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The gold mining industry is one of the most important strategic areas of in-
dustry and economy of any modern country, including Russia.

Gold reserves form the country's gold and foreign exchange fund, which
can be used both to preserve existing assets and to increase them through invest-
ment. Gold is also actively used in various industries due to its many unique phys-
ical and chemical properties. The main industrial consumers of gold include jew-
elry, the transport sector, chemical and petrochemical production, modern nano-
technology, telecommunications, the manufacture of measuring equipment, the
energy industry, the aerospace industry, medicine and, this is not a complete list
of areas in which this precious metal is in demand.

From the above it follows that it is impossible to overestimate the im-
portance of gold for the economic stability and productive potential of the coun-
try. Consequently, the relevance of the search, evaluation of new and additional
exploration of already known and developed gold deposits is very high.

It is known that the volume of global gold mining in 2022 increased slightly
(including in Russia) [1].

At the moment, according to preliminary data, Russia ranks 2nd in the rank-
ing of gold-mining countries in the world, only slightly behind China, which has
significantly increased the pace of gold mining since 2021 and displaced Russia
from first place [1].

The main sources of the country's precious metal include gold deposits of
the copper-porphyry type in the Far East (Malmyzhskoye, Ponisky area, etc.) and
deposits of the gold-sulfide-quartz type in the Krasnoyarsk Territory (deposits of
the Yenisei Ridge). Consequently, deposits of this type are of great interest for
prospecting and additional exploration.

One of the main tools at the first stages of geological exploration for
searching for deposits of these types is an areal survey of physical fields. The
presence of ferromagnets (magnetite, pyrrhotite) in the composition of rocks of
productive mineralized zones leads to their anomalous manifestation in the mag-
netic field and, as a consequence, to the widespread use of magnetic prospecting
to search for them. Porphyry copper deposits with vein-disseminated ores are the
main sources of gold and copper - about 62% of world production. Deposits of
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this type are usually large and have a complex multi-metal composition of ores.
Deposits of this type also include the Poniysky area, located in the Komsomolsky
district of the Khabarovsk Territory. The Mednoye (shown in Figure 1),
Olkhovoe, Gribnoye, Borkhi Tonkaya ore occurrences are associated with
porphyry intrusions of quartz diorite porphyry [2].

When studying samples of quartz diorite porphyry, which are associated
with gold-copper mineralization, veinlet magnetite mineralization was noted, the
intensity of which increased in connection with pre-ore carbonate-albite-mica
metasomatites. Conventionally, within the development areas of these metasomat-
ic rocks, two zones were identified: the rear zone with the predominant develop-
ment of albite mineralization and the front zone with a high content of magnetite.
The second rocks have a particularly high magnetic susceptibility up to 80000 *
10-5 units SI. This made it possible to successfully identify dike bodies of quartz
diorite porphyry by anomalies in the increment of the magnetic induction vector
module AT (up to 900 nTI) against the background of a quiet magnetic field cor-
responding to the practically non-magnetic terrigenous sedimentary deposits of
the Gornoprotok suite [2]. Ore bodies gravitate more towards the most magnetic
areas of the frontal zones of carbonate-albite-mica metasomatic rocks (Fig. 1).

The development of later pyrite-chalcopyrite mineralization with gold in
quartz diorite-porphyries and, especially, in magnetite carbonate-albite-mica met-
asomatites led to a significant decrease in their magnetic susceptibility. This is
due to the replacement of magnetite by sulfide paragenesis. In this regard, ore in-
tervals are characterized by extremely high heterogeneity in magnetic susceptibil-
ity and a general decrease in AT values to 100 and even to a few tens of nT1.
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Figureﬁl. Fragments of a‘sﬂchematic geological map and AT graph map with
the M-1 ore body of the Mednaya zone [2]
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Thus, the peculiarities of the distribution of magnetite mineralization in the
products of different stages of mineralization development led to its natural mani-
festation in the magnetic field.

Gold-sulfide deposits of the veinlet-disseminated type occur in sedimentary
and volcanic-sedimentary rocks. Gold in them is associated mainly with sulfides
(pyrite, arsenopyrite) and a significant part of it is in finely dispersed form, which
complicates the process of their development and, until recently, their exploitation
was restrained. But with the development of technology, there has been a signifi-
cant leap in the exploration and production of gold in deposits of this type, due to
the significant number of large-scale objects among them, some of which are in
the Yenisei Ridge of the Krasnoyarsk Territory.

One of such deposits is Blagodatnoye, using the example of which the dis-
tribution of pyrrhotite mineralization and its manifestation in a magnetic field will
be considered.

Here, the amplitudes of magnetic anomalies in the ore zone consistently de-
crease from 500 to 80 nTI against the background of non-magnetic host rocks.
The area with the highest amplitude anomaly on its northwestern flank directly
borders the anomalous area (Figure 2). Magnetic heterogeneity can also be traced
at the deep horizons of the deposit. In the direction of dip of the ore bodies, an in-
crease in the magnetic susceptibility () of the rocks is observed. Gold minerali-
zation is concentrated in ores with anomalous y, but not in the most magnetic
ones [3].
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Figure 2. AT graph map with the ore bodies of the Blagodatnoye gold deposit [4]
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The deposit contains monoclinic and hexagonal pyrrhotites (with a wide
range of Fe/S ratios in both), the formation of which occurs under different physi-
cochemical conditions. At the same time, monoclinic pyrrhotites have magnetic
properties that vary depending on their composition, hexagonal ones do not, or
very weak ones, again depending on the composition [3].

Temperature in the Fe-S-O-H20 system is the most important factor in
phase equilibrium in pyrite-pyrrhotite paragenesis. An increase in S/Fe in pyrite is
directly related to an increase in its share in the pyrite-pyrrhotite paragenesis,
which leads to a decrease in y of the latter. A regular increase in y of ores and wall
rocks and a decrease in the stoichiometric S/Fe ratio in pyrite is also observed
along the dip of ore bodies throughout the ore-bearing zone. In the northern, more
magnetic ore body, the average S/Fe value of pyrites (1.842) is significantly lower
than the average value of the same ratio (1.998) for the less magnetic southern ore
body [3]. In this regard, the increase in y and the amplitude of the AT anomaly in
the northwestern part of the ore-bearing zone is interpreted as a deepening of the
level of its erosional cut.
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Figure 3. Chemical composition of pyrrhotites from ore bodies of the
Blagodatnoye deposit, phase relationships in the Fe-S system and magnetic sus-
ceptibility of natural pyrrhotites.
1 — pyrrhotines of the northern (a) and southern (b) ore bodies; 2 — schematic
graph of the magnetic susceptibility of pyrrhotites [3]

With increasing temperature and in the composition of pyrrhotite itself, the
proportion of the pyrite phase decreased, and it approached the stoichiometrically
“pure” monoclinic pyrrhotite Fe;Sg - its maximum magnetic phase. Where the
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maximum temperature was reached, non-magnetic hexagonal pyrrhotite crystal-
lized, which explains the close connection of the magnetic region itself with the
non-magnetic one.

Transportation of gold in ore-bearing solutions with sulfide sulfur is carried
out in complex compounds such as Au(HS)o and Au(HS),. The concentration of
gold in weakly magnetic ores is caused by the massive binding of sulfide sulfur in
pyrite during their formation, destabilization of complex compounds and precipi-
tation of gold in metallic form [5].

Thus, using the example of large deposits of two common types (porphyry
copper and gold-sulfide), the natural localization of ore gold in mineralized blocks
with a zonal distribution of ferromagnets manifested in a magnetic field is shown.
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