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Summary. The basis of idea of the gold content of the South Caspian oil-and-gas bearing basin
is the notion regarding the forming of gold-bearing catagenic solutions by the oil-gas generating
Paleogene — Lower Miocene sediments which within the zone Volga-Don-Pre-Caucasus—Trans
Caspian enclose the complex sulphide-phosphatic-rare metal-uranium deposits. In iron sulphides
there are constant gold, cobalt, nickel, molybdenum, rhenium, rare copper, zinc, plumbum and ar-
senic, but in pyritiferous horizons of some regions there are often inclusions of native minerals —
gold, bismuth, tin and copper.

The detail geologic-geophysical and isotopic-geohemical studies have showed that in the South-
Caspian sedimentary basin in “oil-gas window” the catagenic aqueous solutions enriched with ore
components were intensively generated along with formation of liquid and gaseous hydrocarbons. It is
proved by high content and constant presence of gold, silver, copper, molybdenum, zinc, arsenic and
other metals in oils, bitumens and formation waters. This stimulated the study of possibility of ore ac-
cumulations forming in the paleo-sources of the fluids’ catagenic discharge and confirmed our predic-
tions regarding the noble metal and oil paragenesis in the South Caspian sedimentary basin.

The top-cut concentrations of gold and palladium as well as the indicators of the epithermal
mineralization of gold of the Carlin-type — arsenic and barium — were revealed within the zone.

Such study for gold exploration within the South Caspian basin was performed for the first
time. The obtained results open the basin’s prospects as the gold-oil-bearing one. The revealed
gold-ore mineralization represents a discovery of a new genetic type of gold-ore mineralization in
Azerbaijan also known worldwide as stratiform Carlin-type with microdissiminated, low content
and significant reserves of gold.

© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Our interest to gold mineralization in hydrocar-
bon-bearing sedimentary basins is stipulated by the
following circumstances:

1. Oil-bearing Carline-type gold deposits of west-
central Nevada, US (Gold Point electrum deposits and
the Carlin-type gold ore bodies of Yankee basin in the
Alligator Ridge mining district) appear as the best ex-
ample of low temperature gold mineralization.

2. The recently discovery of micro-disseminated
gold and gold-base metal alloys in sedimentary
rocks of the Western Canada Sedimentary Basin
(WCSB) (nearby Athabasca tar mining) has led to
the recognition of a new and potentially important
occurrence of low temperature sedimentary-hosted
gold mineralization named as Prairie-type.

The primary objective of our study was to under-
stand: are these gold deposits types unique or can we
find them in other localities in the world including the

* Discussion paper

South Caspian basin and if so, are they similar to Prai-
rie-type sedimentary Au, Carlin-type Au or in a
class of their own? We need to understand them so that
we can be more effective in our exploration for them.
Preliminary integrated investigations carried out
in South Caspian basin manifested the intensive
mineralization and Au-Pd anomaly that caused the
selection of some fields as the object for this study.
We expect that this paper considerably improves
our understanding of the industrial gold deposits for-
mation in paragenesis with hydrocarbons in the South
Caspian sedimentary basin, which is a new direction
for mineral deposits discovering in this oil reach prov-
ince. This will contribute much to the strategy of noble
metals exploration in the South Caspian region as well
as other similar hydrocarbon basins all over the world.

Idea justification

Gold mineralization in the Western Canada Sed-
imentary Basin (WCSB) at Fort MacKay, northeast-
ern Alberta, nearby Athabasca tar sands mining
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(Prairie formation) occurs as <5 micron-sized grains
associated with bitumen in silicified limestone and
calcareous sediments within pipe-shaped solution
chimneys interpreted to represent focused, paleo-
brine discharge sites. Micro-disseminated minerali-
zation is proposed to have occurred by mobilization
(scavenge) and transport of gold and other metals in
oxidizing, halide-rich brines derived from the halite-
bearing Prairie formation at a maximum paleotem-
perature of about 90°C. Metal deposition was related
to changes in redox potential along the flow path
and, in part, to the presence of hydrocarbons.

The oil-gold paragenesis is in the best way repre-
sented in the Carlin-type gold deposits. Because of
abundant oil-saturation some of them have been
named oil-bearing Carline-type gold deposits as for
instance the Gold Point electrum deposits near Rail-
road Valley and the Carlin-type gold ore bodies of
Yankee basin in the Alligator Ridge mining district,
west-central Nevada, US. (Hulen and Collister, 1999).

Carbon and oxygen isotopic systematics of the
gold-oil-bearing calcite of the Yankee group depos-
its show that it is of hydrothermal rather than diage-
netic origin; it is quite similar to ore-stage calcite at
the Carlin deposit itself located about 100 km to the
north. The Yankee fluid-inclusion and fracture-
filling "free" oils were clearly involved in the gold-
mineralizing hydrothermal system but were not
thermally degraded to pyrobitumen, the analogous
solid hydrocarbon characteristic of Carlin-type gold
deposits. The oil-bearing fluid inclusions all have
homogenization temperatures less than 120°C. Tem-
perature-sensitive biomarker transformation ratios
both in the fluid-inclusion oils and in the "free" oils,
expressed as equivalent vitrinite reflectance (Ro;
0.75-0.95%), suggest peak paleotemperatures no
higher than about 145°C (Hulen and Collister,
1999). Thus the Yankee system was cooler than the
175° to 250°C widely cited as typical for Carline-
type mineralization. It is very important to note that
stable isotopic systematics coupled with fluid-
inclusion microthermometry reveal that the Gold
Point and the region's premier Grant Canyon oil
field thermal waters were otherwise identical in
composition and temperature (Hulen et al., 1998).
Origin of Carlin-type deposits is enigmatic. Basical-
ly recent studies indicate the formation of Carlin-
type deposits from relatively low pH, and low-to
moderately-saline convective circulated fluids of
mixed meteoric and magmatic or metamorphic
origin, which leached gold from deep metamorphic
or sedimentary rocks (Kuehn and Rose, 1995;
Seedorff and Barton, 2004; Ilchik and Barton, 1997).

Carlin-type deposits are large, disseminated,
carbonate (calcareous) sediment-hosted gold ore
bodies characterized by relatively high Au/Ag, en-
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richment in As, Sb, Hg, and TIl, and by the domi-
nance of "invisible gold" as ions or submicron-sized
particles in iron sulfide. The deposits are under
strong structural control of faults and folds (Radtke,
1985; Hofstra and Cline, 2000). In the Carlin sys-
tems the physical properties of the host environment
place major constraints on ore formation. High po-
rosity host rocks are capped by structural or strati-
graphic closures which trap the ore fluid similar to
oil accumulation process (Burton et al., 1985).

In addition, Ge X. and colleagues studied the
spatial association of hydrocarbons with a Carlin-
type gold deposit in detail in Nanpanjiang Basin,
South China (Ge X. et al., 2022). Based on com-
plex studies using high-resolution transmission
electron microscopy, electron probe microanalysis,
and in-situ sulfur isotope analysis of both pyrobi-
tumen and gold-bearing pyrite, they established
that liquid hydrocarbons are responsible for the
precipitation of metallic gold and could have acted
as gold carrier before metal precipitation.

Carlin-type gold deposits are of major economic
interest to mining companies because they represent
low-cost, bulk-mineable targets. Low grade of gold in
the ore is compensated by large size of deposits. For
example, Newmont's Gold Quarry deposit is the larg-
est currently known deposit along the Carlin Trend in
Nevada, containing 198 million tons grading 1.19
gram/gold per ton, or 259.375 contained tons of gold.

The South Caspian sedimentary basin (SCSB) is
generally accepted as one of the richest petroleum
province in the world. High-productive oil and gas
deposits in the SCSB are concentrated in the Lower
Pliocene deposits so called Productive Series (PS)
accumulated in the Absheron peninsula, South-East
Gobustan, Lower Kura depression, Baku and Ab-
sheron archipelagos (Fig. 1). Isotopic-geochemical
(biomarker) investigations of oils and organic matter
(OM) as well as correlation “oil-oil”, “rock-oil”
demonstrate that oils in the PS are derivatives of the
Paleogene-Lower Miocene (Maykopian) and Mid-
dle-Upper Miocene (Diatomic) oil-generating com-
plexes (Guliyev et al., 2000, 2001; I'yaueB u ap.,
1999; Feyzullayev et al., 2001). In Volga-Don—Pre-
Caucasus—Trans-Caspian region the Paleogene-
Lower Miocene sedimentary complex is character-
ized by exclusively high ore-content which is ex-
pressed by sheet-like deposits of metalliferous bone
detritus of fish and sulfides extending for many kil-
ometers. These sheet deposits are complex sulfide-
phosphate-rare metal-uranium deposits of a sedi-
mentary type. In iron sulphides there constantly oc-
cur gold, cobalt, nickel, molybdenum, rhenium and
rarely, copper, zinc, lead and arsenic. There often
occur inclusions of native metals — gold, bismuth, tin
and copper in pyritaceous horizons in some regions.
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Fig. 1. Location map of oil-gas bearing regions and structures in the South Caspian sedimentary basin

This circumstance initiated investigations of gen-
eration of metalliferous catagenic solutions by the
Paleogene-Lower Miocene oil-generating series in the
SCB and possible formation of the ore-accumulations
in zones of fluids’ catagenic discharge.

Which data or criteria stipulate successful

result?

Isotopic-geochemical (genetic) criteria

A peculiar feature of the oil-generating Paleo-
gene-Miocene deposits in the SCSB is abundance of
jarosite in the bedding surfaces of pyrobituminiferous
shales with fish remnants. Formation of jarosite
(natrojarosite) is, no doubt, associated with the de-
struction of primary accumulations of iron sulfides
during the migration of catagenic heated carbon-
dioxide-sodium-chloride solutions through the inter-
laminar spaces of shales. Process of jarotization is a
quite favorable factor for the saturation of water solu-
tions by metals of the decomposing sulfides. For this
reason, of a great importance are paleo- and recent
centers of gas-water-oil fluids catagenic discharge. In
favorable structural-lithological and geochemical en-
vironments, accumulations of the ore matter are con-
fined to them. From this point of view of a special
interest are zones of tectonic dislocations which con-
trol formation of oil-gas anticlinal structures.

The above-mentioned is regularly reflected in the
concentration of metals in formation waters of oil-gas
bearing fields of the studied region. Investigation of

distribution of ore-forming elements (Ag, Cu, Mn, Fe,
As, Cd, Mo, Sr, Ba, U, Ra, Th, Ga, Tl, Ge, Zn, Pb,
Bi) in formation and pore waters of the Tertiary com-
plex of the South Caspian basin, as well as the com-
parison of formation waters with the mineral-forming
solutions of areas of the recent ore-deposition such as
the depressions Discovery and Atlantic II (Red Sea
rift), Cheleken peninsula (Turkmenia), active volcanic
zone Taupou (New Zealand) show that formation wa-
ters of the west flank of the South Caspian basin in-
dependently on low mineralization (14-147 g/l) ac-
cording to metal content are comparable with ore-
forming solutions (250-320 g/l) of the above-
mentioned areas of the recent ore-formation (barup-
3ane  u Ap., 1988; AxyHmoB u Cammo, 1960;
AramapoB u np., 1980; boramosa, 2007; Jlebene u
Hukuruna, 1983; Ilymkuna, 1965; Omepu wu nap.,
1974; FOmko-3axapoBa u ap., 1986). Comparative
analysis is given in Table 1.

The permanent presence and highly concentra-
tions of gold, silver, copper, molybdenum, zinc, ar-
senic and other metals in the different-facial deposits
as well as in oils and bitumens of the South Caspian
oil-gas bearing basin (Mup3oeB u XaputoHos, 1982;
PakoBckuii u ap., 1985; babaes, 1984; MexTuer u
np., 1986; Ucparmsn, 1959, 1964; Vcpasnsaa u ap.,
1975; barup-3azae u ap., 1988; Huseynov, 2002) also
reflect the metallogenic specialization of the East-
Caucasian area of the Paratethys paleobasin in the
Paleogene-Miocene time (Table 2).
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Fig. 2. 12th sec. regional seismic profile cross South Caspian basin (Anusaze u np., 2018). 1 — basaltic layer; 2 —
granitic layer; 3 — Mesozoic igneous rock; 4 — crustal faults; 5 — faults; 6 — zone of no seismic information, pre-

sumably mud diapir

Results of the conducted studies allow confirm-
ing that the southern water area of the Paratethys
(within the recent borders of the South Caspian ba-
sin) in the Paleogene-Miocene time is also charac-
terized by high metallogenic specialization for some
precious, rare and non-ferrous metals and intensive
forming of gold-sulphide-rare metal formations in
oil-generating complexes.

While choosing the object of investigations, we
adhered to the main term that the hydrocarbona-
ceous fluids have been generated by the Paleogene-
Lower Miocene (Maykopian) regional gold-
hydrocarbon producing complex.

Isotopic-geochemical investigations of oils in
the SCSB and correlation “oil-source rock” and
“oil-0il” demonstrate that a share of fluid-
generating complexes of different ages in the reser-
voirs infill is not equal in different oil-gas regions
and even in the fields (I'yaues u ap., 1999; Guliyev
et al.,, 2001; Huseynov, 2000; Feyzullayev et al.,
2004; deitzymnaes u ap., 2022). The highest contri-
bution of the Maykopian complex to the generation
of isotopic-light oils was recorded in some regions,
and the reservoirs of the individual oil field are in-
filled with Maykopian fluids in a maximal degree.

Isotopic biomarker criteria

(thermal maturity of fluids)

Oils in the selected oil field according to bi-
omarker features (isomerization of normal sterane
C29, correlation of monoaromatic and triaromatic
steranes etc.) are the most matured (Ro% — up to
0.75) (Guliyev et al., 2000; Guliyev et al., 2001)
which corresponds to paleotemperature of trans-
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formation of the OM in the Maykopian complex in
the interval (T°C) 125-135°C. Thermal maturity of
hydrocarbonaceous gases calculated on the base of
isotopic composition of ethane according to the cor-
relation &13C(C2H6)(%0)=22.61gRo(%)-32.2 (Fa-
ber, 1987) varies in the interval Ro% 0.95-1.1. This
corresponds to paleotemperature transformation of
the OM 145°-150°C. These temperatures are quite
favorable for the transformation of montmorillonite
into hydromica and release of the interlayer water as
well as for the dissolution of the ore minerals there
and for their saturation with the ore elements, i.e.
for the formation of typical ore hydrotherms.

Structural criteria

Most of the oil-gas structures in the South
Caspian basin are controlled by zones of deep
regional faults and some oil deposits are tectoni-
cally-shielded. Zones of tectonic dislocations are
characterized by high fluid activity, mud volca-
noes development, gas-oil manifestations and dis-
charge of dehydrated and mineralized elision wa-
ters (Guliyev and Huseynov, 2015; Aliyev et al.,
2024). Thickness of the Paleogene-Lower Mio-
cene fluid-generating deposits is up to 1500-3000
m from deep seismic data (Fig. 2). Scale of oil-
gas content demonstrates the focused fluid flow
and high fluid-generating potential of the Paleo-
gene-Lower Miocene complex of the basin. It
should be emphasized that the SCB is character-
ized by a very high elision regime and abnormally
high formation pressures in the Paleogene-
Pliocene hydrodynamic system.
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Table 2
Distribution of oreforming elements in the South Caspian oils
Element Clarke Maykop oils PS oils

Cu 5.7x107 1.55x10* - 2.2x10* 1.3x107° — 4x10°°

U 3.2x10* 2.2x10%° 1.7x10°°PS»
2.2x107 PS;

Ra 1.1x10°13 1.16x1071% — 1.9x10°13

Ga 3.0x107 Undeterminated 12.85x1077 PS2
5.85x107 PS;

Tl 1.0x10* Undeterminated 9.4x107 PS»2
3.7x107 PS;

Ge 2.0x10* Undeterminated 8.82x107 PS;
4.23x107 PS;

Pb 2.0x10 9x10°6 6.72x10°®

Zn 8.0x1073 0.0 - 5.3x10° 9.3x10°°

Mo 2.0x10* 6x10°¢ 3.0x107-5.1x10%®

Cr 1.0x10? 1.8x107° — 1.1x10* 7,8x10°¢

Ag 1.0x10° 4.0x10°¢ 4.7x107-2.0x10°¢

Au 1.1x107 4.3x107 4.4x107

Lithological criteria

The Lower Pliocene deltaic and fluvial oil depos-
its are successively overlapped by deposits of all strat-
igraphic units of the Lower, Middle and the Upper
Pleistocene (Absheron — 1700-800 Ka, Tyurkyan —
800-700 Ka, Baku — 700-350 Ka, Khazar — 350-75 Ka
and Khvalyn — 75-10 Ka horizons). The Pleistocene
deposits have been accumulated in isolated basin en-
vironment, which was temporarily connected with
Evksin (Black Sea). Lithologically the Pleistocene
succession is represented by alternative carbonaceous
sandy-silty—clayey deposits, marls, detritus lime-
stones, coquina. The thickness of Pleistocene deposits
in some place (especially in the near-crust area along
the deep faults) is up to 1000 m. Lithologically these
deposits are quite favorable for the accumulation of
gold (they are carbonaceous geochemical and sorp-
tion-mechanical barrier) and are the same type as
some oil and gold fields — the Gold Point electrum
deposits near Railroad Valley, the Carlin-type gold
deposits of the Yankee basin in the southern Alligator
Ridge mining district (Nevada, USA) and the “Prai-
rie” type micro-disseminated gold mineralization of
the Western Canada Sedimentary Basin at Fort Mac-
Kay (northeastern Alberta) in Canada (Hulen and
Collister, 1999; Abercrombie, 1997: Fedikow et al.,
1996; Fedikow et al., 1997).

Detailed geological-geophysical and isotopic-
geochemical investigations demonstrated that there
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occurred intensive generation of catagenic water
solutions saturated by ore components in the SCSB
in “oil-gas window” alongside with formation of
liquid and gaseous hydrocarbons (Huseynov, 2002;
Guliyev et al., 2004).

Idea approbation and Results

The necessity of the investigation of gold-oil par-
agenesis in South Caspian basin has been proved by
the preliminary data. We conducted reconnaissance
field studies and geochemical testing of the fault
zones within one oil field the thickness of which is
more than 100 m. Preliminary testing of one of such
zones within distance of 80 m across the strike of the
fault showed hurricane concentrations of gold (0.3 to
0.9 g/t), palladium (0.2-0.7 g/t), corresponding to the
lower boundary of commercial (cutoff grade) amounts,
as well as indicators of the Carlin type epithermal gold
mineralization: arsenic on average 1665 g/t, antimony
— 30g/t and barium — 1794 g/t, which exceed the
Clarke values by 1700, 250-1000 and 170 times re-
spectively (Table 3). There have been also determined
abnormally high, relative to the Clarke values, content
of the following elements: iron — 10-15 times; man-
ganese and nickel — up to 100 times, copper — 10
times. Zink and lead exceed the Clarke values up to 2
times. Contrary to the above mentioned metals, silver
and uranium contents in the investigated zone are tens
times below the Clarke value.
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Table 3
Distribution of ore elements in the mineralized zone of the fault
Ne Fe | Mn | Ti P Sb | Cr | Ni | Cu | Zn | As | Zr | Ba [ Pb [ Au [Pd| Ag U
wt. % g/t

min 428 10.18 1 0.22 | 0.05 12 22 144 45 27 161 24 84 11 0,3 10,2 [<1*10*] <0.1

max 144 1034 | 0.3 | 0.07 | 48 149 | 223 64 35 (3230 62 [3580| 15 0,96 |0,7 [<1*10%] <0.1

mean 9.39 1 0.29 | 0.26 | 0.06 | 25.7 | 29.4 | 188 | 53.2 | 31.3 | 1665 | 38.2 | 1794 | 12.7 | 0.57 |0.35

Clarkes by Turekian and Wedepohl, 1961

sand 098 10.00n| 0.15 ] 0.02 | 0.0n | 35 2 n 16 1 220 | n*10 7 10.00n{nd.| 0.0n | 0.45
carbonate | 30| 11 1 004 [ 004 | 02 | 11 | 20 | 4 |20 | 1 | 19| 10| 9 [000n|nd]| 00n |22
sediments

* - Fe,Mn,Ti,P,V,Cr,Ni,Cu,Zn,As,Zr,Ba,Mn,Au,Pd,Pb,Ag — were determined by the atomic-absorbtion analysis in the

device Analyst —300 (Perki-n Elmer, USA).

**_ U was determined in the device SARI-2 (limit of sensitivity 1* 107 %)

As a result of correlation analysis, in the mineral-
ized zone there have been determined three associa-
tions of elements: I — Fe-Cu-As-Ba-(Mn); I — Cr-Ti-
Zr; 1II — Au-Pd-Pb. Elements from associations I and
IIT negatively correlate with elements from associa-
tion II and do not correlate absolutely or weakly with
each other. This indicates that Fe, Cu, As, Ba, Mn,
Au, Pd and Pb have been delivered to the fault zone
and control the balance of Cr, Ti and Zr, which are
components of stable in situ accessory minerals of the
enclosing sandstones. Superimposed character of the
mineralization is confirmed by microscopic investiga-
tions of samples from the fault zone.

It should be emphasized that we investigated and
tested only the uppermost part of the fault zone which
is an area of active circulation of oxygen-rich surficial-
atmospheric waters. It is known well enough, that gold,
palladium, lead and especially uranium and silver are
active migrants in the waters of hypergenesis. For ex-
ample, palladium is the only member of the PGE that
is significantly mobile and dilute surface waters. It
forms hydroxyl complexes Pd(OH),, Pd(OH)* and

Pd(OH) ‘2[ . The results of the field and laboratory stu-
dies show that Pd is mobilized from the ore and is car-

ried in solution to be fixed with organic material in
sediments, clay minerals and other sorbents (Cameron
and Hattori, 2003; Olivo et al., 2001). One can suppose
that absence of uranium and silver in the upper near-
surface area of the fault zone is a result of their com-
plete leaching whereas the observed amounts of gold
(0.3-0.96 g/t) and palladium (0.2-0.7 g/t) although are
high but still much more lower than their initial con-
centrations. Optical microscopic investigations demon-
strate that the main bulk of the ore mass mostly com-
posed of aggregates of iron hydroxides formed on py-
rite disseminations and phromboides. Pyritization is of
a superimposed character (Fig. 3).

Fragmental grains of non-ore minerals are den-
sely impregnated by dotted inclusions and veins of
pyrite and in some places they are corroded by it. A
visible gold has not been determined (Fig. 3). Ab-
sence of correlation of gold, palladium and lead (as-
sociation III of elements remobilized from oxidation
zone) with iron excludes their accumulation in iron
hydroxides. At the same time, the strong correlation
and high contents of elements association Fe-Cu-As-
Ba-Mn are caused by their accumulation in the zone
of hypergenesis and iron hydroxides (Fig. 4).

Fig. 3. Photo optical microscopic study of polished sections illustrate a superimposed character of pyritization. Pyrite
aggregates: Py vein — vein, Gl Py — globular, Sc Py — secondary, Alt gl Py — alterated globular
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Fig. 4. Distribution and correlation of class I and III element’s association

within gold-bearing zone

It is very important, that abnormally high
amounts of gold and palladium were recorded in cal-
careous highly-porous sandstones with extremely low
amounts of clayey minerals, OM and bitumen, which
are the main sorbents, and concentrators of noble
metals in stratiform deposits of the Carlin type. This
enables to make a conclusion about the existence of
commercial concentrations of gold and palladium in
the deposits with a high amount of pelitic material
and OM, such like clays, silts, silty sandstones, clayey
sandstones which constitutes most of the Quaternary
section in the studied oil field. At the same time by
the analogy with gold epithermal deposits in Nevada
and Alberta, one can make a conclusion about the
initial concentration of gold in pyrite as well in the
studied oil field in SCB. For example, pyrites in the
Getchell field contain gold in amount of 2,400 ppm;
in the Carlin field — 500 ppm (Cline, 2001; Togashi,
1992; Hausen, 1981; Radtke, 1985; Hausen et al.,
1986; Cabri et al., 1989).

SEM analyses of rock samples (Fig. 5) from the
mineralization zone of studied oil field show that
gold in epigenetic impregnated (ingrained) and vein
pyrite aggregates reaches hurricane concentration —
from 17,500 ppm (1.75 wt.%) to 21,300 ppm (2.13
wt.%). It is 35-100 times higher than gold concentra-
tion in the Getchell’s and Carline’s pyrites. At mag-
nifying for 10,000-12,000 times by SEM analyses
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the mineral phase of gold in pyrite aggregates has
not been detected (Fig. 6). Thus, one can come to
conclusion that gold in pyrite aggregates is in the
form of emulsion impregnation.

Chemical re-calculations demonstrate, that ac-
cumulation of such amount of iron hydroxides in the
zone of oxidation in the investigated fault requires
the decomposition of pyrite in amount from 8% to
29% in sediments (without the account of losses for
the iron removed from the oxidation zone). This
demonstrates intensive initial pyritization of this
fragment of the fault and enables to make a supposi-
tion, that decomposing pyrites in the hypergenesis
zone released significant amount of gold and other
metals saturating by these metals the descending
oxygen— and SO3™~ containing sulphate waters. Thus,
more high gold concentration in the lower horizons
of the fault zones in the studied field is beyond all
manner of doubt for the following reasons: 1) exist-
ence of thick horizons of high-permeable carbonates
with high amount of clayey minerals and OM, i.e.
favorable combination of carbonate and precipitating
barriers; 2) abundance of gold-bearing sulfide dis-
seminations; 3) redeposition in the reduction paleo-
barrier of gold and palladium, leached out of the up-
per parts of the mineralized fault zone. Existence of
such barrier is proved by the ascending hydrocarbon
and hydrogen sulphide fluids.
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Fig. 5. SEM analyses of pyrite aggregates from gold bearing zone in the SCB and spectrograms of distribution gold and other ele-

ments (instrument: JEOL 6610-LV)

Existence of a thick (up to 80 m) mineralized
fragment composed of gold-paladium-bearing calca-
reous sandstones and characterized by the intensive
hydrothermal activity within regional fault zone in
studied oil field enables by analogy with the north
Nevada to highly evaluate the potential epithermal
gold content of the Carlin type in the great part of
area under study.

As a result of this study we expect to estimate
the gold and other noble metals potential in studied
oil field. It will enable us to assess the gold potential
of other hydrocarbon fields in the South Caspian
basin, which will give us an unique chance to begin
a new era in exploration of mineral resources in the
basin which has more than 150 years history as an
oil basin.

223



D.A.Huseynov /| ANAS Transactions, Earth Sciences 1 /2024, 215-228; DOI: 10.33677/ggianas20240100121

3nexTpotHoe usobpaxexue 1

CaKa1l Fe Ka1

AuLal

Ag Lail CrKa1

NiKa1

Co Kal As Ka1

Fig. 6. SEM images of distribution mineral phase in the pyrite aggregate from gold bearing zone in the SCB
(instrument: JEOL 6610-LV)

We also expect that this research will give us an op-
portunity to contribute much in ore industry of Azer-
baijan, which is an important step in economic devel-
opment of our country. The results that we are plan-
ning to receive and methodology, which we’ll use,
might be also applied to other analogous basins in the
world.

As a next step, the following studies should be
carried out in the study area:

e Determination of linear parameters, occur-
rence and morphology of mineralized fault zone and
its geochemical halo. This should be performed by
integration of different geophysical methods — grav-
imetric, magnetic and radiometric survey.
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¢ Sedimentological investigations based on the
integration of field works and data of log diagrams
interpretation and aimed to determine facial types of
rocks favorable for the ore- mineralization and to
trace them in the area and in the vertical section.

e Geochemical testing and mapping aimed to
determine Au, Pd contents and accompanying ele-
ments and intensity of geochemical anomaly.

e Petrographic investigations of ore-enclosing
deposits to determine character of hydrothermal
change and degree of mineralization of rocks.

e Mineralogic investigations including microprobe,
X-ray spectral, X-ray diffractometric and SEM analyses.
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o [sotopic and biomarker analyses to determine
the gold-bearing fluid sources.

e 3D modeling of geometry of gold-bearing
complexes and estimation of mineralization volume.

Conclusion

The Paleogene-Miocene complex of deposits of the
South Caspian basin together with oil-generating poten-
tial has high ore (gold)-generating potential. In this con-
nection paleo- and recent centers of katagenic discharg-
ing of gas-water-oil fluids have an important meaning.
In favorable structural-lithological and geochemical
conditions accumulations of ore matter are confined to
them. From this viewpoint the mud volcanoes and zones
of tectonic faults controlling their location have a special
interest. According to geophysical and geochemical data
on isotopic composition of oxygen, carbon and hydro-
gen of mud volcanoes waters and gases, the hearths of
mud volcanoes are located on great depths — 10-12 km
and their canals serve as the fluids’ transportation ways
(Fig. 2). Due to such great depth of fluid generation they
are heated and saturated with metals.

Preliminary investigations of one of regional
zones of tectonic dislocations within one of oil field
confirmed our prediction about the possible for-
mation of noble-metal (Au-Pd) and oil paragenesis
in the SCB and the discovery of huge gold minerali-
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30JI0TOPYHBIE IPOSIBJEHUS HA HE@ TEHOCHBIX IVIOIHAJIAX I0KHO-KACIHUMCKOIO BACCEMHA*

T'yceiinos JI.A.
Munucmepemeo nayku u o6pazosanus Azepbaiioscanckoii Pecnybnuku, Hnemumym ceonoeuu u eeopusuxu, Azepbaiiosrcan
AZ1143, Baxy, npocn. I /[ocasuoa, 119: d_huseynov@yahoo.com

Pe3ztome. B ocnoBy unen 3onoronocHoctr KOxuo-Kacnniickoro HedrerazoHocHoro 6acceifna monoKeHO MpeACTaBIeHne o Gpop-
MHPOBaHUH 30J0TOHOCHBIX KAaTareHHBIX PacTBOPOB HE(TEra3oNnpoU3BOAAIINMH IaJIeOreH-HIDKHEMHOLICHOBEIMU OTIIOXKEHUSIMH, KO-
TOphle B monoce passutus Bonra-/{on—IIpenkaBkazbe—3aKacnuii XapakTepHU3yIOTCsl HCKIIOUUTEIFHO BBHICOKOH PYIOHOCHOCTBIO U
BMEIIAI0T KOMIIIEKCHbIE CyNb(QuIHO-POChHaTHO-pEIKOMETAIBHO-YPAHOBbIE MECTOPOXKACHHUS 0CAIOYHOr0 THIA. B cynbhunax xenesa
HOCTOSIHHO MPHUCYTCTBYIOT 30JI0TO, KOOAJIBT, HUKEIb, MOJIMOICH, PEHHI, peXe Me/b, [IUHK, CBHHEIl U MBIIIbSIK, @ B TUPUTOHOCHBIX
TOPH30HTaX HEKOTOPBIX PETMOHOB YacTO OOHAPYKMBAIOTCS BKIIOUEHHUST CAMOPOAHBIX METAIIOB — 30JI0Ta, BUCMYTa, OJI0BA H MEMIH.

JleranbHble Te070r0-reoru3nvyeckue U W30TOMHO-TEOXUMHYECKHE HCCIeIOBaHMs Mokasanu, 4yTo B lOxHo-Kacnmiickom OB B
“oil-gas window” Hapsny ¢ GopMHpPOBaHHEM >KHUAKHX M ra3000pa3HBIX YIIIEBOIOPOJOB WHTEHCHBHO T€HEPHPOBAINCH KaTareHHBIC
BOJHBIE PACTBOPHI, HACHIIICHHBIE PyAHBIMH KOMIIOHEHTAMH, YTO MOATBEPKACHO BHICOKHMMH COJEP)KAaHMSMU U MOCTOSHHBIM TIPUCYT-
CTBHEM B He(TsX, ONTyMax M IUIACTOBBIX BOAAX 30710Ta, cepedpa, Meau, MONNOAeHa, IIMHKA, MBIIIBIKA U JPYTUX METAIUIOB. JTO 00-
CTOSATENBCTBO CTUMYJIUPOBAJIO U3YUCHHE BO3MOXHOCTH ()OPMHPOBAHUS PYAHBIX CKOIUIEHHH B Iajieoodarax KaTareHHOH pasrpy3Kd
¢GmonnioB. M3ydeHune mocnemHUX Ha OJHOM U3 MECTOPOXKICHHH YITIEBOAOPOIOB IMOATBEPIHMIO HAlld HMPOTHO3BI O OJIaropomHo-
MeTanbHOM U HedTsiHOM napareHesuce B HOxHo-Kacnmiickom ocanounom Gacceline.

B npeaeiax 30Hbl BbIABJICHBI YparaHHbl€ KOHLICHTPALWU 30JI0Ta U NaJUlavs, a TaKXKE€ UHAUKATOPOB SIMUTEPMAIIBHOI'O OpPYACHE-
HUS 30J10Ta KapJIMHCKOTO TUIIAa — MBIIIbsIKA U 6apus. Beinenenuii 3010Ta He 0OHApPYKEHO, OHO HEBUAUMOE, MUKPOJMCIIEPCHOE, aCCO-
LUHPYET C CyTb(QUAHBIMA MUHEPATAMH U PACCESHO B TIOPOJIE.

Ilono6HOE HccenoBanue Ha MPEAMET MOKCKA 3010TOr0 opyaeHeHus B OxHo-Kacnmiickom OacceliHe MpoBeIeHO BIEPBBIE U T0-
JIydeHHBIE Pe3yIbTaThl OTKPBIBAIOT €T0 HOBBIE MEPCHEKTUBEI KaK 30J0TO-HE()TEra30HOCHOTO. BBIBICHHAS 3010TOpYAHAS MIHEPAIH-
3amys 3HAMEHYET OTKPBITHE HOBOTO T€HETHYECKOTO THIIA 30JI0TOTO OpyACHEeHUs B AzepOaiiikaHe, H3BECTHOTO B MHUpPE KaK CTpaTH-
(OPMHBIH KapIMHCKUI THI ¢ JUCIEPCHBIM M HU3KUM COJEpIKaHUEM 30JI0Ta, KOTOPOE KOMIIEHCUPYETCs! OOJIBIION MPOTSKEHHOCTHIO
MHUHEPAJIM30BaHHbIX 30H M KPYITHBIMH 3al1acaMH.

Kniwouesvie cnosa: 3on0mo, nepmanoe mecmoposcoenue, Munepanusayus, 61a20pooH0O-Memanbtulil U He@mAHOU napazenesuc,
YeHmpbvl paszepysKu Proudos, 2eoXUMULECKAs, AHOMANUA, CIMPAMUGOPMHbIE 3aNeHCU

CONUBI X0Z9R HOVZOSININ NEFTDASIYAN SAHOLORINDO QIZIL FiLiZi TOZAHURLORI**

Hiiseynov D.A.
Azarbaycan Respublikasimin Elm va Tohsil Nazirliyi, Geologiya va Geofizika Institutu
AZ1143, Baki, H.Cavid prosp., 119: d_huseynov@yahoo.com

Xiilasa. Conubi Xozor neft-qaz hovzasinin qizilli olma ideyasinin asasini neft-qaz istehsal edon Paleogen-Asagr Miosen ¢okiin-
tiilori ilo torkibindo qizil olan katagen mohlullarinin formalagmasi togkil edir. Volqa-Don-Zaqafqaziya-Xozoryani regionunun inkisaf
zonasinda Paleogen-Asag1 Miosen ¢okiintiilori kompleksi yiiksak filiz torkibi ils saciyyslenir vo miirekkeb ¢okiintii tipli sulfid-fosfat-
nadirmetal-uran yataqglarinin olmasi ils ifads edilir. Domir sulfidlorin torkibinds qizil, kobalt, nikel, molibden, renium, daha az mis,
sink, qurgusun vo arsen bazi regionlarin piritli horizontlarinda iso gox vaxt xalis metallar — qizil, vismut, qalay vo mis agkar olunur.

Geoloji-geofiziki va izotop-geokimyavi tadqiqatlar gésterdi ki, Conubi Xozar hdvzasinds neft-qaz pancarasinde maye va qaz
halinda karbohidrogenlarin amals galmasi ilo yanasi, filiz komponentlari ilo doymus katagen sulu mohlullart da intensiv sokilde
omolo golir vo bu da neftlords, bitumda va lay sularinda qizil, glimiis, mis, molibden, sink, arsen vo diger metallarin ytiksok torkibi vo
daimi olmasi ilo tosdiq edilir. Bu hal flilidlorin katagen bosalmasinin paleo-ocaqlarinda filiz yigilmalarinin omolo golmasinin
miimkiinliiyliniin dyronilmosine tokan verdi. Karbohidrogen yataqlarindan birindo sonuncunun todqiqi Conubi Xozor ¢okiintii
hovzasinds nacib metal vo neft paragenezi ilo bagl proqnozlarimiz tasdiglodi.

Zona daxilinde qizil ve palladiumun qasirga konsentrasiyast, karlin tipli epitermal qizil minerallasmasinin gostaricileri — arsen vo
barium agkar edilmisdir. Qizil donslori askar edilmomisdir, o, gériinmazdir, mikrodispersdir, sulfid minerallari ilo assosiasiya olunur
va siixurda sopalonmisdir.

[k dofadir ki, Conubi Xozer hovzesindo qizil minerallasmasinin axtarisi ligiin belo bir todgigat aparilir vo alde edilon noticalor
onun qizil-neft-qazli srazi kimi yeni perspektivlor acir. Miioyyan edilmis qizil minerallasmast Azarbaycanda qizil minerallagmasinin
yeni genetik ndviiniin agkar edilmasini gostorir, diinyada dispers vo asag1 qizil torkibino malik stratiform karlin tipi kimi taninan
minerallasmig zonalarin genisliyi vo bdyiik ehtiyatlarla kompensasiya olunur.

Acar sozlor: qizil, neft yatagi, minerallasma, nacib metal va neft paragenizi, fliiid axim markazlari, geokimyavi anomaliya, qath yataglar
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