, UTO COBpEMEHHbIE MOJENIN aKLIEHTHUPYIOT BHUMAHUE HA KIMMAaTHYECKOM
(hakTope ¥ TISIMON30CTATHUECKON afanTainyuyd, MHOTOYHCIICHHBIE TeoMop(doornueckre, CeANMEHTAIMOHHBIE U OHO-
JIOTUYECKHUE TaHHBIC HE BCET/Ia COTIIACYIOTCS C CYIIECTBYIOIUMH KOHIIETITY UTbHBIMU MPECTABICHUSIMHU.

HccaenoBanue 06001maeT MaTepuainsl, moxydeHHnesie mo Kacnuiickomy, Uépaomy, Cpenn3zeMHOMY MOPSIM U COTIpE-
JIETHBIM TEPPUTOPHUSM, ¢ 0COOBIM akKIEHTOM Ha reomMopdonormueckue ocodbeHHoctn AzepOaiimkaHa. Y CTaHOBIEHO,
YTO BO3BBIINICHHBIE Teppachl, MPHUIOAHATAs OEperoBbie JUHUN U BBISIBICHHBIC TTOBEPXHOCTU TPA3EBBIX BYJIKAHOB, MO-
TUGUITUPOBaHHBIE BOJTHAMHY, PUKCUPYIOTCS Ha OTMETKAaX 3HAYMTENBHO BBIIIE XOPOIIO U3BECTHOTO XBAJIBIHCKOTO YPOB-
HA (~+50 M Hag ypOBHEM MOPSI), YTO MO3BOJIIET MPEIIOI0KHUTE CYIICCTBOBAHHE PAHEe HEYYTEHHBIX THIIPOJIOTHICCKIX
ycnoBuid. Kpome TOro, B HCCIIEIOBAaHUH PACCMATPUBAIOTCS IIUKIIBI OCTPAKOJOBOH (payHBI, MHTPAIlH COJICTyBCTBHUTEIIb-
HBIX TAKCOHOB, aHOMAJIbHBIC CCIUMCHTAI[OHHBIC MOCIEOBATEIILHOCTH U JPYTrUe WHINKATOPHI N3MEHUYMBOCTH Oaccei-
HOB, MPOSIBUBIINECS HA TeppuTOpUH EBpazuu B paHHEM TroJIOLECHE.

40


https://doi.org/10.1007/
https://www.sciencedirect.com/journal/quaternary-international
https://www.sciencedirect.com/journal/quaternary-international/vol/465/part/PA
https://doi.org/10.1016/j.quaint.2017.11.030
https://doi.org/10.1016/j.quascirev.2010.06.003
https://doi.org/10.1016/S0277-3791(01)00145-7
https://doi.org/10.1016/S0277-3791(01)00145-7
https://www.sciencedirect.com/journal/quaternary-international
https://www.sciencedirect.com/journal/quaternary-international/vol/465/part/PA

R.Gallagher / Stratigraphy, petroleum sedimentology, geochemistry 1/2026, 3-41; DOI: 10.35714/ggistrat20260100021

B nenom npuBe¢HHBIC HAOTIOJICHUS CBUACTEIBECTBYIOT O TOM, YTO PErHOHANbHAS THIPOJIOTHYECKas CUCTeMa Oblia
3HAYHUTEIBHO 0OJIee AMHAMHYHOW M CIIOKHOW, YeM MpPEIojaraiock paHee. BMecTo paccMOTpeHHs H30JHMPOBAHHBIX
KOHIICTIIIUH 11e1eco00pa3HO OMUPATHCS HA JaHHBIC, YKA3bIBAIOIIME HA CYNICCTBOBAaHME MHOTO(]DA3HBIX CHCTEM C KOJe-
OaHWSMH YPOBHS BOJBI, N30 JUICCKIMH cOpocaMu 0acceiHOB, CTPaTH(GHUIIMPOBAHHBIM PEKUMOM TCUCHUH W U3MEH-
YUBBIMH CBS3SIMU Mexay YépubiM, KacnuiickuM u coceqHuME OacceiiHamMu. B 3TOM KOHTEKCTE paHee MpeIoKeHHAS
KOHIIETIIINS «a3uaTtckoro Cpeam3eMHOMOPhs» ISl PACHIMPEHHOTO IDICHCTOLEHOBOTO MEPHONA PACCMAaTPHUBACTCS Kak
pabodast rumoTe3a, TpeOyromas JaTbHSHIIIer0 YTOUHEHUS.

HccrenoBanne Taxke JaéT OCHOBAHUS JJIS TIEPCOCMBICIICHHSI TUCKYCCHH, CBA3aHHBIX C TIOBTOPHBIM COSIMHCHHEM
YEpHOTO MOpS, U BBIJIBUTACT MPEATIOIOKECHHE O (a30-U3MECHSIOIIUXCS MIPUTOKAX U OTTOKax depe3 bocdop. [TomoOHbI
MOJIX0J] CHIOCOOEH OoJiee MOJTHO OOBSICHUTH UMEIOLINECs JaHHBIE 110 CPAaBHEHHIO C KaTacTPO(PHUIECKUMH, JIHOO CTPOro
JUHEWHBIMU MOJIeTIIMU. BoJiee MMpoKue pernoHaIbHBIC COMIOCTAaBICHHS, oxBaThiBatomue CeBepHy0 AQpPUKY U apKTH-
YECKYI0 EepU(EPHUI0, CBUIACTEIBCTBYIOT O TOM, YTO THAPOIOTMYCCKHE U FKOJIOTUYCCKUC U3MCHEHUS B pacCMaTpuBac-
MBI TIEPUO]] MOTJITH HOCUTh CHHXPOHHBIN HIIH BPEMEHHO KYMYJISITHBHBIH XapakTep.

XOTs MPECTaBICHHBIC 3/IECh UHTEPIPETAIUH HE SBIISIIOTCS OKOHYATEIBHBIMH, OHU MOJYCPKUABAIOT HEOOXOTUMOCTh
MPOBCACHUA KOMIIJICKCHBIX MEKIUCHUITIMHAPHBIX I/ICCJ'Ie,HOBaHI/Iﬁ JJIsA ﬂaﬂbHeﬁIﬂeFO YTOUHCHHUS pacCMaTpuBaCMbIX
BOTIPOCOB.

B Oyaymux wuccriefoBaHHUAX MEPBOCTEIIEHHOS BHUMAHHE CIEAYET YACIHTh T€OXPOHOJOTUICCKOMY NATHPOBAHUIO
OeperoBhIX JINHUHA U Teppac, 0TOOPY KEPHOBOTO MaTephalia, THAPOIMHAMHUYECKOMY MOJCIHPOBAHUIO, a TAKXKE PEKOH-
CTPYKIMH TManeo0eperoBbIX JIHHUI Ha oCHOBe I(poBEIX Moxeinel pembeda (LIMP). Yaukampable Teomopdomorndae-
ckre ocobeHHOCTH A3epOaiikaHa MOTYT CHITPaTh KIFOUEBYIO POJIb B PEIICHUH (YHIAMEHTAIBHBIX BOIIPOCOB, CBI3aH-
HBIX C YETBEPTUYHOM ruiposoruei Espazuu.

Knioueswie cnosa: Ilonmo-Kacnutickuii pecuon, pannuti 2onioyet, ypogens Kacnutickozo mops, eudponoeus Yepno-
20 MOpsl, Yeme8epmuuHas naneo-2uoposo2usl, CéA3AHHOCMb OACCelna, MOPCKAA MPAHCZPeCCUsl, 2NAYUOU30CMAMUYecKoe
npucnocobnenue, naneobepezogas aunus, «asuamckoe CpeouzemMHoMOpbe»

“ASiYA ARALIQ DONIZi” KONSEPSIYASINA YENI BAXIS: PONT-XOZOR HOVZOSi BOYUNCA
ERKON HOLOSEN YUKSOK SU SOViYYOLORI VO HIDROLOJi OLAQOLILIK

Qallaher R.
Miistaqil tadgiqatgi, Sotlandiya
AB12 5SA, Aberdin, Qardner Drayv, 170: gallagher_ronnie@yahoo.co.uk

Xiilasa. Pont-Xozor regionunda Gec Pleystosen—Erkon Holosen keg¢idi dovriinds hidroloji doyisikliklorin doark
edilmosi Dordiincti dovr tiglin hallini tapmamig elmi problemlardon biri olaraq qalir. Méveud modellar iglim tesirini vo
buzul-izostatik tonzimlomoni vurgulasa da, bir sira geomorfoloji, ¢okiintii vo bioloji miisahidolor mévcud gargivalora
asanligla uygunlasdirila bilmir.

Bu todgigat Xozor, Qara doniz, Araliq donizi vo qonsu regionlardan oldo edilmis dalillori sintez edorok, xiisusilo
Azorbaycanin geomorfologiyasina diqqat yetirarok timumilosdirir. Yiiksokliklora qalxmus terraslar, yiiksak hiindiirliikda
sahil xatlori va dalgalar vasitasilo doyisdirilmis palgiq vulkani sothlori genis qobul edilmis Xvalin yiiksok soviyyasindon
(~*+50 m miitlaq hiindiirlik) xeyli daha yuxar1 soviyyslordo askar edilmisdir ki, bu da avvollor miiayyan edilmomis
hidroloji soraitin méveud ola bilocayini gosterir. Olava dolillors ostrakod faunasinin doyismosi, duzluluga hassas
taksonlarin yerdayismosi, anormal ¢okiintii qeydlori vo Erkon Holosen dovriindo Avrasiya boyunca hdvzo baglan-
tililigimin dayisdiyini gostoran alamotlor daxildir.

Biitiin bu miigahidslor birlikdo regional hidrologiyanm timumi qobul edilondon daha dinamik va miirakkab oldugu
sorhini dostokloyir. ©lds olunan malumatlar vahid hadiss ¢argivasindon daha ¢ox, su saviyyalorindoki dalgalanmalar,
epizodik hovzo dasmalari, tobagalosmis axin rejimlori vo Qara doniz, Xoazar donizi vo qonsu hovzalor arasinda dayiskon
oslagoni 6ziinds birlogdiron ¢oxfazal sistemlo daha uygunluq toskil edir. Bu kontekstda, genislonmis Pleystosen “Asiya
Araliq denizi” hagqinda avvalki konsepsiyalar islok forziyys kimi yenidon nozordon kegirilir.

Todgigat homginin Qara dsnizin yenidan birlosmosi problemini yenidon nozordon kegirarok, Bosfor vasitasilo
novbalagon ¢ixis vo daxilolma fazalarinin mévcud siibutlart na tam katastrofik, no do yalniz tadrici modellordan daha
yaxs1 izah eds bilocayini irsli siiriir. Simali Afrika vo Arktika keonar1 daxil olmaqla daha genis regional miigayisalor
gostarir Ki, hidroloji v otraf miihit doyisikliklari zaman etibarils eyni intervalda qruplagmigdir.

Burada toqdim olunan interpretasiyalar ilkin xarakter dasisa da, onlar inteqra olunmus multidissiplinar tadqiqatlarin
vacibliyini vurgulayir. Galocak islords sahil xatlorinin va terraslarin geoxronoloji yas tayininas, ¢okiintii kernlorinin
todgigins, hidrodinamik modellosdirmays vo “Rogomsal Relyef Modeli (Digital Elevation Model — DEM) ssasinda
paleosahil Xatlorinin rekonstruksiyasina stiinlitk verilmslidir. Azarbaycanin forqli geomorfologiyasi Avrasiyanin
Dordiincii dovr hidrologiyasina dair hall olunmamig masalolorin aydinlagdirilmasinda halledici rol oynaya bilar.

Acar sozlar: Ponto-Xazar regionu, Erkan Holosen, Xozor danizinin saviyyasi, Qara daniz hidrologiyasi, Dérdiincii
dovr paleohidrologiyasi, hovza alaqasi, doniz transqressiyasi, buzlaq-izostatik tonzimlanma, paleosahil xatlori, “Asiya
Aralig donizi”
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PALEOMAGNETIC CHARACTERISTICS OF THE JURASSIC COMPLEX WITHIN
THE SUDUR SHELF ZONE OF THE GREATER CAUCASUS (AZERBAIJAN)

Kangarli T.N., Garayeva T.J., Mehdiyeva Z.N., Novruzov Z.A.
Ministry of Science and Education of the Republic of Azerbaijan,
Institute of Geology and Geophysics, Department of Dynamic Geology, Azerbaijan
119, H.Javid av., Baku, AZ1073: sadigovataxmina@mail.ru

Summary. The article presents a detailed stratigraphical division of the Jurassic complex of the continental shelf of
the North Caucasian margin of the Eurasia. The stratigraphy of Jurassic rocks in this region, which corresponds to the
southern margin of the Scythian platform, has not been well studied. On the other hand, paleomagnetic research
has never been conducted in this area before. The studied region is located on the northern flank of the southeastern part
of the mountain-folded system of the Greater Caucasus. To study the paleomagnetic properties of the Jurassic rocks, 80
oriented samples were collected from the Tahirjalchay section. The magnetic susceptibility and the natural remnant
magnetization of deposits vary between 0.6 x 10°-1.6 x 10 BS and 2.9 x 103-16.9 x 10 A/m, respectively. The
average value of the permanent component indicates that the magnetization is close to its initial value and can
therefore be used to compile a paleomagnetic profile. Based on paleomagnetic data, for the first time, the kinematic
parameters of the Jurassic tectonic blocks on the southern margin of the Scythian Platform were studied. Analysis
of the research materials reveals the extent of the angular displacement of the block. In the magnetostratigraphic analy-
sis of the Tahirjalchay section, a total of 5 direct magnetization zones and 5 reverse zones were identified. Using
these magnetic zones, the boundaries between different stratigraphic units were determined: Aalenian-Bajocian; Bajo-
cian-Bathonian; Bathonian-Callovian; Callovian-Oxfordian; Oxfordian-Kimmeridgian.

Keywords: Tahirjalchay section, magnetic sensitivity, residual magnetization, paleomagnetism, magnetic polarity

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

Introduction

The Greater Caucasus orogenic system
forms a morphological barrier along the south-
ern margin of the Scythian Platform. It extends
from the southern part of the Caspian Sea to the
northern margin of the Eastern Black Sea. It de-
veloped during several phases of deformation in
Mesozoic-Cenozoic periods. The Jurassic de-
posits, which are widespread within the Azer-
baijani part of the Greater Caucasus, are repre-
sented by the middle and upper stages. The
Middle Jurassic deposits have nearly identical
facies. During the Upper Jurassic period, several
basins were formed, differing in sedimentation
conditions. Despite the long history of studying
the Jurassic rocks of the Southeastern Caucasus,
their age dismemberment and stratigraphic cor-
relation cannot be considered complete. A num-
ber of uncertainties related to division and sub-
division of the Upper Jurassic deposits sill re-
main there. It is appropriate to solve these issues
using paleomagnetic research data. The present
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paper expounds upon the paleomagnetic re-
search results of the Middle-Upper Jurassic
rocks of the Tahirjalchay section (Sudur zone),
which are located within the Side range mega-
zone of the Greater Caucasus. The detailed
magnetostratigraphic studies were carried out on
the basis of paleomagnetic measurements. A
detailed age division of the Middle and Upper
Jurassic intervals of the northern slope was car-
ried out, and five direct and five reverse mag-
netized paleomagnetic zones reflecting the
change of the poles of the Earth's magnetic field
were distinguished. The obtained results will
help to complete the magnetostratigraphic
scheme of the Middle-Upper Jurassic boundary
interval of the Greater Caucasus. An additional
comprehensive study of this section was carried
out, including sedimentological description and
sampling from different levels for paleomagnet-
ic, mineralogical and chemical analysis. The
purpose of this study is to clarify the sedimento-
logical zonality and age correlation of the Juras-
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sic successions formations on the northern
flange of the Greater Caucasus marginal sea ba-
sin in Azerbaijan (Kangarli et al., 2013).

Methods

In the field work conducted in 2015-2022,
the detailed study of rocks and layer by layer de-
scription of sections was carried out in order to
identify genetic signs and separate litogenetical
types (XpamoB u ap., 1982). The oriented sam-
ples of paleomagnetic studies were taken every
0.5-1 m. Petromagnetic studies of samples taken
from the Tahirjalchay section were carried out in
Moscow at the laboratory “Main Geomagnetism
and Petromagnetism” Institute of Physics of the
Earth RAS. Paleomagnetic studies of the samples
included measurements of natural remanent
magnetization (Jn), magnetic saturation tests,
thermomagnetic analysis, and alternating-field
magnetic cleaning, saturation moment of mag-
netic mineral (Ms), the moment of saturation of
remanent magnetization (Mrs), determination of
normal magnetization curves Mr (B) and residual
coercive force Bsr (destructive field), demagneti-
zation by variable and constant magnetic field
and temperature ets. The K parameter was mea-
sured at a MFK1-FB kappabridge. The depend-
ence of K on temperature was studied using a
MFK1-FA kappabridge with a CS3 furnace. Al-
ternating- field magnetic cleaning was performed
at a LDA-3 AF demagnetizer with measurements
of Jn at a JR-6 spin-magnetometer and a cryo-
genic (SQUID) magnetometer 2G-Enterprises.

Section structure

The Tahirjalchay section is located in the
Sudur zone of the Side range structural-forma-
tion zone of the Greater Caucasus. The Middle
Jurassic is represented by clay-terrigenous
rocks, and the Upper Jurassic is represented by
gypsum-bearing lagoons and carbonates. The
Aalenian-Lower Bajocian interval consists of
gray sandstones (25-100 m) interbedded with
clayey shales. The shelf facies on the top and
the lagoon facies at the bottom represent The
Upper Jurassic section. The Tahirjalchay suit,
which is composed of a combination of heater
yellowish and bluish-green sandy shales inter-
spersed with greenish calcareous sandstones and
layers of crystalline limestones and dolomites
can be found at the lower section of the Upper

Jurassic deposits. This was first described by
Isaev (McaeB u np., 1977; Kangarli, Mehdiyeva,
2017). The sediments, which are 50-60 meters
thick, are located on top of the Upper Aalenian
horizons without any basal conglomerates. The
younger geological layers display a more no-
ticeable purple-red hue in the suite, and its
summit is permeated by frequent veins of gyp-
sum-anhydrite. Additionally, the Gushgala suite
of the Upper Oxfordian gypsum-bearing argil-
lite- arenaceous sediments unconformably co-
vers and overlaps this suite.

The Gushgala Formation exposed on the
eastern slope of the eponymous mountain
(Fig. 1) has an unconformable relation with the
overlying Gukhur Formation, which consists of
a continuous sequence of limestone and dolo-
mite rocks. The lower part of the sequence is
dominated by grey and dark-grey dolomites;
pink dolomite also present. The upper part con-
sists mainly of light-grey to pinky limestone,
which is often brecciated, and contains oolitic
sandstone (Mehdiyeva, 2022).

The thickness of these successions increases
towards the central, most subsided part of the
Sudur zone, rising from 20-50 m in the Gushga-
la mountain area to 450-500 m on the slope of
Garagaya Mountain.

Magnetic properties of rocks

Petromagnetic research methods are an in-
dependent and promising tool for solving a wide
range of issues in geology, geophysics, as well
as other geoscience disciplines. The perfor-
mance of petromagnetic experiments is current-
ly seen as an essential component of paleomag-
netic research, necessary for assessing the age
of components of natural remanent magnetiza-
tion recorded within rocks.

The hysteresis curves of samples from the
Tahirjalchay section exhibit a paramagnetic
character (Fig. 2a), although with a significant
increase in the plot, it becomes clear that the
upper and lower portions of the curve diverge
(Fig. 2b), indicating the presence of minute
amounts of ferromagnetic materials in the rocks.

After correction of the paramagnetic sus-
ceptibility, the hysteresis loop adopts a ferro-
magnetic shape, and it becomes clear that the
magnetization (Ms) approaches saturation in the
magnetic field region of 0.5 Tesla (Fig. 2c).
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The curve of normal magnetization (Fig.
2d) shows that after rapid growth in the range of
fields 0-0.5 mT, the magnetic moment does not
saturate, but continues to grow slowly. This can
be considered as a definite indication that in ad-

dition to relatively low-coercivity minerals (the
presence of which is indicated by Bcr values in

the region of 400 mT); the ferromagnetic frac-
tion of rocks also contains highly coercive
minerals.
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Fig. 1. Schematic geological map of the Tahirjalchay upstream basin compiled by T.N.Kangarli

1, 2, 3 — Holocene (channel deposits; deposits of river terraces; deluvial-colluvial deposits); 4 — Lower Pliocene: gravels
and conglomerates with sandy-calcareous cement and lentiform interlayers of clays; 5 — Upper Miocene, Sarmatian Re-
gional Stage; slate- gray clay with thick sand and sandstone layers; 6 — Neocomian: light gray siliceous, dolomite, oolit-
ic and clastic limestone, Interbedded clayey sandstones; 7 — Kimmeridgian and Tithonian stages, Gukhur suite: pale
yellow, pink and green-gray dolomite and limestone with rare intercalation sand lenses of clayey and calcareous sand-
stones; 8 — Lower Oxfordian, Gushgala suite: multicolored gypsum-bearing polymictic sands and sandstones with inter-
layers of glauconite clays, dolomites and basal conglomerates in the basement; 9 — Middle (?) Callovian — Lower Oxfor-
dian, Tahirjal suite: Colorful sandy clay intercalated with light calcareous sandstone; 10 — Bajocian stage: grey massive-
ly bedded sandstones with interlayers of argillites; 11 — Upper Aalenian: alternating dark gray mudstone and sandstone,
the latter predominating in the upper part; 12 — Lower Aalenian: dark gray clay, with siderite concretions and rare in-
tercalations of sandstone on the horizon; 13 — rupture dislocations; 14 — location of taking the layer-by-layer section
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Fig. 2. Hysteresis loops (a) and its central part (b), after correction for the paramagnetic component (c),
the curves of normal magnetization and “back-field” (d), sample 5

Alternating field demagnetization

The demagnetization of samples from the
Tahirjalchay section by an alternating field was
complicated by the fact that even with relatively
small fields, regular magnetization occurred in
the samples, probably associated with the pres-
ence of a large number of extremely soft mag-
netic grains, presumably having a size close to
the super paramagnetic - single-domain thresh-
old. In such samples, we can calculate the con-
ditional characteristic component of magnetiza-
tion, assuming that it begins to collapse, starting
from fields of 5-10 mT. In some samples, how-
ever, cleaning continues successfully up to
fields of 80 mT. In this case, sometimes, we can
see clear indications of the presence of reverse
polarity magnetization in the samples. Accord-
ing to the curves and stereograms obtained dur-
ing alternating field demagnetization the studied
rocks are divided into two groups. For the first
group of rocks, it is demagnetized in fields vary-
ing from 200 mTI and retains about 20% of the
initial value in fields of 400-450 mTI. Hystere-

sis parameters of the studied samples are given
in Table 1.

Temperature demagnetization

The quality of the paleomagnetic signal in
samples of this section is quite mediocre; at
temperatures above 500-550°C, in most samples
obvious magnetization occurs, expressed in a
chaotic change in the magnitude and direction
of magnetization. The natural residual magneti-
zation in part of the samples includes two, and
in part — three components of magnetization
(Fig. 3).

The first, low-temperature component is
probably a mixture of modern and laboratory
viscous magnetizations. The second, medium-
temperature component is destroyed in the tem-
perature range from 200 to 500 or more degrees
Celsius. The presence of this component, which
does not go to the origin of coordinates, is obvi-
ous from Zijderveld diagrams (Fig. 3c) and
magnetization reversal circles on stereograms

(Fig. 3).
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Table 1
Hysteresis parameters of the studied samples
Number Ms, mxkAm?| Mrs, mkAm?| Mrs/Ms Bc, mTI Ber, mTI Ber/Be
of samples ' ’ ‘ i
3 56.7 0.151 0.003 1.9 374 19.7
6.8 0.066 0.01 12 374 31
5 64.2 0.170 0.003 34 42.0 124
7.6 0.154 0.02 8.2 42.0 5.1
13 60.0 0.092 0.002 0.472 37.0 78.6
7.1 0.092 0.013 1.6 37.0 2.3
26 85.3 0.124 0.001 13 39.2 30.2
9.8 0.121 0.012 8.4 39.2 4.7
27 61.4 0.068 0.001 11 38.3 34.8
2.6 0.042 0.016 13.6 38.3 2.8
35 42.8 0.090 0.002 2.0 374 18.7
0.99 0.110 0.12 12.2 374 3.1
53 30.3 0.111 0.004 3.3 434 31.2
11 0.111 0.10 11 43.4 3.9
65 33.8 0.397 0.012 8.6 27.2 315
14 0.397 0.27 54 27.0 5.0
72 74.8 0.108 0.001 2.3 38.4 16.7
8.5 0.102 0.012 11.3 38.4 3.4
77 15.9 0.258 0.001 2.8 66.0 23.6
8.1 0.58 0.29 10.6 18,5 104

The distribution of the characteristic com-
ponent (after removing a certain number of out-
liers, which are probably the result of orienta-
tion or sawing errors) is shown in Fig. 3.

It is important to note that among the stud-
ied samples there are samples that carry magnet-
ization of both direct and reverse polarity. After
bringing the vectors to the same polarity, the
fold test (Enkin, 2003) gives a positive result,
indicating the pre-fold age of the identified
characteristic component. This is also indicated
by the fold straightening test, which shows the
maximum distribution accuracy at 100%
straightening.

The method of cleaning with temperature
accurately separates the natural residual magnet-
ization components. All samples are heated up
to 600°C. This process is carried out in steps
every 30°C. After each heating, the samples are
measured and reheated.

Depending on the temperature, the samples
are divided into 2 groups according to the mag-
nitude and direction of Jn.

Thus, the available data indicate that the
characteristic magnetization identified in the
Tahirjalchay section as a result of T-cleaning
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may be primary and reflect the direction of the
geomagnetic field during rock formation. It
should be noted that however, high inclination
of the average direction of the selected charac-
teristic component is surprising. According to
the European apparent pole migration curve
(Torsvik et al., 2012), the field inclination in the
considered region should have been about 60°,
the identified component has an inclination of
about 80°.

The results of the demagnetization indicate
that in a significant part of the rocks of the Ta-
hirjalchay section, primary magnetization has
been preserved and, in the future, these rocks can
be used to solve various geological (including
magnetostratigraphic) problems. In this case, the
most promising method for isolating the primary
(characteristic) component seems to be thermal
magnetic cleaning. The primary magnetization
appears to be noticeably contaminated by super-
imposed (secondary) magnetization components,
therefore, successful isolation of the ancient
component requires special efforts aimed, for
example, as well as at the selection of the most
suitable lithological varieties, the use of special
procedures for magnetic cleaning, etc.
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Fig. 3. Zijderveld diagram of Tahirjalchay section (a), a
stereogram illustrating the tendency of the EON vector to
shift towards the expected direction of the primary magnet-
ization of the reverse polarity (b). Distribution of vectors
for a conditionally characteristic component, changes in the
average directions and the corresponding Fisher parameters
(accuracy k and radius of the 95% confidence circle ags)
during sequential “straightening of the fold” (c)

Thermomagnetic analysis

In thermomagnetic analysis, the samples are
heated to 700°C. A single inflection point Stands
out on the curves Ji(T), which is more clearly
defined by the extremum of the second deriva-
tive and corresponds to the Curie point
T=580°C, which corresponds most likely to
magnetite (Garayeva et al., 2023; I"'apaea u ap.,
2017; Novruzov et al., 2023; HoBpy30B u ap.,
2017). This result is consistent with the meas-
urement data of hysteresis parameters. A com-
mon feature of all curves is that they reach a
maximum at 500°C to some extent. Typically,
such peaks reflect the formation of new magnet-
ic minerals upon heating. According to the tem-
perature values, these peaks may be associated
with the destruction of divalent iron contained
in the clays and subsequent transformation into
magnetite. In most of the studied sample mag-
netite is the main magnetic mineral-carrier of
natural residual magnetization, in some cases
hematite or iron hydroxides make a significant
contribution to the total magnetization. To de-
termine the natural residual magnetization, rock
samples were subjected to both temperature and
alternating magnetic cleaning (Fig. 4).

The first group of samples loses 50% of the
initial magnetization at 120-175°C. The stable
part of J,, is observed at 300-350°C. The second
group of rocks loses 60-70% of its former tem-
perature before heating to 150°C. The stable part
of I, is observed in the range of 250-300°C
(Ucaesa u ap., 2017).

Based on the magnetomineralogical studies
conducted on the samples, the following can be
said: their mean directions in the geographic coor-
dinate system D=64° J=31° k=9; ags=13° mean
direction in the stratigraphic coordinate system
D=58% J=71° k=11; ags=10°. The accuracy of the
characteristic component is clearly improved by
the 60% correction of the sedimentation layer
(D=21°; J=71°; k=8; ags=12°). Most of the studied
samples have a component with an accuracy of
200 to 600 and higher, this component has a direc-
tion (in the Geographic coordinate system) close
to the direction of the modern geomagnetic field;
sometimes the calculated direction of this compo-
nent cannot be compared with any possible direc-
tion either in the modern or in the ancient coordi-
nate system (VcaeBa u np., 2016; I'apaeBa u ap.,
2017; Novruzov et al., 2023).
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Fig. 5. Paleomagnetic column of the Tahirjalchay section

As a result of paleomagnetic studies, the

paleomagnetic scale of the Middle and Upper

48

Jurassic sediments of the Tahirjalchay section
was compiled. A total of 5 direct magnetization
zones and 5 reverse magnetization zones were
detected (Fig. 5). Based on the detected 5 direct
and 5 reverse magnetization zones, it is possible
to give the exact boundary of all the stages.

Conclusions

e The comprehensive magnetomineralogical
studies carried out made it possible to iden-
tify the carriers of residual magnetization in
the composition of rocks, the Curie point,
demagnetization of samples by a constant
and varying magnetic field, etc. The mag-
netic properties of Jurassic sediments have
been thoroughly studied, and it was found
that they vary greatly in the natural residual
magnetization and magnetic susceptibility.
The reason for this variation in magnetic
properties is the content of ferromagnetic
minerals in their composition.

e The composition of the ferromagnetic frac-
tion and the contribution of each magnetic
mineral to the natural residual magnetiza-
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tion were studied. Complex paleomagnetic
research in the sediments of the Tahirjal-
chay outcrop, as well as, according to the
nature of the curves of natural residual
magnetization, it was confirmed that the
magnetization carriers in the studied rocks
are iron hydroxide, magnetite, and hema-
tite.

e In the magnetostratigraphic scale estab-
lished for the Tahirjalchay section, 5 direct
and 5 reverse magnetization zones were de-
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HAJIEOMATHUTHBIE CBOMCTBA FOPCKOI'O KOMILJIEKCA CYJ1YPCKOM
IEJb®OBOM 30HbI BOJBIIIOTO KABKA3A (ASEPBAMIKAH)

Kenrepau T.H., 'apaesa T.[., MexTtuena 3.H., Hopy3os 3.A.
Munucmepcmeo nayxu u oopazosanus Azepbaiiodicanckoi Pecnybnuku,
Hnucmumym 2eonozuu u 2ceogpusuxu, Azepbatiodxcan
AZ1073, baky, npocn. I []ncasuoa 119: sadigovatamina@mail.ru

Pe3zrome. B cTaThe NpeACTaBICHO AETABHOE CTPATUTpadUYEcKOe ISNICHHE IOPCKOTO KOMIUIEKCAa KOHTHHEHTAIBHOTO
menbda CeBepo-KaBkasckoro kpas EBpasun. Ctpaturpadust I0OpCKHX OTIOXESHUH pErHOHA, IPUYPOYCHHOTO K FOXKHOM
okpante Ckudckoi miathopMel, 0 HACTOSIIETO BPEMEHH H3yYeHa HEIOCTATOYHO IOJIHO U Tpebyer yrouHeHus. C
JPYTOii CTOPOHBI, TTAJIEOMAarHUTHBIE UCCIIEIOBAHUS B 3TOH 00JacTH paHee He NMPOBOAMINCE. M3ydaeMsblid paiioH pacno-
JIO)KEH Ha CEBEPHOM CKIJIOHE I0r0-BOCTOYHOI YacTW TOpHO-CKJIan4aTod cucteMbl bombimoro Kaskasa. [l uzyuenus
MajeOMarHUTHBIX CBOWCTB IOPCKUX TOPOJT U3 paspesa Tarupmpkandai 66110 oToOpano 80 OpreHTHPOBAaHHBIX 00PA3IOB.
MarHuTHass BOCHPUMMYHMBOCTh M €CTECTBEHHAs OCTATOYHAs HAMArHUYEHHOCTh OTJIOKEHUH M3MEHSIOTCS COOTBET-
ctBeHHO B mipenenax 0,6 x 102 — 1,6 x 102 BSu 2,9 x 103 - 16,9 x 103 A/m. CpenHee 3Ha4eHNUE MTOCTOSHHOM KOMITO-
HEHTBI yKa3bIBa€T Ha TO, YTO HAMArHWYEHHOCTh OJIM3KA K CBOEMY IEPBOHAYAJIBHOMY COCTOSHHIO M, CIIEIOBATEIbHO,
MOXET OBbITh HCIOJIb30BaHa JJIsl COCTABIICHHUS TaJleOMarHuTHOTO npoduis. Ha ocHOBe NajieOMarHUTHBIX TAHHBIX BIIEp-
Bble OBUTM M3yuYeHbl KMHEMATHYECKHE MMapaMeTpbl IOPCKUX TEKTOHHYECKHX OJIOKOB Ha 10HOW okpamHe CKudckoit
waTGopMbl. AHAIN3 MCCIIEAOBATEILCKMX MaTEpPHUAJIOB BBISBHJI MacIITad yriioBOro cMelleHus Onoka. B pesymbrare
MarHocTpaturpauueckoro aHaausa paspesa Tarupaxanuai ObUIO BBISIBIEHO BCETO 5 30H MPSIMOW HAMarHMYEHHOCTH 1
5 30H 0OpaTHOI HaMarHMYeHHOCTH. VICTIONB3ysl 5TH MarHUTHBIC 30HBI, OBUTH ONPE/IENIEHBI TPAHUIBI MEXy Pa3IMIHbI-
MU cTpaTUrpaduyecKuMHy No/Ipa3IeNIeHHsIMH: aajieH—0aitoc; Oaiioc—0ar; 6aT—KeioBeil; KemoBeii—okchop; okchopa—
KHMMEPHITK.

Knrouegvie cnoea: Tacupoocaniuaiickutl paspes, MazHUMHAS 4y8CMEUMENbHOCb, OCMAMOYHAA HAMACHUYEHHOCMb,
naneomMazHemu3m, MAZHUMHAS NOJAPHOCT
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BOYUK QAFQAZIN SUDUR SELF ZONASININ YURA KOMPLEKSININ
PALEOMAQNIT XUSUSiYYOTLORI (AZORBAYCAN)

Kongorli T.N., Qarayeva T.C., Mehdiyeva Z.N., Novruzov Z.A.
Azarbaycan Respublikast Elm va Tahsil Nazirliyi,
Geologiya va Geofizika Institutu, Azarbaycan
AZ1073, Baki, H.Cavid prosp. 119: sadigovataxmina@mail.ru

Xiilasa. Moqalodo Avrasiyanin Simal Qafqaz konarinin qito selfinin Yura kompleksi ticiin detall: stratigrafik bolgii
toqdim olunur. Skif platformasinin conub kenarina uygun golon bu srazide Yura siixur komplekslarinin stratigrafiyasi
kifayat qodar dyronilmomisdir. Digar torafden, bu regionda paleomaqnit tadgiqatlar: avvallar aparilmamisdir. Tadqiq
edilon rayon Boyiik Qafqaz dag-qirisiqliq sisteminin conub-gorq hissasinin gsimal yamacinda yerlosir. Yura siixurlarinin
paleomagqnit xiisusiyyatlorini dyranmok magsadilo Tahircalgay kasilisinden 80 istiqgamatlondirilmis niimuns gotiirtil-
miigdiir. Siixur niimunslorinin maqnit hossaslig1 vo tobii qalict maqnitlosmosi miivafiq olaraq 0,6 x 107 — 1,6 x 107 BS
vo 2,9 x 107 — 16,9 x 107 A/m intervalinda doyisir. Qalict komponentin orta doyari gostarir ki, maqgnitlogms ilkin
voziyyatino yaxindir vo buna goro do paleomaqnit profilinin tortibinds istifado oluna bilor. Paleomaqnit molumatlari
osasinda ilk dofo Skif platformasinin conub konarindaki Yura tektonik bloklarimin kinematik parametrlori dyronilmisdir.
Todgiqat materiallarmin tohlili blokun bucaqli yer doyismosinin miqyasint {izo ¢ixarmigdir. Tahircalgay kosilisinin
magqnostratigrafik tohlili naticosindo comi 5 birbagsa magnitlosmo zonasi vo 5 tors magnitlosmo zonasi miiayyan edil-
misdir. Bu maqnit zonalarindan istifado edilmoklo miixtolif stratigrafik vahidlor arasinda sorhadlor miioyyon edilmisdir:
Aalen—Bajos, Bajos—Baton, Baton—Kellovey, Kellovey—Oksford, Oksford—Kimmeric.

Agar sozlar: Tahircalgay kosilisi, magnit hassashgi, galiq magnitlogsma, paleomagnetizm, magnit polyarlig
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GEOLOGICAL STRUCTURE AND MINERALIZATION FEATURES OF THE SOYUDLU
(ZOD) GOLD DEPOSIT IN GARABAGH (KALBAJAR DISTRICT)

Guliyev E.E.}, Gasimov E.E.*?, Talibov M.1.1, Gasimov E.Sh.?
1AzerGold CJSC, Azerbaijan
2H, Mikayil Mushfig St., Baku, AZ1004: e.guliyev@azergold.az,
emil.e.gasimov@azergold.az, m.talibov@azergold.az, elbrus.gasimov@azergold.az
2Azerbaijan State Oil and Industry University, Azerbaijan
34, Azadlig Avenue, Baku, AZ1010: gasimov.emil@asoiu.edu.az

Summary. The Soyudlu (Zod) gold deposit is one of the major gold-bearing objects of the Lesser Cauca-
sus. This study focuses on the geological structure of the deposit, the spatial distribution of mineralized bod-
ies, and the principal structural and hydrothermal factors controlling ore localization. Particular attention is
given to graphical interpretation, because the geometry of ore bodies and their spatial relationship with fault
systems, dikes, and hydrothermal alteration zones provide key evidence for understanding the mineralization
pattern. The deposit is confined to the central and southeastern part of the Garamanly—Zod-Soyudlu anticli-
nal structure within the Goycha-Hakari geostructural zone and belongs to the ophiolitic domain of the Lesser
Caucasus. The ore field is characterized by gabbroic and ultrabasic rocks, rhyodacitic dikes, and a structural-
ly complex system of north—south, northwest—southeast, and northeast-southwest faults. Graphical materials
show that mineralization is concentrated in a limited number of principal ore bodies and follows a distinct
tectonic framework. Hydrothermal alteration is represented mainly by quartz-carbonate and talc-carbonate
assemblages developed along pre-existing structural dislocations. Quantitative descriptors of structural order-
ing, ore-body concentration, and alteration-zone variability support the interpretation that Soyudlu is a struc-
turally controlled hydrothermal gold system. The combined interpretation of the location scheme, ore-body
distribution map, isometric diagram, and three-dimensional views confirms that the deposit may be regarded
as an important geological model for understanding structurally focused gold mineralization in the Lesser
Caucasus.

Keywords: Soyudlu (Zod), gold deposit, Lesser Caucasus, structural control, hydrothermal alteration, ore
bodies, geological interpretation

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

Introduction
Gold mineralization in the Lesser Caucasus

It is associated with the ophiolitic domain of the
Lesser Caucasus and is localized in sedimentary

is characterized by a strong dependence on re-
gional tectonic setting, lithological contrasts,
and the long-term evolution of hydrothermal
systems. Within this metallogenic framework,
the Soyudlu (Zod) deposit occupies a particular-
ly important position because it combines large-
scale mineralization with a geologically com-
plex internal structure. The deposit is located in
the Kalbajar region and belongs to the Goycha-
Hakari geostructural zone, specifically to the
central and southeastern part of the Garamanly—
Zod-Soyudlu anticlinal structure. Its regional
and local geological position is shown in Fig. 1.
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rocks and intrusive bodies related to regional
volcanism. This geological position alone
makes the deposit significant as a natural exam-
ple of structurally controlled hydrothermal gold
mineralization (Illuxanu6eiinu, 1964, 1966; I"a-
canos, 1985)

Previous investigations and regional

geological background

Previous geological studies of the Lesser
Caucasus provide an important basis for inter-
preting the Soyudlu (Zod) deposit. The broader
geological framework of Azerbaijan, including
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regional stratigraphic correlations, has also been
discussed in earlier syntheses (Anuzane u np.,
1989). The regional tectonic evolution, magma-
tism and structural segmentation of the eastern
Lesser Caucasus were described in detail by
Shikhalibeyli (IlluxamuOeitmn, 1964, 1966),
while the ophiolitic complexes of the Lesser
Caucasus and their role in the regional tectonic
architecture were systematized by Hasanov
(Tacanos, 1985). The Sevan-Garabagh / Goy-
cha-Hakari ophiolitic zone and the metallogenic
significance of ultrabasic and gabbroic associa-
tions were also discussed in earlier works by
Baba-Zade (baba-3ane, 1974) and Baba-Zade
and Malyutin (ba6a-3ane, Mamtotun, 1967).
These studies form the regional geological
framework within which the Soyudlu (Zod) de-
posit can be considered as part of a structurally
complex ophiolitic and ore-bearing system of
the Lesser Caucasus.

Later generalizations on noble-metal ore-
magmatic systems and gold-bearing sulfide
fields of the Lesser Caucasus showed that gold
mineralization in the region is commonly linked
with island-arc paleosystems, magmatism, hy-
drothermal alteration and structural control
(baba-3ame, Ao6mymnaeBa, 2012; baba-3ame u

i —
- y
- L
\ .
= i s

Legend
—— Approximate boundary of the S&yidli Gold Mine (121ha)
Agricutural lands heavily degraded by anthropogenic
Impact and d pletel ble for use (197ha)
Palidii potential mineralization zone (343ha)
— f p 1 zoned (8ha)
= Behbudall potential mireralization zone (89ha)
« Kechiqinlan potential mineralization zone (7Lha)
— Azerbaijan-Armenia state border

ap., 2015). However, despite the extensive re-
gional background, the spatial geometry of ore
bodies, their relationship with hydrothermal al-
teration zones and the practical value of three-
dimensional geological interpretation for the
Soyudlu (Zod) deposit still require additional
integrated analysis. The present study therefore
builds upon previous regional investigations and
focuses on figure-based interpretation of ore-
body distribution and structural-hydrothermal
controls within the deposit.

A major difficulty in describing Soyudlu is
that the deposit cannot be adequately under-
stood through text alone. Its internal architecture
is controlled by several fault systems of differ-
ent orientation, by the spatial relationship be-
tween dikes and ore bodies, and by the uneven
distribution of hydrothermal alteration. In such
deposits, the geometry of mineralized bodies is
as important as their mineralogical composition.
For this reason, graphical interpretation plays a
central role in the present study. The location
scheme, ore-body distribution map, isometric
diagram, and three-dimensional views are not
supplementary illustrations only; they form the
visual framework through which the structural
organization of the deposit can be understood.

Fig. 1. Geological location of the Soyudlu (Zod) deposit
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The geological description of the deposit
shows that the ore field is affected by north—
south, northwest—southeast, and northeast—
southwest fault systems. These structures com-
plicate the internal architecture of the deposit
and, at the same time, appear to control the dis-
tribution of hydrothermal alteration and ore lo-
calization. The host rocks include gabbroic, ul-
trabasic, and rhyodacitic units, while hydro-
thermal alteration is represented mainly by
quartz-carbonate and talc-carbonate assemblag-
es. The mineralized system is therefore the re-
sult of the interaction of tectonic preparation,
favorable host lithologies, and fluid-related ore
deposition. The principal ore bodies are not dis-
tributed evenly across the ore field, but are con-
centrated in a limited number of structurally fa-
vorable domains. This pattern is one of the cen-
tral observations examined in the article.

Another important reason to study Soyudlu
is that the deposit illustrates how several scales
of geological evidence can be integrated. At the
regional scale, it belongs to a well-defined
structural zone of the Lesser Caucasus. At the
deposit scale, it is organized into a system of
major and minor ore bodies. At the internal ore-
field scale, it shows strong variability in altera-
tion thickness, vein orientation, and structural
continuity (bab6a-3ane, 1974; baba-3ane, AOxy-
naesa, 2012; baba-3azne u ap., 2015).

A scientifically useful description of such a
deposit should therefore move from regional
position to deposit geometry and then to ore-
body scale. This is why the article is organized
around both geological description and figure-
based interpretation.

The aim of this study is to characterize the
geological structure and mineralization features
of the Soyudlu (Zod) gold deposit and to identi-
fy the principal structural and hydrothermal fac-
tors controlling ore-body localization. Particular
attention is given to the interpretation of graph-
ical materials prepared during geological inves-
tigations within AzerGold CJSC studies, be-
cause these materials make it possible to relate
ore bodies directly to structural corridors, altera-
tion zones, and intrusive elements. The study
does not attempt to present an internal technical
report or a production-based evaluation of the
deposit. Instead, it develops a geological inter-
pretation focused on the spatial organization of
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mineralization and on the structural model that
best explains that organization (baba-3axe,
AGnynnaesa, 2012; ba6a-3ane u np., 2015).

Materials and Methods

This study was based on three complemen-
tary groups of materials. The first group con-
sisted of previously published geological works
on the eastern Lesser Caucasus, the ophiolitic
complexes of the Lesser Caucasus, the Sevan-
Garabagh / Goycha-Hakari zone, and noble-
metal ore-magmatic systems (Illuxanu6eiinm,
1964, 1966; T'acanos, 1985; baba-3anme, 1974;
ba6a-3ane, Mamortun, 1967; baba-3ane, AOxy-
naesa, 2012; baba-3ame u ap., 2015). The sec-
ond group consisted of published methodologi-
cal sources used to define the general scientific
framework of the work, including the role of
GIS and mining-geological information systems
in deposit interpretation (Mamenos u ap., 2020).
The third group consisted of graphical materials
prepared during geological studies of the So-
yudlu (Zod) deposit within AzerGold CJSC.
These materials formed the direct basis for de-
posit-scale interpretation. The article therefore
combines a conventional academic approach
with figure-based geological analysis derived
from applied exploration materials.

The methodological approach was designed
around the principle that a structurally complex
deposit must be analyzed in both two-
dimensional and three-dimensional form. For
this reason, the study did not rely on a single
figure or a single type of description. Instead,
four key illustrations were treated as intercon-
nected analytical elements. Fig. 1, the location
and geological setting scheme, was used to es-
tablish the regional and local structural position
of the deposit. Fig. 2, showing the distribution
of ore bodies, was used to evaluate how miner-
alization is arranged within the deposit. Fig. 3,
the isometric diagram, was used to examine the
three-dimensional geometry of the principal ore
bodies. Fig. 4, showing eastern and southern
views of the mineralized bodies, was used to
assess spatial continuity, relative position, and
structural alignment in depth. Each of these fig-
ures contributed a different level of evidence,
and only their combined interpretation allowed
a coherent model of ore localization to be pro-
posed.
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The three-dimensional ore-body forms pre-
sented in the figures were not treated as inde-
pendent images. They were obtained by geologi-
cal interpretation and wireframe modelling in
GEOVIA Surpac on the basis of geological map-
ping materials, ore-body contours, lithological
boundaries, structural observations, geological
sections and drilling-derived geological infor-
mation available for the Soyudlu (Zod) deposit.
The modelling was carried out by the authors
using the geological investigation materials of
AzerGold CJSC. Therefore, the colours and sep-
arate wireframes shown in the 3D views are used
primarily to distinguish individual ore bodies and
to make their spatial position visible; they are not
intended to indicate separate ore grades, metal-
lurgical classes or economic categories unless
this is stated separately in the figure caption.

The interpretation began with the regional
and local geological position of the deposit. The
location scheme was examined not simply as a
cartographic background, but as a structural ref-
erence for the rest of the study. It was used to
place the deposit within the Goycha-Hakari ge-
ostructural zone and the Garamanly—Zod-
Soyudlu anticlinal structure, and to establish the
tectonic context within which later ore-forming
processes occurred. This step was important be-
cause the meaning of the ore-body geometry
cannot be properly understood without reference
to the larger structural framework.

The second stage of the study focused on
ore-body distribution. The ore-body map was
examined to identify the principal mineralized
domains, to compare the relative importance of
major and minor ore bodies, and to assess
whether mineralization was dispersed or con-
centrated. Special attention was given to bodies
1, 4, 16, and 23, because the geological materi-
als indicate that these bodies account for the
dominant share of known mineralization. The
figure was interpreted not only descriptively,
but also comparatively: the position of these
bodies was considered in relation to surrounding
smaller ore zones and in relation to the structur-
al corridors described in the geological text.
This allowed the deposit to be viewed as a hier-
archical mineralized system rather than a simple
collection of isolated bodies.

The colours used for the ore bodies in Figs.
2-4 are intended primarily for visual differentia-

tion of individual mineralized bodies and for
separating the principal ore bodies from smaller
associated bodies. They should not be interpret-
ed as independent metallurgical, mineralogical,
or grade classes unless this is specifically stated
in the figure legend. Bodies 1, 4, 16, and 23 are
emphasized because they are distinguished by a
combination of criteria: relative contribution to
known mineralization, spatial continuity, three-
dimensional persistence, and their position with-
in the main structural and hydrothermal altera-
tion corridors. The remaining mineralized bod-
ies are shown separately in order to preserve
their geological significance as secondary or
peripheral mineralized zones that may be im-
portant for further exploration.

The third stage involved three-dimensional
interpretation. The isometric diagram and the
eastern and southern views were treated as the
main source for understanding ore-body mor-
phology, dip, elongation, and mutual position.
These figures were analyzed together rather
than separately. The isometric view was particu-
larly useful for recognizing the overall geometry
of the ore bodies and for identifying whether
they form an ordered spatial system. The addi-
tional side views helped to clarify how these
bodies continue in depth and how their position
changes when observed from different direc-
tions. This stage was critical because many struc-
tural relationships that are only weakly visible in
plan view become clearer when the bodies are
examined in three-dimensional perspective.

The fourth stage consisted of integrating the
graphical observations with the textual geologi-
cal description. The geological text was used to
identify the main host rocks, the role of north—
south and east—west dike systems, the develop-
ment of quartz-carbonate and talc-carbonate al-
teration, and the distribution of fracture and vein
sets. These observations were then compared
with the graphical geometry of the ore field. In
this way, the study moved from descriptive ge-
ology to interpretive geology: the text provided
geological meaning, while the figures showed
spatial expression. The purpose of this stage
was to test whether the deposit could be consist-
ently interpreted as a structurally controlled hy-
drothermal system (FOurmeiictep u mp., 2024).

In interpreting the relationship between
faults, hydrothermal alteration and ore localiza-
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tion, the study relies on the established regional
geological understanding of the Lesser Cauca-
sus rather than on unrelated stratigraphic works.
The occurrence of quartz-carbonate and talc-
carbonate alteration along tectonic dislocation
zones is considered in the context of ophiolitic
complexes, ultrabasic and gabbroic rocks, and
noble-metal ore-magmatic systems described
for the Lesser Caucasus (I'acanos, 1985; baba-
3ane, Mamotus, 1967; baba-3ane, Aomynnaesa,
2012). Therefore, the alteration zones are inter-
preted as fluid-conducting structural corridors
that created favorable conditions for the locali-
zation of gold mineralization.

The factual basis of the interpretation in-
cludes geological mapping materials, structural
observations, lithological boundaries, ore-body
outlines, drilling-derived geological sections,
assay and geochemical information where avail-
able, and three-dimensional geological model-
ling materials prepared during investigations of
the Soyudlu (Zod) deposit. The spatial interpre-
tation was carried out by comparing mapped
faults, dike systems, hydrothermal alteration
zones and ore-body contours in plan view and in
three-dimensional projections. In this approach,
the 3D model is not treated as an independent
result separated from field geology; it is used as
a visual and analytical synthesis of mapping,
drilling and geological interpretation data.

The interpretation procedure consisted of
several consecutive stages: first, regional tectonic
and ophiolitic setting was compared with earlier
studies of the Lesser Caucasus; second, the local
structural pattern of the deposit was examined on
geological schemes and sections; third, ore bod-
ies were compared with the position of fault-
controlled permeability zones and hydrothermal
alteration halos; fourth, three-dimensional views
were used to verify the continuity, dip and rela-
tive position of the main ore bodies; finally, the
obtained spatial regularities were assessed in
terms of their possible application to further ex-
ploration and mining-geological planning.

From a methodological point of view, the
present study is based on the integrated interpre-
tation of geological schemes, ore-body distribu-
tion maps, and three-dimensional views ob-
tained during geological investigations of the
Soyudlu (Zod) deposit conducted within the
framework of AzerGold CJSC research activi-
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ties. This approach makes it possible to examine
the relationship between structural framework,
hydrothermal alteration, and the spatial organi-
zation of mineralization at different scales. In
this context, the figures are treated not merely as
illustrative material, but as analytical compo-
nents used to evaluate ore-body geometry, con-
tinuity, and structural alignment.

Accordingly, the methodological emphasis
of the paper is placed on geological interpreta-
tion supported by graphical analysis. The loca-
tion scheme is used to define the regional and
local structural setting of the deposit, the ore-
body distribution map is used to identify the
principal mineralized domains, and the isomet-
ric and directional views are used to assess the
three-dimensional geometry of the ore bodies.
The combined interpretation of geological de-
scription and graphical materials provides the
basis for considering the Soyudlu (Zod) deposit
as a structurally controlled hydrothermal gold
system.

The theoretical basis of this study is that
gold mineralization within the Soyudlu (Zod)
deposit is structurally controlled and spatially
associated with fault systems, hydrothermal al-
teration zones, and favorable host lithologies.
This interpretation is consistent with the region-
al tectonic and magmatic framework of the east-
ern Lesser Caucasus described by Shikhalibeyli
(IIuxanubeiinu, 1966), the ophiolitic setting of
the Lesser Caucasus summarized by Hasanov
(1985), and the metallogenic significance of the
Sevan-Garabagh / Goycha-Hakari ophiolitic
zone discussed by Baba-Zade (bab6a-3azme,
1974). The geological description of the deposit
indicates that the ore field is affected by north-
south, northwest-southeast, and northeast-
southwest fault systems, while hydrothermal
alteration developed along pre-existing tectonic
dislocations and is mainly represented by
quartz-carbonate and talc-carbonate assemblag-
es. In addition, the principal ore bodies are con-
centrated in a limited number of structurally fa-
vorable domains, which suggests that minerali-
zation was localized through focused fluid mi-
gration rather than through uniform impregna-
tion of the host rocks (ba6a-3ane, A6aymtaesa,
2012; baba-3ane u ap., 2015).

In this context, the hydrothermal alteration
halos are considered not as isolated lithological
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features, but as indicators of ore-forming fluid
pathways. Quartz-carbonate alteration is inter-
preted as being most closely related to fractured
and permeable structural zones where quartz-
sulfide veining and gold mineralization were
concentrated. Talc-carbonate alteration is asso-
ciated mainly with ultrabasic and ophiolitic host
rocks affected by hydrothermal fluids along tec-
tonic dislocations. The spatial coincidence of
these alteration assemblages with the principal
ore bodies indicates that mineral formation oc-
curred during stages of structurally focused hy-
drothermal activity rather than as a uniform al-
teration of the host rocks.

Therefore, the relationship between altera-
tion halos and mineralization is assessed
through three linked criteria:

(i) their position relative to major faults and
fracture corridors;

(i) their spatial overlap with the principal ore
bodies, especially bodies 1 and 16; and

(iii) the variability of alteration-zone thickness,
which reflects changes in permeability and
intensity of fluid circulation. This explana-
tion clarifies why the quartz-carbonate and
talc-carbonate halos are important for the
genetic interpretation of the deposit and for
recognizing zones that may be prospective
during subsequent exploration.

In order to support the geological interpreta-
tion with quantitative descriptors, the present
study applies a limited set of structural and ge-
ometrical indicators. These indicators are used
only as supplementary descriptive tools and are
not presented as new calculation methods or as
reserve-estimation procedures. The entropy cal-
culation follows the general information-
entropy approach proposed by Shannon (1948),
while the concentration and contrast ratios are
applied here as simple statistical descriptors
commonly used to compare the relative domi-
nance and variability of geological objects. The
use of information-based quantitative descrip-
tors in mineral-related spatial interpretation is
also consistent with approaches discussed by
Abedi (2021), although in the present study
these indicators are applied only as supplemen-
tary tools for geological interpretation. In min-
eral-deposit studies, such numerical descriptors
should be interpreted together with geological
mapping, drilling information, three-dimen-

sional modelling and expert geological judge-
ment rather than separately from the geological
context (Journel and Huijbregts, 1978; Sinclair
and Blackwell, 2002). For this reason, the calcu-
lations in this paper are used to characterize
structural ordering, ore-body concentration and
alteration-zone variability within the Soyudlu
ore field, but the final interpretation is based on
the integrated analysis of factual geological ma-
terials and Surpac-based 3D models.

The first indicator describes the structural
ordering of the mineralized vein system. Ac-
cording to the geological interpretation of the
deposit and the regional structural framework of
the Lesser Caucasus, the dominant orientation
of mineralized veins reflects the influence of
tectonic anisotropy developed within the ophio-
litic and island-arc related systems of the region
(Iuxamubeiinu, 1966; I'acanos, 1985; baba-
3ane, 1974; baba-3ame u ap., 2015). Approxi-
mately 75% of quartz-sulfide veins are concen-
trated within the 60°-120° azimuth interval,
around 15% within 30°-60°, and less than 10%
are close to the north-south direction. To ex-
press the degree of structural ordering numeri-
cally, Shannon entropy was used in accordance
with the general entropy concept of Shannon
(1948):

H =—=Y:piIn p;,
where p; is the proportion of veins in each azi-

muth class.
For the grouped data:

H = —(0.75In 0.75 + 0.15In 0.15
+0.10In 0.10) = 0.7306

For three structural classes, the maximum
possible entropy is

Hpax = In 3 = 1.0986

and the normalized evenness coefficient is

_H 0.7306

= H 710986 200°
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The second indicator characterizes the con-
centration of mineralization within the principal
ore bodies. Ore bodies 1, 4, 16 and 23 were dis-
tinguished as principal bodies on the basis of a
combined geological criterion rather than on
colour alone. The selection is based on their rel-
ative share in known mineralization, greater
spatial continuity in plan and section, clearer
expression in the Surpac 3D wireframe model,
association with the main structural-alteration
corridors, and their potential practical im-
portance for further exploration and mine plan-
ning. In this sense, the four bodies are treated as
the dominant geological objects of the current
model, while the remaining mineralized bodies
are considered smaller or less continuous occur-
rences requiring additional verification during
future exploration. The geological description
states that ore bodies 1, 4, 16 and 23 account for
up to 80% of the known mineralization. This
relationship may be expressed as a concentra-
tion ratio:

main

CR4 =

lv[total

where M, .iniS the proportion of mineralization
hosted by the four principal ore bodies and
M;otaiS the total known mineralization. For So-

yudlu:

CR, = 80 = 0.80
7100

or 80%. A complementary concentration coeffi-
cient may also be expressed as:

Mmain — @ —
1v[minor 20

K, = 4.0

This means that, within the current geologi-
cal model, the four principal ore bodies contain
a much larger share of the known mineralization
than the remaining bodies taken together. How-
ever, this result should not be interpreted as re-
ducing the geological importance of the other
approximately 20% of mineralization. From an
exploration point of view, smaller mineralized
bodies may represent lateral continuations, pe-
ripheral branches, blind extensions or less stud-
ied parts of the same hydrothermal system.
Therefore, these occurrences remain important
targets for additional mapping, drilling and geo-
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chemical verification. The concentration ratio is
used only to show the present hierarchy of ore
bodies in the model, whereas the geological sig-
nificance of both the dominant and subordinate
mineralized bodies must be considered in future
exploration planning (Sinclair, Blackwell,
2002).

The distinction between the principal four
bodies and the remaining mineralized zones is
therefore geological and modelling-based, not
solely economic or metallurgical. At the present
stage, the main criteria are ore-body continuity,
size and geometry, structural position, relation-
ship with hydrothermal alteration zones and
contribution to the known mineralized volume.
Economic parameters and metallurgical charac-
teristics may further refine this classification at
later stages, but they should not replace geolog-
ical interpretation during the exploration stage.
For this reason, the remaining 20% of minerali-
zation is retained in the model as geologically
meaningful and should be included in further
exploration programs.

The third indicator describes the spatial het-
erogeneity of hydrothermal alteration. The
thickness and position of the principal alteration
zones were interpreted from geological mapping
observations, lithological-structural boundaries,
drilling-related geological information and their
spatial comparison with ore-body wireframes in
GEOVIA Surpac. The geological materials in-
dicate that the thickness of the principal hydro-
thermal alteration zones varies from about 10 m
to 50 m. The thickness contrast ratio was there-
fore calculated as:

T, 50
Ke= 7 = =5 =50
min

In addition, the normalized range of variation
was estimated as:

Tmax = Tmin _ 50 — 10
Tmax + Tmin 50 + 10

V, = = 0.667

A simplified mean thickness of the principal
alteration zone may be expressed as:

T:Tmax;rTmi“=50;10=30m
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These values show that the hydrothermal
zones are strongly heterogeneous in thickness.
Such variability indicates that hydrothermal ac-
tivity was spatially selective and intensified
within particular structural segments, most like-
ly where permeability and fluid focusing were
greatest. This interpretation is consistent with
the observed spatial relationship between altera-
tion zones and principal ore bodies in the central
ore block and with the general model of struc-
turally controlled noble-metal hydrothermal sys-
tems in the Lesser Caucasus (baba-3ane,
Ab6nynnaesa, 2012; ba6a-3ane u ap., 2015).

Taken together, the calculated indicators
support one coherent geological interpretation.
The non-random orientation of the vein system,
the strong concentration of mineralization in a
few principal ore bodies, and the marked heter-
ogeneity of hydrothermal alteration all indicate
that the Soyudlu (Zod) deposit represents a
structurally focused hydrothermal gold system.
The role of the calculations in this study is
therefore to provide numerical support for the
geological model derived from the combined
interpretation of textual and graphical materials.

From an applied point of view, the proposed
interpretation can be used at the detailed explo-
ration stage to refine the position of additional
drill holes, to test the continuity of mineralized
zones along fault-controlled corridors, and to
distinguish between principal ore bodies and
peripheral mineralized occurrences. During the
mining-planning stage, the same approach may
support the updating of geological models, clari-
fication of ore-body boundaries, and better un-
derstanding of the relationship between mineral-
ization, alteration and structural discontinuities.
Thus, the regularities identified in this study
have both genetic and practical significance.

The practical importance of the Surpac-
based ore-body model lies in its ability to con-
vert scattered geological observations into a co-
herent three-dimensional framework. For explo-
ration, the model helps to identify where addi-
tional drill holes should be placed to test conti-
nuity along fault-controlled and alteration-
controlled corridors. For resource modelling, it
provides a basis for updating ore-body bounda-
ries when new drilling and assay data become

available. For mining, it supports the interpreta-
tion of ore-body geometry, expected continuity,
contact zones with host rocks and the relation-
ship between mineralization and structural dis-
continuities. Consequently, the 3D forms shown
in the article are not only illustrative figures;
they are practical geological tools for further
exploration, model refinement and mine-
planning decisions.

Results and Discussion

The results of this study show that the So-
yudlu (Zod) gold deposit has a well-defined
structural framework that controls both the dis-
tribution of mineralization and the geometry of
the ore bodies. This conclusion is supported by
the geological description of the deposit and by
the interpretation of Figs. 1-4, which together
provide the main visual basis for understanding
the structure of the ore field.

The first important result concerns the re-
gional and local geological setting of the deposit.
As shown in Fig. 1, the Soyudlu (Zod) deposit is
situated within the Goycha-Hakari geostructural
zone and occupies the central and southeastern
part of the Garamanly—Zod-Soyudlu anticlinal
structure. This figure is important because it
places the deposit within its broader tectonic en-
vironment and establishes the geological frame-
work in which ore formation occurred. In this
respect, Fig. 1 provides the structural context for
the interpretation of all other geological relation-
ships discussed in the paper.

The second major result is the non-random
distribution of ore bodies within the deposit.
This relationship is clearly illustrated in Fig. 2,
which shows the spatial arrangement of the
main ore bodies. The figure demonstrates that
mineralization is not evenly spread across the
deposit area. Instead, it is concentrated in a lim-
ited number of structurally favorable domains.
In particular, ore bodies 1, 4, 16, and 23 occupy
the dominant positions within the ore field and
represent the main centers of mineralization.
This pattern supports the conclusion that the de-
posit has a clear internal hierarchy, in which
several major ore bodies play the leading geo-
logical role, while the remaining mineralized
zones are of secondary importance.
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Fig. 2. Spatial distribution of the ore bodies in the Soyudlu (Zod) deposit. The colours are used to
distinguish individual ore bodies and their relative spatial position; they do not represent separate
ore grades or metallurgical classes. The ore-body contours and spatial relationships were interpret-
ed in GEOVIA Surpac on the basis of geological investigation materials, drilling-related geologi-
cal information and geological sections of AzerGold CJSC. Compiled by the authors

Fig. 2 is therefore central to the interpreta-
tion of ore concentration. It visually supports
the idea that mineralization at Soyudlu is selec-
tive rather than uniform. From a geological
point of view, this means that ore-forming fluids
did not affect the deposit evenly but were con-
centrated in specific structural corridors and fa-
vorable host zones. The figure thus provides di-
rect spatial evidence that ore accumulation was
focused within a restricted number of major ore-
bearing bodies.

The classification shown in Fig. 2 is there-
fore based on geological and spatial criteria ra-
ther than on colour alone. The principal ore bod-
ies are separated from the smaller bodies be-
cause they show greater continuity, larger rela-
tive contribution to known mineralization and
clearer spatial association with the main struc-
tural-alteration corridors. At the same time, the
smaller bodies are not excluded from the geo-
logical model; they represent additional miner-
alized zones that may indicate lateral or depth
extensions of the ore system and should be con-
sidered during subsequent exploration planning.

The third major result concerns the three-
dimensional geometry of the ore bodies. While
Fig. 2 is useful for understanding the distribu-
tion of mineralization in plan view, the spatial
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organization of the deposit becomes much
clearer in Fig. 3, which presents the isometric
diagram of the ore bodies. This figure shows
that the main ore bodies are elongated, ordered
in space, and geometrically related to one an-
other. They do not appear as isolated or random-
ly shaped lenses. Instead, their arrangement
suggests structural continuity and a shared tec-
tonic control. This is one of the strongest visual
arguments in the article, because Fig. 3 allows
the deposit to be understood as a three-
dimensional geological system rather than as a
simple set of mapped bodies.

This interpretation is further supported by
Fig. 4, which presents eastern and southern
views of the ore bodies. These views are partic-
ularly useful because they allow the reader to
assess the dip, relative position, and continuity
of the mineralized bodies in depth. In many geo-
logical studies, plan-view figures alone do not
fully reveal the internal organization of a depos-
it. In the present case, Fig. 4 provides the addi-
tional spatial perspective needed to confirm that
the ore bodies form a coherent structural sys-
tem. Taken together, Figs. 3 and 4 show that the
Soyudlu ore field is characterized by spatial or-
der, continuity, and structural alignment.
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Fig. 3. Isometric diagram of the ore bodies in the Soyudlu (Zod) deposit. The 3D wireframe
representation was prepared by the authors in GEOVIA Surpac using geological investiga-
tion materials, ore-body contours, geological sections and drilling-derived geological in-

formation of AzerGold CJSC

Fig. 4. Eastern and southern views of the ore bodies in the Soyudlu (Zod) deposit (Directional
views were generated from the Surpac 3D geological model to assess ore-body dip, continuity and

relative spatial position)

Another important result is the close rela-
tionship between ore bodies and hydrothermal
alteration zones. The central ore block contains
two major alteration zones that play a key role
in ore localization. The first extends approxi-
mately in an east-west direction and varies in
thickness from 10 m to 50 m; ore body 1 is lo-
cated within this zone. The second alteration
zone lies to the north, initially follows a similar
trend, and later changes orientation toward the
southeast; ore body 16 is associated with this
zone. These relationships become much clearer

when the geological description is considered
together with Fig. 2 and the three-dimensional
interpretation shown in Figs. 3 and 4. The fig-
ures help to show that the main ore bodies are
not independent of the alteration system but are
spatially embedded within it.

The structural interpretation of north-south,
northwest-southeast and northeast-southwest
fault systems is linked to the regional tectonic
segmentation and magmatism of the eastern
Lesser Caucasus described in earlier studies
(uxamubeitnu, 1966). The ophiolitic nature of
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the geological environment and the role of ul-
trabasic rocks provide an additional basis for
interpreting the ore field within the metallogenic
framework of the Lesser Caucasus (I"acanos,
1985; babGa-zame, 1974). The connection be-
tween quartz-carbonate and talc-carbonate alter-
ation, fluid migration and gold-bearing sulfide
mineralization is consistent with models of no-
ble-metal ore-magmatic systems and gold-
bearing sulfide fields developed for the Lesser
Caucasus (baba-3ane, A6aynnaesa, 2012; baba-
3azae u ap., 2015).

This result is significant because it shows
that hydrothermal alteration and ore deposition
were closely linked. The variation in alteration-
zone thickness and the localization of the prin-
cipal ore bodies within those zones indicate that
fluid movement was structurally focused. The
deposit therefore cannot be interpreted as a
group of randomly distributed ore occurrences.
Instead, it should be understood as a structurally
guided hydrothermal system in which the major
alteration corridors served as the main pathways
for ore-forming fluids.

The orientation of the mineralized vein sys-
tem provides additional support for this interpre-
tation. The structural analysis indicates that most
quartz-sulfide veins belong to one dominant azi-
muth group, whereas secondary directions are
much less common. This anisotropic pattern is
consistent with the geometry of the ore bodies
shown in Figs. 3 and 4. The significance of this
result is that the deposit preserves a preferred tec-
tonic direction of mineralization. In geological
terms, ore emplacement occurred under directed
structural control, where one dominant defor-
mation trend exerted the strongest influence on
fluid migration and ore concentration.

The results also highlight the importance of
host lithologies and intrusive elements. The de-
posit is associated with ultrabasic and gabbroic
rocks, as well as rhyodacitic dikes, and these
lithological units formed the setting in which
hydrothermal processes developed. Certain ore
bodies are directly related to dike systems, indi-
cating that ore localization depended not only
on tectonic structures, but also on lithological
and intrusive conditions favorable for mineral
deposition. This observation is especially im-
portant when Figs. 2 and 3 are considered to-
gether, because they show that the mineralized
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bodies occupy specific positions within the
broader geological architecture of the deposit.

From a broader geological perspective, the
results of this study show that the Soyudlu de-
posit may be regarded as a representative exam-
ple of a structurally controlled hydrothermal
gold system in the Lesser Caucasus. Its signifi-
cance lies not only in the scale of mineraliza-
tion, but also in the clarity with which structural
control can be recognized through the combined
interpretation of geological description and
graphical representation. The present interpreta-
tion therefore has value beyond the deposit it-
self, because it illustrates an approach that may
also be applied to other structurally complex
gold deposits in the region. More specifically,
the study shows that the combined interpretation
of location schemes, ore-body maps, isometric
diagrams, and directional views can provide a
more convincing geological model than descrip-
tive text alone.

The results and discussion support one con-
sistent conclusion: ore localization at Soyudlu
was governed by tectonic anisotropy, structural-
ly focused hydrothermal circulation, and selec-
tive concentration of mineralization within a
limited number of major ore bodies. The calcu-
lations presented in the previous section rein-
force this interpretation numerically, while the
geological figures confirm it spatially. Together,
these two lines of evidence provide a coherent
basis for describing the Soyudlu (Zod) deposit
as a structurally controlled hydrothermal gold
system.

In addition to the geological interpretation
of ore-body geometry, the Surpac-based spatial
model has practical significance for open-pit
planning. The relationship between ore-body
position, pit geometry, bench configuration and
haul-road parameters allows the geological
model to be linked with mine design decisions.
The open-pit parameter scheme is included as
an applied illustration of how the interpreted
geological framework may be used during de-
tailed exploration, boundary refinement and pre-
liminary mine-planning stages. As shown in
Fig. 5, the preliminary open-pit design parame-
ters reflect the practical application of the geo-
logical interpretation to pit geometry, bench de-
sign, haul-road arrangement, and slope configu-
ration.
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Parameters of the Soyudlu open pit mine

2360 m

Par meters:
Bench height = 10 m

Bench face angle = 60 degree
Berm width = 6 m

Minimum mining width = 20 m
Overall height = 284 m

Overall slope angle = 38 degree
Road width = 25 m

inter-ramp slope angle = 40 degree
Pit bottom elevation = 2110 m
Pit surface elevation 2394 m

Fig. 5. Open pit design parameters of the Soyudlu (Zod) deposit

Conclusion

The geological structure and mineralization
characteristics of the Soyudlu (Zod) gold depos-
it reveal a structurally controlled hydrothermal
system. The deposit occupies a well-defined po-
sition within the Goycha-Hakari geostructural
zone and the Garamanly—Zod-Soyudlu anticli-
nal structure. Mineralization is not uniformly
distributed but is strongly focused within a lim-
ited number of principal ore bodies, specifically
bodies 1, 4, 16, and 23, which account for ap-
proximately 80% of the known mineralization.
This selective concentration is governed by tec-
tonic anisotropy and structurally focused fluid
migration.

The quantitative analysis of the vein system
supports this interpretation, as calculations of
Shannon entropy (H = 0.7306) and the normal-
ized evenness coefficient (J = 0.665) demon-
strate a high degree of structural ordering. The
close spatial relationship between the major ore
bodies and highly variable hydrothermal altera-

tion zones — with thickness contrast ratios reach-
ing 5.0 — further confirms that fluid movement
was directed along specific structural corridors.
Integrating three-dimensional graphical inter-
pretations with these numerical descriptors pro-
vides a robust framework for understanding the
complex architecture of the deposit. The So-
yudlu deposit thus serves as a representative
model for structurally focused gold mineraliza-
tion in the Lesser Caucasus, and this integrated
methodology can be effectively applied to simi-
lar deposits in the region.
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T'EOJIOTMYECKOE CTPOEHUE U OCOBEHHOCTYU MUHEPAJIM3ALIMA
30JI0TOPYJJHOI'O MECTOPOXJIEHUSA CEIOJJTIO (30/1) B KAPABAXE
(KEJbBAI’KAPCKHUI PAMOH)

T'yanes 3.3.%, Tacbivos I.3.12, Taauéos M.H.!, Tackimos D.I11.}
1340 “Asepeono”, Azepbaiidxncan
AZ1004, Baky, yr. Muxauna Mywguea, 2H: e.guliyev@azergold.az, emil.e.gasimov@azergold.az,
m.talibov@azergold.az, elbrus.gasimov@azergold.az
2 Asepbatioscanckuil 20cy0apcmeenHblil ynusepcumem negmu u npomviunennocmu, Azepbaiioxcan
AZ1010, Baxy, Ilpocnexm Azaonvie, 34.: gasimov.emil@asoiu.edu.az

Pesrome. 3onotopynnoe mectopoxaeHue CEoio (30/1) ABIACTCS OJHUM M3 OCHOBHBIX 30JI0TOHOCHBIX OOBEKTOB
Manoro KaBka3za. Hacrosimee ucciemoBaHHe MOCBAIIEHO I'€OJIOTMYECKOMY CTPOEHUIO MECTOPOXKAEHUs, IMPOCTpaH-
CTBEHHOMY pacIpeeeHHI0 MUHEPAIN30BaHHbIX TeJI, a TAK)KEe OCHOBHBIM CTPYKTYPHBIM M THAPOTEPMAIBHBIM (haKTo-
paM, KOHTPOJIMPYIOLINM JIOKaIu3auuio opyaeHeHus. Ocoboe BHUMaHUE yIeJIeHO rpadMueckoll WHTEpIpeTanuy, mo-
CKOJIbKY T€OMETPHS PYAHBIX TNl M UX MPOCTPAHCTBEHHAS CBSI3b C PA3JIOMHBIMU CHCTEMaMH, JaiikaMy M 30HAMH THIPO-
TEpMaJIbHBIX N3MEHEHHH IIPECTaBIAIOT COOOH KIIIOUEBYIO IOKA3aTEIbHYIO OCHOBY JUIS MIOHUMAHUS 3aKOHOMEpPHOCTEH
MHUHEpanu3anui. MecToposkaeHHe NMPUYPOUCHO K HEHTPAIbHON M 10ro-soctouHoil yactu Kapamanmsi—3o0a—-Cérommo
AHTHUKIMHAJIBHON CTPYKTYpHI B Ipeaenax [ €iua-XakapHHCKOH T'€OCTPYKTYPHOH 30HBI M OTHOCHTCS K O(HOIHUTOBOI
obmactn Marnoro Kaskaza. PynHoe mosne xapakrepusyercs rabOpOBBIMU U YJIBTPAOCHOBHBIMH ITOPOJAMH, PUOAAIIMTO-
BBIMM JaliKkaMM, a Takke CJIOKHOW CHCTEMOM pa3loMOB CEBEP—IOXKHOTO, CEBEPO-3alaJ—Ioro-BOCTOYHOIO U CEBEpO-
BOCTOK—IOT0-3aMaiHOro HamnpasieHud. ['paduueckue Marepuanbl MOKa3pIBalOT, YTO MHHEPAIN3AIHS COCPEIOTOYCHA B
OTrpaHMYCHHOM YHCJIE TJIABHBIX PYAHBIX Tell M MOJYMHEHA BHIPAXXCHHOMY TEKTOHHYECKOMY Kapkacy. ['maporepmalib-
HbIE M3MEHEHUS TPEJICTABICHBI TJIaBHBIM 00pa3oM KBapl-KapOOHATHBIMU ¥ TaJIbK-KapOOHATHBIMU ACCOLMALMAMHU, Pa3-
BUTBIMH BJIOJIb paHee CyIIECTBOBABIIMX CTPYKTYPHBIX HapymeHuil. KojandecTBeHHbIE MOKa3aTeNld CTPYKTypHO# yIo-
PSIOYEHHOCTH, KOHICHTPAIMU PYIHBIX TeJ U N3MEHYMBOCTH MOIITHOCTEI 30H M3MEHEHUS MOATBEP)KAAIOT HHTEPIpeTa-
o CEoMII0 Kak CTPYKTYPHO KOHTPOJIMPYEMON THAPOTEPMAIBHOHM 30JI0TOpYAHONH cucTeMbl. COBMECTHBIM aHAIH3
CXEMBI PacIlOI0KEHHsI, KapThl PACHPEISIICHNS PYJHBIX TeJl, N30METPHUUECKOH TUarpaMMbl U TPEXMEPHBIX BHIOB TOJ-
TBEPXKJACT, YTO JAHHOE MECTOPOXKICHUE MOXKET PACCMaTPUBATHLCS KaK Ba)KHAs TE€OJIOTHYECKAst MOZENb ISl IIOHUMAaHNUS
CTPYKTYPHO KOHTPOJIUPYEMOH 30JI0TOpYJHOH MUHepanu3annu Mainoro Kaskasa.

Knruesvie cnosa: Cérwonro (300), 30nomopyonoe mecmoposscoenue, Manvii Kagkas, cmpyKmypHulil KOHmMPOIb,
2udpomepmanbHble U3MEeHeHUsl, pYOHble Med, 2e0102UteCKds Unmepnpemayus

QARABAGDA YERLOSON SOYUDLU (ZOD) QIZIL YATAGININ GEOLOJi QURULUSU VO
MINERALLASMA XUSUSIYYOTLORI (KOLBOCOR RAYONU)

Quliyev E.E.}, Qasimov E.E.*?, Tahbov M.I.}, Qasimov E.S.!
1“Azargold”QSC, Azarbaycan
AZ1004, Baki, Mikay1l Miisfiq kii¢., 2H: e.guliyev@azergold.az, emil.e.gasimov@azergold.az,
m.talibov@azergold.az, elbrus.gasimov@azergold.az
2Azarbaycan Doviat Neft va Sanaye Universiteti, Azarbaycan
AZ1010, Baki, Azadliq prospekti, 34: gasimov.emil@asoiu.edu.az

Xiilasa. Soyidli (Zod) qizil yatagi Kigik Qafgazin asas qizil yataglarindan biridir. Bu todqiqat yatagin geoloji
qurulusuna, minerallasmig cisimlorin fozavi paylanmasina, eloco do filizlosmonin lokallagsmasina nozarst edon osas
struktur vo hidrotermal amillora hasr olunmugdur. Todgigatda qrafik interpretasiyaya xiisusi diqqoet yetirilmigdir, ¢linki
filiz cisimlarinin handasasi vo onlarin qirilma sistemlori, dayklar va hidrotermal doyismo zonalari ilo fozavi slagssi
minerallagsma ganunauygunluqlarinin anlagilmasi {igiin osas stibut bazasmi togkil edir. Yataq Goygo-Hokori geostruktur
zonasinin Qaramanli—Z0od—Soyiidlii antiklinal strukturunun markazi va conub-garg hissasinds yerlosir va Kigik Qafqazin
ofiolit sahasine aiddir. Filiz sahasi gabbro va ultrassasi siixurlar, riodasit daykalari, hamginin simal-canub, simal-garb—
canub-garg ve simal-garg—canub-garb istigamatli miirokkab qirilma sistemi ilo xarakterize olunur. Qrafik materiallar
gostorir ki, minerallasma mohdud sayda ossas filiz cisminds comlonmisdir vo aydin tektonik c¢orgivoyo tabedir.
Hidrotermal doyismo asason avvalcadon méveud olmus struktur pozulmalar1 boyunca inkisaf etmis kvars-karbonat vo
talk-karbonat assosiasiyalar1 ilo tomsil olunur. Struktur nizamliliq, filiz cisimlerinin konsentrasiyasi ve doyisma
zonalarinin dayiskonliyi tizro komiyyat gostoricilori Soyiidli yataginimn struktur nazarstli hidrotermal qizil sistemi kimi
sorhini dastoklayir. Yerlogsma sxemi, filiz cisimlorinin paylanma xoritasi, izometrik diagram va ti¢olgiilii goriiniislorin
birgs tahlili tasdiq edir ki, bu yataq Ki¢ik Qafqazda struktur nazaratli qizil minerallagsmasinin anlasilmasi {igtin miihiim
geoloji model kimi giymatlondirils bilor.

Acar sézlar: Soyiidlii (Zod), qizil yatag, Kicik Qafqaz, struktur nazarat, hidrotermal dayismo, filiz cisimlari, geoloji
interpretasiya
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SOURCES AND MIGRATION OF MERCURY IN THE HYDROGEOCHEMICAL
SYSTEM OF THE YAREGA OIL FIELD

Bakulina L.P., Dovzhikova E.G.
Ukhta State Technical University, Komi Republic, Russia
13, Pervomaiskaya str., Ukhta, 169300: luda5200@bk.ru, dovzh57@yandex.ru

Summary. The large Yarega oil field is one of the oldest in the Timan-Pechora province (Komi Republic). The oil
from this field is very thick and highly viscous, making it impossible to extract using traditional methods. Therefore, an
oil mine was built in the 1930s; it is currently the only one in Russia. The use of shaft mining allowed for a detailed
study of the structure of the oil-bearing reservoir. In the past, the field likely had a gas cap. The geological structure of
the field, its location near a major tectonic fault, and the geochemical characteristics of groundwater and gases suggest
the involvement of deep fluids in the formation of this field.

This study examines the hydrochemistry of mercury in the Yarega mines. For this purpose, 26 samples were collect-
ed from the deposit's groundwater. The samples were collected in areas not subjected to thermal steam treatment, which
is used to accelerate oil recovery from oil-bearing formations. Mercury was detected in all samples at varying concen-
trations. As a result, possible causes of the abnormal mercury content in the deposit area and its sources were identified.
Geochemical mercury anomalies in groundwater at the Yarega oil field suggest the possibility of new oil and gas depos-
its in similar geological conditions. Furthermore, the environmental aspects of the research are of great importance for
the Yarega field area and the Ukhta district. Six thousand people live in the Yarega workers' settlement, and about one

hundred thousand in the Ukhta district. For these people, groundwater quality is of paramount importance.
Keywords: Timan-Pechora oil and gas province, Yarega field, heavy oil, oil mine, groundwater, mercury, deep tec-

tonic faults, filtration

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

Introduction

Yareg extra-heavy crude oil field is in de-
veloped Ukhta area of Komi Republic which is
towards 18 km from south-west of Ukhta city
by Vorkuta-Kotlas rail (Fig. 1).

This field is found on the northeastern slope
of the South Timan on crest of Ukhta brachian-
ticlinal fold and is at depth of 130-300 meters.
This large structure of platform type stretched
more than 70 km in north-western direction, and
in crestal area it is complicated by four local
uplifts — structures of tertiary structures. The
field is confined to Yareg, Lyayol and Vezhav-
ozh structures which obtain the whole oil-
bearing contour and general extension 36 km in
the central and southern parts of fold (Fig. 2).

Yarega oil field was found, one of the first,
in Timano-Pechor oil-and-gas bearing province
in 1932. Since 1935 pilot operation of the field
started by surface wells spacing of wells was ful-
filled according to triangular well pattern with
distance between them from 75 to 100 meters.
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Surface exploitation appeared unprofitable
and in 1937 the first oil mine building started,
but since the end of 1939 — its exploitation and
operation was fulfilled on natural recovery drive
(at intervals in 1946-50). Average ratio of oil
recovery was 0,032%.

Since 1972 thermal mining technology was
used for extra-heavy crude oil recovery aimed to
reservoir recovery increase.

Middle Devonian Bed Il is oil bearing and
underlying the Devonian section foundation on
a rough surface of sericite — chlorite-quartz
shales of Riphean Base. Bed consists of mainly
quartz sandstones with low-thickness interlayers
and lenses of siltstones, mudstones and con-
glomerates (Fig. 3).

Reservoir 11l of fractured-porous-type res-
ervoirs with porosity 26% and permeability 2-3
Darcy is disrupted by blocks often partially iso-
lated by clayey material presenting in area of
blocks displacement. Shales are intensively dis-
located and fractured by subvertical cracks and
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faults with rocks displacement vertically up to
10 meters. Fractures are either gaping fractures
or they are filled by different material: clay, sili-
ca, ozocerite, and calcite.

West Siberia

= borders of the Timan-Pechora oil-gas province

D studied outcrops of the Domanik formation
G approximate area of the Domanik formation occurrence (from O. Prishepa, 2014)

[ ] scttlements

Fig. 1. Location map of the Timan-Pechora basin with
indication of the studied outcrops (the map is from
Schenk, 2011)

Fractures are followed by areas of fracturing
and microcracks. Amplitude increase can be ob-
served by depth in disturbance cutting produc-
tive strata: it is more by 2-3 times on superface
of shales than on superface of stratum IIl. In
western area of northern perecline of structure
fault throw takes a place more than 100 meters.
Large deep-seated fault passes at 10 km to east
from Yarega field, it is Eastern Timan fault pro-
nounced in basement and sedimentary cover
which was bedded in the Riphean and was con-
stantly developed from Devonian to Triassic.
Average thickness of stratum is about 70 me-
ters, maximum — 106 meters.

Abovementioned data show a high permea-
bility of section in Yarega field and a possible
active filtration of gases from deep horizons of
the Earth Crust and mantle to the sedimentary
cover, especially during activation period of the

Timan.

Fig. 2. Overview map of the Yarega field (Hedreraso-
HOCHOCTb. .., 1999)

1 — contour of balance oil reserves; 2 — outer contour of
oil content; 3 — line of wedging out of Bed Ill; 4 — bound-
aries of the area division

Material and methods

Primary objective of this research: clarifica-
tion of patterns for mercury distribution in
groundwaters of the field aimed at further usage
of obtained peculiar features of mercury hydro-
chemistry in order to determine tectonically ac-
tive areas and to predict oil and gas content of
section.

Mercury content was defined in 26 water
samples of Yarega field. Samples were cut in
areas with natural occurrence of waters which is
not affected by steam treatment. Samples were
cut in industrial mine of oil-bearing Bed Il1, Bed
“A” bedded above and from Quaternary beds of
the field (Fig. 3).
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Fig. 3. Summary lithological and stratigraphic section of the Yarega field (Hedterazonocuocts. .., 1999)
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Total mercury content was defined by color-
imetric dithizone method with previous destruc-
tion of its complex compounds. Mercury is
found in all samples in concentrations from
traces up to 10 pg/l. Maximum concentrations
of mercury are defined in groundwaters of mine
No. 2 and reach 10 ug/l. Mercury concentration
changes according to traces up to 5 pg/l and on
average is 1 pg/l in groundwaters of mine No. 1
and mine No. 3, while average mercury content
is by 3 times higher in groundwaters of mine
No. 2.

Results and Discussions

Enclosing rocks, oil of the field and gases of
the field can be considered as the potential
sources of mercury supply to the groundwaters
of Yarega field.

Average mercury content in hydrosphere is
1 pg/l. Mercury concentrations from 0,1-10 pg/l
are in water diffusion halation, and this differs
insignificantly by background readings (Muno-
Ba, bakymuna, 2005). Mercury concentrations
up to 20 pg/l were found only in acid sulphate
waters with pH 2-3 in oxidation zones of mercu-
ry sulphide deposits (for example, Nikitovo in
Ukraine). Water diffusion halation of mercury
in ground and surface waters are usually small —
100-300 m.

Low mercury concentrations in waters can
be explained by a weak solubility of mercury
compounds and its intensive sorption from solu-
tions by clay minerals, hydroxides of metals and
calcite.

Hydrogeological conditions of Yarega field
are studied well enough and are touched upon in
the works of B.N.Lubimov, M.Sh.Modelevsky
and other researchers of Yarega field. On chem-
ical composition of water in productive beds —
weakly alkaline chloride, sodium and calcium-
sodium solutions with mineralization from 36 to
93 g/l. Waters of Bed Il directly bedded on
eroded surface of shales are similar to waters of
shales themselves as there are no waterproof
layers between them.

Rocks with high mercury content are not
found in the section of Yarega field which could
allow mercury concentrations observed in wa-
ters. Even the deeper horizons of basement area
enriched by mercury are not be able to transfer
mercury to solution by alkaline groundwaters

(pH>8). Thus, rocks which build up the section
of Yarega field cannot be the source of mercury
in its groundwaters.

The second source is oil. In Western Siberia
mercury was found in all water samples of oil,
gas and gas condensate deposits of the West-
Siberia oil-and-gas bearing basin (MaryceBuy,
IMpoxombseBa, 1976). Maximum concentrations
of mercury were mo-nitored in waters of outline
zone in gas fields (up to 30 ug/l). Its concentra-
tions are minimal in waters of oil fields, and
negative diffusion halations form nearby oil de-
posits.

Lab research was carried out on inter-
reaction between water solutions of mercury
and oil. After 10 days joint thermostation by
60°C oil and water solutions of mercury concen-
trations 50 pg/l (ratio water:oil as 1:5) mercury
content reduced in water solution up to 5 pg/l.

This evidence indicates oil possibility to ab-
sorb mercury from its water solutions and do
not allow to consider oil as a potential source of
mercury from Yareg field.

The third possible source is gas. Deposit of
Bed I1l doesn't possess gas cap, but abundant
gas seep was monitored during penetration and
layer test in many wells (Kpemc, Baccepman,
MarsueBckas, 1974). It was observed that ac-
cumulations of free gas were seen in areas with
sandstones of argillitic interlayers which proba-
bly provided screen for them and protected
these accumulations from diffusion. Maximum
gas-saturation of oil is defined in mine No. 2
(225 m3/t), and maximum mercury content is
found in its waters. Gas-saturation of oils from
mine No. 1 is 145 m®/t; mines No. 3 — 122.

Gas seeps from fractured zones of meta-
morphic shales as small accumulations of free
gas and gas dissolved in waters of basement
were found in many wells on structural high of
Ukhta uplift and on its northern pericline. The
most of free gas accumulation is confined to
hypsometric rised crest positions of Ukhta fold.
Wells drilled for metamorphic shales usually
gushed water. These wells are on the aqua field
situated in the crest of fold which is northern of
Yarega. Gas factor is 1 m3/m?3.

Composition of free gas and gas dissolved
in groundwaters of Bed Il and metamorphic
shales consist of methane (prevails), heavy car-
bons (about 1%), nitrogen, hydrogen, helium,
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argon, carbon-dioxide gas. Helium, hydrogen,
methane, argon being in gases of Yarega field
are connected with deep horizons of the Earth
Crust and mantle, and this evidence allows to
consider gases from the field as the mercury
source in its groundwaters.

It is well-known about high volatility of
mercury and its possible migration in gas phase
from geochemistry of mercury. Study of volcan-
ic exhalations of fumarolic and solfataric
sources of Kamchatka and Kurils defined mer-
cury can migrate to phase of post-volcanism to-
gether with sulphur trioxide and chloride gas.
And cinnabar deposit (HgS) directly from vol-
canic gases which transfer mercury as HgCl; is
found on some large mercury deposits.
N.A.Ozerova considers mercury accumulation
in different geological settings of lithosphere as
a result of mantle degassing and indicates that
“mercury breath of the Earth” fulfills through
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the largest lineaments of global regmatic net-
work (O3eposa, 2010).

Conclusions

So, it can be proved, migration of Yarega
field gases from mantle and low horizons of the
Earth Crust fulfilled by filtration on zones with
rupture anomaly of folded basement of high
rock fracturing in sedimentary cover. Presence
of mercury in waters of field shows its entry to
sedimentary cover on preexistent faults of
basement currently. Otherwise mercury was in-
took by oil or sorbed by minerals of enclosing
rocks.

This research can be used for prediction of
oil and gas content section on mercury geo-
chemical anomalies on zones with large tectonic
faults. Moreover, environmental study is of spe-
cial significance for field area and for region as
awhole.
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UCTOYHUKHU U MUTPALIAS PTYTHU B T'HIPOTEOXUMHUYECKOM
CUCTEME APETCKOI'O HEOTAHOI'O MECTOPOXKIEHUA

Bbaxkyauna JLIL., loBxuxkosa E.I'.
Tocyoapcmeennulii mexnuueckuti yHusepcumen,
Pecnybnuxa Komu, Poccus
169300, Yxma, ya. Ilepsomaiickas, 13: luda5200@bk.ru, dovzh57@yandex.ru

Pe3zrome. KpynHoe SIperckoe HepTsSIHOE MECTOPOXKACHHE OJTHO M3 cTapeHmmx B TumaHo-Iledopckod MpOBUHITMH
(Pecnyonuka Komu). Hedth 3TOr0 MectopoxkaeHus: OYeHb TycTas U BHICOKOBSI3Kas W JIOOBIBATh €€ TPaJULIHUOHHBIM
CHocoOoOM 0Ka3aJoch HEBO3MOXKHO. [loaToMy ele B TPHIATBHIX Trojax HPOLUIOro Beka OblLia MOCTpoeHa HedTsiHas
1axTa, B HacTosIee BpeMs oHa enuHcTBeHHast B Poccun. axTHBIN cnocob pa3paboTku He(TSHOW 3aJIeKH TO3BOIHII
JIOBOJIBHO JIETAIILHO U3YYHUTh CTPOCHUE HE(YTEHOCHOTO IUiacTa. B mponutoM, BecbMa BEpOSTHO, MECTOPOXKICHUE UMEIIO
ra3oByl0 IIanky. ['eosormyeckoe CTPOSHHE MECTOPOXKICHHMS, PacIOjOKEHHE BOJIM3M KPYIHOI'O TEKTOHHYECKOTO
pasjioma, a TaKKe TeOXHMMUYECKHE XapaKTepHUCTHKM MOA3EMHBIX BOJA U Ta30B IO3BOJIAIOT MpEAINoNaraTh y4yacTue
TITyOMHHBIX (QIIFOUI0B B (POPMHUPOBAHUH STOTO MECTOPOKIACHUS.

HanHas pa®oTa MOCBAIICHA W3YYCHHIO THAPOXHMHH PTYTH B paifioHe Sperckmx maxt. Jns 3Toit memm Obum
oToOpanbl 26 mpo0 W3 MOA3EMHBIX BOI MeCTOpOXxIeHHs. [IpoOsl oTOMpamuch Ha ydYacTKaX, HE ITOABEPTIIHXCS
MapOTEIUIOBOMY BO3ACHCTBHIO, KOTOPOE HCHONB3YyeTcs IS YCKOpeHHs He(TeoTnadn HePTEHOCHOTo Iwiacta. PTyTh
oOHapykeHa BO BCEX Mpo0ax B pa3IMIHBIX KOHIECHTPAIMAX. B pe3ynprare OBUIH BEISBICHBI BO3MOXHBIC MPHIMHEI
AHOMAJIBHOT'O COJICpXaHUSA PTYTH B palioHE MECTOPOXKICHHA U €€ MCTOYHMKH. |'€OXMMHUYECKHEe aHOMAJIHHM PTYTH B
IPYHTOBBIX Bojiax SIperckoro He(TSIHOTO MECTOPOXKICHHUS MPENOCTABISIOT BO3MOXKHOCTH MpEJIoJiaraTh HaJlMuue
HOBBIX MECTOPOXKICHUH HEe(TH M ra3a B CXOIHBIX I'€OJIOTHYECKUX YCIOBUsAX. Kpome Toro, BakHOE 3Ha4€HHE MMEET
9KOJIOTHYCCKUI aCHEeKT MCCIICNOBAaHUM Ui pailoHa SIperckoro MeCTOPOKACHUS M YXTHHCKOro paiiona. B pabouem
nocejke flpera NMpo>KUBAKOT HIECTh THICAY YEJOBEK, B YXTUHCKOM palOHE OKOJO cTa Thicad. M s 3Tux mronaen
Ka4yecTBO MOJ3EMHBIX BOJ HMEET OTPOMHOE 3HaUCHHUE.

Knrueevte cnosa: Tumano-Ilevopckas nepmecasonocnas npogunyus, fpezckoe mecmopodicoeHue, msxcenas
Heghmb, HehmaAHASA WAXmMA, NOO3eMHble 800bl, PIMYMb, MEeKMOHUYeCKUe 2TYOUHHbLE PA3IoMbl, PUIbMPaAYUs

YAREQA NEFT YATAGININ HIDROGEOKIMYA SiSTEMINDO
CiVONIN MONBOLORI VO MIQRASIYASI

Bakulina L.P., Dovjikova Y.G.
Dovliat Texniki Universiteti, Respublika Komi, Rusiya
169300, Uxta, Pervomay kii¢., 13: luda5200@bk.ru, dovzh57@yandex.ru

Xiilasa. Boyik Yareqa neft yatagi Timan-Pecora vilaystinde (Komi Respublikasi) an qadim yataqlardan biridir.
Homin yatagin nefti ¢ox qat1 vo yiiksok 6zliiliiklii oldugu {igiin onun onanavi iisullarla hasilatt miimkiin deyil. Bu mog-
sadla kecan asrin 30-cu illorindo Rusiyada tikilon neft moadoni giiniimiizde ds yegano olaraq qalir. Neft yataginin islon-
masi ticiin madon iisulu neftli tobaganin strukturunu kifayst qador otrafli 6yronmoys imkan verirdi. Kegmisdo yataqda
qaz papagmin olmasi giiman edilir. Yatagm geoloji qurulusu, boyiik tektonik qirilmalarin yaxinlhiginda yerlosmasi,
yeralt1 sularin va qazlarin geokimyovi xiisusiyyatlori bu yatagin omolo golmasinds darinlik fluidlorinin istirakin1 demayo
osas verir.

Bu todqgiqat Yareqa moadenlorinds civenin hidrokimyasinin dyranilmesine hasr olunmusdur. Homin mogsadls yatagin
yeralt1 sularindan 26 niimuno gotiirilmiisdiir. Niimunoslor neftli laylardan neftin ¢ixarilmasinmi siiratlondirmok {igiin
istifado olunan termik buxar emalina moruz qalmayan orazilords toplanmisdir. Biitiin niimunsalorde miixtslif konsentra-
siyalarda civo askar edilmisdir. Noticodo, yatagin yerlosdiyi rayonda cive soviyyasinin normadan konara ¢ixmasinin
miimkiin sobablori vo onun manbalori miloyyon olunmusdur. Yareqa neft yataginda qrunt sularinda civenin geokimyavi
anomaliyalar1 oxsar geoloji seraitds yeni neft vo qaz yataqlarinin mévcudlugundan xabar verir. Bundan slavs, Yareqa
yatag1 vo Uxta rayonunda aparilan tadqiqatlarin ekoloji aspekti miithiim shamiyyat kosb edir. Yareqa fohlo gasabasinds
6000, Uxta rayonunda iso toxminon 100.000 nofar yasayir. Bu insanlar ii¢iin yeralti sularin keyfiyyoti boyiik chomiyyat
kosb edir.

Acar sozlar: Timan-Pegora neft va qaz vilayati, Yareqa yatagi, agir neft, neft madoni, yeralti sular, civa, tektonik
dorinlik qirilmalari, filtrasiya
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GEOCHEMICAL CHARACTERISTICS OF NATURAL RADIOACTIVITY AND
TRACE ELEMENT DISTRIBUTION IN THE SOLID EJECTA
OF THE DASHGIL MUD VOLCANO

Aliyeva A.R.1, Alizada N.O.%, Aliyev Ch.S., Aliyev F.A.12
Ministry of Science and Education of the Republic of Azerbaijan,
Institute of Geology and Geophysics, Azerbaijan
119, H. Javid Ave., Baku, AZ1073:aliyevaa22@gmail.com, nigar.alizada013@gmail.com,
aliyev.chingiz47@gmail.com, fuad.aliyev107@gmail.com
Khazar University (Neftchilar Campus), Azerbaijan
41, Mahsati Ganjavi str., Baku, AZ1096

Summary: Mud volcanoes transport large volumes of breccia to the surface, composed of rock fragments derived
from deep strata. The solid ejecta of mud volcanoes therefore represent an important source of information for deter-
mining the stratigraphic age of ancient sediments. This study presents the results of radiometric, microfaunal, gamma-
spectrometric and neutron activation analyses carried out to determine the natural radioactivity and the distribution of
trace elements in solid ejecta from the Dashgil mud volcano at different stratigraphic ages. Microfaunal analysis indi-
cates that the samples belong to the Upper Miocene (Sarmatian). Radiometric measurements show that the equivalent
gamma dose rate of the samples ranges from 58 to 90 nSv/h. Gamma-spectrometric analyses reveals that the activity
concentrations vary within 38-43 Ba/kg for 238U, 28-37 Bq/kg for 232Th, and 600-750 Bqg/kg for “°K. Furthermore, neu-
tron activation analysis was used to determine the trace element composition of the bedrock. The average mass fractions
were found to be 8.1 ppm for Th, 2.6 ppm for U, 4.3 ppm for Hf, and 13.6 ppm for Sc, while the total rare earth element
content averages 93.5 ppm. The findings of this study may contribute to the integration of geological data for the strati-
graphic subdivision of sediments of various ages, particularly in cases where faunal and floral remains are absent.

Keywords: Dashgil mud volcano, solid ejecta, stratigraphic age, radiometric analysis, microfaunal analysis, gam-

ma-spectrometric method, neutron activation analysis

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

Introduction

Mud volcanoes constitute a natural phe-
nomenon that has been the subject of extensive
scientific research. Eruption products of mud
volcanoes provide valuable insights into the
Earth’s geological structure, as well as the in-
ternal geodynamic and geochemical processes
occurring at otherwise inaccessible depths. 353
mud volcanoes are known in Azerbaijan (Fig.1).
Mud volcanoes are classified according to mor-
phology, the area covered by solid ejecta, age,
composition, etc. (Baloglanov et al., 2018). All
morphological types of mud volcanoes occur in
Azerbaijan.

Mud volcanoes transport significant vol-
umes of breccia composed of rock fragments to
the surface. The solid ejecta of mud volcanoes
provide valuable information for the study of
the stratigraphic age of ancient deposits. In stud-
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ies of mud volcano products, stratigraphic and
petrographic analyses of components play a par-
ticularly important role. Geophysical investiga-
tions also play a significant role in the study of
mud volcano and associated phenomena. These
studies established correlations and cyclicity in
radioactive and geochemical parameters within
sedimentary sequences of Eastern Azerbaijan
and elucidated the nature of elevated radioactiv-
ity in the Middle Jurassic and Maykop deposits
(Anues u ap., 2003; Ddenauena u ap., 2012).

Dashgil mud volcano has an externally ex-
pressed, relatively flat elevation slightly elon-
gated in a latitudinal direction. Within its crater
field, active cones, gryphons, and salses are
grouped in several locations.

Mud volcanoes are remarkable natural phe-
nomena that provide access to deep subsurface
materials otherwise obtainable only through
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drilling. Their ejecta contain sedimentary frag-
ments from various stratigraphic levels, offering
valuable information about the geological envi-
ronment. In some cases, sedimentary rocks lack
faunal and floral remains, making stratigraphic
age determination difficult, with such deposits
commonly referred to as “silent layers”. The
absence of biostratigraphic markers complicates
the correlation and interpretation of these strata
using conventional stratigraphic methods.

This study investigates the relationship
between stratigraphic age, natural radioactivi-
ty, and trace element composition in sediment
samples using gamma spectrometry and neu-
tron activation analysis (NAA). The obtained
correlations, integrated with other geological
data, are intended to facilitate the differentia-
tion of sedimentary complexes lacking fossil
evidence.

Fig. 1. Spatial distribution of mud volcanoes in Azerbaijan (Aliyev et al., 2015).
1 — established; 2 — presumed; 3 — petroleum-bearing area boundaries
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Materials and Methods

Eighteen bedrock samples were collected
for micropaleontological, gamma-spectrometric
and neutron activation analyses.

The study initially involved microfaunal anal-
ysis to determine the geological age of samples
with previously unknown stratigraphic affiliation.
Micropaleontological investigations were carried
out at the Institute of Geology and Geophysics of
the Ministry of Science and Education of the Re-
public of Azerbaijan following established proce-
dures. Depending on the lithological composition,
the samples were treated with sodium carbonate or
hydrogen peroxide solutions, while compact clayey
rocks were additionally heated to facilitate dis-
aggregation. After washing, drying, and fractiona-
tion, microfaunal remains were manually extracted
under a microscope. The taxonomic composition
was examined using a Nikon microscope (x50-
%200), while detailed microfaunal images were ob-
tained with a JEOL 6610 LV electron microscope.

Neutron activation analysis is a technique
used to determine the elemental composition of
a material by measuring gamma radiation pro-
duced following neutron irradiation of the sam-
ple. Upon irradiation, neutrons are captured by
the nuclei of the investigated sample, leading to
the formation of excited nuclei. The excited nu-
clei then decay to a stable state, emitting gamma
rays with discrete energies characteristic of each
nucleus. The gamma rays are recorded by a de-
tector, and their energies and corresponding
count rates for individual spectral lines are de-
termined (I'yteko, 2008). The final result of

neutron activation analysis, namely the ele-
mental concentrations in the sample, is calculat-
ed by proportional comparison of the activities
of identical isotopes in the sample with those in
a standard of known elemental mass fractions
(®ponTaceesa, 2011). Neutron activation analy-
sis was performed at the 1.M. Frank Laboratory
of Neutron Physics, Joint Institute for Nuclear
Research (JINR), Dubna, Russian Federation.

Gamma spectrometric analyses were carried
out at the Institute of Geology and Geophysics,
Ministry of Science and Education of the Re-
public of Azerbaijan. Gamma radiation meas-
urements were performed using a Nal scintilla-
tion detector. The counting time for each sample
was 24 hours. The detector was calibrated using
a volumetric standard source.

Results and Discussion

Micropaleontological analysis was used to
determine the stratigraphic age of each sample.
Faunal assemblages identified in the solid ejecta
of the Dashgil mud volcano indicate the geolog-
ical age of the rocks, and the samples are as-
signed to the Upper Miocene (Sarmatian).

The equivalent dose rate of gamma radia-
tion was measured using a high-sensitivity
MKS-AT1125 dosimeter-radiometer. Radio-
metric studies revealed that the equivalent dose
rate of gamma radiation in bedrock within the
volcanic area ranges from 58 to 90 nSv/h. A
schematic map of the gamma-ray field of the
studied mud volcano was constructed based on
the measurements (Fig. 2).

Background,

49.403

49402 49404 49405

49.406

nSv/h

49407 49408 49409

Fig. 2. Schematic gamma-ray field map of the Dashgil mud volcano area
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According to the map, the central crater area
of the volcano is characterized by relatively low
radioactivity, whereas higher radioactivity is
observed along the periphery of the volcanic
field, forming a semicircle around it (AnueBa u
1p., 2022).

Gamma spectrometric analysis was used to
determine the specific activity of the naturally
occurring radionuclides 2%2Th, 238U, and “°K in
the selected samples. The specific activity of
238U ranges from 38 to 43 Ba/kg, 2*°Th from 28
to 37 Bg/kg, and “°K from 600 to 750 Bg/kg.

For comparison, data obtained from other
mud volcanoes were also used. Bedrock sam-
ples collected from the Pirekeshkul, Shikhzarli,
Gizmeydan, Agzybir and Bahar mud volcanoes
were analyzed within the framework of this
study. Table 1 shows the average activity of

these isotopes determined by gamma spectro-
metric analysis in samples of different stratigra-
phic ages.

Bedrock of Middle Miocene age exhibits
the highest activity levels of #2Th, 28U, and
40K, whereas Upper Cretaceous bedrock shows
the lowest Eocene values bedrock occupies an
intermediate position.

The trace element composition of the selec-
ted samples was determined with particular
emphasis on the distribution of rare earth and
high-field-strength elements such as Sc, Th, U,
and Hf, which are characteristic of this stratigra-
phic age. As a result of the analysis, the average
mass fractions were determined to be 8.1 ppm
for Th, 2.6 ppm for U, 4.3 ppm for Hf, and 13.6
ppm for Sc, while the total concentration of rare
earth elements was 93.5 ppm.

Table 1
Average radionuclide activities in bedrock samples of varying stratigraphic ages
Radionuclide Specific activity (Bg/kg)
P2 Ps+N,! N2 N3
0K 971 925 1037 618
232Th 50,3 49,7 52 32,4
238y 60 45,8 81 41,2
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Fig. 3. Cumulative histogram of the mean activities of naturally occurring radioactive
isotopes in bedrock samples of different stratigraphic ages
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By comparison, the average mass fractions
(ppm) of trace elements in bedrock samples of
different stratigraphic ages, determined by
neutron activation analysis, are presented in
Table 2.

Table 2

Mean trace element concentrations (ppm) in bedrock
samples of different stratigraphic ages

Element K2 P2 | Pa+Nit| Ni? N3
Sc 12,2 15,1 16,6 17,4 13,6
Cr 80,7 | 108,3 | 121,0 | 116,3 | 106,3
Ni 49,8 66,5 60,2 61,4 65,5
Co 17,9 16,6 16,1 18,3 16,6
Zn 80,0 | 106,8 | 107,0 | 114,7 | 69,9
As 4,0 11,0 10,2 14,3 9,0
Rb 122,7 | 137,3 | 158,0 | 155,7 | 74,2
Sr 518,7 | 287,3 | 188,0 | 1553 | 334,1
Zr 116,3 | 173,0 | 172,0 | 181,7 | 149,7
Mo 0,2 8,4 7,3 15,2 3,2
Ba 266,0 | 296,3 | 3350 | 366,7 | 463,7
Cs 8,0 10,4 12,3 12,2 4,7
La 20,0 334 34,2 35,1 21,0
Ce 46,7 71,5 74,6 74,1 445
Nd 15,7 24,6 23,6 24,2 15,4
Sm 4,0 55 57 6,0 4,5
Eu 0,7 11 11 1,2 1,0
Tb 0,5 0,7 0,7 0,8 0,5
Yb 1,6 2,2 2,2 2,3 1,4
Lu 0,3 0,4 0,4 0,4 0,3
Hf 3,0 4,1 4,2 4,2 43
Ta 0,6 0,9 0,9 0,8 0,6
Th 6,1 14,3 14,2 15,8 8,1
U 1,4 4,0 3,6 5,0 2,6

The analysis of trace element content re-
vealed unusually low mass fractions of Sc, Hf,
Th, and U in the Cretaceous samples. As is ob-
served, the concentrations of some rare earth
elements in Upper Cretaceous and Upper Mio-
cene bedrock were found to be lower than in
Eocene, Maykop, and Middle Miocene samples.
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Conclusion

The integrated application of microfaunal,
gamma-spectrometric and neutron activation
analyses provided a comprehensive characteri-
zation of the solid ejecta from the Dashgil mud
volcano. Micropaleontological data indicate
that the studied samples predominantly corre-
spond to the Upper Miocene (Sarmatian) stage,
confirming the stratigraphic origin of the
erupted material.

Radiometric measurements show that the
gamma radiation dose rate within the volcanic
ranges from 58 to 90 nSv/h, with a distinct spa-
tial distribution pattern. The central crater zone
is characterized by relatively low radioactivity,
while elevated values occur along the periphery,
forming a semicircular anomaly. This suggests
heterogeneity in the source materials and migra-
tion pathways of the bedrock.

Gamma-spectrometric analysis revealed that
the activity of naturally occurring radionuclides
(%32Th, 28U, and *°K) varies depending on strati-
graphic age. The highest activity levels were
recorded in Middle Miocene deposits, whereas
Upper Cretaceous samples exhibited the lowest
values, with Eocene deposits occupying an in-
termediate position. These variations reflect dif-
ferences in lithology and geochemical condi-
tions during sediment formation.

Neutron activation analysis further demon-
strated systematic variations in trace and rare
earth element concentrations. Middle Miocene
and related deposits show relatively higher con-
centrations of rare earth elements and high-
field-strength elements, while Upper Cretaceous
and Upper Miocene samples are comparatively
depleted. The notably low concentrations of Sc,
Hf, Th, and U in Cretaceous samples indicate
distinct geochemical environments and source
characteristics.

The study revealed statistically significant
variations in the elemental composition and nat-
ural radioactivity of solid ejecta with different
stratigraphic ages. The obtained results, together
with other geological data could be used to dis-
tinguish the relative age of sediments lacking
faunal and floral remains. However, these data
have to be applied to the appropriate geological
region since geochemical conditions vary
among different deposits.
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TEOXUMHUYECKHUE OCOBEHHOCTH ECTECTBEHHOM PAJIMOAKTUBHOCTHU U
PACHIPEJAEJIEHUS MUKPO3JIEMEHTOB B TBEP/IBIX BBIBPOCAX
I'PA3EBOI'O BYJIKAHA JAHITHUJIb

AnameBa A.P.}, Anuzane H.O.%, Anues U.C., AsineB @.A. 2
*Munucmepcmso nayku u obpazosanus Azepbaiioncanckoii Pecnybnuxu,
Hnucmumym 2eonozuu u 2eogpusuku, Azepbatiodxcan
AZ1073, baky, npocn. I JPcasuoa, 119: aliyevaa22@gmail.com, nigar.alizada013@gmail.com, ali-
yev.chingiz47@gmail.com, fuad.aliyev107@gmail.com
2Vuueepcumem Xazap (xamnyc «Hegpmuunapy), Azepbaiiosrcan
AZ1096, baky, yr. Mexcemu I'snooicesu, 41

Pe3ztome. B niporiecce n3BepIKEHUH IPs3eBbIe BYJIKAHBI BBIHOCAT Ha MOBEPXHOCTh 3HAYUTENbHBIE 00BEMBI OpEeKUnH,
MIPEeACTaBICHHON OOJIOMKAMHU TOPHBIX MOPOJ, MPOUCXOMANIIME U3 TIIYOMHHBIX CTpaTUTpadUIecKux ropu3oHTOB. Ta-
KUM 00pa3zoM, TBEP/IbIC BEIOPOCHI TPSA3EBHIX BYJIKAHOB SBJISIFOTCS BAXKHBIM HCTOYHUKOM MH(POPMAIUH TP OTIPEACTICHII
cTparurpaduueckoro Bo3pacTa IPeBHUX OCAJA0YHBIX OTJIOKEHHH. B TaHHOM UCCIIeIOBaHUN MPEICTABICHBI PE3YIbTATHI
PaaroMeTPHYECKOTO, MUKPO()ayHUCTHYECKOTO, raMMa-CIEKTPOMETPHUECKOTO U HEUTPOHHO-aKTHBAIIMOHHOTO aHaJIH-
30B, BBITIOJIHEHHBIX, B YACTHOCTH, C IIEJBI0 OMPEIEICHUS] €CTECTBEHHON PaTHOAKTUBHOCTH U pacTpeesieHUus] MUKPO-
AJIEMEHTOB B TBEPJBIX BBIOPOCAX TPSA3EBOrO ByJKaHa JlalTib pa3IMdHOTO CcTpaTurpadudeckoro Bospacta. s omeH-
KH PaJUOTCOXUMHUYCCKUX XapaKTEPUCTUK TBEPIBIX BEIOPOCOB IPS3EBOTO ByJKaHa Jlamrwib ObLT MPOBENEH KOMILICKC
paarOMEeTPHICCKHX HCCIeI0BaHUI 00pa3ioB Opekunn. COrjacHO JaHHBIM MHKPO(ayHHCTHYECKOTO aHAIIN3a, HCCICTY-
eMble 00pas3Ibl, BEPOSITHO, OTHOCATCS K BEPXHEMY MHOILIEHY (capMat). Pammomerpudeckue U3MepeHUs, B CBOKO Oye-
penb, YCTaHOBHIIM, YTO SKBHBAJICHTHAs MOIIHOCTh JO3bI TaMMa-U3iIydeHus cocraBiser 58-90 u3B/4. ['amma-
CHEKTPOMETPUYECKHH aHaJIN3 10Ka3ajl, YTO aKTUBHOCTH PaJIMOHYKJIMIOB Bapbupyer B npexaenax 38-43 bx/kr g 22U,
28-37 Bx/xr ana »2Th u 600-750 Bx/xr ana “°K. Kpome Toro, mist onpenene s MUKPOdIEMEHTHOTO COCTaBa OpeKdnn
MIPUMEHSUICS METO/ HEHTPOHHO-aKTHBAIIMOHHOTO aHaim3a. [Ipu 3ToM cpeqHne MaccoBBIC JOIH COCTaBWIN 8,1 ppm mms
Th, 2,6 ppm ms U, 4,3 ppm mis Hf u 13,6 ppm ans Sc, Toraa kak cyMMapHOe CoJlepyKaHne PeIKO3eMelbHBIX dJIeMEH-
TOB B cpegHeM coctaBisieT 93.5 ppm. IlomydeHHple pe3yabTaTel, HECOMHEHHO, MOTYT CHOCOOCTBOBAaTH MHTETPALINU
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Te0JIOTMYECKUX JJaHHBIX MIPU CTPATUrpauuecKoM pacuwICHEHUH OTIIOKEHHH Pa3IMYHOTO BO3pacTa, OCOOCHHO B Cllyya-
SIX OTCYTCTBUS OCTATKOB ()JIOPHI U (payHBI.

Knioueswie cnosa: epaszesoti syaxan [aweuns, meepovie 8b16pocyl, cmpamuepaguieckuii 603pacm, paouomempue-
CKUll aHau3, MUKpo@aynucmuyeckuii ananus, 2amma-cnekmpoMempuieckul Memoo, HeumpoHHO-aKMUuayuoHHbL
aunanusz

DASGIL PALCIQ VULKANININ BORK TULLANTILARINDA TOBii RADIOAKTIVLiYiN VO
MiKROELEMENTLORIN PAYLANMASININ GEOKIMYOVi XUSUSiYYOTLORI

Oliyeva O.R.}, Blizads N.O.%, Bliyev C.S.!, Oliyev F.D.%?
'Azorbaycan Respublikasi Elm va Tohsil Nazirliyi,
Geologiya Vo Geofizika Institutu, Azarbaycan
AZ1073, Baki, H. Cavid pr., 119: aliyevaa22@gmail.com, nigar.alizada013@gmail.com,
aliyev.chingiz47@gmail.com, fuad.aliyev107@gmail.com
2Xazar Universiteti (Neftgilor Kampusu), Azarbaycan
AZ1096, Baki, Mahsati Gancavi kiic., 41

Xiilasa: Palgiq vulkanlar1 dorin qatlarda formalasmis siixurlardan ibarot boyiikk hocmds brekgiyani yer sothina
cixarir. Belaliklo, pal¢iq vulkanlarinin bark tullantilari gadim ¢okiintiilorin stratiqrafik yagini miioyyan etmokds miihiim
molumat monbayi rolu oynayir. Bu tadgigatda Azarbaycanin aktiv palgiq vulkanlarindan biri olan Dasgil palgiq vulkani
bork tullantilarinin stratiqrafik yagini miioyyon etmok mogsadilo aparilmig radiometrik, mikrofaunal, gamma-
spektrometrik vo neytron aktivasiya analizlorinin naticolari toqdim olunur. Dasgil pal¢iq vulkaninimn bark tullantilarinin
radiogeokimyovi xiisusiyyatlorini miioyyan etmok mogsadilo brekgiya niimunoslori osasinda kompleks radiometrik
todgiqatlar aparilmisdir. Mikrofaunal analiz, xiisusilo, niimunolorin Ust Miosens (Sarmat morholosi) aid oldugunu
gostorir. Radiometrik 6lgmolor niimunslords ekvivalent gamma doza siiratinin 58-90 nSv/saat intervalinda doyisdiyini
miioyyon etmigdir. Qamma-spektrometrik analizino asasen, xiisusi aktivlik 2U izotopu ii¢iin 38-43 Bq/kq, 2**Th iigiin
28-37 Bg/kq vo “°K ii¢iin 600-750 Bg/kq araliginda doyisir. Bundan olava, brekgiyalarn mikroelement torkibini
miisyyon etmak {iglin neytron aktivasiya analizi totbiq edilmisdir. Bels ki, Th ii¢iin orta kiitlo pay1 8.1 ppm, U ii¢iin 2.6
ppm, Hf iiciin 4.3 ppm vo Sc {i¢iin 13.6 ppm olaraq, eyni zamanda nadir torpag elementlarinin iimumi miqdar: orta
hesabla 93.5 ppm miioyyon edilmisdir. Olda olunan naticslar, siibhasiz ki, fauna va flora qaliglarmin mévcud olmadigi
hallarda miixtolif yash ¢Okiintiilorin stratigrafik boliinmasi zamani geoloji malumatlarin daha daqiq inteqrasiyasina,
elaca do todgigatlarin etibarliliginin artirilmasina tohfo vers bilor.

Agar sozlar: Dasgil palcig vulkami, bork tullantilar, stratigrafik yas, radiometrik analiz, mikrofaunal analiz,
gamma-spektrometrik metodu, neytron aktivasiya analizi
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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. Authors
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 view-
point, 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. Meth-
ods 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 represents
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 (deciphering
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 continuation
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 directly
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 number 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, use the style of the References such as below. No numeration. Non-dependent on the
original language of the manuscript, References must be provided also in English. If the reference in
origin is either in Azerbaijani language or in Russian, please, translate the name of the book/arti-
cle/material in English, but put the origin of the language in parenthesis, such as (in Russian). Please,
remain the name of the Publishing House non-translated, such as Nauka, Nedra, Nafta-press, EIm,
etc.
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Example:

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. Moscow,

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. Vol. 48, No. 1, 2006, pp. 3-28 (in Russian).

Examples of References for the paper submitted in English

REFERENCES

Dearing J. Magnetic susceptibility. In: Walden J., Smith
J.P., Oldfield F. (Editors). 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.,
Konikov 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 J.W., Channell J.E.T. Sedimentary magnetism, envi-
ronmental 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.
Geophys. Res. Lett., Vol. 17(2), 1990, pp. 159-162.

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

Pilipenko O.V., Sharonova Z.V., Trubikhin V.M., Novru-
zov Z., Karyagdy S.K., Abrakhamsen N. Study of en-
vironmental 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 re-
gional geological events of Pontian-Caspian. New data
on geochronology of Quaternary period. Nauka. Mos-
cow, 1987, pp. 150-157 (in Russian).

JIMTEPATYPA

Dearing J. Magnetic susceptibility. In: Walden J., Smith
J.P., Oldfield F., (Editors). 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.,
Konikov E.G. Last-interglacial records from central
Asia to the northern Black Sea shore line: stratigraphy
correlation. Netherlands Journal of Geosciences,
Vol. 79, No. 2/3, 2000, pp. 303-311.

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

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

Mawmenos A.B., Aneckepos b.Jl. Ilieiicroniern AzepoOaii-
JoxkaHa. Hammon. Akan.Hayk Asepbaiimkana. MHcTH-
tyT ['eorpadun. baky, 2002, 70 c.

IMununenko O.B., Hlaponosa 3.B., Tpyouxun B.M., Ho-
Bpy30B 3., Kapsarasl C.K., Abpaxamcen H. 3yuenue n3-
MEHEeHHH cpefbl (hopMupoBaHMs MOpoJ pa3pesa Kapa-
Joka (Azep0OaiikaH) 1o pe3ysbTaTaM IIeTPOMAarHUTHBIX
uccneaoBanuii. dusuka 3emiu, No. 4, 2009, c. 85-96.

Tpy6uxun B.M. [laneomaruuTHbIH METO ¥ JaTUPOBAHUS
PETrUOHAIIBHBIX T'€OJOTUYCCKUX coObrTuii ITonro-Kac-
musa. Howie JAHHBIE IO I'€OXPOHOJIOTMU YE€TBEPTHUY-
Horo nepuoza. Hayka. Mocksa, 1987, c. 150-157.

Example of References for the paper submitted in Azerbaijani (or Russian) languages

ODOBIYYAT

Azorbaycan Respublikast shalisinin  siyahiyaalinmast.
2009-cu il. XIX cild, Baki, 2011, 820 s.

Azarbaycan Respublikasmin konstruktiv cografiyasi. (Bu-
dagov B.O. redaktasi altinda). 3 cilddo, 111 cild, Avro-
pa. Baki, 2003, 256 s.

84

REFERENCES

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 Azerbai-
jan SSR. EIm. Baku, 1988, 135 p. (in Russian).
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Ibrahimov T.O. Landsaft todgigatlart vo onlarin ekoloji
problemlori. EIm. Baki, 2015, 384 s.

Qaribov Y.©. Azarbaycan Respublikasinin miiasir land-
saftlarinin antropogen transformasiyasi. Mars Print.
Baki, 2011, 299 s.

Qaribov Y.O. Azarbaycan Respublikasi tobii landsaftlari-
nin optimallagdiriimasi. AzTU mothoasi. Baki, 2012,
216 s.

Mammadov Q.S. Torpagsiinasliq va torpaq cografiyasinin
asaslart. Elm. Baki, 2007, 660 s.

Mammadov R.M. Azarbaycanda landsaft planlagdiriimasi
(ilk tacriibs va tatbiq). Baki, 2009, 142 s.

Namazova S.N. Xiz1 inzibati rayonunun davamli inkisafi
Vo landsaft planlagdiriimasmin giymatlondirilmasi. Pe-
dagoji Universitet Xoborlori, tobist elmlori bolmasi,
No. 4, 2014, s. 70-72.

Stileymanov M.O. Azarbaycann tabii va antropogen land-
saftlarinin cografi ganunauygunluglari. 9bilov, Zeyna-
lov vo ogullari. Baki, 2005, 248 s.

Ammsane O.K., Tapuxazep C.A. Dx3oMmopdoanHamuka pe-
nbeda rop u ee oreHka. Victory. baky, 2016, 236 c.
Bynaros b.A. CoBpeMeHHbIE eCTECTBEHHbIE JIaHAMA(ThI
Asepoaitmkanckoit CCP. Dmwm. baky, 1988, 135 c.
Kazakos JI.K. JlannmadroBeaenre (MpUpoaHbIE U aH-
TponorenHsie JanamadTe). MHOITY. Mocksa, 2004,

264 c.

Munnep [.I1. JlanmmadTHBIE HCcieqOBaHUS TOPHBIX U
MpEAropHBIX Teppuropuid. Buma mxona. JIeBoB, 1974,
202 c.

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 (ed-
ited by B.A.Budagov). 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 Azer-
baijan 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 anthropo-
genic 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
Azerbaijani).

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. Pro-
ceedings of Pedagogical University, series of natural sci-
ences, No. 4, 2014, pp. 70-72 (in Azerbaijani).

Suleymanov M.A. Geographical laws of natural and anthro-
pogenic 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.

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 DOV 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. Pro-
ceedings of NAS of Azerbaijan. The Sciences of Earth, No. 1, 2009, pp. 40-53 (in Russian).
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Reference to book:

Mustafayev G.V. Mesozoic granitoid formations of Azerbaijan and peculiarities of its metallog-
eny. 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).

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 possible
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 version
should be returned to the editorial office within two weeks. If the manuscript is delayed by the au-
thors for over two weeks, it will thereafter be considered by the editorial office to be newly received.

When submitting a paper, please, send the scanned electronic version of the cover letter addressed
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 maqalslori, icmal
xarakterli molumatlari, miizakiralori vo qisa moalumatlar1 gabul edir. Magalalor Ingilis, Rus vo
Azarbaycan dillarinds tagdim edils bilar.

Nosr edildikdan sonra maqalalara fardi DOI identifikatoru verilir.
Maqalonin adi

Srift: Times New Roman (TNR) — 12 pt, biitiin harflor boyiik, qalin olmali, sahifonin ortasinda
tam enina (16,5 sm) simmetrik yerlagdirilmalidir. Sonra bir interval buraxaraq miialliflorin soyadi vo
admin bas horflori yazilmalidir. Mogalonin ad1 orijinalda rus va ingilis torctimalarine 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 geyd edilmolidir: avvalca soyad, sonra iss inisial. ©gor miialliflor
forgli toskilatlarda isloyirlorss, inisialdan sonra yuxari indeksdo rogom qoyulmalidir. Soyad vo
inisialdan sonra, novbati Satirdo miivafiq yuxari indeks miialliflorin islodiyi togkilatin adi ilo uygun
olaraq yerlosdirilmalidir. Masalon, asagidaki kimi:

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

Xiilasa

Xiilasada 200-250 s6z olmali va burada tadgiqatin magsadi, mahiyyati vo lazim galorsa, metod-
lar1 (agar tolob olunursa) izah edilmalidir. “Xiilasa” s6zii qalin sriftlo ¢ap olunmalidir. Hom “Xiilasa”
s0zii, hom do motn 11 pt. srift 6lgiisiinda, kigik harflorlo yazilmalidir. Xiilass motni diisturlardan ibarat
olmamalidir. Istinadlardan istifads etmayin. Standart olmayan vo ya nadir abreviaturalardan ¢okinin,
lakin lazim golorso, onlar ilk dofa geyd edildikds aciq sokildo gostorilmalidir. Matnin eni 13,5 sm-
don ¢ox olmamalidir vo sohifasinin morkozindo simmetrik yerlosdirilmalidir. Moatndo sotirlor
arasindaki mosafo — 1 interval olmalidir. Xiilaso orijinal dilda, rus vo ingilis dillarinds togdim
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. Acar sézlor
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. Sarlévhalar 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 sahifonin sol torafindon 1 sm arali baglayir. Matndo Satirlor arasindaki masafa — 1,5
interval olmalidir, magalo MW formatda ¢ap edilmalidir. Tovsiya olunan srift 6lgiisii — 14 pt (Times
New Roman). Basqa sriftlordon istifado etmayin. Moagaloalor Azarbaycan, rus vo ya ingilis dilinds
toqdim olunmalidir. ©gar magals azarbaycanca yazilibsa, xahis edirik, rus dilinds olan versiyasini da
olavo edin. Ingilisca tagdim olunan mogalslars iistiinliik verilocok.

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

Sohifanin formati A4 6lgiisiine (21,0 x 29,7 sm) uygun olmalidir. Konarlar: soldan — 3 sm, sagdan
— 1,5 sm, yuxaridan vo agagidan — har biri 2 sm masafodos, slyazmasinin sohifolorinin ndmralonmosi
— asag1 sag kiincdo olmalidir.

Material vo metodlar

Miistaqil tadgigatginin isi yenidon ¢apa eda bilmasi {igiin atrafli malumat toqdim edin. Bundan
awval doarc olunmus metodlari qisa sokildo izah edin vo onlara istinad edin. 9vvallar darc olunmus bir
metodu birbasa sitat gatironds onu dirnaq i¢inds yazin vo moanbani gostorin. 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 nozari mévqgeyini tasdiglayir.

Mlliistrasiyalar, cadvallor, diisturlar

Hoar bir sokil (xarito, diagram, sxem va s.) motndon sonra ayr1 obyekt kimi toqdim olunmali vo ya
JPEG (*.jpeg, *.jpg) formatinda fayl olaraq gondarilmalidir. Onlarin 6l¢iilari, bir gayda olarag, eni
7,75 sm-i va ya sahifonin konarlarini (16,5 sm) asmamalidir. Sakillor sahifanin markoazinds simmetrik
yerlosdirilmalidir. Soklin altindaki yazilarin dlgiisii — 12 pt, sokilalt1 yazi moatni (sarti isaralorin izahi
Va S.) — 12 pt; kursivle yazilmalidir. Har bir sokil va sokilalti matn eyni sohifods olmali, sokilalti yazi
motni soklin altinda yerlogmoalidir.

88



Guide for authors / Stratigraphy, petroleum sedimentology, geochemistry 1 /2026, 81-98

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 Vektor tosvirlor CorelDraw, Adobe Photoshop formatinda toqdim olunmalidir.

e Fotolar tigiin JPG/JPEG, TIF formatin1 300 dpi-don asag1 olmayan rezolyusiyada istifads edin.

Codvoallorin ndmralori vo adlart onlarin tizarinds 12 pt sriftlo gostarilmalidir. Cadvallor ¢ox
miirokkab olmamalidir vo sohifodon konara ¢ixmamalidir. Cadvalin bir sshifadan digerine kegmasi
qadagandir. Cadvallor magalanin motni ig¢inds yerlosdirilmalidir. Cadvallori matndoki yerina uygun
olaraq bir-birinin ardinca némralayin, cadvalos aid geydlari iss cadvalin altinda yerlosdirin. Cadvalds
qisaltmalara icazs verilmir. Diisturlar aragdirmalar olmadan verilmalidir, istifads olunan simvollarin
acilis1 (diisturdan dorhal sonra) miitloq olmalidir vo daracalarin va alt indekslorin motndoaki diisturun
ortasinda doqiq sokildo yerlogdirilmasi tolob olunur. Diisturlarin némralori, agor onlara istinad
olunursa, diisturun sag torofinds, diistur ilo eyni Xxotdo dairovi métorizalor i¢indo gostorilmalidir.
Diisturlarin yazilmasi li¢iin Microsoft Equation redaktorundan istifado edilmalidir. Diistur vo diistur
nomrasi olan sotrin eni 7,75 sm-don ¢ox olmamalidir.

Naticalor va/va ya Miizakiralor

Naticalor aydin va qisa sokilda taqdim edilmalidir. Miizakiralords isin naticalorinin shamiyyati
xisusi geyd edilmalidir, naticalori tokrarlamamali, ¢oxsayli sitatlardan va dorc olunmus adabiyyatin
miizakiralarindon gokinilmalidir. Naticalor vo Miizakiralar bélmaloarinin birlasdirilmasi miimkiindiir.

Naticalor

Tadgiqatin asas naticalari qisa sokilda taqdim oluna bilar. Naticalor bélmasi ayrica yerlosdirila
bilor vo ya Miizakiralor va ya Naticalor vo Miizakiralor bélmalorinin alt bélmasi kimi miialliflorin
se¢imina uygun olaraq, eloca do mogalonin iislubuna, alds olunan nazari naticalors, hesablamalara va
s. gora yerlogdirilo bilor.

9dabiyyat

Odobiyyat asagida verilmis toloblora vo niimunolors uygun olmalidir: némralonmadan veril-
molidir; orijinal dilindon asili olmayarag, adobiyyat miitloq ingilis dilinds do togdim olunmalidir.
Ogor odobiyyat orijinalda, ham azarbaycanca, hom dos rusca toqdim olunubsa, kitabin/mogalonin/
materialin adin1 ingilis dilino torclimo edin, lakin orijinal dili m&torizods asagidaki kimi gdstorin: (in
Russian).

Nosriyyatin adini torciimo etmadon gostorin, mosalon: 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. Moscow,
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. VVol. 48, No. 1, 2006, pp. 3-28 (in Russian).

Mbagqals ii¢iin adabiyyat siyahisinin ingilis dilinds toqdim olunmus niimunasi
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Biitiin istinadlar motndo moétarizays alinmali vo asagidaki qaydalara uygun olmalidir:

e Bir miiollif: miiollifin soyadi (inisial olmadan), nasr ili;
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edir. Mogalalor gobul edildiklori ardicilligla dorc olunur. Hom kagiz, hom do elektron formatda
togqdim olunan mogqalslorin yiiksok pesokar standartlara uygun olmasini xahis edirik. Mogalalorin
elektron formatda toqdim edilmoasi etibarliligi, dogigliyi va otrafli malumatliligini tomin edorak isinizi
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Mogalo miialliflora doyisikliklor edilmasi iigiin qaytarildiqda, diizeldilmis variant iki hafta
arzinda redaksiyaya qaytariimalidir. Ogor slyazma miollifin glinahi iiziindon iki haftadan artiq
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Mogaloni togqdim edorkon bas redaktorun adina gondorilon miisayiot moktubunun skan edilmis
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toloblora uygun oldugu halda ¢ap olunmasi xahis olunmalidir.
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ITPABUJIA U1 ABTOPOB

Penaknmonnslii coBeT xypHana "Stratigraphy, petroleum sedimentology, geochemistry" npunu-
MaeT CcTaThu, 0030pHYI0 MH(OPMALNIO, TUCKYCCHH U KpaTkue coodOmieHusi. CTaTbl MOTYT OBITh
MPEICTABIICHBI Ha aHTJIMICKOM, PYCCKOM U a3epOaiiKaHCKOM SI3bIKaX.

IHociie nyGauKanmumn, CTaThbsIM MPUCBAUBAETCHA NHAUBUAYAJILHBIA naeHTHPUKaTOp DOI
Ha3sBanmue craTbn

[pudt: Times New Roman (TNR) — 12 pt, Bce OykBbI 3arjaBHbIE, )KHPHBIE, CIIETyET pacroJa-
raTb CAMMETPUYHO OTHOCUTENIBHO CEPEMHBI CTPAHMIIBI 110 BCEH IIMPUHE TEKCTOBOTrO oI (16,5 cm),
Janee 4epe3 OJUH MHTEepBaj NedaraTh (aMuIny aBTOPOB M MHUIMANbl. Ha3BaHue medaraercs Ha
SI3bIKE€ OPUTHUHAJIA, COOTBETCTBYIOIIETO PYCCKOMY U aHTJIIMACKOMY TIEPEBOIaM.

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

Pasmep mpudra — 11 pt, ctpounsie OYKBBI HYXKHO pacmojiaraTb CHMMETPUYHO OTHOCHUTEIHHO
CeperHbI CTPaHMIIbI, TEKCTOBOIO MOJIsl. Janee HibKe meyaTaTh Ha3BaHUE OpraHU3aIiH, €€ TOYTOBBIN
aZipec M 1mociie ABOeTouMs — e-mail aBTopa (A1 KOHTaKTOB M MEPENMCKU Ha BCEX dTarax mporecca
peleH3upOoBaHus, MyOIMKaIuy, a Takke B nepuos nocne myonukanun). pudt — 11 pt, kypcus,
OYKBBI CTPOYHBIE, pACIIOIaraTb CAMMETPHYHO OTHOCUTEIIFHO CEPEAMHBI CTPAHUIIBI 110 BCEH IIUPUHE
TEKCTOBOTO MOJIS.

ABTOpPOB CIIe/TyeT YKa3bIBaTh B CICAYIOIIEM MOPS/IKE: CHaYaJIa IeyaTaeTcs (aMuIns, 3aTeM HHHU-
uuansl. Eciiu aBTOpsI paboTaloT B pa3HbIX OpraHU3aIUsX, OCIe HHUIMAIOB CIeAyeT CTaBUTh HUDPyY
B HaJICTpOYHOM HHJeKce. [locne pamunum 1 MHULIMATIOB aBTOPOB Ha CJIEAYIOIIEH CTPOKE HYKHO pac-
MOJIOKUTh COOTBETCTBYIOIINI HA/ICTPOUHBIN MHAEKC B COOTBETCTBUM C Ha3BAaHUEM OpraHU3alluu aB-
TopoB. Hanpumep, Tak, Kak yka3aHO HUXKeE:

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

Pe3rome

Cnenyer BKIIOUMTH pe3toMe u3 200-250 ciaoB, OMUCHIBAIONINX 33/1a4d, CYTh, a TaAKKE€ METOJIbI
(ecu HEoOx01MMO) uccnenoBanus. CiioBo «Pe3tome» neyarats KupHbIM mpudrom. Kak cinoo «Pe-
3I0Me», TaK U TEKCT J0JKHBI UMETh pa3Mmep mpudra — 11 pt., OykBsl — cTpounbie. TekcT pe3tome He
JIOJKEH cozepskath popmyit. He ucnone3yiite cepiiku. M30eraiiTe HeCTaHIAPTHBIX MU PEAKUX a0-
OpeBuaTyp, HO €CIM OHU HEOOXOIUMBI, TO IOJKHBI OBITh paciin(poBaHbl B CAaMOM PE3IOME IIPU ep-
BOM ynoMmuHaHuu. [llupuHa Tekcra He JOHKHA NpeBbILATh 13,5 cM, a TEKCT clleAyeT pacrnojararb
CUMMETPUYHO OTHOCUTENIBHO CEPEIUHBI CTpaHUIIbl. PaccTosiHue MeX 1y CTpOKaMU B TEKCTe — 1 UH-
TepBaJl. Pe3toMe MpencTaBisAIOTCS Ha SI3bIKaX OPUTHHAJIA, PyCCKOM U aHTJIMHCKOM U JTOJKHBI COJIEp-
xatb 200-250 cnoB..

KiroueBnie cjioBa

Cpasy nocne pesroMe yepe3 | nHTepBall CliefyeT PACIONOKUTh KIFOUEBBIE CJI0BA, BKIIIOYAOIINE
MaKCUMyM 7 CJIOB, NPH 3TOM n30eraite oOIMIMX M MHOKECTBEHHBIX TEPMHUHOB U MOHATUH (ecin
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BO3MOJKHO, HE UCTIOJIb3YITE, HAIIPUMED, COI03 «1»). «KiTtoueBble clioBay» ¢ IBOETOUNEM HYKHO HaOU-
paTb KypCcUBOM M XKHPHBIM mpudTom. [Tocie 1BoeTouns caMu KIII0OUEBbIE CIOBA NIEUATAIOTCS KypCH-
BOM 4epe3 3arsiTyto. KitroueBble cioBa Oy 1yT MCII0JIb30BaThCs IPU MHEKCUpoBaHUU. [lanee yepes 2
HHTEpBaja rnedarats Beenenue.

BBeaenue

YkaxkuTe 1enu padoThl, H3y4eHHOCTh TEMBI, IIPU 3TOM HU3beraiite moapooHoro 0630pa myoIuka-
UM WIK pe3yJIbTaTOB UCCIICIOBAHUM.

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-
peHue aBTOPOB). 3aroJ0BKH U IO3ar0JIOBKHU CJIEyET BCTaBJIATh B TEKCT B JIEBOM I10JI€ HA OT/IEJIbHOM
CTPOKE C OTCTYIIOM H I1e4aTaTh KUPHBIM mpupToM — 14 pt (st 3aromoBkoB) u 12 pt (st moazaro-
JIOBKOB).

Tekcr cTaThn

Kaxxapiii ab3an HaunMHaeTcs OTCTynoM | CM OT JIeBOM TpaHHIIbI TEKCTOBOro mnoisi. PaccrosiHue
MEXy CTPOKaMH B TeKCTe — 1,5 nHTepBana, TEKCT CTaThH cieayeT rneyatate B MW. PekoMeHTyembiit
pasmep mpudra — 14 pt (Times New Roman). J[pyrue mpudtsl mpocuM He UCIonb30BaTh. CTaThu
MIPEJCTABISAIOTCS Ha a3epOaiiHKaHCKOM, PYCCKOM WIIM aHTJIMHACKOM si3bIkax. OJIHAKO, €CIIM OHU Ha
azepOaii;kaHCKOM, MOXKayicTa, MPHIIOKHUTE PYyCCKYIO Bepcuio pykomnucu. [Ipennourenue Oyaet ot-
JaBaThCS CTAThsIM, TIPEICTABIICHHBIM Ha aHTJINACKOM SI3BIKE.

TekcT craThu MOMXKEH OBITH OT(HOPMATUPOBAH (B YACTHOCTH, BCE CTPOKH JTOJKHBI OBITH BbI-
POBHEHBI CJIeBa U CIIpaBa, HE BBIXOJ 3a IOJIE TEKCTa), TIIATEIHHO OTPEIAKTHPOBAH U BHIBEPEH C
TOYKH 3PEHUS MPABWIBHOCTH HAMUCAHUS TeorpaduuecKiuX Ha3BaHUM, T€OJIOTHYECKUX TEPMUHOB U
o0o3HavyeHui (B MexTyHapoHo# cucteme CH).

®opmaTt cTpaHHUIbI

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

MarepuaJj u MeTOAbI

HpCI[OCTaBBTC ACTAJIBHYIO I/IH(I)OpMaI_[I/IIO, TTO3BOJIAIOIIYIO BOCIIPOU3BECTU pa60Ty HC3aBUCUMBIM
HUCCICO0OBATCIIEM. CJ'I@JIY@T KpaTKO H3JIOKHUTHb paHEC OHy6J’II/IKOBaHHBIe MCTOABI U yKa3aTb Ha HUX
CCBIJIIKH. HpI/I HETIOCPCACTBCHHOM ITUTUPOBAHUHN PAHECC OHYGHI/IKOBaHHOFO METOJa HCHOJ’IL3y1>iTC Ka-
BBIYKHU U YKAXKUTC UCTOYHUK. Hy}KHO OITHCKLIBATH JIFOOBIE MO)II/I(i)I/IKaIII/II/I CYIICCTBYIOIIUX METOOB.

Teopus u pacuyersbl (BIYMCICHUS)
Teopernueckas 4acTh JOJIKHA U3JIaraThCs B PACIIMPEHHOM BHJIE U CO3JaBaTh OCHOBY JUISl 1aJlb-
He#1el paboTel, a HE TOBTOPSTH MH(OPMAIIHIO, TPUBEACHHYIO BO BBeeHUH. Pa3nen Pacyers! (BbI-

YHCJICHHS) OTIMCHIBACT MPAKTUIECKYIO YacTh paOOTHI, MTOATBEPKIAIONIYI0 TEOPETUIECKHE TTOI0XKE-
HUS pabOTHI.
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Kaxxapiii pucyHok (kaprta, [uarpamma, cxema u T.J.) MPEeACTaBIsAETCS B BUJE OTAEILHOr0 00b-
eKTa B KOHIIE TeKCTa Wi B BuJe (paiina B popmare JPEG (*.jpeg, *.jpg). Ix pa3mepsl, Kak mpaBuio,
HE JIOJDKHBI IPEBBIIIATH IUPUHBI B 7,75 cM wim TekcToBoro noutst (16,5 cm). Pucynku crienyer pas-
MeMIaTh CHMMETPHYHO OTHOCHUTEIHHO CEPEIUHBI CTPAHUIIBL. Pazmep mpudra moapucyHOUHBIX MOJ-
nucei — 12 pt, a moApUCyHOUYHOTO TeKcTa (pacmu@poBKa YCIOBHBIX 0003HaUeHUM U T.1.) — 12 pt;
Habupaercst KypcuBoM. Kax/iblif pUCyHOK M MOAPUCYHOUYHBIN TEKCT JOJDKHBI PAcIioNiaraThCs Ha Of-
HOM cTpaHHIle, TpUYeM MOJPUCYHOUHBINH TEKCT — MO/ PUCYHKOM.

st rpaduueckoii paboThl pEKOMEHIYETCsl UCTIONIb30BaTh CIEAYIOIINE paBUIa;

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

o Bekropnblie n3o0paxkenus cienyet npenoctasisith B CorelDraw, Adobe Photoshop.

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

Howmepa n HazBanus Tabnun npuBoasaTcs mpudTom 12 pt Hax HuMA. TaObIUIBI HE TOJKHBI OBITH
I'POMO3/IKUMH U BBIXOJUTH 32 Ipeesbl TEKCTOBOro mnouis. IlepeHoc Tabauibl ¢ 0AHOM CTpaHULBI HA
APYTYyIo He JorrycKaeTcs. TaOuuIel TOHKHBI OBITh TOMEIICHBI B TEKCT cTaThu. [IpoHyMepyiiTe Tab-
JIMIIBI OJIHY 3a IPYTOM B COOTBETCTBHMHU C MX MECTOMOJIOKEHUEM B TEKCTE, a IPUMEYaHUs K HUM pa3-
MecTuTe 1moj Tabnuieii. B Tabnuie He nomyckaroTest cokpameHus. @opMyIibl JaroTcs 6€3 MPOMeKy-
TOUYHBIX BBIKJIAJIOK C 00s3aTeIbHON paclIMPpPOBKON UCIOIb3YEMBIX B HUX CUMBOJIOB (cpa3y mocie
(bopMyJIBI) C YETKMM CMEIICHHEM CTENEeHEW M MOJCTPOYHBIX MHJIEKCOB OTHOCHTEIBHO CEPEAMHBI
CTPOKH, cozepkauieid 31y ¢opmyiay. Homepa dopmyn, eciiu OHM yIOMHHAIOTCS, YKa3bIBalOTCS B
KpPYTJBIX CKOOKaxX y MpaBOW TPaHUIIBI TEKCTa, HA OJHON JUHUH ¢ Gopmyioit. s Habopa dpopmyi
ClIeyeT UCI0JIb30BaTh peaakTop Microsoft Equation. IlIupuna crpoku ¢ hopmyinoii u HomepoM op-
MyJIbl HE JOJDKHA IPEBbIIATh 7,75 cM.

PesyabTaTsl n/uiau ObécyxneHust

Pe3ynbratsl TOMDKHBI OBITH M3JIOKEHBI Y€TKO M KpaTko. B OOcyxneHuu cienyeTr akieHTHPO-
BaThCsl HAa 3HAYMMOCTHU Pe3yJIbTaTOB PadOThI, a HE MOBTOPATh MX, U30eras MHOTOYHCICHHbBIX LIUTH-
poBaHM U OOCYKIEHHUI OMyOJIMKOBaHHOM nuTepaTypsl. JlomyckaeTcst oObeuHeHHe pa3aenoB Pe-
3ynbTaThl 1 OOCyXKIEHHE.

BriBoabI

OcHOBHBIE BBIBOJIBI HCCIIEIOBAHUS MOTYT OBITh H3JI0KEHBI KpaTKo. Pa3nen BbIBoOABI MOXKET pac-
MoJIaraThCs OTIAEIBHO MM 00pa30BbIBaTh oApasaen Oocy:knenus wim PesyabraToB n O6cy:kae-
HM 110 PACCMOTPEHHIO aBTOPOB, a TAKKE B 3aBUCUMOCTHU OT CTUJISI CTaThH, TOJYYEHHBIX TEOpETUYE-
CKHX PE3YJIbTATOB, BEIUHCIICHUHN U T.A.

Jlureparypa

Jluteparypa JOKHA COOTBETCTBOBATH HIDKETIPUBEIEHHBIM TPEOOBAHUSM U MTPUMEPaM: PUBO-
IUThCs 0€3 HyMepalluu; HE3aBUCHMO OT sI3bIKa OpUTHHANA, JJUTEpaTypa 005S3aTeNIbHO JT0JIKHA OBITh
JlaHa TaK)Ke Ha aHTJIMHCKOM si3bIke. Eciu nTepaTypa B OpUTHHANE JaHa KaK Ha azepOaiiKaHCKOM,
TaK ¥ Ha PyCCKOM SI3bIKaX, IIEpeBEINTE Ha3BaHUE KHUTH/CTaTbi/MaTepualia Ha aHTJIUICKHA, HO yKa-
JKUTE S3bIK OPUTHHAJIA B CKOOKaxX cieayromumM oopa3om: (in Russian).

HasBanue nznarenscTBa ykaxxute 0e3 nepeBoja, kak Hanpumep: Nauka, Nedra, Nafta-Press, EIm
U T
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and their optimization ways. Abstract of PhD dissertation (geography), Baku, Azerbaijan, 2013, 47 p.

(in Azerbaijani).
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[Toxainy¥icta, y10CTOBEPHTECH, UTO KaXK/IbIi JTUTEPATYPHBIA UCTOYHUK, Ha KOTOPBIA CCHUIAINCH
B TEKCTE, UMEETCS B CITUCKE JTUTEPATYPHI (1 HA000pOT). CCHUIKHU B TEKCTE JOJKHBI JaBATHCS HA SI3BIKE

OpuruHasia.

Bce cChIIKH B TEKCTE JOIKHBI OBITh 3aKJIIOUYEHBI B CKOOKH M OTHOCHTHCS K:

1. Onnomy aBTOpy: amunus aBropa (0€3 HHULIMAIOB), TO/ U3JaHMS;
2. JIBym aBTOpam: (hamuimu 00OUX aBTOPOB, TOJ M3IAHHS,
3. Tpem u Gozee aBTopam: aMuIIus IEPBOTO aBTOpa, 1ajee ciaeayer «et al.y» (1 z1p.), roj U31aHusl.

Psin ceputok criemyeT mpenctaBuTh B XpoHoJiornueckoM nopsiake. Hampumep, (Bryulov, 1999;
McKenzie, 2000)...”. Ccbuika Takxke MOXeT ObITh B cieaytoieii hpopme: “Alizadeh et al. (2016) have

recently shown ...”.

Cnucoxk aumepamyput. Llutupyempie TUTEPATypPHBIE HCTOYHUKH JTOJHKHBI OBITH BEICTPOEHBI 110

angasuty. Pazmep mpudra — 12 pt. Gamunus HauMHaeTCs 3arjaBHON OyKBOM, ocTanbHbIE OYKBBI
cTpouHble 0e3 3amsToi mocie dammiuu. [locne pamunuu(it) aBTopa(oB) ykas3biBaloTCs Ha3BaHUE
KypHaJja/Ha3BaHWE KHUTHM/Ha3BaHUE pa3/iela/Ha3BaHUE CTaTbu, HOMEp TOMa/ BBINYCKa, TIJlaBa
KHUATH/HOMEp XypHalia, U3JaTeIbCTBO, TOPOJI, TOJ U3IaHMs U HOMepa cTpaHuIl. HacrosrenpHO pe-
KOMEH/IyeTCsl UCIIONIb30BaTh UAeHTUHKAIIMOHHBIE HHAeKCH DOI. B ciiydyae HECKOIBKMX CCBUIOK Ha
JUTEpaTypHbIE HICTOYHUKH OJTHOTO M TOTO K€ aBTOPA M OJIMHAKOBOTO T'0Jla M3/IaHHsI, CIIEAYeT IpuMe-
HUTH JOMOTHUTENBHO OYKBHI “a”, “b”, “c” u T.14. (Aliyev, 2009a).

IIpumepsr:
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Ismayil-zadeh A.J. Bipolar conjugation of volcano-plutonic and ophiolitic belts in Caucasus. Pro-
ceedings of NAS of Azerbaijan.The Sciences of Earth, No.1, 2009, pp. 40-53 (in Russian).
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Oguro M., Imahiro S., Saito S., Nakashizuka T. Mortality data for Japanese oak wilt disease and
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IIpeacraBiienue crarei

Bce mpencraBneHHbIE CTaTbU MOCBUIAIOTCS Ha PELIEH3MPOBAHUE U OJ0OpEHHME peAaKIIMOHHOMN
kosuteruu. CTaTby, KOTOPbIE MPOLUIN 3Ty MPOLEAYPY U MOIYUHIU MOJIOKUTEIbHBINA OT3BIB, ITyOJIH-
KyloTcs OecruiaTHO. ABTOpaMm clleyeT MpeAcTaBisATh pykonucu B Penakunonnyro Komneruto on-
naifH nocpencteoM ¢pyHkuuu “Ilogath craTbio (Submit the manuscript)”.

PenensupoBanue qmrtes 1-2 Mecsinia co JTHsI IPEICTaBICHUs CTaTh B pefakiuio. CtaTtbu myo-
JIMKYIOTCS B IOPsI/IKE MOCTYIUIEHUs (ouepeAHocTH). byem GiarogapHsl, eciau cTaTbi Kak B Oymax-
HOM, TaK U 3JICKTPOHHOM BH/JIC 6y21}IT COOTBETCTBOBATh BHICOKUM HpO(i)eCCI/IOHaJ'IBHBIM CTaHOapTaMm.
[IpencraBnenue crareil B 3IEKTPOHHOM BUJI€ TIOMOKET HaM MOATOTOBUTH Ballly padoTy HAMITyUIINM
oOpa3om, obecrieunBasi J0CTOBEPHOCTh, YETKOCTh U MOAPOOHYI0 HH(OPMAaTUBHOCTb.

B ciyuae Bo3Bpara cTaThi aBTOpaM JJisl BHECEHUS] U3MEHEHUH opaboTaHHBIA BapUaHT JIOJKEH
OBITH BO3BpAIICH B PEJAKIIMIO B TeUeHue ABYX Heaelb. Ecnu pykonuck OyaeT 3ajepaHa 1o BUHE
aBTOpa 0oJ1ee ABYX HelleJb, OHAa OyJIeT pacCMaTpUBAThCs pelakliueil Kak BHOBb OCTYIUBIIIAS.

[Ipu mpencraBiaeHUM CTaThbH HEOOXOJHWMO IMPHUCIATh TaKXKe OTCKAHUPOBAHHYIO 3JIEKTPOHHYIO
BEPCHUIO COMPOBOUTEIHHOIO MUChbMa Ha UM TJIABHOT'O PEAAKTOpPa € MPOCHOOH MPUHATH CTAaThIO HA
paccMOTpEeHHE COIVIACHO IPaBUIJIaM XypHaja U B ClIydyae COOTBETCTBUS BCEM TPEOOBAHUAM OITyOJIH-
KOBaTh €e.
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