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EXTRACTION OF IRON-MANGANESE NODULES WITH
THE HELP OF A “SWARM” OF COLLECTOR ROBOTS

Afanasiev A. A., Litovko S. S., Grigorchuk A. V.

ocean-minerals.ru, info@ocean-minerals.ru

HYCO Ltd is developing a swarm system of autonomous robots-collectors (Fig. 1),
considering it a promising option for the mining of nodules, which ensures, which is very
important, a minimal impact on the environment.

The mining project involves the use of special robots — FMN collectors at a depth of

5000 m, which are combined in a swarm. The collector robots are lowered to the bottom

in a special container capable of holding 512 units (Fig. 2). After a group of scout robots
mark the boundaries of the mining area, the collecting robots begin to collect nodules.
After filling a tank, the collecting robots independently travel to the central container for
reloading the mined material and return to the collecting of rare earth nodules. The work of
the robots in the swarm is completely autonomous, when one of them runs out of battery
power, it is automatically sent to the central container for recharging. It remains for the
operator to monitor the fullness of the production container or respond to the drone alarms.
When the robot fails, it rises by itself to the surface of the water. The robots move in the
thickness of the water with the help of servo-driven fins, similar to those of a cuttlefish,

not disturbing the bottom surface and not
raising clouds of suspension, which may have
a negative effect on the local flora and fauna.
Creating the nodule mining system using a
swarm of robots-collectors is an innovative tool
for the sensible future.

Conclusions. The development of
environmentally friendly mining equipment for

collecting nodules has become relevant on
the background of constant calls to freeze all

Fig. 1. Robot-collector
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Scheme of the work site
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Fig. 2. Nodule mining using a swarm of robots-collectors

projects for the development of solid minerals on the ocean floor. In 2022, the G7 countries
announced that they would only agree to seabed mining projects if they did not cause
serious harm to the environment.

The nodule extraction system developed by HYCO Ltd specialists is using a swarm of
collecting robots is innovative and, what is important, it ensures a minimal damage to the
biodiversity of the seabed during its operation.

At the moment, the configuration of a complex for the mining operations has been
developed, a computer model of a collecting robot has been built, the driving units

have been worked out, the lifting force and the necessary energy supplies have been
determined. Today, the work is underway to create a physical model of the collector, which
will be tested under the conditions simulating the real ones in an artificial pool filled with
nodules. Work has begun on the development and application of artificial intelligence that
will be used to identify and collect nodules on the seabed.
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MINERALOGY OF ORES AND CHEMICAL COMPOSITION
OF MINERALS OF THE POBEDA-2 HYDROTHERMAL FIELD
(MID-ATLANTIC RIDGE, 17°08'N)

Amplieva E. E.", Bortnikov N. S.", Beltenev V. E.?, Kovalchuk E. V.":3

"IGEM RAS, Moscow, Russia

2 FSBI “VNIIOkeangeologia”, St. Petersburg, Russia

3 Federal State Budgetary Educational Institution of Higher Education “Sergo Ordzhonikidze
Russian State University for Geological Prospecting”, Moscow, Russia

Amplieva@igem.ru

The Pobeda sulfide edifice cluster, associated with peridotites, discovered in the
37th cruise (2014—2015) of the Russian R/V Professor Logachev by the Polar Marine
Geosurvey Expedition (PMGE) in a collaboration with VNIIOkeangeologia, Saint-
Petersburg, Russia.

The Pobeda hydrothermal sulfide cluster is located on the eastern flank of the MAR rift
valley on the western slope of the OCC massif at a depth between 1950 and 3100 m. The
hydrothermal sulfide cluster consists of the Pobeda-1 and the Pobeda-2 hydrothermal
fields, and the Pobeda-3 sulfide site.

The active hydrothermal field Pobeda-1 (17°08.7' N, 46°23.44" W) is located in water
depths between 1950 m and 2400 m. It is consists of four sulfide bodies, some ferriferous
deposits, ferriferous crusts, and metalliferous sediments. Sulfide bodies are sulfide
mounds about 10 m in height, some of them with sulfides chimneys, and fragments

of sulfide sites and chimneys. The active Pobeda-2 hydrothermal field (17°07.45' N,
46°24.5' W) is situated in 4 km South-West from the Podeda-1 in water depths between
2800 m and 3100 m. As well as the Pobeda-1, the Pobeda-2 is associated with peridotites
and gabbronorites. The Pobeda-3 sulfide site (17°08.3" N, 46°25.2' W) is located at the
depth of 2500 to 2700 m and largely covered by metalliferous sediments with Fe-Mn
crusts, pyrite and barite grains [3—5, 7, 10]. The #°Th/U ages obtained for both the bulk
samples and monomineral separates combined with data published earlier show the oldest
age ca. 52 kyr within Pobeda-1 and ca. 107 kyr within Pobeda-2 fields [9].

Samples 37L107d Fe-Cu and 37L107d Py-Wur were taken from the hydrothermal field
Pobeda-2. All samples collected during the 37th (2014—2015) cruise of the R/V Professor
Logachev. Mineral analyses were performed with JXA-8200 electron microprobe (JEOL
Ltd., Japan) with five wavelength-dispersive spectrometers at the IGEM RAS. Mineral
phases were analysed by SEM TESCAN MIRA (Czech Republic) at the TESCAN Russia.
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The hydrothermal field Pobeda-2. The hydrothermal ore consists of porous, fine-grained

isocubanite +chalcopyrite-pyrite-sphalerite and isocubanite + chalcopyrite-secondary Cu

sulfides-pyrite-sphalerite seafloor massive sulfides. Pyrite, marcasite, isocubanite are the
major ore minerals; sphalerite and chalcopyrite are less abundant. Pyrrhotite, glaucodot,

clausthalite, galena and cotunnite (?) are rare minerals. Gangue minerals are Fe oxides,

barite and anhydrite [1, 7].

Uranium and uranium minerals have been found in sulfide ores of several modern
hydrothermal fields of the Mid-Atlantic Ridge. Uraninite was found in sample of Logache-2
is variously ball-shaped, concentrically zoned, found in chains in opal, and found coating
the external boundaries of sphalerite, chalcopyrite, and chalcocite [12]. In gossans from
the Ashadze-2 hydrothermal sulfide field, rare isometric anhedral uraninite grains (up to
2 ym) with outer P- and Ca-rich rims, and numerous smaller (<1 pm) grains, occur in Fe-
oxyhydroxides and sepiolite, associated with pyrite, isocubanite, chalcopyrite, galena,
atacamite and halite [2]. Also, uranium oxides were found in sulfide aggregates of the
Pobeda-1 and the Semenov-2 hydrothermal fields [11]. Uranium was found in sulfide
ores and metalliferous sediments of Ashadze-1, Ashadze-2, Irinovskoye, Semenov-2,
Semenov-4, Logachev-1, Krasnov, Peterburgskoye, Zenit-Victoria, Yubileinoye, Puy des
Folles hydrothermal fields [7, 8, 10, 11].

U minerals were found in isocubanite+chalcopyrite-sphalerite aggregates (sample
37L107d Py-Wur) of copper-zinc ores of the Pobeda-2 field. The size of xenomorphic
grains does not exceed 1—2 um. All U minerals are in pores, fractures, intergranular
space in sulfide aggregates, which indicates a later deposition of uranium phases.

The main source of uranium in modern sulfide ores of the hydrothermal fields of the Mid-
Atlantic Ridge is considered to be sea water [2, 6, 10—12]. U minerals of the Pobeda-2
field, in contradistinction to other hydrothermal fields, were discovered in Cu and Zn sulfide
aggregates.

The studies were carried out with the financial support for a project Ne 121041500220-0
“Structural-chemical heterogeneities and paragenetic assemblages of minerals as a
reflection of the processes of petro- and ore genesis” provided by IGEM RAS. Authors
thank the crew and the scientific team of the R/V Professor Logachev and Polar Marine
Geosurvey Expedition.
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In conditions of increasing scarcity of minerals, there is an increased interest in the
development of underwater deposits. In Russia, the Arctic shelf zones are characterized
by the most significant mineral resource potential. At the same time, the development of
mineral deposits of the Arctic shelf is still difficult, due to the lack of effective technologies
for their extraction. Deposits in the permanent ice zone remain completely unexplored.

The report discusses the results of under-ice tests of the underwater walking robot

MAK-1 (Fig. 1). The device has already been tested in the summer on the White Sea

and Lake Baikal [1—3]. The project “MAK” is aimed at creating deep-sea uninhabited
bottom walking robotic systems (self-propelled technological and mining modules) that
have certain capabilities for self-adaptation to the unorganized bottom surface and for
performing typical technological operations (leveling sites on the bottom, hydro-mechanical
erosion of bottom sediments, crushing and selection of ore material, etc.) in the absence

Fig. 1. Underwater walking vehicle (modular hardware complex) MAK-1
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of external control influences. Currently, the most advanced industrial technologies for
the development of seabed resources, in terms of financial and labor costs, include new
technologies based on robotic modules moving along the bottom. In a number of countries,
the practical implementation of such projects is carried out on the basis of bottom tracked
technological and mining modules. However, the experience of underwater technical work
shows that tracked vehicles can work underwater only on relatively flat and fairly dense
soils with small bottom slopes [4]. Moreover, even here they can move only at the limit

of adhesion. To increase the useful traction force realized by coupling, it is necessary to
significantly increase their coupling weight (negative buoyancy). For this reason, most of
the known bottom tracked vehicles belong to the “heavy” weight category — their mass is
tens or even hundreds of tons. Walking machines, in comparison with tracked ones, have
higher ground and profile patency capabilities. Also, a walking mover can provide higher
traction properties. At the same time, walking machines are significantly more difficult to
control in comparison with tracked and wheeled ones — coordinated control of walking
mechanisms in each cycle (step) is required. Underwater conditions — specific properties
of low-bearing bottom soils and poor visibility complicate management.

Ice tests were carried out on Lake Baikal on the basis of the underwater walking apparatus
MAK-1 (Fig. 2). Walking robot (modular hardware complex) MAK-1 is a reduced-size
prototype of a multipurpose walking chassis for underwater technical works. Structurally,
the 6-legged walking robot MAK-1 includes walking modules (supports) of the right and

left sides connected by a frame [5]. Various technological equipment can be placed on

the frame. The walking modules are equipped with an onboard power drive, made in the
form of power units housed in watertight housings. Electric drive — asynchronous type

Fig. 2. Ice tests of the walking apparatus MAK-1 on the lake. Baikal
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with frequency control of rotation speed. Power supply and control is carried out by cable
from the shore or from the escort vessel. The total power of the on-board drives is about
2 kW. The weight of the entire device is about 200 kg, with dimensions of 1.8x1.8x0.9 m.
The maximum speed under water is 3—5 km/h, depending on movement conditions.

The walking mover of cyclic type was used in the robot. Mover consists of 3 kinematically
connected walking mechanisms of cyclic type, arranged along the board. The supporting
links of the walking mechanisms are equipped with hinged interchangeable feet. Outer
walking mechanisms works in inphase, middle one — in antiphase. As a result, in each
moment of time at least one of legs of the mover is in support phase. Movers of each

board of the machine have independent electric engines. The robot has just 2 controlled
degrees of freedom. Limbs of the robot Crabster CR200 with movers of adaptive type, for
comparison, has more than 30 controlled actuators [6]. Usage of cyclic movers allows not
to care about safety of the gait and makes stability providing easier. Therefore MAK-1 has

a minimal number of controlled actuators and significantly simpler, more reliable and
cheaper than analogues with adaptive control. For full realization of abilities of cyclic
mover on adaptability and shape passableness in walking mechanisms of the MAK-1
was realized an ability to correct the trajectory of support points [7]. It was achieved by
implementation of the additional rotary link in mechanism. Changing of its angular position
leads to shifting of arm point of support of the walking mechanism and to transformation
of straight movement base trajectory, which provides movement with lower energy costs,
into obstacles passage mode with increased height and length of step. Thereby, control of
supporting points trajectory of the MAK-1 robot is achieved in quite wide range.

During the ice tests, experimental testing of the developed methods of self-organization
of the legs of the walking drive of the cyclic type was carried out. In conditions of limited
visibility, by the nature of self-adaptation of the foot to an unorganized support surface
and the relative movement of walking mechanisms, the nature of which is completely
determined by internal information sensors, an assumed characteristic of the external
workspace and the current situation was obtained, which were then compared with
reality. The development of fuzzy control algorithms autonomously performed by an
underwater walking robot in typical operational situations was carried out. The stability of
the walking apparatus to overturning and sliding when overcoming slopes in underwater
conditions was studied. The possibility of controlling the position of the hull by separately
regulating the clearance of the stepping mechanisms was tested. The efficiency of the
robot’s information and measurement systems in subglacial conditions was evaluated.
Some attention is paid to the development of the technology of ice diving and evacuation
(rescue) of the device in case of failure of its systems or capsizing.

The conducted experimental verification of the efficiency of the robot’s information-
measuring and navigation systems in ice conditions revealed a number of technical
problems. Tests have shown that the sensor and navigation capabilities of the MAK-1 robot
are significantly inferior to the best foreign analogues and their significant strengthening is
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necessary. The robot’s control system is constantly being improved. Currently, an optimal
solution is being sought for the distribution of modules of information-measuring and
control systems between a walking robot moving along the bottom and a surface control
unit. The results obtained during the tests will be taken into account when choosing the
final solution.

The results of the project may be in demand when creating “heavy” underwater robots
moving along the bottom, designed for various types of underwater technical work and for
new industrial technologies for the development of seabed resources.

The research was carried out at the expense of the grant of the Russian Science
Foundation No. 23-29-00720, https://rscf.ru/en/project/23-29-00720/.
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Exploitation of deep-sea minerals can become a reality in the foreseeable future.

Draft Regulations on Exploitation of Mineral Resources in the Area (the “Mining Code”;
hereinafter — the draft Regulations) will be the legal basis for exploitation along with the
United Nations Convention on the Law of the Sea of 1982 and the Agreement of 1994
relating to the implementation of Part XI of the United Nations Convention on the Law of
the Sea of 10 December 1992.

The International Seabed Authority (ISA) started development of the draft Regulations at
2014. During this time, the draft has evolved greatly from a very voluminous document
to a set of the Regulations themselves and a number of accompanying standards and
guidelines.

The problem of the need to adopt the Regulations on exploitation at an early date became
even more acute in 2021 after the activation of the so-called “two-years rule” because of
the statement of the President of Nauru that NORI (Nauru Ocean Resources, Inc.) was
ready to apply for a contract on exploitation in 2 years.

Despite a lot of work done, many unresolved issues remain. System of payments
(including a mechanism for the implementation of the concept of the common heritage
of mankind), inspections (their mechanism and supervising), environmental protection,
development of standards and guidelines are among such unresolved issues.

The exploitation of deep-sea minerals will entail environmental risks, part of which are
similar for all three types of ecosystems associated with three types of mineral resources,
and other are specific for each type of ecosystems. The exploitation will inevitably affect
the all zones of life in the ocean: the surface, the water column and the bottom. In case
of polymetallic nodules, the specific risks will be due to such features of ecosystems as
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the structuring role of a hard substrate in the deep-sea communities of the abyssal plains.
In case of ferromanganese crusts, they will be due to significant spatial heterogeneity,
mosaic and small extent of populations on underwater mountains, as well as their role

as local centers of biological diversity. And in the case of polymetallic sulphides — due to
uniqueness of hydrothermal communities and the role of hard substrate in ecosystems of
inactive hydrothermal fields.

A specifity of environmental risks is their uncertainty, due to the lack of knowledge and
information about the marine ecosystems functioning (especially, the benthic ones) and
the living organisms inhabiting them, as well as about impacts and effects of exploitation
and their degree, including with regard the lack of complete information about mining
technologies at this stage.

In this context, the results of equipment tests and accompanying environmental monitoring
are of great importance. Sea trials of a pre-prototype manganese nodule collector vehicle
Patania Il (performed by the Belgian company DEME-GSR and the German Federal
Institute for Geosciences and Natural Resources), test of an integrated collector and

riser and lift system done by NORI, trials of collectors’ prototypes carried out by China
Ocean Mineral Resources Research and Development Association, China Minmetals
Corporation, Beijing Pioneer High-Tech Development Co., Ltd, Indian National Institute of
Ocean Technology, the Japanese company JOGMEC, trials of Apollo Il (the “Blue Nodules”
project) and few more can be named in this regard.

Mining can only be allowed if an appropriate level of protection of the marine environment
(effective protection in terms of the Article 145 of the UNCLOS) is ensured. Development
and approval of binding environmental threshold values will be an important step on this
way. It is expected that this work will begin in the near future under the leadership of the
LTC (Legal and Technical Commission of the Council of the ISA).

Another important issue is an assessment of the possibility and timing of restoration of the
environment and development of measures to mitigate and restore the environment as
well. As example, the experiments with creation and deployment of artificial nodules can
be named.

Amid uncertainty of environmental risks, in the international community there are voices
about the need for a moratorium or for a so-called precautionary pause in relation to deep-
sea mining. A number of states supported this initiative.

They are countered by arguments that at this time it is premature to speak of excessively
harmful effects on the environment of deep seabed exploitation. In particular, the results
of the equipment tests performed show that the distance of plume dispersion, which is
expected to be one of the strongest impacts of mining on the marine environment, will be
rather small (up to 5 km). Moreover, fine and colloidal particles that form plumes are of
natural origin and are characteristic of the metabolism of the Earth, unlike, for example,
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plastic, the pollution of the World Ocean with which has already assumed the character of
a global catastrophe. In addition, the areas of deep-sea mining will be significantly smaller
than areas of mining operations on land, the useful components in the mineral resources
of the seabed are concentrated much more densely over smaller areas, and a much
smaller impact on the Earth’s crust will be created.

It is also important to bear in mind the principle of the common heritage of mankind and
the mandate given by the UNCLOS for the ISA to organize and control activities in the
Area, especially for the management of its resources.

Achieving a balance between exploitation of deep-sea minerals for the benefit of mankind
and ensuring effective protection of the marine environment is the main task for today.

Named challenges, requiring further consideration in the professional community, will be
discussed in more detail in the presentation.
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One of the most complicated issues in the study of seafloor massive sulfides (SMS) is
the modeling of the internal structure of ore bodies. The structure of the hydrothermal ore
system is determined by the geological setting that involves the structural and tectonic
characteristics of the area and the composition of host rocks. A knowledge of the internal
structure of SMS deposits is based on mainly on drilling results and is scarce compared to
investigations of the internal structure of land deposits. Mass wasting landslides can offer
an exceptional opportunity to observe the surface part of an ore body that is composed of
seafloor massive sulfides and the subsurface zone as well. The Semenov-5 hydrothermal
field is a unique area where mass wasting on the slope of the oceanic core complex
(OCC) structure exposes the subsurface portion of the deposit and offers an exceptional
opportunity to observe massive sulfides that have formed not only on the seafloor but in
sub-seafloor zones as well [1, 2] (Fig. 1).

The Semenov-5 (S-5) hydrothermal field lies on the northern slope of the dome structure at
depths of 2200—2250 m and is hosted by hydrothermally altered (serpentinized) gabbro-
peridotites and fresh basalts [3, 4] (Fig. 1, 2).

Three zones of a hydrothermal ore-forming system have been described: 1) massive
sulfides precipitated from hot vents on the surface of the seafloor (seafloor massive sulfide);
2) massive sulfides formed due to the replacement of ultramafics below the seafloor (sub-
seafloor massive sulfide); 3) disseminated sulfide mineralization-filled cracks in hosted
rocks, and the stockwork formed around sub-seafloor massive sulfides (Fig. 2). Sub-seafloor
mineralization includes disseminated and massive sulfides, which differ from surface ones.

The mineralogical indicator of the replacement process could be relict Cr-spinel grains in
different degrees of alteration identified in sulfide samples. In terms of geochemistry, the
chemical composition of subseafloor massive sulfides also gives evidence of metasomatic
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Fig. 2. The model of inner structure of the Semenov-5 hydrothermal field. The bathymetry data is from [2]
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processes. Elevated Cu, Co and Ni are typical for ultramafic-hosted SMS and are related
to the recycling process that leaches these metals from the host rocks. However, Cr
concentration in the studied samples is significantly higher than the average Cr content in
ultramafic hosted SMS. In comparison with the mean value for the ultramafic hosted SMS
(837 ppm), the content of Cr sub-seafloor sulfides samples (984 ppm) is 26 times higher.
Such extremely high Cr content in seafloor massive sulfides is recorded for the first time
and could be related to the presence of relict Cr-spinels.

Seafloor massive sulfide were sampled at the surface of basalt lava flows which cover
utramafics close to the top of a OCC structure. The chemical composition of seafloor and
sub-seafloor sulfides differs considerably. The seafloor massive sulfides are relatively
enriched in Fe, Se and Te as well as in Ba, Pb, Mo, As and U and depleted by Cu, Co
and Ni. Differences in composition are, in fact, related to the redox parameters and
temperature of the fluid. The fluid alters and replaces the rocks below the surface and,
after discharge, forms massive sulfides on the seafloor. It is possible that the same fluid,
forming high-copper sulfides under the bottom, discharged mainly iron on the surface
where low temperature minerals formed iron sulfides (marcasite) that were enriched in
trace elements from recharged seawater. Therefore, we presume a greater influence of
ultramafic rocks and mixing of hydrothermal fluid and seawater on the composition of
massive sulfides on the surface of the seafloor than basalts. It is proposed that basalts
do not effect sulfide composition because of a small volume of lava erupted on the giant
massif of ultramafic rocks [1].

Summarizing data obtained, it is concluded that:

a) the significant differences of composition between Semenov-5’s (1) sub-seafloor and
(2) seafloor mineralization are most likely connected with altering the physical and
chemical parameters of the hydrothermal system and a difference in the mode of
formation: (1) metasomatically within hosted rocks and (2) from the discharged fluid
on the seafloor surface;

b) sub-seafloor and seafloor massive sulfides have a common history of formation from
the hydrothermal fluids which have been circulated within the ultramafic rocks and
discharged on the surface;

c) distribution of fresh, thin basalt lava flowing within the studied area does not
significantly affect seafloor massive sulfide composition.

The suggested model of inner structure allows not only for a better understanding of

the sub-seafloor hydrothermal process but could be applied to more reliable resource
assessments of ultramafic-hosted SMS deposits as well. Continuation of massive sulfides
below the surface of the seafloor could considerably increase the resource estimation of
SMS deposits because of the presently calculated volume of ore bodies that conscribe the
limits of the paleo-seafloor boundary. However, this consideration should be demonstrated
by the drilling of ultramafic-hosted SMS deposits.
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Abstract: As one of the four deep-sea rare earth elements (REY) mineralization

zones had been discovered recently, the zone in the Central Indian Ocean Basin was
independently predicted and firstly discovered by the team of Chinese scientists led by
professor SHI Xuefa. With the continuous funding of China Ocean Mineral Resources R&D
Association (COMRA for short), the team led by professor SHI had predicted the existence
of REY-rich deep-sea sediments in the Central Indian Ocean Basin in 2012. In December
2013, the REY-rich sediment core sample was obtained successfully in the area. And in
June 2015, a large area of REY-rich deposits was firstly discovered in the Central Indian
Ocean basin by the team. Based on the study of14 stations of surface sediments in the
area, the geochemical characteristics of REYs mainly follow:

(1) REYs are mainly enriched in zeolite clay and pelagic clay in the sediments. The
samples are significantly enriched in HREY (from Gd to Lu, and Y), with an enrichment
coefficient of 11.60. The highest enrichment degree was Yttrium, with an enrichment
coefficient up to 14.06.

(2) Samples with REY's enrichment exhibit strong depletion of Ce and weak positive of
Eu anomalies. The correlation coefficient between } REY and P,O,is 0.99, indicating that
biological apatite is an important enrichment mineral or host mineral of REYs in the REY-
rich sediments.

(3) The characteristics of the) Ce-> Eu-> Y triangular diagram anddCe-8Eu scatter plot of
the samples indicate that deep-sea REY-rich sediment is a new type of REY-rich deposits
that is different from terrestrial rare earth deposits.

(4) REY-rich sediments are mainly developed in the oxygenated environments with low
sedimentation rates, water depths greater than CCD, and stable structures environments.

Key words: Central Indian Ocean Basin; REY-rich deep-sea sediments; rare earth elements; geochemical
characteristics.
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The Indian Ocean ridges are up to approximately 18.000 km in length, with various full
spreading rates (<12—80 mm/yr), including the Carlsberg, the Central, the Southeast, and
the Southwest Indian Ridges. A total of 15 active hydrothermal fields have been reported

at these ridges, ranging from high to low temperatures to nearly extinct ones (Fig. 1). The
distribution of hydrothermal vents and their morphology in these hydrothermal fields are

still not well studied. These hydrothermal areas are hosted by either ultramafic rocks or
basalts, even both. However, studies have shown that host rock are not the sole factor
controlling the morphology of hydrothermal structures. For example, in Daxi and Tianxiu
field at Carlsberg Ridge, which are hosted by different rocks, both exhibit feature of large
beehive chimneys. However, their beehive chimneys are significantly different from those in
the Edmond and Kairei fields at Central Indian Ridge. The former two have larger individual
beehive chimneys, while the latter two have smaller individual chimneys but larger groups.
Additionally, large chimney structures more than 10 meters in height have been observed

in the Longqi, Daxi, Tianxiu, Edmond, Kairei, and Pelagia fields, indicating relatively stable
tectonic environments in these regions. On the other hand, hydrothermal areas like Dodo
and Solitaire only exhibit small, short chimneys, suggesting relatively weaker material
supply. Nevertheless, these characteristics alone are not sufficient to demonstrate significant
differences in slfide structure morphology between the hydrothermal fields of Indian Ocean
and the slow-spreading Mid-Atlantic Ridge. The Longqi field on SWIR is unique in the entire
Indian Ocean for hosting large flanges (from ~1 to ~5 m across) on the sulfide edifices,
which contrasts with most hydrothermal vent fields, particularly in the sediment-starved
areas. Despite being in different stages of activity, a locally long-term stable tectonic setting,
and a continuous heat source supply are necessary foundations for the formation of large
hydrothermal sulfide structures. Our results expand previous studies on metal resource
evaluation along the Indian Ocean ridges and further enhance our understanding of the
formation of modern seafloor hydrothermal systems.
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Fig. 1. Active hydrothermal fields in the Indian Ocean: a — location of 15 active vent fields; b — vigorous
venting tall chimney in Daxi (Wang et al., 2020); ¢ — vigorous venting short chimneys in Wocan (Qiu et al.,
2021); d — vigorous venting tall chimney in Tianxiu (Liang et al., 2023); e — low temperature diffuse flow in
Onnuri (Lim et al., 2022); f-1—f-3 — Beehive diffusers and vigorous venting chimneys in Onnara and Onbada®;
g — beehive chimneys in Dodo (Nakamura et al., 2012); h — beehive chimneys in Solitaire (Nakamura et al.,
2012); i — vigorous venting chimney in Edmond (photo by Shenhaiyongshi in 2019); j — vigorous venting
chimney in Kairei (photo by Shenhaiyongshi in 2019); k — vigorous venting chimney in Longgi (photo by
Jiaolong in 2015); | — white fluids venting in Duangiao (photo by Shenhaiyongshi in 2019); m — beehive
chimneys in Tiancheng (Sun et al., 2020); n — chimney jungle in fields of SEIR?

! https://www.ropos.com/index.php/news-and-media/46-ropos-kiost-isabu-2021.

2 https://www.bgr.bund.de/EN/Themen/MarineRohstoffforschung/Bilder/schwarze-raucher_g_en.html?nn=1548238.
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Hydrogenetic ferromanganese (Fe-Mn) crusts develop by precipitation from ambient
bottom waters and accretion of colloids onto rock surfaces. Due to their slow growth
rate and layered structure Fe-Mn crusts are the useful tool and paleoenvironmental
archive for studying the climatic, oceanographic, and geologic evolution of the oceans
on long (millions of years) time scales, espessially of the Arctic Ocean, which remains a
poorly explored region. However, precise age determinations using Fe-Mn crust is still a
challenging task. The marine Os isotopes composition is well preserved in Fe-Mn crust,
which allow to determine their age by comparison with the seawater Os isotope curve,
reconstructed from pelagic marine sediments (e. g. [1]). The '¥"Os/'®0s composition of
present-day seawater is nominally homogenous ('®’Os/'®0s =1.06+0.04; e. g. [5]). The
1870s/'880s composition of seawater reflects a balance of riverine inputs of continental
Os with a radiogenic value ('®’Os/'80s ~1.4), relative to inputs of mantle-derived and
extraterrestrial Os with a non-radiogenic value ('®’Os/'80s ~0.12) (e.qg. [2]).

For the first time the Os isotope data of four ferromanganese crusts from Arctic Ocean

is presented. The hydrogenetic crusts being studied were collected from the Amerasia
basin (Mendeleev Ridge and Chukchi Borderland) and Norwegian basin (Voring Spur and
Knipovich Ridge) of the Arctic Ocean within a depth range from 3851 to 1300 mbs (Fig. 1).
The Os concentration and '®’Os/'®0s ratio are provided together with major and trace-
element compositions of sublayers (2—5 mm) to show temporal variations in elemental
behavior. Twenty samples of sublayers of Fe-Mn crusts were chosen for Fe isotope
analyses based on Fe contents and '®”Os/'®80Os ratio values and presented firstly for Fe-Mn
crusts from the Arctic Ocean.
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Fig. 1. Regional settings of Chukchi Borderland (CB),

Mendeleev Ridge (MR), Knipovich Ridge (KR), Voring

Spur (VS), where Fe-Mn samples of this research were

obtained (white stars). Pink square mark the location

of 15 cm Fe-Mn crust from 2500—3500 m water depth
at Lomonosov Ridge (Knudsen et al., 2017)

In contrast to seawater Os isotope curve
of last 10 Myr "®"Os/'®0s ratio of the Arctic
crusts show significant variations reflect
the unique characteristics of the Arctic
Ocean (Fig. 2), especially the significant
influence of the glacial/interglacial regimes
on depositional type. '¥”Os/'®0s ratio of
the Arctic crusts reflect several events that
influenced on composition of all or several
crusts. The main one is characterized by
minimum of ¥70s/'®0s ratio that reflect
decreased fluxes of radiogenic Os. It

is dated as 2.6 Ma and coincide with
Intensification of the Northern Hemisphere
glaciations (INHG), the period of increased
glacial weathering and mechanical erosion.
We suggest the supply of dissolved Os

in hydrogenetic phase from old continent
decreased at that period due to changes of

chemical and mechanical erosion to predominantly mechanical erosion, which is confirmed

by maximum value of detrital grains in sublayers and was caused by decreased of
temperature and cover the continents by thick ice.

3 Ma and 1.8 Ma peaks are characterized by more radiogenic Os ratio, although they are
typical only for MR, VS and KnR crusts reflecting more local influence of these events in
the Arctic and significant differences of environment condition of ChB crust (Fig. 2).

1.4

Fig. 2. Age models of Fe-Mn
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The results and exploration of Fe isotopes and major and trace element compositions of
sublayers will be discuss during the conference.

Funding: The study was funded by JSPS postdoctoral program and the RSF, project
no. 22-77-10088.
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SULFIDE CHARACTERISTICS AND METALLOGENIC
SIGNIFICANCE OF THE CHIHU HYDROTHERMAL FIELD
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Abstract: The Chihu hydrothermal field is the first discovered detachment fault-controlled
hydrothermal field in the Southern Atlantic Ridge. From a tectonic perspective, it is located
on the footwall of the detachment fault with the surrounding rock being basalts. However,
the previously discovered hydrothermal fields on the footwall of detachments were mainly
surrounded by ultramafic rocks. In Our studies, mineralogical and geochemical studies of
sulfides from two sites (T13 and T20) in the hydrothermal field were carried out: (1) The
main sulfide mineral at station T13 is massive sulfide, while at station T20, sulfides occur
mainly as brecciated and impregnated forms. The main elements in the hydrothermal fluids
are similar to those in mafic-type hydrothermal fields, indicating the influence of mafic
rocks in the hydrothermal field. (2) The anomalously low sulfur isotope values at station
T20 may be related to the modification of surface processes and the activity of reducing
sulfur bacteria, and the absence of massive sulfides at this station may be related to later
weathering and erosion.

Key words: Southern Mid-Atlantic Ridge; Chihu hydrothermal field; Hydrothermal sulfides; Detachment fault.
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Abstract: A ripple-shaped seafloor highland composed of mixed rocks at 23.7° S, South
Mid-Atlantic Ridge (SMAR) was discovered during the Chinese DY 22nd cruise in 2011,
and named “Chihu Hill”. The seamount is 16.6 km long and 8.6 km wide, with its long

axis parallel to the trend of the mid-ocean ridge. The shallowest point at the top of the
seamount is about 2380 m deep, while the foot of the mountain with a water depth of about
3300 m. There are significant “ripples” on the seamount’s surface that extend vertically

to the mid-ocean ridge. The western side of the seamount is adjacent to the east wall of
the central valley, and it is connected to the central valley at the foot of the mountain. The
Chihu Hill extends to the Heiwu Hill on the east side. The Heiwu Hill is an early product of
OCC at the same latitude.

The Chihu Hill and the Heiwu Hill together constitute a composite nuclear ophiolite.

The ridge segment where the Chihu Hill is located extends nearly NNW, and the overall
shape of the ridge is symmetrical in spreading, but the ridge segment (about 20 km)
corresponding to the seamount has undergone a small westward shift and shows an
asymmetric spreading structure, indicating the development of detachment faults on the
east side of this small section of the ridge. Based on the eastward offset of the ridge at the
north and south ends of the seamount, it is speculated that the north and south boundaries
of the detachment fault correspond to the north and south boundaries of the seamount.

Hydrothermal activity was discovered at the junction of western slope foot of the Chihu
Hill and the east wall of the central valley during the Chinese DY 52nd cruise in 2019. We
speculate that this hydrothermal field is located at the exposed location of the detachment
plane on the seafloor. Basalts, hydrothermal sediments and sulfides, including sulfide
chimney fragments and sulfides debris, were collected by using a television grab. The
0*S

v.cor Value of sulfides ranged from 7.87%o to 11.29%o., with an average of 9.59%.
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sediment samples obtained from
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Compared with the other mafic-hosted hydrothermal fields on the Mid-Atlantic Ridge, the
values of Chihu sulfur isotope are higher, but they are much closer to that of utramafic-
hosted hydrothermal field, indicating the Chihu hydrothermal field is controlled by
ultramafic rocks. The higher values of sulfur isotope indicate that a high proportion of
seawater sulfate involved in the strong reducing hydrothermal fluid. Two stages of high-
temperature hydrothermal activity were revealed in the Chihu hydrothermal field. The
hydrothermal products formed during the first period of hydrothermal activity underwent
landslides and displacement due to seafloor weathering, gravitational and structural
processes, forming landslide deposits. During the second period of hydrothermal activity,
which was reactivated by the detachment structure, the hydrothermal fluid ascended and
infiltrated the landslide sediment of the first period, and underwent siliceous precipitation
under the influence of seawater mixing or conductive cooling, cementing the landslide
sediment debris into rocks.

Key words: South Mid-Atlantic Ridge, OCC, Seafloor Hydrothermal Field.
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THE HEAVY METAL STORY OF THE IRINOVSKOE
HYDROTHERMAL SULFIDE FIELD, 13°20’ N, MAR
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A specific association of “low-temperature” [1] heavy metals (Cd, Pb, Ag, SbxAs) is typical
of Zn-rich ores of various seafloor hydrothermal sulfide fields (HSFs), a considerable
enrichment in which is generally characteristic of felsic-dominated island-arc environments
[2—9]. In the Mid-Atlantic Ridge (MAR), seafloor HSFs occur within mafic- or ultramafic-
related ridge segments and their Zn-rich massive sulfides could locally be enriched in (on
average) Pb (2%) (Rainbow-2 HSF), Sb (229 ppm) (TAG HSF), Ag (489 ppm) (Semenov-2
HSF), Cd (700 ppm) and As (522 ppm) (Logatchev-2 HSF) [3, 10]. Minerals of the

above heavy metals in the MAR HSFs are dominated by galena (a main host of Pb) and
acanthite/native silver (main hosts of Ag) [3]. Rare Sb and As minerals include tennantite,
tetrahedrite, a Cu,Pb,(Sb,As)S, phase, luzonite, jordanite, cobaltite, skutterudite,
aurostibite, stibnite, boulangerite and realgar [3, 11—15]. In this work, we describe the
finding of Cd-, Pb-, Ag- and Sb(xAs)-bearing minerals in Zn-rich smoker chimneys of the
Irinovskoe HSF, MAR.

The Irinovskoe HSF (13°20°0" N, 44°55'6" W) was discovered in 2011 during the 34th
cruise of R/V Professor Logatchev by the Polar Marine Geosurvey Expedition (PMGE,
St. Petersburg, Russia) in collaboration with VNIIOkeangeologia (St. Petersburg, Russia)
[16]. The field is located between the Marathon and 15°20' fracture zones in a summit
area of the southeastern slope of seamount 13°20' N (oceanic core complex, OCC) at

a water depth of 2700—2850 m. The seamount is characterized by a dominant in situ
lithology of serpentinized peridotite, partially covered by basaltic scree with minor amounts
of greenschist facies dolerite dikes. The rugged and elevated western part of the OCC is
dominated by basalt, greenschist dolerite and minor amounts of gabbro. The Irinovskoe
HSF 350x380 m in size includes two massive sulfide bodies 3—5 m high, which consist
of sulfide edifices with smoker chimneys and products of their erosion and metalliferrous
sediments.
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Samples for the study were collected during the 34th cruise of the R/V Professor
Logatchev at TV-grab station 34L241 (13°19,957' N, 44°54,679"' W) (unpublished PMGE
report, 2011) in the NW part of ore body I. The station grabbed a large fragment of an
extinct sulfide structure weighing more than 100 kg. The sulfide edifice consisted of
coalesced Cu-rich chimneys in the central part/basement and Zn-rich chimneys at the
margins/top.

The Zn-rich samples were light, sooty, porous and friable. They locally contained small

(1 cm max) unsealed channels, but most Zn-rich chimneys exhibited no channels or clear
zonation. Some chimney fragments up to 10 cm across had (i) a central more porous zone
~1 cm thick (a former channel?), (ii) a surrounding more compact opal-Zn sulfide zone up
to 1.5 cm thick rimmed by an almost continuous dense opal-Zn sulfide layer up to 1 mm
thick and (iii) a zone of porous opal-Zn sulfide aggregates up to 4 cm thick with a small
amount of granular pyrite. More massive Zn-rich sulfide samples are characterized by a
higher amount of opal.

Macroscopically, only Zn sulfides (~65%), silica (~20%), Fe-oxyhydroxides (~10%) and,
locally, pyrite and chalcopyrite (~5% in total) can be recognized in samples. Rare crystals
of barite and secondary Cu sulfides are observed under a binocular microscope. According
to the X-ray diffractometry, the mineral composition is dominated by wurtzite (3—65 wt %)
and sphalerite (5—30 wt %), which are accompanied by pyrite, chalcopyrite, amorphous
silica and, locally, native sulfur. SEM studies revealed the presence of accessory galena, a
CdS phase, pyrrhotite, isocubanite, acanthite, various Ag—Cu—Sb(t£As)-bearing minerals,
covellite, yarrowite, native gold, native sulfur, anglesite, gypsum, smectites, naumannite
and lollingite [17].

The Cd sulfide occurs as several morphological and geochemical types. The smallest
(<1—10 um) anhedral grains, subhedral crystals or microcrystalline intergrowths are found
on top of sphalerite or opal aggregates. This CdS type contains Zn (0.81—2.25 wt %),

Fe (max 2.05 wt %), Cu (0.42—6.73 wt %) and Ag (2.09—21.01 wt %). In samples with
native sulfur, the CdS phase pseudomorphically replaces acicular pyrrhotite and granular
sphalerite. It has higher Zn contents (13.76—23.07 wt %) and a variable amount of Fe
(0.00—10.81 wt %), but is free from Cu and Ag. The CdS phase locally forms spongy
aggregates, which replace sphalerite and are associated with an Ag sulfide. This CdS
phase exhibits the highest Zn (21.24—25.27 wt %) and Ag (0.00—7.04 wt %) and the
lowest Fe (0.47—1.47 wt %) contents.

The Pb sulfides include galena and its As-bearing variety. Galena forms small euhedral
to subhedral crystals and their aggregates around Zn sulfides, inclusions in opal and
anhedral aggregates with anhedral sphalerite. In samples with native sulfur, galena
pseudomorphically replaces acicular CdS crystals. The As-bearing (up to 8.20 wt % As)
galena forms spongy anhedral grains, which occur in opal and, locally, replaces As-free
galena or sphalerite. These galena grains are replaced by an As,O, phase from the rims.
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Acanthite is observed between opal, sulfides or Fe-oxyhydroxides as (i) anhedral knobby
aggregates, which are locally associated with Ag-bearing covellite and replace sphalerite
together with covellite, (ii) crystalline aggregates, (iii) spherulitic aggregates together with
Ag- and Cd-bearing covellite and CdS phase and (iv) spherulitic aggregates and fine-
acicular crystals in assemblage with interstitial Ag- and Sb-bearing. Two geochemical
types of acanthite are recognized: (i) Cu-, Zn- and Fe-bearing associated with Ag-bearing
covellite and (ii) Sb-, Cu- and Zn-bearing associated with Ag- and Sb-bearing covellite.

The Ag-rich Cu—Sb-bearing grains occur as smallest (max 5 ym) grains on top of

opal or are also associated with Ag—Sb-bearing covellite in reniform aggregates,

where they replace covellite. Some SEM analyses can be recalculated to formulas of
argentotetrahedrite-Zn, miargyrite, pyrargyrite and stephanite. Those, which cannot
adequately be recalculated to a particular mineral species, most likely represent extremely
fine mixtures of associated Cu sulfides, Cu-bearing Ag—Sb sulfosalts and acanthite. One
small (max 3 ym) naumannite grain was found on top of covellite and opal around sulfides.

The heavy metal minerals formed during a late low-temperature stage, an upper boundary
of which (120 °C) is set by the instability of a solid form of native sulfur [18]. This stage was
characterized by a reduced activity of S and an enhanced activity of other easily volatilized
elements (Cd, Sb, As, Se) leading to the formation of S-deficient mineral assemblages
including pyrrhotite, Cd-bearing sphalerite, a CdS phase, As-bearing galena, acanthite,
naumannite, lollingite, Ag—Sb—Cd-bearing covellite and various Ag—Sb—Cu sulfosalts.

The presence of Ag—Sb—Cu sulfosalts, acanthite, Ag-rich native gold, naumannite, barite,
Al-rich opal, native sulfur and mixed-layered kaolinite—smectite phase exhibit certain
similarities with both continental and oceanic epithermal-style mineralization (e.g., [6—8,
19, 20]).

The Zn-rich smoker chimneys of the Irinovskoe HSF formed due to lower flow velocity of
relatively lower temperature fluids and restricted mixing of fluid and seawater. The high Cd
content of sphalerite reaching up to 41.38 wt % and the presence of a CdS phase (most
likely, hawleyite) are the most remarkable features of Zn-rich chimneys.

The presence of native sulfur, Al-rich opal and mixed-layered kaolinite—smectite phase
also points to acidic formation conditions. The finding of pyrrhotite, I6llingite and As-
bearing galena also indicates low S activity and increasing As activity. The occurrence of
Sb minerals exclusively within the MAR OCC-related hydrothermal sulfide fields reflects

a possible genetic link to these geological settings and could be a new proxy for the
OCC-related massive sulfides. The finding of the Cd-rich sphalerite and CdS phase in
low-temperature mineral assemblage significantly expands the temperature boundaries of
possible formation of Cd sulfides. The high Cd contents of easily soluble sphalerite and the
presence of the CdS phase should be taken into account in possible future mining seafloor
hydrothermal sulfide fields and further processing of their sulfides.
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One of the essential tasks of the current generation is creating a sustainable global
economy for future generations. Given the increasing demand for minerals and decreasing
ore grades in land-based deposits, deep-sea mineral deposits are considered a potential
source of critical minerals. The question is whether deep-sea mining can contribute to the
new economy in a socially acceptable, economically viable, and ecologically sustainable
manner. Answering this question is the main task of the “The Deep Dilemmas: Deep Sea
Mining for the new Deep Transition? (TripleDeep)” project at the Norwegian University

of Science and Technology (NTNU). As a part of this project, we aim to consider the
economic issues of deep-sea mining activities with a particular interest in decision-making
under uncertainty.

Investment is the act of incurring an immediate cost in the expectation of future rewards.
Investment decisions have three important characteristics. First of all, investments

are irreversible because they cannot be recovered. Second, future rewards which are
mentioned in the definition of the investment are uncertain. Third, there is a flexibility in the
timing of investment. These three main characteristics determine the optimal investment
decision-making [7].

Traditionally, investments in the mining industry are assessed using a classic discounted
cash flow (DCF) analysis under the condition of definite cash flow, the method that was
advocated by Fisher [8]. Within such an analysis a net present value (NPV) is calculated

by discounting the cash flows using a risk-adjusted discount rate. Surveys by Bartrop and
White [4], Bhappu and Guzman [5], and Smith [21] indicate that the DCF method is the most
commonly used project valuation technique in the mining industry. Most existing studies
considering deep-sea mineral resources and the valuation of deep-sea mining (DSM)
projects are to a large extent based on a traditional DCF analysis as well (e. g., Ham [9],
Johnson & Otto [10], Martino & Parson [13], Nyhart et al. [16], Volkmann et al. [22]).
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While the traditional DCF approach is appropriate for valuing rather predictable assets,
it is not suitable in case of highly volatile, uncertain, and capital-intensive investments
[11, 12, 15, 18, 20]. Relying on the DCF approach might lead to wrong decision-making
and undervaluation of resources. It is important to consider managerial flexibility and
uncertainty correctly in the assessment of mining projects, where the main value drivers
may be highly volatile.

A growing body of literature regarding other natural resources projects applies a real
options approach (ROA) in order to better account for uncertainties and managerial
flexibility. This approach is based on an idea that a company with an opportunity to invest
is holding an option analogous to a financial call option. This option gives a company the
right but not the obligation to invest at some future time of its choosing [7]. The ROA takes
into account all three abovementioned characteristics of investment decisions and allows
to analyze the effect of risk and uncertainties on investment decision making.

We are planning to extend the ROA to the deep-sea mineral resources sector, particularly
to the part on investment decision-making for deep-sea minerals exploration activities.
Technological and geological uncertainties are scarcely addressed in existing DSM-
related literature taking rather the classic DCF approach to solving problems. Besides,
these uncertainties had been discussed little with regard to other natural resources as
well. For this reason, we are adding these uncertainties into consideration for our project.
In addition, as managerial flexibility and decision making could be strongly affected by
external factors, such as regulatory policies, we would like to analyze such effects with
regard to DSM activities.

From the corporate perspective, mining companies aim to maximize their profits.
Companies engaged in DSM activities will face huge risks caused by, for instance,
regulatory uncertainty, large capital expenses, and a longstanding mining project life cycle.
The establishment of a new value chain will require significant investment in technology
and infrastructure before the start of commercial production. As for today, proven
technology and necessary infrastructure are in an early stage. Under such uncertain
circumstances, investors may prefer to wait until new information is gained during the
exploration phase of a DSM project. Companies entering the DSM industry most probably
will not have detailed information about the area and deposits there. We are interested

in how information acquisition revealing uncertainty about the resource potential of the
area and deposit characteristics can create additional value and reduce the risks of the
mining project. Additionally, another interesting problem for us is a problem of uncertain
future regulatory regimes with a particular focus on how different tax regimes and other
regulatory measures can affect a company’s decision-making.

From the regulatory perspective, governments should strive to maximize social welfare.
Deep-sea mineral deposits are a potential source of critical minerals necessary to
create a sustainable global green economy in the future. However, given low levels of
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technology readiness, lots of risks, and high sunk costs during exploration activities,
companies’ willingness to invest in DSM ventures is expected to be low. Therefore, DSM
companies will need additional support. Potentially, governments could be interested in
the development of that industry to secure the state’s critical metals supply. Cooperation of
companies with regulators could help to develop new techniques for mineral exploration,
like in the case of the European Union’s Blue Mining initiative for deep-sea mineral
deposits [2]. We are interested in what are the optimal measures to incentivize companies’
investments in DSM activities, at the same time ensuring that society will be better off.

This difference in objectives of companies and governments creates a dynamic investment
coordination problem that was discussed by, for instance, Barbosa et al. [3], Moretto

et al. [14], Rodrik [19], Zwart [24]. This requires governmental regulation, which can be
implemented in the form of incentive measures (e. g., subsidies). Using such measures,
the regulator can influence the company’s investment decisions with the aim to reach a
socially optimal goal. Several scientific papers reveal that incentive measures positively
affect companies’ investment decision-making and the speed of investments (e. g., [17,
23)]). However, uncertainties related to future demand and policy measures can negatively
affect the investment decisions of the companies, resulting in changes in the size or the
timing of investments [6].

Thus, we consider the ROA as an optimal tool for addressing the abovementioned
questions of interest. It will help us to focus on some of the main uncertainties of DSM
projects like those regarding deposit characteristics and regulatory decisions. We believe
that using the ROA we will be able to provide important insights for policy and decision-
makers with regard to sustainable and responsible future of DSM activities.
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COMPUTER VISION FOR A FERROMANGANESE
NODULE HARVESTING ROBOT

Pavlyuchenko S. A., Gorlov A. I.

https://devstars.ru/

Inline LLC accomplishes R&D of the computer vision system for a ferromanganese
nodule harvesting robot commissioned by HYCO Ltd.

The robot is a small unit made in bio-style.

The robot, like a stingray, moves a short distance above the bottom surface using its side
fins, stops and collects nodules.

At the moment, we are developing a computer vision system for a collection mode, when
the robot is in the appointed area of the bottom. The robot will be equipped with multiple
cameras and lights.

The first stage of our development is aimed at identifying nodules in a picture, and
determining its position. Then we choose a hardware platform for this task, to be
performed and tested.

Neural network technologies are now becoming available for wide engineering practice,
a large number of tools and information on their application are available, which creates
favourable conditions for the development of autonomous systems. Both software and
compact hardware platforms are available.

In our project, we have created a neural network model, using the YOLOV8 architecture
and its Python realization, which allows us to detect objects in a photograph (Fig.). To train
the model, we were provided with photographs of the bottom surface covered by FMN,
though the angle and distance differ from the position of the robot when collecting nodules

(Fig.).

To test the model under real shooting conditions, we have modeled the bottom surface
using 3DSMax software.
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The results of FMN detection in a photograph from the test sample

Preparing the data, photos, their markup and training takes more time than assembling a
neural network or choosing its architecture.

To capture the FMN, you need to determine its coordinates, for this we are considering
several appWe are considering options for using ready-made devices — 3D cameras
calibrated for underwater use, and also developing our own algorithm that builds a depth
map by analyzing the images from the cameras.

We note that now there is an obvious trend towards the creation of various types of chips
for mass computing on embedded devices, including cellular phones. Technologies such
as GPU/NPU/TPU are already built into many consumer devices and are quite compact
and energy efficient. We have selected several options for embedded computers that have
a built-in GPU. Next year, we are planning to use reinforcement learning methods and
modeling environments to develop an algorithm for collecting FMN.

Conclusions. Artificial intelligence technologies are integrated in engineering practice
in many areas of technology. Our efforts are aimed at implementing them to create an
autonomous underwater unit.

The first positive results of FMN detection were obtained, at this angle the model was
trained. The model performed well at all angles, which proves its versatility. We made
the training on one class, the architecture allows to recognize many classes (fish and
other fauna). The equipment for the integration of the neural network into the hardware
was selected, which will be used in the unit prototype. We have started experiments to
measure the distances and determine position of FMN relative to the robot.
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METHODS FOR RESOURCE ASSESSMENT OF POLYMETALLIC
MASSIVE SULPHIDE DEPOSITS (PMS)

Petukhov S.

FSBI “VNIIOkeangeologia”, St. Petersburg, Russia
Petukhovsi@mail.ru

To date, more than 300 deposits of massive sulfides containing a significant number
of metals have been discovered in the World Ocean; however, there is a serious lack
of information on their size, composition and occurrence. Nevertheless, at the present
time the assessment of the ore potential of PMS deposits is a necessary condition

of demonstrating the effectiveness of their exploration, and allows identifying future
production sites. In this report we discuss the methods used to conduct resource
assessment in the conditions of limited geological information and high geological
uncertainty.

THE METHODS

Geostatistical Triple System (GTS) Resource Estimation — NTNU, AD, Norway:
1) determination of the probable number of possible deposits;
2) estimation of tonnage and grades of well-studied deposits, which are the base for
building different models of inferred deposits;
3) probabilistic evaluation of the tonnage and content of unexplored (inferred) deposits,
and their number.
The assessments are given in the form of a degree of probability of the distribution
of metal resources along the ridge. The calculations use the Monte Carlo method
implemented in the GeoX program (Schlumberger). C. Juliani, S.Love Ellefmo, 2018.

The Exploration Potential Estimation (EPE) method is based on a limited amount of
geological information and is expressed as a range, to reflect different interpretations at a
significant geological uncertainty.

Resource range analysis (RRA) to assess the results of exploration — Nautilus Minerals

At the first stage, the influence diagrams are constructed; these characterize the factors
that control the size, physical and chemical properties of ore targets and the continuity
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of mineralization in situ, a certain number of defining cases are modelled (Min — the
minimum or most pessimistic estimate, Mid — the most realistic estimate and Max —
maximum or the most optimistic estimate), which allows to demonstrate the full range of
possible results. The calculations use the Monte Carlo method implemented in the Crystal
Ball program on the Excel platform.

The Inventory Range Analysis (IRA) method is a formalized process for assessing
potential mineralization. The method can be applied at the stage of work which is related,
according to the classification of the International Authority, to category a) — estimation of
the results of exploration [ISBA/21/LTC/15].

As in the previous method (GTS) the exploration potential is estimated using the IRA
method on the basis of a limited scope of geological information and is expressed as a
range, to reflect various interpretations with significant geological uncertainty.

Mineral Resource Estimation Using ArcGis “Surface-Volume” and “Cut and Fill” tools —
Ifremer, France.

The volume of a hydrothermal mound identified using ROV data is being calculated. The
volumes of the hydrothermal mounds are thought to be solid ore, as no information is yet
available on the continuity of the deposit at depth.

Ifremer, 2021.

In their calculations, Ifremer contractor estimates the volume of each ore mound identified
using video data from submersible vehicles.

At the first stage, the spatial boundaries of a hydrothermal hill are determined on the basis
of geological and morphostructural criteria. Next, two methods for calculating the volumes

of the ore hill, “Cut and Fill” and “Surface-Volume”, are used, which are implemented in the
ArcGIS package.

The “Cut and Fill” calculation method is more conservative than the “Surface-Volume”
method and is considered more reliable because it includes the height changes at
the base of the hills. The “Surface-Volume” method contains more uncertainties in
the case when the base of the hill is not horizontal. Ifremer contractor thinks that the
results available at present do not allow to present an estimate of mineral resources
classified in accordance with the international standards (e. g. NI 43-101, JORC) and
recommendations of the Authority (ISBA/21/LTC/15)

Resource estimation using geoblocks — PMGRE, Russia;, COMRA, China.

A calculation of ore reserves of individual ore bodies is carried out for selected blocks
with subsequent summing up. The block must satisfy the basic provisions for the reserve
blocking, i. e., it has to be geologically homogeneous, the ores must have similar
technological properties, have homogeneous mining conditions; the block dimensions
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have to be large enough to allow its selective extraction during production and to reduce
the measurement error.

When assessing the resources, the volume of an ore body was calculated using the
method of summing the volumes of the geoblocks included, calculated by the formula

V =S x h. The assessment of the resources of the deposits was carried out according
to the formula: Q = vd, where: Q — ore reserves, t; V — is the volume of the block being
estimated, m3; d — ore density, g/cm3.

COMRA are of the opinion that the PMS deposits generally have a distinct conical shape.
Therefore, the conical volume (V = 1/3 S x h) (Zhu et al. 2020, COMRA, China).

Resource estimation using block modeling of ore bodies — VNIIOkeangeologia, Russia.

Geological services of the mining companies in Russia are widely using the technologies
for assessing mineral resources with the help of modern information systems. Among
them, one of the most adapted to Russian conditions is the Mining and Geological
Information System (MGIS) Micromine. The system provides a complete geostatistical
analysis, the construction of three-dimensional models, with resource estimation. MGIS
Micromine performs the reserve estimation using the polygonal and block methods. All
work on the modeling of the ore targets and the assessment of their resources in the MGIS
Micromine are based on geological and geophysical data.

Resource assessment is carried out in two stages:

1. The tabular data received from the database is converted into a graphical form, which
allows one to regard them as three-dimensional objects. As a result of interpretation
of this data, the sections are drawn, with their help a framework of the ore body is
modeled.

2. At the final stage, an empty block model is created, limited by previously built frames
and filled with elementary blocks for a more detailed description of mineralization
zones within the designed volume. The result is a block model in which each
elementary block has its own quantitative and qualitative characteristics. The MGIS
Micromine makes it possible to assess the PMS resources more in line with reality
than previously given methods.

CONCLUSIONS

Depending on the degree of knowledge of the ore fields of PMS, various methods of
resource estimation are used. They vary from resource estimation methods that give the
results in a probabilistic range, to resource estimation by building a block model of an ore
deposit.

It should be noted that the data available to date is not sufficient to allow any assessment
other than in the form of an “assessment statement” of the exploration potential of a
deposit under certain geological conditions.
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When the obtained data becomes sufficient to make an assessment in the category of
“inferred mineral resources™, it is advisable to carry out three-dimensional modeling of
deposits with the resource assessment based on the Micromine MGIS.

* The category of “inferred resources” suggests that the sampling and study of the
concentration of a mineral are limited and insufficient for a confident interpretation of the
degree of consistency of geological or qualitative characteristics [ISBA/21/LTC/15].
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PREDICTING OF FAVORABLE AREAS OF HYDROTHERMAL
OCCURRENCE IN THE NORTHERN AND SOUTHERN
SEGMENTS OF THE MAR

Petukhov S., Kolchina N., Seleznev A.

FSBI “VNIIOkeangeologia”, St. Petersburg, Russia
Petukhovsi@mail.ru

The authors study the possibility of prospecting a hydrothermal zone based on the
analysis of a geomechanical (deformation) model built to study the stress — strained state
of sections of the earth’s crust and further analysis using the maximum entropy method
(MEM) [1, 2]. The information basis for the geomechanical computer model is the data on
the relief of the ocean floor.

METHODS

The prediction is based on modelling the deformation conditions favourable for
hydrothermal events on the MAR, followed by the analysis of the results by the maximum
entropy method. Thus, the stages of the work are as follows:

1. Modelling the distribution of shear stresses in the sea bed relief by the finite element
method to identify the areas which are in the deformation conditions favourable for
the hydrothermal venting.

2. Application of the method of maximum entropy to determine the areas with the
highest probability of detecting PMS.

1. Modelling the deformation conditions (compression, tension) favourable for
hydrothermal venting includes:

— searching for hydrothermal venting zones based on the analysis of the geomechanical
(deformation) model of the earth’s crust — revealing the nature of distribution of shear
stresses (tt) in the upper layer of the earth’s crust;

— selecting the sections of the earth’s crust where the type of shear stresses (“tension/
compression”) changes, that is, when (tt = 0).

These areas are in the “released” conditions and are thought to be the most promising.
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The influence of shear strains (tt) on the cross-section of a fluid-conducting channel: the
conductance is optimal when the cross-section of a channel is circular, which is achieved
when the shear stresses are equal to zero [2].

The modelling is based on the bathymetry data loaded into a specialized program running
in the Maple Software environment.

2. The obtained distribution of shear stresses is used in further analytical processing using
the maximum entropy method (MME).

The concept of entropy defines the measure of probability distribution. It is believed that
a distribution with a higher entropy is more likely than with a lower one. This statement
comes from the fact that natural processes always tend to bring the system into a
balanced state, in which entropy is maximal.

The maximum entropy method is based on the use of the data on the presence of an event
of interest (hydrothermal event) in combination with various sets of relevant information or
thematic layers.

Using a set of thematic coverings and coordinates with the already known manifestations
of PMS, the model calculates the distribution of probability of their occurrence over the grid
cells surrounding the area. In each grid cell, the value of predicted suitability of conditions
for the possible formation of a deposit is determined. Here we are using a specialized
program MaxEnt [1].

Comparison of the northern and southern parts of the MAR

The figures present a statistical model of the MAR section created by the ME method
using an array of thematic layers, taking into account locations of the known PMS deposits

(Fig.).

When building the models, for the clarity of comparison, similar data were used for the
northern and southern parts of the MAR; no additional information available only for one
part of the MAR (the northern one) was used.

The northern part is much better studied than the southern one, and it is possible that after
the southern part of the MAR is further explored, the number of discovered hydrothermal
events there will increase (Fig.).

In any case, the number of favourable areas identified by the modelling is almost the
same.
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The result of the modeling of the northern and southern parts of the MAR

Conclusions of the simulation

1. Modeling the distribution of shear stresses makes it possible to identify the promising
areas for the detection of PMS.

2. To refine the prediction, it is wise to use the maximum entropy method (MEM), which
creates a statistical model of the MAR area.

The statistical model, revealing the relationship between the thematic features (variables)
characterizing the region, allows to adjust the location of “promising” and “not promising”
zones of hydrothermal venting (Fig.).

In our opinion, the application of the maximum entropy modeling provides an additional
opportunity when choosing the “perspective areas” of PMS at design stage of the works.

The works on the modeling of deformation in the parts of the mid-ocean ridges and
detecting the areas favorable for finding PMS, have been conducted at VNIIOkeangeologia
for over 15 years. In this period we built a model of the MAR areas 10° to 40° N, the
Mohns and Knipovich Ridges and 10° to 30° S. In addition, we have made modeling of
areas in the South-Western and Central parts of the Indian Ridge (red rectangles). The
data available to the authors confirm the effectiveness of the proposed method.
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STUDIES ON SPECIFIC SURFACE AREA OF POLYMETALLIC
NODULES: PRETREATMENT FOR ANALYSIS
AND CONTROL FROM GENESIS
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Abstract: Polymetallic nodules (nodules) are predominant deep-sea mineral resources
due to the enrichment of critical metals such as Co, Ni, Cu, and REEs. Nodules are loose
and porous in texture, which is the fundamental feature that contributes the adsorption
and then enrichment and mineralization of trace metals from seawater and porewater.
Furthermore, this feature has potential to be utilized in industrial water purification by
adsorption. Therefore, specific surface area (SSA) is one of key factors deserved further
study. At present, the technology and methods for analyzing SSA are well-developed.
However, it is less applied in the analysis of the specific surface of polymetallic nodules,
and the pretreatment conditions are various according to various research targets.
Consequently, the researches on controls of SSA of nodules are still needs to be
investigated. In order to achieve the SSA of nodules and to investigate controls, this study
explored the pretreatment conditions for the BET SSA analysis of polymetallic nodules,
and analyzed the mineralogy and geochemistry of nodules from various areas in deep
oceans.

The polymetallic nodules from the Atlantic, Indian, and Pacific oceans were recovered
for this study. The pretreatment conditions including temperature, duration, and particle
size for BET SSA analysis of polymetallic nodules were studies by applying temperature
programming, heating accumulating, and particle size comparing methods. Mineralogical
compositions of nodules were analyzed by XRD, and geochemical concentrations were
determined by ICP-MS and ICP-OES. The results show that the analysis values of SSA
reach plateau when the heating temperature is above 210 °C till 350 °C; The analysis
values of SSA keep constant after heating for 3 hours by a step of 1 hour at 210 °C.

The SSA values of samples with a size of several millimeters are 1.027~28.535 m?/g
higher compared with those of the same samples crushed into hundreds of microns.
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The SSA of nodules correlated positively with Co, 6Ce, and LREESs, and negatively with
intensity of XRD 10A peak, Ni, and Cu. The SSA of nodules from the western Pacific

is 329.440~418.711 m?/g, comparable to the SSA of Co-rich crusts. We suggest that
constant BET SSA values can be obtained when the polymetallic nodules with sizes

of several millimeters are heated in vacuum system for 3 hours at 210 °C, which is the
pretreatment condition to analyze BET SSA of polymetallic nodules for the research of
the mineralization. We proposed that SSA of nodules is controlled by its genesis, and
hydrogenetic nodules have higher SSA.

Key words: Specific surface area, polymetallic nodules, controls, Atlantic, Indian, and Pacific oceans,
genesis.
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GLOBAL DISTRIBUTION AND METALLOGENY
OF DEEP-SEA REY-RICH SEDIMENTS
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Abstract: In recent years, the REY-rich (including rare earth elements (REE) and Yttrium
(Y)) sediment discovered in the deep-sea is widely regarded as a new type of marine
mineral resource, which is characterized by considerably higher contents of middle and
heavy rare-earth elements. The estimated quantity of deep-sea REY resource is far
more than the terrestrial REY reserves, which makes it highly important as a potential
resource for future exploitation. Since 2011, large areas of REY-rich sediments have
been sequentially discovered by Chinese scientists in the central India Basin, the
southeastern Pacific Basin, and the western Pacific Basin. In general, four metallogenic
belts are preliminarily identified in the Open Ocean, including the western Pacific

Ocean metallogenic belt, the central and eastern Pacific Ocean metallogenic belt, the
southeastern Pacific Ocean metallogenic belt, and the central Indian Ocean-Wharton
basin metallogenic belt. The REY-rich sediments are mainly zeolite clay and pelagic
clay developed in the deep-sea basin, and the REY enrichment was mainly caused by
authigenic process. Moreover, the REY-rich sediments deposited near the mid-ocean
ridge were also affected by the hydrothermal processes. Previous studies have shown
that bioapatite is the most important host phase of REY in the deep-sea sediments,
which takes up the REY from ambient seawater and porewater. The redistribution of REY
happened in the early diagenesis process, and REY was transferred from its original
binding phase to the bioapatite, eventually. It is suggested that the deep waterdepth
(beneath the carbonate compensation depth), low sedimentation rate, and active bottom
currents are principal controlling factors leading to large-scale enrichment of the REY in
deep-sea sediments. Considering the similar water depth and ecological environment,
deep-sea REY-rich sediments would be mined together with polymetallic nodules as the
first commercially-exploited deep sea minerals.

Key words: deep-sea REY-rich sediments; global distribution; metallogeny; controlling factors.
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INFLUENCE OF INTERACTION OF HYDROTHERMAL
AND MAGMATIC SYSTEMS ON THE GEOCHEMICAL
SEGMENTATION OF THE MID-ATLANTIC RIDGE

Silantyev S. A.
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silantyev@geokhi.ru

The discovery of signs of geochemical segmentation in the basaltic layer of the MAR
Axial Zone [2, 5, 14, 17] stimulated research aimed at elucidation of the nature of mantle
reservoirs generating MORB. The character of the distribution of geochemical parameters
in MORB chilled glasses along the strike of the MAR axis (e. g. K,O/TiO,) reflects the
alternation of its geochemically enriched segments (composed of E-MORB) with segments
of the development of predominantly N-MORB (depleted MORB). At the same time, the
distribution along the MAR axis of the petrological and geochemical parameters of mantle
peridotites associated with basalts (e. g. Cr# in Spinel) is consistent with the segmentation
manifested in MORB [18]. Another fundamental feature of the Axial Zone of the MAR

is the wide distribution of signs of hydrothermal activity here, which contributes to the
formation of large hydrothermal ore occurrences. The nature of the observed correlations
between signs of rheological and geochemical segmentation of the MAR [21] indicates
that two main geodynamic scenarios are realized in the axial zone of this spreading
center: 1) Formation in “hot” segments MAR of normal basalt crust ("Penrose type”); and
2) Formation of a crust in the “cold” segments of the MAR, in structure of which mainly
residual peridotites and minor gabbro take a part and manifestation of basaltic magmatism
are reduced or absent (“Hess type”). In accordance with this pattern, the hydrothermal
fields and ore occurrences of the MAR form two families: 1) located in the basaltic
substrate — e. g. Broken Spur, Snake Pit, TAG, Lucky Strike, Surprise, Yubileinoye,
Zenit-Victoria; and 2) occurred in serpentinite (ultramafic) substrate — e. g. Ashadze,
Semenov, Logachev, Rainbow. Thus, there is an undoubted relationship between MAR
hydrothermalism and its geochemical segmentation [1, 7, 9, 10]. From this feature of

the distribution of two different types of hydrothermal fields along MAR axis an important
conclusion follows that the formation of basalt hosted hydrothermal systems occurs in a
cooling lithosphere setting while serpentinite hosted ones are formed during heating of a
cold lithosphere.
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The purpose of this study was to compare the geochemical; features of MORB chilled
glasses sampled in the areas of the MAR Rift Valley with different structure of the crustal
section (basaltic or serpentinite). Thus the data on geochemical parameters of the studied
samples make it possible to obtain information not only on the composition of their
parental melts but also to evaluate possible geochemical effects reflecting the interaction
of magmatic and hydrothermal systems of the MAR. The samples examined were taken
in six regions of the MAR Axial Zone located between 30° and 12°N. According to [12, 21]
these areas are characterized by a different structure of the oceanic crust: One of them
includes segments of the MAR composed of basalts predominantly (30°—31°N, 26°N,
20°—21°N and 16°—18°N); another group includes segments within which serpentinite
outcrops are ppevailing (12°—14° and 14°—15°N) (Fig. 1a). Variations in the composition
of studied chilled glasses shown in Fig. 1b demonstrate that samples examined
correspond to the entire spectrum of MORB geochemical types and include glasses
formed at different degrees of fractionation of tholeiitic melts. Data on REE geochemistry
indicates that samples of glasses taken in the MAR segments between 31°N and 12°N
belong to two main groups: one of them includes samples characterized by (La/Sm)_,

<1; and another — (La/Sm)_, 21. It is remarkable that almost all glasses with signs of
LREE enrichment were sampled in MAR segments between 12°N and 15°N where located
massive serpentinites outcrops.
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Fig. 1. a — Horizontal section of variations in seismic S-wave propagation velocities along axis of the MAR

at the depth of 300 km [3, 11]. Sampling areas of basaltic glasses examined shown as in [20] Red contours

corresponds to basaltic segments of the MAR; green ones — to segments in wich the oceanic crust composed

mainly of serpentinites. Numbers indicate groups of samples belonging to different regions of the MAR axial

zone; b — Variations in K,O/TiO, and (La/Sm)cn ratio in the studied glasses; green crosses shown after data

for glasses from MAR between 13° N and 14° N studied in [15]; filled red circles corresponding glasses from
12° N and 34° N studied in [19]
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Some authors have reported evidence of contamination of MORB parental melts with
volatile components of marine or atmospheric origin under conditions of a magma
chamber or during their quenching during an outcropping on the seafloor [6, 8, 13]. To
assess the possible impact of such contamination on the composition of studied glasses
data by content of Cl and U have been used. These elements are most mobile in the
process of interaction of the oceanic crust substrate with sea water and its hydrothermal
derivates. The absence of a correlations between the contents of Cl and U with contents
of Sr and MgO in the samples from the MAR segments composed of basalts may indicate
that the contents of Cl and U in N-MORB glasses do not show significant variations and do
not depend on the fractionation process of the parental melt. In contrast, wide variations
in the content of Cl and U and its positive correlations with the content of Sr have been
established in chilled glasses obtained from the MAR segments where serpentinites are
widespread. It should be noted that since U and Sr are characterized by sharply different
mineral/melt distribution coefficient mentioned above correlation is not associated with
the effect of fraction crystallization and possibly reflects the contamination of the melt with
hydrothermal fluid of sea water origin.

If we consider the above data in the context of existing knowledge on the structure and
composition of the lithosphere of the MAR axial zone between 12°N and 31°N we can
conclude that almost all chilled glasses belonging to the E-MORB family were sampled
in “cold” segments, the crustal section of which composed mainly serpentinites (Fig. 2a).
It is in these segments that signs of contamination of the parental melts for MORB by
the hydrothermal component were established (Fig. 2b). It should be emphasized that all
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of serpentinite hosted hydrothermal fields shown in green, and basalt hosted ones in red

S57



currently known geochemical types of MORBSs are closely associated in some areas of
the MAR axial zone. This phenomenon reflects a fundamental feature of the MAR which
is manifested in two types of its segmentation: large scale and small scale. The first

type reflects the thermal and the rheological state of the mantle substrate that generates
parental melts for MORB, Small scale segmentation is related with processes occurring
within the crustal section of the MAR axial zone and associated with interaction of
magmatic and hydrothermal systems. Precisely such processes possibly can provide the
appearance of geochemical characteristics in Rift Valley basalts which are interpreted in
many works as a consequence of recycling (e. g. [12]).

At last time, due to numerous finds of Zircon with very old age in plutonic rocks sampled at
MAR axial zone, a number of authors suggest that relics of ancient continental lithosphere
preserved under the axial zone of the ridge and involved in processes of partial melting

of the shallow mantle (e.g. [4]). It can be assumed that the participation of relics of the
ancient continental lithosphere in magmatism of MAR Rift Valley can provide the formation
of geochemical signatures in some MORB that are indicative of enriched basalts belonging
to E-MORB family. Perhaps “cold” segments of MAR are favorable for formation of long
lived magma chamber inside the oceanic crust. This style of magmatism in the Slow-
Spreading Centers that is the MAR contributes to the contamination of basalt melts

with components borrowed either from host serpentinites or from aqueous-saline fluids
circulating in serpentinite hosted hydrothermal systems.

This study was made in the framework of government financed project no. 0137-2019-0012
“Petrology, Geochemistry, and Geodynamics of Formation and Evolution of Lithosphere of
Oceans and Continents” and supported by grant of RSF N 22-27-00815.
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PROCESSING OF DEEP-SEA MINERALS:
REVIEW OF RUSSIAN STUDIES

Skakovski V.
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In accordance with the requirements of the Contract for the exploration of deep-sea
minerals, concluded between the International Seabed Authority (ISA) and the Ministry of
Natural Resources and Environment of the Russian Federation, one of the most important
stages of work is their metallurgical processing. As a result of appropriate studies, one

or two of the most promising schemes for metallurgical processing should be identified,
specifically tied to the areas of distribution of certain deep-sea minerals.

Obviously, the accompanying task of this report is acquaintance the listeners with the main
results of Russian studies in this field, whose active phase began in the USSR, in the 80s
of the XX century. Since the 90s, research has been continued on the basis of several
enterprises and institutions of the Russian Federation, and many technological schemes
have been improved.

The processing issues under consideration relate to three main types of minerals —
polymetallic sulphides (PMS), polymetallic nodules (PMN) and cobalt-rich ferromanganese
crusts (CFC).

The main technological schemes used for the separate processing of deep-sea minerals
are divided into:

— combined pyro-hydrometallurgical,

— hydrometallurgical.

Pyro-hydrometallurgical schemes generally involve roasting or melting of the raw material
with further its leaching processing, while hydrometallurgical schemes involve leaching
the raw material without prior heat treatment. At the same time, it should be noted that

for CFC, due to certain features of the chemical composition, only hydrometallurgical
processing models are suitable, while for PMS and PMN, on the contrary, both options are
possible, with their own advantages and disadvantages.
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In addition to separate processing of raw materials, there are promising theoretical models
for their co-processing — on the example of PMN and PMS, which showed significant cost
savings on the chemical leaching line.

The logic and mechanisms of hydrometallurgical operations of both types of technological
schemes of processing, in essence, differ slightly, however, there is a variety in the
chemical leaching agents used for these purposes and the physical conditions of the
technological process — in strict dependence on the type of raw material, its structural and
mineralogical features.

As a result of the work carried out to collect, analyze and evaluate the results of national
studies, an attempt was made to identify new areas of research and possible adjustment
of existing models — taking into account the readiness of the Russian industry for the
technical feasibility of these works on an industrial scale and in accordance with the latest
achievements in the development of technology deep-sea minerals processing.
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Seafloor massive sulfides (SMS) of Russian Exploration Area (REA) within Mid-Atlantic
Ridge (MAR) are represented by massive sulfides, sulfide breccias and stockwork
mineralization, where the major minerals are pyrite, chalcopyrite, sphalerite; the minor —
isocubanite, marcasite, covelline, bornite with different geochemical enrichment: Fe-rich,
Cu-rich, Cu-Zn-rich, Cu-Fe-rich.

SMS at MAR are associated with different types of host rock: rocks of ultramafic gabbro-
peridotite complex (Logatchev-1, Irinovskoye, Ashadze-1, Ashadze-2, Semenov-1), mafic
(basalts) (Jubileynoye, Zenith-Victoria, Krasnov, Semenov-4), and, rarely, both ultramafic
and mafic rocks (the Semenov-5 and Semenov-2 hydrothermal fields).

Seafloor massive sulfides associated with ultramafic-hosted rocks are primarily composed
of chalcopyrite, isocubanite, sphalerite, and pyrrhotite. They characterized by high
concentrations of copper (22.05%), zinc (9.01%), and enriched by trace elements (Fig. 1,
2). Compared to other types of SMS, the massive sulfides of REA MAR associated with
gabbro-peridotites are enriched in Co (1293 ppm), Sn (215 ppm), Cd (159 ppm), As

(219 ppm), Mn (315 ppm), V (139 ppm) and In (7.14 ppm).

Seafloor massive sulfides associated with mafic-hosted rocks are primarily composed
of pyrite and has low Cu + Zn concentrations (<2%). Compared to the massive sulfides
associated with gabbro-peridotites, the massive sulfides located on basalts have lower
contents of major and trace elements (Fig. 1, 2).

Semenov-2 and Semenov-5 hydrothermal fields related to both types of host rocks —
basalts and gabbro-peridotites. SMS from these hydrothermal fields are enriched in Ni
(221 ppm), Se (321 ppm), Ag (113 ppm), Cr (165 ppm), Mo (135 ppm), Bi (10.7 ppm), Ga
(22.6 ppm), Ge (199 ppm), Au (15 ppm) and Te (13 ppm).
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Fig. 1 Major and trace elements of the massive sulfides associated with basalts, gabbro-peridotites, basalts
+ gabbro-peridotites in comparison with the average contents in the massive sulfides from the REA MAR
(DB REA-PMS IAS “Oceangeoresources”)
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Fig. 2. Trace elements of the massive sulfides associated with basalts, gabbro-peridotites, basalts + gabbro-
peridotites in comparison with the average contents in the massive sulfides from the REA MAR
(DB REA-PMS IAS “Oceangeoresources”)

Semenov-2 hydrothermal field is unique hydrothermal field in Russian Exploration Area,
which is located on mafic, ultramafic, and felsic rocks within OCC [1—3]. Previous studies
discovered significant Au (up to 188 ppm) and Te (up to 96 ppm) enrichment in SMS

from the Semenov-2 hydrothermal field [1]. Such a unique enrichment of Au and Te could
be associated with input from different source rocks (mafic, ultramafic, and felsic) and
favourable environments for Au and Te precipitation (temperature of the fluid, mixing with
seawater and the mechanism of deposition) [1].
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Abstract: Russia is a big costal country and one of the arctic countries, has a strong
strength in the field of marine and polar research and an important influence on
international marine affairs. The Arctic Ocean and the subarctic marginal sea have great
significance to the future waterway, trade, energy and military security of China. Therefore,
the cooperation with Russia on the marine and polar research has been listed as a key
plan for cooperation between the two governments.

For more than a decade, First Institute of Oceanography, State Oceanic Administration,
China (FIO) has cooperated with All-Russian Scientific Research Institute for Geology

and Mineral Resources of the Ocean (VNIIO) in the field of deep-sea mineralization and
exploration of resource. The main results are as follows. 1. The cobalt-rich crust evaluation
technology has been introduced. We have mastered the method of camping cobalt-rich
crust and have obtained the idea of using GIS to establish the geological model of cobalt-
rich crust. 2. We have conducted a comparative study of the mid-oceanic ridge in the
North Atlantic through cooperation, have presented the potential investigation area of
sulfide in the South Atlantic and have found a new hydrothermal zone in the South Atlantic.
3. We have obtained the technique of predicting the distribution of sulfide by using the
structural analysis method of seabed topography. It is worth mentioning that the Russian
partner of the project, Mr. Andreyev, was awarded the prize for outstanding contribution

to the 60th anniversary of Chinese-Russian relations (issued by President Hu Jintao) in
2009. In recent years, FIO has made efforts to expand scientific research cooperation

with Russia, and jointly organized several academic seminars on marine geology

and mineral resources with VNIIO. The meetings were themed on the mineralization
process of seafloor resources, and exchanges and discussions were held on major
seafloor resources such as ferromanganese nodules, cobalt-rich crusts, offshore sands
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and hydrothermal sulphides, etc. It is strongly recommended to continue to strengthen
cooperation between the two sides in the field of oceanic mineral resources and organize
joint scientific research cruises in the Arctic Ocean and the Kara Sea and Barents Sea as
soon as possible.

In the future, FIO will cooperate with the VNIIO to carry out research on the process of
mineralization of cobalt-rich crusts and the evaluation of polymetallic sulphides resources
and mineral control elements.

Key words: cooperation, ocean mineral resources, deep-sea mineralization, exploration of resource/
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U-Th/He dating technique is based on the alpha-decay of U and Th. Based on the
amount of “He accumulated by the mineral it is possible to determine the age. Traditionally
isotope systems based on radiogenic “He were used in the field of low-temperature
thermochronology [1], but recent advances in understanding the He behavior in various
minerals allows to apply the method for geochronological studies [2, 5, 6].

Fe-oxides, such as goethite and hematite, tend to have trace amounts of U and Th. Given
that they typically precipitate at relatively low temperatures, which implies limited He
diffusion lost, they are considered as promising U-Th/He geochronometers [7]. Nowadays
U-Th/He dating of Fe-oxides is widely applied to estimate the timing of weathering
processes and ore-forming hydrothermal events [2].

Object of study. Hydrothermally altered Fe- and Mn-oxide rocks occur among the
numerous hydrogenetic Fe-Mn crusts in several of the dredge hauls (DS3, DR3, DR7,
KD12-03) (Fig. 1A) collected from the Amerasia Arctic Ocean by the U.S. and Russian
research programs [3, 4]. Herein we applied U-Th/He method to goethite from the
hydrothermally altered rocks from the DR7 collection site in order to estimate the timing of
mineralization event.

Methods. Fe-oxides grains were manually extracted from three different parts of the HLY
0805 DR-7-001 sample (Fig. 1B). Eight fragments were selected for analysis by U-Th/

He technique. Subsamples, which represent either the vein material or fragments of the
one of the dark grains, were treated as separate samples. Fragments of Fe-oxide grains
with weight of ~1—3 mg were placed in a quartz ampoule (~1 cm long) and sealed under
103 torr vacuum conditions. The sealed ampoule via a special gateway was placed in a
high temperature high vacuum furnace of the high sensitivity magnetic sector MSU-G-01-M
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Fig. 1. A— map of the Chukchi Borderland north of Alaska, and Mendeleev Ridge, Amerasia Basin,
Arctic Ocean, with 10 dredge sites from three USCGC Healy cruises and one Russian cruise within
the Arktika-2012 project; B — images of the analyzed samples

mass-spectrometer (IPGG RAS; [5, 6]). During heating He easily diffuse through the

thin quartz walls, when U and other products of sample decomposition remain within the
ampoule. Calibration of the mass spectrometer was done using the Knyahinya meteorite
standard (1.241£0.02x10-° cm? STP g of “He). The total procedural blank, determined by
heating the empty quartz ampoules to 1100 °C, corresponds to 4.4+1.6x107"° cm? at STP.
Following the extraction of He, the ampoule was removed from the mass spectrometer for
subsequent separation of U and Th.

The quartz ampoule with degassed samples was spiked with a 2°Th-23*U tracer and dissolved
in a mixture of an aqua regia (0.4 mL), concentrated hydrofluoric acid (0.5 mL), and perchloric
acid (0.05 mL) in closed Teflon vials for 2 hours at 200 °C on a hot plate followed by 15 h

at 110 °C in a thermostat. The solution was dried on a hot plate at 200 °C. The remaining
precipitate was dissolved in 1.5 mL of 5% nitric acid and heated up to 80 °C into ultrasonic
bath for 15 min prior the measurement of U and Th content. 225U/2%U and 2*°Th/?*2Th isotope
ratios were measured on an ELEMENT XR ICP mass-spectrometer at the Vernadsky
Institute of Geochemistry and Analytical Chemistry RAS. The total chemical procedure

blank, determined by dissolution of the empty quartz ampoules (n=4) in the same settings
corresponds to 1.30+1.26 and 5.81+4.4x10'° atoms of 238U and 2*2Th, respectively.

The U-Th/He ages were calculated using IsoplotR software [8]. The combined analytical
uncertainty was estimated based on the U, Th, and He measurement uncertainties and
uncertainty of the blank determinations. Given that analyzed samples were fragments of
a large grains, alpha-recoil corrections were not applied.
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Results. The U-Th/He ages for eight fragments of Fe-oxides from the HLY 0805
DR-7-001 sample included fragments of 2 sets of dark grains and one set of yellowish
vein samples were obtained. For all samples signals of He, U and Th were strongly above
the background level (empty quartz ampoule). The concentrations of U in the dark grains
range from 2.2—2.8 ppm, with Th/U ratios of 0.3—0.8. The concentration of U in the two
vein subsamples is lower (1.36 and 1.8 ppm) and Th prevails over U (Th/U 2.4—2.7). The
U-Th/He age of the dark grains is consistent within the uncertainty of the measurements
with a weighted mean value of 8.6+0.3 Ma (20). The two yellowish vein samples had
reproducible, significantly younger ages, with a mean of 4.8+0.4 Ma (20).

Discussion. Given the hydrothermal nature of goethite we can propose that Fe-oxides
was formed during a mineralization event at Neogene time. The younger age of the
yellowish vein material can be explained by an episode of later-stage mineralization and/
or recrystallization. Alternatively, the small number of dated samples and distribution

of samples may preclude being able to detect continuous Neogene mineralization

from 8.5 Ma to 4.8 Ma throughout the region. The age of Mn-oxide hydrothermal
mineralization is not known.

Funding: RSF-22-77-10088
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OLLEHKA 3AITACOB 1 OCHOBHBIE ITPUHILUIIBI
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AnekceeB U. A.

WHcTuTyT Hayk o 3emne Cli6ry
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|.Alekseev@spbu.ru

Ha npoTtsxxeHun cBOEN NCTOPUM YENOBEYECTBO NCNOMb3YET NOSIe3Hble UCKoMaemble
(MUHepanbHble pecypchbl) NPakTUYEeCK BO BCEX Chepax CBOEN OeATENbHOCTU — OT
NoJsTly4YeHnst A3HePrum A0 CenbCKoro X03siMcTBa 1 Co3aHnsa nponsseneHun nckycctea. Bo
BpeMeHa KycTapHOM o0bl4n 1 cTapaTefnibCckon 0TPpaboTKn MeCTOPOXKAEHNN NOTPEOHOCTL
B OLEeHKe MUHepasibHbIX pecypcoB bbifia orpaHnyeHHa, TOYHOCTb, MOSIHOTa U KayYeCcTBO
OLIEHKW 3anacoB He umenu 6onbLoro 3HadeHnss. OgHako No Mepe pa3BUTUSA FOPHO-
reoniorM4yecKoro CEKTopa n ero kKommMmepumanusauum B nocrnegHme ctonetTnsa Bonpocskl
Ka4yeCTBEHHOWN OLEeHKM 3arnacoB 1 pecypcoB CTasniM BecbMa akTyarnbHbl. Ha coBpemMeHHOM
aTane, Korga camo MOHATUE «MEeCTOPOXAEHNE» ABNAETCS, N0 CyTU, IKOHOMUYECKUM
TEPMUHOM, OLeHKa MUHepasibHbIX PECYpPCOB 1 3anacoB, a Takke cnocobbl OTYETHOCTU

0 pesynbTaTaX OLEHKN ABNAITCS HEOTHEMSIEMOWN HYaCTbio BCEX CTaANN OCBOEHUS Heap —
OT NPOrHO3MpPOBaHUS 1 NOUCKa 4O pa3BeadKu 1 aKcnnyaTaunu.

MeToabl OLIEHKM PeCypCoOB NOSE3HbIX MCKOMAEMbIX, @ TaKKe CNOcobbl OTYETHOCTU
npsiMbiM 06pa3oM cBs3aHbl C peluaemMon 3agadven. OueHka MOXeT NPOBOANTLCA AN
HY>K[, rOCYapCTBEHHOIO KOHTPOSSA M y4YeTa NonesHblX MCKoNaeMbiX B Heapax OTAENbHOM
CTpaHbl, ANS HYXX[, KOMNaHMU-HEe4PONob30BaTenNs, pa3pabaTbiBaloLLEero MECTOPOXAEHUS.
Takke BocTpeboBaHHON SABNSIETCHA HE3aBMCUMAsA OLEeHKa (ayauT) MUHEpParibHbIX

pPEeCypCOB 1 3anacoB Ans Lenen Kynnn-npoaaxv MecTopoXaeHUN, MHBECTUPOBAHNS

1 (bMHaAHCUPOBAHNS TOPHbIX NPOEKTOB. [1pn 3TOM METOAMKM OLEHKN U CNOCOObI
oT4yeTHOCTM ByayT pasHbiMu. Cneayet OTMETUTL, YTO CaM MeXaHU3M pacyeTa KonmnyecTea
(reonoruyeckmnx) 3anacos 6yaeT npubnmn3anTenbHO OANHAKOBLIA 1 ByaeT NogYNHEH
npaBunam, UHCTPYKUMAM U METOOUYECKUM PEKOMEHAALMAM, HO OO pe3ynbTaT u
cnocob oTyeTHOCTM ByayT pasnuyaTbCA.

Tpaﬂ,I/ILI,I/IOHHO ONn4A TBepAblX NOJIE3HbIX NCKOMaeMbIX CyLLeCTByeT HECKOJIbKO
O6IJJ,eI'IpVIHFITbIX MeToAMK noacyeTa 3anacos. Bce oHM HanpaBJi€Hbl HA BbIACHEHUE!
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a) reomeTpun 3anexm; 6) cogep>xaHns NONE3HOro KOMMNOHEHTA; B) TEXHOMOMMYECKNX
CBOWCTB PYA; ') MHOTOYUCIIEHHbIX AOMOMHUTENbHbIX NapamMeTpoB, BAVSIOLWMNX Ha
9KOHOMMYECKME NnokasaTenu, 3aknagbiBaemMble B MOgerb MECTOPOXAEHUS. B pesynbtaTte
npoLecca nogcyeTa 3anacoB B TOW UNU MHOW oOopMe NOABNAKTCS reoniornyeckas u
3KOHOMMYEecKas Moaenn mectopoxaeHus. [lanee BoibnpaeTcs cnocob NOAroToBKM oTyeTa
0 3anacax U MnHeparnbHbIX pecypcoB. [1na Poccun obasatensHbIM SBNSETCA NoAroToBka
otyeTa no cucteme K3 P®. B KaHage n Asctpanumn 6onee pacnpoCcTpaHeHbl CUCTEMDI
otyeTHocTM JORC 1 NI 43-101. [Ana eBponenckmx ctpaH 6onee npmBbIYHbIM SBNSETCA
ncnonb3oBaHue cuctembl CRISCO. Hepegko no OHOMYy MeECTOPOXAEHMIO MOTyT BbITb
cocTaBreHbl iBa oT4yeTa 1 bornee B pasnnMyHbIX cucTeMax Ans pasHbixX Lenemn.

Ha coBpemeHHOM aTane B ycrnoBusax rnobanbHOro pbiHka NOCTOSAHHO BO3HMKAET
Heo6Xxo4MMOCTb B3aUMHOIO NepPEBOAA U «YBA3KUY» MexXAy COO0M AaHHbIX,
NpeacTaBfeHHbIX C UCMONb30BaHMEM Pa3fiMYHbIX CTaH4APTOB OTYETHOCTU

0 MUHeparbHbIX pecypcax. Ha npoTshkeHne nocnegHux 15 net B gnanore

C NpodeccnoHanbHbIM reonormyecknm coobLLecTBoOM rocygapcrea paspabaTbiBatoT
MNPUHUUNBI U «CBA3YOLLINE OOKYMEHTbI», MO3BOMSOLLNE NEPEeBOAUTL 3anachl NOMe3HbIX
NCKOMaeMmbIX U3 OOHUX CUCTEM B Apyrue (Hanpumep, u3 cuctemsl K3 PP B cuctemy
otyeTHOoCcTM JORC). dopmupyeTcsi CBOEro poga «A3blk», Ha KOTOPOM CMOTYT rOBOPUTL U
NOHUMAaTbL APYr Apyra He TOSbKO reosior, Ho 1 NpeacTaBuTen UHaHCOBOro cekTopa —
©aHku, BUPXKK, MHBECTULMOHHBLIE OOHAbLI N CTPaxXOBble KOMMNaHUM.

OTaenbHO cnegyeT OTMETUTb CITOXXHOCTU OLLEHKM MUHEpParbHbIX PecypcoB 1 3anacoB
MECTOPOXAEHUN NonesHbIX nckonaembix MnpoBoro okeaHa. HecMoTpst HA UHTEHCUBHOE
n3yyeHne AaHHbIX MECTOPOXAEHUI, Mbl CTaNKMBaeMCS CO CMOXHOCTAMU BO BCEX
acrnekTax OLeHKuN Npu MOnbITKE NepeHoca Hallero onbiTa C KOHTUHEHTa B OKeaH.
OcobeHHOCTN onpeaeneHns reonoro-nNPOMbILLNEHHbIX TUMOB MECTOPOXAEHWMN,
0cobeHHOCTN MOPdONOrnKN PYAHbIX 3aneXxen B okeaHe, TEXHOSIOrMyeckne CBOMCTBa pya,
cofepXXaHus nonesHbIX KOMMNOHEHTOB, TEXHOMNOrMM Aobblun n nepepaboTkn, OTCYyTCTBUE
A0CTaTOYHOro ONbITa, KOHAMLUMIA, METOANYECKUX peKoMeHaaunn, o6bEeKTOB-aHarnoros,
3KOMornyeckme n NpaBoBble PUCKN — ITO Aareko He MOMHbIM NepevYeHb BOMPOCOB,
3aTPYAHAIOLMX OLLeHKY MecTopoxaeHun Muposoro okeaHa. Npn aToM 04eBUAHO, YTO
6©e3 KOPPEKTHOWN reosioro-aKOHOMUYECKOM OLIEHKN peanu3aumns JOObIYHbIX MPOEKTOB
HeBO3MOXHa. KntoveBbiM hakTOpOM, Kak U Ha KOHTUHEHTax, ByayT ABMATLCSA ONbIT U
NpakTUKa OLeHKM MecTopoxaeHun MupoBoro okeaHa, 0COGEHHO Koraa OLEHKM HauYHyT
noaTBepXxaaTbCa pesynbratamu peHtabenbHon obblun.
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PE3Y/IBTAThI TEQOJIOTOPA3BE/IOYHBIX PABOT
HA IJTYBOKOBO/HBIE MOJIMMETA/IV/IMYECKHUE
CY/Ib®U/1bl B POCCUVICKOM PA3BEJOYHOM PAMOHE (CAX)

BenbTeHeB B. E.

®IrbY «BHUNOkeaHreonorus», Cankt-NetepOypr, Poccus
v.belt@yandex.ru

OTeyecTBeHHbIe Hay4YHO-UCcneagoBaTenbckne paboTel No npobneme rny60KOBOAHbLIX
nonumMmetannuyeckux cynoduaos ([MT1C) B oceBon 3oHe CpegnHHO-ATNIaHTUYECKOro
xpebTta (CAX) Havanucbh B 1985 . Beaywwada ponb B aTux pabotax npuHagnexana
reosiormyeckmm opraHusaumnam Munuctepctsa reonorum CCCP, B nepByto

ovepeab OIYHIN «MMIP3» (AO «MMIP3») n ®Ir'yn «BHWUMNOkeaHreonornsa»
(Prey «BHUNOkeaHreonorus»).

Ha Ha4yanbHOM CTagnm NpoBOAUININUCH OMNbITHO-METoAMNYEecKmne paboTbl No oTpaboTke
METOOUKN permoHanbHbix nccnegosanum MC n ot6opy Npob cynbunaHbIX pya Ha
N3BECTHbIX pyaHbIX nonsx CHewnk Mt n TAI. B xoae permoHanbHbIX paboT 6611 n3yveH
oceBou oTpe3ok CAX oT 6° c.w. go 29° c.u.: nony4veHbl AaHHbIE O reoPU3NYECKNX NONSX,
rMaponNorM4eckom CTPOEHUN BOAHOM TOSLLUM N reOrIorMyeckoM CTPOEHUM OKEaHCKOro AHa.

B pesynbraTte aHanusa nony4YyeHHbIX Matepuanos Ha nlyvyeHHom otpeske CAX Obinu
BblAeneHbl NepCcnekTuBHbIE Nnowaan Ha obHapyxeHue MIC. MNpun nccnegoBaHmax
NnepcneKkTMBHbIX Nowanen NPoBOANNNCL rmaponokauna 6okosoro o63opa (coHapHas
CbeMKa) U reoakycTnyeckoe npodpunuposaHme komnnekcom «MAK-1M» (paspabotaH
B M'HL, «KOxxmopreonorusay), rmgposniornyeckme nccnegoBaHus, NogBoaHbIe
TeneHabnogeHns n reonorndecknii npodootbop. Hanbonee adhPeKTUBHBIM METOAOM
npu nouckax MC 3apekomeHaoBan anekTpopasBeaoYHbIN METOA, MO3BOSIAOLLLMIA
onpefensiTb NOTEHUWan eCTecTBeHHOro anektpudeckoro nons (EM) B npuaoHHbIX
ropusoHTax BogHou Tonwm. [ns npumeHeHus atoro metoga B ['T1 «CeBmopreo» Obin
paspaboTaH cneunannavpoBaHHbIv My6okoBoAHbIM BykcupyeMblin komnneke AMK
«PUDT». BuiiBnsemble aHoManuu noteHumana ecteCTBeHHOro anekrpuyeckoro rnons (EMM)
«CBA3bIBANUCb» C NPOSABEHNAMU rTMAPOTEPMArIbHOro pyaoreHe3a Ha OKeaHCKOM JHe.

B utore k 2012 r. B pe3ynbrarte npoBefeHHbIX nccnegoBaHum Obinn OTKPbIThI U
npeaBapuTenbHO U3yYeHbl rMapoTepMarnbHble pyaHble Nons U pyaonposiBlieHus,
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obbeaunHeHHbIe B pyaHble y3nbl: y3en Jlorayés (2 nons n 4 pyoonposiBNeHus ), y3ern
Awapaae (2 nonga n 2 pygonposierieHust), yaen CeméHoB (5 pyaHbIX Nonemn) n otaernbHble
rmgpoTtepmarnbHble nona — 3eHnT-Buktopus, KpacHos, NeTtepbyprckoe u Mon ge donb
(cm. Tabn. n puc.). Ha ocHoBaHUK NOMNy4YeHHbIX pe3yrnbTatoB MUHUCTEPCTBOM NPUPOAHBIX
pecypcoB u akonormun Poccuiickon ®egepauunm Obina nogaHa 3asska B MexxagyHapoaHbi
opraH no mopckomy aHy (MOM[) Ha y4acToK MOPCKOro AHa B OCEBOW YacTn pudToBOM
30HblI CAX C Uenbto 3aknoyeHns KoHTpakTa Ha passeaky [T1C B npegenax 3asBrneHHoOn
nnowagu.

B 2012 r. 6b1n1 3aKNHO4EH KOHTPAKT Ha pa3BeaKy NonMMeTansIMyeckmx cynbnaoB Mexay
MOMU n MuHuCTEpCTBOM NMPUPOAHBLIX pecypcoB 1 akororum Poccuickon egepauunu
[1]. Ha ocHoBaHuu koHTpakTa Poccuiickon Penepauunm (KOHTpakTopy) Ha 15 net
npegocTaBrieHO UCKIYUTENbHOE NPaBo Ha pa3BeaKy norvMmetansiMyeckmx cynbpunaos
B Npegenax 3asBreHHON Nnowaan B MexayHapoaHoMm parioHe MmnpoBoro okeaHa.

Poccuinckuin passegoyHbii panoH riny6oKoBOAHbBIX NOSIMMETaNIMYECKMX Ccynbnaos
(PPP-ITIC) pacnonoxeH B npuakeaTtopuanbHOM YacTun ATNaHTMYeCKOro okeaHa B
oceBol 3oHe CAX B uHTepBane wunpot 12°48'36"—20°54'36" c.w. nnowaabio 100 kw?
(100 pasBenoyHbIx 6rokoB pasmepom 10x10 km). O6wasa npoTtskeHHocTb PPP-ITIC
Baonb npoctupaHna CAX coctasnsaet 897 km (CM. puc.).

PyaHble 06bekTbl B npeaenax Poccuinckoro pasBegovyHOro pamoHa

Ne
peuca

PyaHbIn 06bekT lop oTKpbITUA

OTKpbITLI 40 3akn4YeHUda KoHTpakTta ¢ MOM[

1 PygHbin y3en lNorayés (14°45' c.w.) 1993—1994 7,10 61
2 PyoHbin y3en Awapse (12°58' c.w.) 2003—2005 22,26 98
3 PyoHoe none KpacHos (16°38' c.ww). 2006 24 46
4 PyaHbin yzen Ceménos (13°31' c.ww.) 2007—2009 30,32 76,77
5 PygoHoe none 3eHnTt-Buktopus (20°08’ c.ww.) 2008 31 12
6 PyaHoe none Mion ge ®onb (20°30° c.ww.) 1996 31 8
7 PyoHoe none lMNetepbyprckoe (19°52' ¢.w.) 2010 33 23
8 PygHbin ysen MpuHosckuii (13°20" c.w.) 2011 34 83
OTKpbITbl MOCNe 3akn4YeHns KoHTpakta ¢ MOM[
9 PyaHoe none KO6unenHoe (20°09' c.ww.) 2012 35 10
10 PygHoe none Cropnpus (20°45' c.wi.) 2012 35 4
11 PyoHoe none Xonmuctoe (17°57' c.w.) 2014 37 27
12 PyaHbi ysen MNobena (17°08' c.ww.) 2014—2015 37 37,39
13 PygoHoe none MonogexHoe (13°09' c.ww.) 2020 41 90
14 PynoHoe none Kopannosoe (13°07' c.w.) 2020 41 90
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/¥ (T s : obbekToB B Poccuiickom
48" 0w 48°0W 440w pa3BegOYHOM pa|7|0He

YcnoBHble 0603Ha4YeHNs

E paseeoyHble Groku Kpacnos
@ WHOEKC pa3BefoyHoro Amanze
Knactepa *

- pydHble nonAa U UX HasBaHWA

- py@Hble yanbl U Mx HaasaHns

B pamkax koHTpakta ¢ MOM[ BbinonHeHo nate pencos Ha HUC «lMpodeccop Jlorayésy,

OTKpbITbI pyaHble nonsa KObunenHoe, Ciopnpus, Xonmuctoe, MonoaexHoe, Kopannosoe 1
pyaHbin y3en MNMobeaa (3 pyaHbix nongd) (cm. Tabn. u puc.).

Bcero k 2021 r. Ha Hay4Ho-uccnegosaTtenbckux cygax ®ryHIM «MMIrP3x» (AO «MMIP3»)
B nNpegenax Poccuickoro passefoyHOro pamoHa nposeneHo 25 MOpCKMX akcneguumm, n3s
HUX 5 pencos B pamkax koHTpakta ¢ MOM[. B npegenax PPP-ITIC oTkpbITo 23 pyaHbIX
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nons n 6 pyoonposiBeHnm, 4acTb N3 KOTOpPbIX 06beanHeHa B 5 pyaHbIX y3M0B, YTO

B LieriloM cocTtaBnsieT 14 pyaHbiXx 06bEKTOB (CM. Tabn. u puc.). [1Ba pygHbix nons — [Moun
ae ®onb [2] n NpnHoBckoe-1 [3] — OTKpbITbI 3apybexHbIMK cneumannctaMm, octanbHble
pyaHble 06BEKTbI UMEKT POCCUNCKUIN NPUOPUTET OTKPLITUS.

B cooTtBeTCTBUM C NpaBunamn nomcka u passegkn NnonmMmeTanimyeckmx cynbpnaos

B panioHe B TedeHne 10 neTt KoHTpakTopy Heobxo4MMo B ABa aTana oTkasatbes OT 75%
nnowaan n3HavanbHO BblAeneHHOro emy panoHa: ot 50% Ha 8- rog n oT 25% Ha 10-i
rog koHTpakTa. B 2022 r. BbINOMHEH OKOHYaTENbHbIN BbIOOP Nrowagen ana ganbHenwmx
pa3Bedo4HbIX paboT B coctaBe POccuincKoro pa3BeaoyHoro paroHa un otkasa ot 75%
N3Ha4arnbHO Bbl4ENeHHON nnoLwaau.

Mpouenypa oTkasa 6bina oCHoBaHa Ha aHanm3e NPsIMbIX N KOCBEHHbIX re0noro-
reon3n4ecKknx NpM3HaKoB BO3MOXHOIO HanNn4ns ruapoTepManbHOro OpyaeHeH s
B npeagenax PPP-ITIC.

B HacTosiLee BpeMsa B COOTBETCTBUN C KOHTPAKTOM NPOBOAATCA AeTallbHble pa3BedoyHble
paboTbl HA M3BECTHbIX PYyAHbIX NOMsAX B ceBepHomn Yactn PPP-ITIC.

OcCHOBHbIe pe3ynbTaThbl:

1. B pesynbrate aHanuaa Hay4yHo-uccrnegoBatesnibckux pabot Ha MC, npoBeaeHHbIX
B JOKOHTPaKTHbIA Nepuoa, B Ka4ecTBe Hanbonee nepcnekTMBHOro Obin BblaeneH
panoH Ha oTpe3ke CAX ot 12°48' o 20°54' c.ww.

2.B 2012 r. P® 6611 nognucand koHTpakT ¢ MOM[, Ha uckniounTenbHOe nNpaBo Ha
pasBeaKy nosiMMmeTannnyeckmx cynbmnaos Ha gaHHoMm otpeske CAX B npegenax
100 pa3Beno4HbIX BrIOKOB.

3. K2021 r. 3aBepLleHbl reornioropa3seaoyHble paboTbl MOUCKOBOWM CTaaum B npegenax
PPP-ITIC. OTkpbITO 23 pyAHbIX NOMS U 6 pyAONpPOABAEHNIA, HaCcTb U3 KOTOPbIX
obbegunHeHa B 5 pyaHbIX Y3M0B, YTO B LienoM cocTasnseT 14 pyaHbIX OObEKTOB.

4. BbINOnNHeHbl paboTbl N0 OKOHYaTeNbHOMY BbIOOPY Nnowazen Ans AanbHenwmnx
pa3BedoYHbIX paboT B coctaBe POCCUMICKOro pa3BedoyHoro panoHa un otkasy ot 75%
N3Ha4anbHO BblAENEHHON Nnowaau.

Cnucok nutepartypbl

1. KoHTpakT Ha pa3Beaky rnybokoBogHbIX nonmmeTtannuyeckmx cyneduaos (IMC) mexay
MexayHapoaHbIM opraHoM no mopckomy aHy u Munnpupogsl Poccumn, nognucad MuHnpupogs!
Poccumn 29.10.2012, B cooTBETCTBMM C pacnopsxeHnem Npasutensctea Poccuiickomn
degepaunm ot 28.07.2012 Ne 1360-p.

2. Gente P, Ceuleneer G., Dauteuil O. et al. 4-D Architecture of the Oceanic Lithoshere //
InterRidge News. 1996. Vol. 5, N 2.

3. McLeod C. J., Searle R. C., Murton B. J. et. al. Life cycle of oceanic core complexes // Earth
and Planetary Science Letters. 2009. N 287. P. 333—344.
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MUHEPAJIOTO-TEOXUMHWYECKHUE OCOBEHHOCTHU
HU3KOTEMIIEPATYPHBIX THIPOTEPMAJIbBHBIX
OBPA30BAHHWU PYJAHBIX ITOJIEU AIIAZI3E-2 U
NETEPBYPI'CKOE (CAX)

BypnakoBa A. A.", CmoneHckun B. B.", BunbkuH I. C.2, KoHcTaHTuHOBa H. I1.2

' CaHkT-lMNeTepbyprckuii ropHbii yHuBepcuTeT, CaHkT-NeTepbypr, Poccus
2 0I'bY «BHWNOkeaHreonorus», Cankr-MNetepbypr, Poccus
anastasia.burlakova@email.ru

MaTepuanom ansa uccrnegoBaHuin NOCnyXxmna Konnekunsa obpasuos, NpegocTaBNeHHbIX
OIrbY «BHUNOkeaHreonorna» n otobpaHHbix B xoae 26-ro (2005) n 30-ro (2006)
perncos HAC «lMpodeccop Jlorayés» ¢ rmugporepmarnibHOro pygHoro nons Awapgse-2 v
33-ro (2010) n 36-ro (2015) pencos ¢ rugpoTepmansHoro pygHoro nong lNetepbyprckoe
B XOA€ MOPCKMX MNOMCKOBbIX paboT Ha rnyboKOBOAHbIE NONMMETanIMyeckne cynbpuabl
(FMC) (puc. 1). Konnekunsa npegcrasneHa HU3KOTemMnepaTypHbIMU rmapoTepmMarbHbIMU
obpasoBaHnaMKU 1 cocTouT N3 48 obpasyoB, N3 KOTOPLIX B 0OLLIEM KONMYeCTBe

Oblno otobpaHo 68 BanoBbIX 1 NocnonHblx Npob (59 npob ¢ Awaase-2 n 9 npob

c MeTepbyprckoro).

Mo pesynbTaTtaMm MOponorMyeckoro nccnegoBaHns Konnekumm obpasuos 66110
BblAEeNeHO HECKOMNbKO MOPOSIOrMYecknx TMNoB obpasoBaHnin As Kaxaoro pyaHoro
nons. B npegenax pyaHoro nons Awaase-2 oTMedaeTcs NaTb TUNoB 0bpasoBaHUN.
MepBbIA TUN NpeAcTaBneH PbiXbIMU KOpKaMu pbikeBaTo-0yporo, XenTto-0yporo

LiIBETOB C YePHO-CEpPbIMU MPOCNOAMU NSIOTHOrO BeLecTBa nonymMmeTtannuyeckoro énecka
(puc. 2a). Btopown Tnn xapakrepuayeTcs XenTo-6ypbiMun pbixibiMu 06pazoBaHNaMM CO
CBETI0-3eNeHbIMN NOPOLLKOBUAHBIMW Maccamun U JIMH3aMu1, CIIOXKEHHbIMU N3yMpyOHO-
3eneHbiMKn Kpuctannamm (4o 1 mm) (puc. 26). TpeTun TMn npeacTaBneH oparmeHTamm
NMOTHbIX TEMHO-CEPbIX arperatos, NMOKPbITbIX HANEeTOM Cepo-3efeHoro ugeta (puc. 2B).
YeTBepTbI TMN OTMEYaeTCca TEMHO-CepbiMn 06pa3oBaHNAMM C HaneTamun pbhXeBaTo-
OypbIX KOPOYEK, a TaKKe C NOPOLLUKOBUOHbIM HANIETOM KPEeMOBOIO LiBeTa Ha NOBEPXHOCTU
obpasua (puc. 2r). MNatein TN NpeacTaBneH TEMHbIMU CEPO-YEPHbLIMU arperaTamm
pasnUYHOM PasMepHOCTU C PbIXSTbIM KOPUYHEBBLIM Matepuarnom no Kpasim, ABNSOLLNMUCS,
npeanonoXuTensHo, doparmMeHTaMmn CynbpuaHom NOCTPOnKK (puc. 24,).
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GREENLAND

Puc. 1. TlonoxeHne Poccunckoro passegodHoro pavioHa (PPP) B ATnaHTMyeckoMm okeaHe (Oenbin

npsIMoyronbHuK). Ha yBenuyeHHoM usobpaxeHun PPP (cnpaBa) — 100 6nokoB parioHa M BaKHeWLne

NposiBNEeHns rnyBGoKOBOAHbLIX CyNbMUAHO-NONMMETANNINYECKUX OTMOXEHU, OTKpbITble AO  «MMIP3O»
[Dob6peuosa . I'., AroekmHa M. A., 2022]
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Puc. 2. Mopdonorunyeckue Tvnbl 06pasoBaHuin pyaHoro nons Awaase-2: a — nepsblil TUM; 6 — BTOPON TuUM;
B — TPETUN TUN; I — YeTBEPTbIN TUM; 4 — MSATbIN TUN
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Puc. 3. Mopdonornyeckme Tunsl obpasoBaHuii pygHoro nong lNetepbyprckoe: a — nepsbin Tumn; 6 —
BTOPOM TUM; B — TPETUI TUN
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Puc. 4. OcobeHHOCTM MWHepanbHOro COCTaBa HWU3KOTEMMNepaTypHbIX rMApPOTepManbHbiX 0O6pa3oBaHWR:

a — BSE-usobpaxeHne muHepanoB rpynnbl atakamuTta (Ata — atakamut, Cata — knvHoaTakamut, Blk —

B6oTannakut) B amopdHbIX Maccax okcurngpokcnaos xenesa (FeO(OH)); 6 — peHTreHorpamMmma nocrnonHoOro
uccnegoBaHusi obpasua

B npenenax pygHoro nong NMetepbyprckoe BblAeneHo Tpy tnuna Mopdonornieckmx
obpaszoBaHuii. MepBbii TN NpeacTaBreH JOCTAaTOYHO NAIOTHON pbiXeBaTO-Oypon KOpKom
C NNOTHBLIMM YEPHO-CEPLIMU NPOCNOAMU CMONSIHUCTOro Briecka (puc. 3a). Bropon tvn
XapakTepusyeTcsl CrIOMCTON KOPKOM MOLLIHOCTbIO OKOS0 5 CM C YepejoBaHMEM Cepo-
YepHbIX U pbhke-0ypbix crioes (puc. 36). TpeTun TN NpeacTaBneH TEMHO-CEPbIM
CNnoucTbiM 06pa3oBaHMEM, COCTOSLLMM U3 OBYX CNOEB: BEPXHUI NITOTHLIA U PbIXIbI
HWXHWI CIOW, NPeanosnioXNTENbHO NPONUTaHHLIN 0cagkom (puc. 3B).

MwHeparnbHbIN COCTaB KOPOK MUCCeaoBancs ¢ NMOMOLLbIO ONTUYECKOM MUKPOCKOMNUMU,
CKaHupyroLero anekTpoHHoro mukpockona (C3OM) Hitachi S-3400N ¢ aHanuTudeckumm
npuctaBkaMmn ons aHanuaa gnpakumm otpaxeHHblx anektpoHoB EBSD — AzTec HKL
Channel 5 Advanced, onsa KonM4eCTBEHHOIO AHEProANCNEPCMOHHOIO MUKpOaHanmsa
EDX — AzTec Energy 350 B PL| «"'eomoagenb» CI16IY n peHTreHoa3oBoro aHanmaa Ha
peHTreHoBckoM nopoLukoBoM andpaktometpe XRD 6000 (Ha Co-aHoge) B nabopatopum
N3y4YeHus BeLeCTBEHHOIo coctaBa Hay4yHo-obpasoBatenbHoro LIKIM CITY.
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'mppoTepmarnbHble 06pa3oBaHms pygHoro nonga Awagase-2 npenMyLeCTBEHHO CITOXEHbI
reTMTOM 1 amopdHbLIMU Maccamn OKCUrMOPOKCUAOB Xere3a U KpeMHUs (puc. 4).
CBeTno-3eneHble NOPOLIKOBUAHBIE MAcChbl U N3yMPYLHO-3ereHble KpUCTan bl CrOXeHb!
MUHepanamu rpynnsl atakammta: 60TannakMTom, atakaMMToOM 1 KNMHOaTakaMUTOM

(cm. puc. 4).

Ha pyaHom none MeTtepbyprckoe, NOMUMO MUHEPAIIOB XeNe3nCTon rpynnbl (reTuT,
oKcUrmapokcuapl xenesa), 6blnn AMarHoCTMPOBaHbl MapraHUeBble MUHeparnsbl,
npeAcTaBneHHble TOAOPOKUTOM 1 6epHeccnTom (CM. puc. 4).

Cnucok nutepaTtypbl

1. Jobpeuyosa Y. I. O rugpoTepmarnbHOM reHe3nce MMHeparnoB rpynnbl aTakammta
B ATnaHTudeckom okeaHe // Matepuanbl XXIII MexayHap. Hay4. koHd. (LLkonbl) no mopckown
reonorun. T. 2. 2019. C. 277—280.
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FEOXUMMU S KEJIE30OMAPTAHIIEBBIX OFPA30OBAHUH
PYJAHBIX MOJIEH AIIA/I3E-2 U IETEPBYPI'CKOE

BunbkuH I. C.", KoHctaHTnHoBa H. .1,

Bypnakosa A. A." 2, benbteHeB B. E.", Yepkawés I. A."3

T drbeY «BHUNOkeaHreonornsa», Cankrt-INetepbypr, Poccus

2 CaHkT-leTepbyprckmii ropHbin yHuBepeuteT, CaHkT-INeTepOypr, Poccus

3 CaHkT-leTepbyprckmii rocygapcTBeHHbIV yHUBepceuTeT, CaHkT-lNetepbypr, Poccus
grigoriyvilkin@yandex.ru

XenesomapraHueBble obpasoBaHna ((KMO) B ATnaHTU4ECKOM OKeaHe ABMSTCA
NnpeamMeToM MHTepeca C Hay4YHOW M NpakTU4eCcKon Todek 3peHus. Matepuanom gns
nccnegoBaHMsa Nocnyxunm obpasubl, nonyveHHsle B xoge 30-ro n 34-ro pencos HAC
«lMpodeccop JNorayés». Ob6bekTOM UccrnepoBaHna 30-ro perca ABNANCS pyaHbIn
y3en Awapgase, B 4acTHOCTU pygHoe none Awapaae-2, 34-ro perica — pyaHoe none
MeTepbyprckoe.

Awapse-2 — rmgpoTtepmMaribHOe nosie, pacrnofioXXeHHoe Ha Teppace pUdToBON AONUHbI
Ha rmnybuHax 3100—3250 m. OHO HaxoanTCs B TOUKE NepeceyveHnst pasrioma ¢ 30HON
aedopmMauunn n ces3aHo ¢ rMybuHHbIMK rabbpo-nepngoTuToBbiMK Nopogamu [1].

PyoHoe none MeTtepbyprckoe pacnonoXeHo Ha BbIPOBHEHHOM y4acTKe CKIoHa pudToBom
rpsabl v Ha my6buHe 2800—3100 M, gaHHOE pygHOE None He UMEET CyLEeCTBEHHbIX
CTPYKTYPHO-TEKTOHMYECKNX 0cobeHHOoCTeN [2].

C obounx nonen 6bI10 NpoaHanmanpoBaHo 68 obpa3suos (9 — c NeTtepbyprckoro n 59 —

c Awapaae-2). OcHoBHas Macca obpa3suoB ¢ nons Awaaae-2 npeacrtasnsna cobom pbiXIibin
OXPUCTbIV MaTepuarn, 3a4acTyto C reTUTOBbIMU NPOCNOAMW U BKIIOYEHNSIMM aTakamuTa.
O6pasupl ¢ nons MNeTtepbyprckoe NpeacTaBnaT cOOON YEPHbIN XPYNKUA NAOTHbLIN
martepuarn, B KOTOPOM MeCTamu NPUCYTCTBYHOT OXPUCTbIE MPOCIIOMKN PbIXOro Matepuana.

Mo knaccudukaumm Hekinian [5], BbigeneHo Tpu rpynnbl KenesomMapraHueBblX
obpa3oBaHuii:
— XenesucTble, CBA3aHHbIE C cynbduaamm (tabn. 1);
— XenesuncTble C NOHWXEHHbIM CcoAepXaHueM pyaHblX anemeHToB (Tabn. 2);
— XenesocunukaTtHble (Tabn. 3).
O6pa3subl ¢ pygHoro nons lNetepbyprckoe BblgeneHbl B OTAENbHYO rpynny
MapraHueBbix obpasoBaHun (Tabn. 4).




Ta6nuua 1. CtaTucTuyeckue napamMeTpbl pacnpeaeneHus pyaHbIX 3fIeMeHTOB
ANA XKene3nucTblX, CBA3aHHbIX C cynbduaamMmm obpasoBaHumn

Fe (wt%) Mn(wt%) Co (ppm) Cu (ppm) Ni (ppm) Zn (ppm)
- 48,70 15,41 1200,00 203200,00 360,00 21000,00
i 24,67 0,01 10,00 945,00 5,00 190,00
Xep 37,73 1,52 332,34 52594,50 65,15 3556,63
S 6,50 3,18 348,32 59737,15 76,19 4537,19
\Y 0,17 2,09 1,05 1,14 1,17 1,28

Tabnuua 2. CtatucTU4eckue napamMeTpbl pacnpeaeneHnsa pyaHbIX 3/IeMeHTOB
ANSA Xene3nucTbiXx 06pa3oBaHUN C NOHWXKEHHbIMU COAEPXKAHUAMU PYAHbIX 3IEMEHTOB

Fe (wt%) Mn(wt%) Co (ppm) Cu (ppm) Ni (ppm) Zn (ppm)

o 52,37 0,12 210,00 2570,00 20,00 2300,00
X . 34,32 0,02 18,10 494,00 5,00 356,00
o 39,75 0,06 86,70 1361,00 14,43 1111,50
S 8,51 0,04 84,47 964,72 6,77 868,54
\Y 0,21 0,62 0,97 0,71 0,47 0,78

Ta6nuua 3. CtaTucTuyeckue napamMeTpbl pacnpeaeneHus pyaHbIX afIeMeHTOB

u Si onsa xxene3ocunukKaTHbIX o6pasoBaHUMn

Fe (wt%) Mn(wt%) Co(ppm) Cu(ppm) Ni(ppm) Zn (ppm) Si(wt %)

X o 37,41 4,00 2100,00 | 43 900,00 | 1100,00 1800,00 16,36
X 16,78 0,03 61,00 2480,00 13,50 535,00 7,99
X 24,41 0,85 723,00 14 496,67 | 361,28 1342,50 12,13
S 7,48 1,55 726,98 15 055,50 | 476,05 461,91 2,80
Vv 0,31 1,83 1,01 1,04 1,32 0,34 0,23

Tabnuua 4. CtatucTu4eckme napamMmeTpbl pacnpeaeneHns pyaHbIX 3/IeMeHTOB
AN MapraHueBbiX ob6pa3oBaHumn

Fe (wt%) Mn(wt%) Co (ppm) Cu (ppm) Ni (ppm) Zn (ppm)

X o 9,86 52,97 166,00 7450,00 497,00 4650,00
X . 1,14 40,74 9,22 193,00 97,90 148,00

o 5,42 46,44 94,82 2677,00 239,58 2413,20
4,00 5,88 77,37 2971,90 158,87 2095,59

\Y 0,74 0,13 0,82 1,11 0,66 0,87

Mpumeyanne (ansa Tabn. 1—4): xmax — MakcMmMmarnbHOe 3Ha4YeHue; Xmin — MUHUMarbHOE 3Ha4YeHME; XCp —
cpeaHee 3HavyeHue; S — cTaHAapTHOE OTKITOHeHue; V — ko3 dULNEHT Bapuauun.
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XKenesuctble, cBA3aHHbIE C Cynbduagamm: Hanbonee WMPOKO NpeacTaBneHHas rpynna.
BblaenseTcsa no BelIcokoMy cogepxaHuio xenesa (30—50%) 1 BbICOKOMY CyMMapHOMY
cogepxaHuo meau, kobaneta, Hukensa n ymHka (0,3—19%). Obpasubl 4aHHOro TUNa
npeacTaBeHbl KOpKaMn rMapOOKMNCIIOB Xeresaa, 3a4acTyto C XJTIOPUTOM, aTakaMUTOM U
aparoHNTOM.

[MpenmyLLecTBEHHO MapraHLueBble BblAeNeHbl MO BbICOKOMY COAEPXKaHUI0 MapraHua
(40—50%). Bce obpasubl gaHHOro Tmna oTHocaTcA K nonto MNetepbyprckoe. O6pasubl
CNOUCTbIE: NNOTHbIE YepHble MapraHUeBbI€ CNOWN pasMmeXeBaHbl PbIXITbIM PbKUM
mMaTepuanom, KOTOpbIN NO pesyrbTaTtam aHanUTUKM Bbln OTHECEH K rpynne XenesucTbix
o6pas3oBaHuK, CBA3AHHbIX C Cynbduaamu.

XeneancTble ¢ NOHMXEHHBIM COAEpPXKaHNEM PYLHbIX 3NIEMEHTOB BblAENSATCS
MO BbICOKOMY cofepxaHuto xernesa (27—45%) n no NOHMXeHHOMY CyMMapHOMY
coaepxaHuto meau, kobaneta, meam n unHka (<0,3%). Obpasubl 4aHHOW rpynnbl

0 1
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TepHapHbIV rpaduk Knaccuukaumm reHeTUYeCKoro NPoncxoxaeHus [3].

YcnoBHble 0003Ha4YeHWs:: 1 — >XEne3ncTble C MOHMXKXEHHbIM COAEPXXaHUMEM pPYLHbIX 3NIEMEHTOB; 2 —

MapraHueBble; 3 — Xene3ucTble, CBA3aHHbIe C Cyrnbduaamm; 4 — xxene3ocunukatHble; 5 — ruaporepmarnbHoe

none Lilliput [4]; 6 — 3anagHo-UHgwuiickmuin xpebet [7]; 7 — ropa Jlomxn [6]; | — rmgporeHetnyeckue; Il —
rmgpotepmansHble; [l — gnareHeTnyeckme
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npencTaBneHbl OKCUAUTMAPOKCUOHBIMU Kopkamu xenesa. OCHOBHasi Macca KOpoK pbixnasi,
pbIKero, YepHoOro LBeTa.

XKenesocunukaTHble BblAeneHbl No BbICOKUM cofepXaHnam kpeMuuns (7—20%) n xxenesa
(20—30%). Kopku crioxeHbl pbIXSTbIMU PbKUMW TMOPOOKMUCIIaMN XKefnes3a C aTakaMUTOM.

XKenesuncTble, cBA3aHHbIE C CynbdUaaMu, Xene3ncTble C NOHWXKEHHbIM COAepXXaHneM
PYOHbIX SMIEMEHTOB U Xene3ocunukaTHble 06pa3oBaHMs NO COCTaBy M COOTHOLLUEHUIO
py4HbIX KOMNoHeHToB conocTtasuMbl ¢ 2KMO ¢ rugpotepmansHoro nons Lilliput

[4], nogBoaHon ropbl Jlonxu [6] n 3anagHo-UHaunckoro xpebTa [7]. MapraHueBbie
KOpKM € pyaHoro nons MNMetepbyprckoe, cornacHo Knaccuukaumm reHeTn4eckoro
npoucxoxaeHus [3], oTHoCATCA K AuareHeTu4eckum obpasoBaHnam (CM. puc.).

Cnucok nutepartypbl

1. bamyee b. H., isaHos B. H., Jlazapesa /1. N., bennomeHees B. E., Camosapos M. 1.
MmopoTepmarnbHas akTUBHOCTb B 0CeBOWN 30He CpeanHHO-ATNaHTu4eckoro xpebTa B
panoHe 13° c.w. // MeTannoreHmsa gpeBHUX 1 COBPEMEHHbIX okeaHoB — 2006. Ycrnosus
pygnoobpasosanus. Muacc: UMun YpO PAH, 2006. C. 66—69.
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M30TONHBIA COCTAB SR U ND MUHEPAJIbBHBIX ®A3
T'UJIPOTEHHBIX YKEJIE3OMAPTAHIIEBBIX KOPOK
CEBEPHOH NALIUPUKU

BuwHesckas U. A." 2, Muxannuk . E.?

" VIHCTUTYT reoxumun 1 aHanutudeckon xumum um. B. . BepHaackoro PAH, Mocksa, Poccus
2 lanbHEeBOCTOYHbIV reonornveckuin nHetutyT, ABO PAH, Bnagunsoctok, Poccus
vishnevskaia@geokhi.ru

FmpporeHHble xenesomapraHuesble (Fe-Mn) KOpku B nepuo pocTta, KOTOpbIi
OXBaTbIBAET MUSTMOHBI NET, COPOUPYIOT 3N1EMEHTbI N3 MOPCKON BOAbI, SABMASIC
peructpaTopamMmu ycrnoBumn nx oopmmpoBaHus. B nx ctpoeHuun BbigensaTcs YeTbipe
MUHepanbHble ga3sbl: | — nerkopactsopumas buoreHHas:, || — mapraHuesble OKCUAabl,

[l — >xenesuncTble rmgpokeuabl n IV — octatodHas antomocunmkatHas. [lo mepe pocrta
Kaxkgasa n3 a3 B 3aBMCUMOCTM OT YCIoBUN ee ob6pas3oBaHMs KOHLEHTPUPYET pasnnyHble
3rIeMeHTbI, COXpaHAA nokasatenu cpegbl PopMUPOBaHNS.

MoseneHue nsotonos Sr n Nd B BanosbIx Npobax KOPOK yXe XOPOLLO U3Y4YeHO,

OOHaKO MUHeparnbHble dhasbl B 3TOM Kroye nccrnegoBaHbl KparHe ckyaHo. NocnegHue
nccnenoBaHWs NOKa3bIBakOT, YTO ANSA TUNUYHBIX TMAPOreHHbIX KOPOK XapaKTepHO
paBHo3Ha4Hoe (50/50) pacnpeaeneHun P33 mexay mapraHueBon u xxenesncton asamm

[4]. CoxpaHsieTca nu 6anaHc B pacnpeaeneHnn BeNNYnHbI €, ., a Takke OTHOLLEHUS

Nd’
87Sr/%5Sr mexay MUHepanbHbIMK hasammn B MMOPOreHHbIX Xene3omapraHueBblX KopKax,

B OaHHbI MOMEHT HE N3BECTHO.

MaTepuanom ansa nccnegoBaHust nocnyxunm obpasubl Fe-Mn KOpok, AparmpoBaHHbIE CO
CKNoHoB ranoTtoB XaH3en un detpont (Mimnepatopckuin xpebeT), a Takke pa3fioOMHbIX 30H
Pat n Ctennment (HUC Zonne, 249-n penc, 2016 r.).

Mo mopdhonornn, MMHepanbHOMY cocTaBy, kKoHueHTpauun Mn, Fe, Co, Ni, Cu n gpyrmux
XUMUYECKNX SNEMEHTOB, a Takke cocTaBy P33 Fe-Mn kopku ranotoB [eTponT, XaH3emn
N pasnomMHbIX 30H CTennmMenT n PaT Obinn oTHecCeHbl K rugporeHHomMy Tuny [1]. Banosbin
N30TOMHbIM COCTaB CTPOHLMS U3y4eHHbIX 06pa3LoB HaxoanTcsa B UHTepsane ot 0,707973
0o 0,709141. INMpwn aTOM coaepkaHMe CTPOHLMS UBMEHSETCS NOYTU B TpU pasa — oT 659
no 1707 ppm. M30ToMHBIM cOCTaB HeoAUMa BapbupyeTcs B MHTepBane ot —2,3 o —4,4
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C OCHOBHbIM MHTEpPBaNioM 3HayeHnn —3,3 — —3,2, YTO COOTBETCTBYET COBPEMEHHOMY
3HaveHuto rnybuHHomn Bogbl CesepHon MNaundukm [4].

PasnoxeHune npob Fe-Mn kopok Ha MUHeparnbHble d)a3bl OCYLLECTBIIANIOCH METOAOM
nocriegoBaTesibHOro CeNeKTUBHOrO BollenadnsaHns. sydeHne n3otTonHoro cocraBa

Sr n Nd B MmmHepanbHbIx hazax 2KMO BbinonHeHo Ha 6a3e 4ncTbix koMHaT LK
«eoaHanutuk» UM YpO PAH (EkatepuHbypr). M3oTonHbIn coctaB Sr udyvancsa Ha MC-
ICPMS Neptune Plus, namepenme nsotonHbolx oTHoweHun Nd nposogunock Ha TIMS
TritonPlus (LIKIM «Meocananutuk» UM YpO PAH, ExkatepuHbypr). NMogpobHocTn meToank
onucaxbl B paborte lN. E. Muxannuka n coasr. [1].

3HaueHwst €, 1 OTHOLLEeHNS 87Sr/**Sr B MHepanbHbIX hasax NpuBeAeHbl Ha PUCYHKe.

XemoreHHble ¢pasbl Fe-Mn KOpok AosmKHbI (OpMUPOBaTLCSH B U30TOMHOM paBHOBECUMU
CO cpefon ceguMeHTaunn. OTO NPOCIEXMBAETCS B U3OTOMHOM COCTaBe HeoaMMa
MapraHueBou 1 xenesncton gas npod DR23-5, DR59-11/2, DR65-6/2, DR70-9/1,
KOTOpPbIE VMEIOT OANHAKOBYH BEMUUMHY €, , C Y4ETOM MOrPeLLIHOCTH (CM. puc.).

dopmmpoBaHue nHTepBana onpoboBaHnsa HXKHero cnosa obpasua c ravota XaHsen (DR70-
9/2) npouncxoamnno okono 6 MiH neT Hasag [1], koraa €, , TUXOOKeaHCKUX BOA, COCTaBNANO
—4,1— —4,4. Takoe 3Ha4yeHue ObINo YCTaHOBMNEHO B MUHEParbHbIX dpa3ax aTor Npobbl

(cm. pwrc.), 4To yKasbiBaeT Ha MMOPOreHHbI MCTOYHMK BELLECTBA 41151 3TON KOPKMW.

B npobax n3 noBepxHOCTHbIX crnoeB obpasuos ¢ rarota detpont (DR65-6/1)

1 pasnomHomn 30Hbl Ctennment (DR59-11/1) sHaveHve g, B XeneanucToi ase H1xXe
Ha 1,2— 1,7 eAuHMLbI SNCUIOH, YEM B MapraHLeBoU, YTO yKa3blBaeT Ha HapyLleHne
N30TOMHOro PaBHOBECKSI.

[MocTaBka TeppureHHoro maTepuana B pamoH (hbopMMpoBaHUS KOPOK OCYLLECTBNAETCS

B OCHOBHOM Yepe3 KaMmyaTCKkuii MponuB, Ha FXXHOW OKOHEYHOCTU KOTOPOro Mexay
LlenoYkom NoaBOAHbIX FOp ceBepHOoro 3seHa Mimnepatopckoro xpebTta n AneyTtckomn

ayrm bopmupyeTtcs ocagodHoe Teno Mengpxn Opudt (Meiji Drift) B TedeHne nocnegHux
40 mnH neT. OCHOBHBIM UCTOYHMKOM TEPPUrEHHOrO BeLecTBa 34eCh SABMSAKTCA NOpoabl,
noctynarowme B 6accenH bepuHrosa mops [6], C LUMPOKMM Anana3oHOM Bapuaunm
otHoweHus ¥ Sr/*Sr (0,703—0,709) n €, (o1 10,1 mo +9) [2, 3]. Ha ocHOBaHWUM n3y4eHns
TOHKOM bpakumm ocagkoB Mengpxku OpudT (CKB. 884, ODP) nokasaHo, 4To B nepuoabl
ornefeHeHnsa paspyLiaroTcs nopogbl ¢ Bo3pactoM 40—60 MH neT ¢ BENUYNHON

€y —1—*2, a B MexneaHvkoBble — bonee monoaple (2—15 MnH neT), rae sHadeHve

€y = +5—+9 [6]. [loaTOMY MOBbILLEHVE BENUYUNHBI € B OCTATOYHOM (hpakumm Fe-Mn kopok
CeBepHon Naumdurkm MOXET CNYXnTb NPU3HAKOM YBENUYEHNSA KOHLUEHTpaLmmM NpoayKToB
paspyLUeHUst MOSIOAbIX NOPOA OCTPOBHbLIX AYr B Nepuoabl NOTENSIEHUS.

Tanble BoAbl NegHUKoB, obpasyolmecs B Tennble Nepuoabl, HECYT B3BECH

c bonee oTpuuaTenbHbIM €, ., YeM BOAbl XONOAHbIX NepuoaoB. Kpome Toro, atu

Nd’
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M3oTonHbIi coctaB Sr v Nd B MUHepanbHbIX dhasax xxenesoMapraHueBbix kopok CeBepHon MNaumdpukm: a —

06p. DR65-6/1; b — 06p. DR65-6/2; ¢ — 06p. DR70-9/1; d — 06p. DR70-9/2; € — 06p. DR59-11/1; f — 0b6p.

DR59-11/2; g — 06p. DR23-5; h — cooTHOLLEHME M30TOMOB HEOANMA U CTPOHLIMS B arntOMOCUITMKaTHOM dhase
BCcex npob

BoAbl Goratel yrnepofaom u dpocgar-noHom (PO, )*. YctaHosneHo, 4to docdop
TAroTeeT K OKCUrMapokcmaam xxenesa. Takum obpasom, NONOXKNTESNbHO 3apsiKEHHbIE
okcurngpokcuabl xxenesa (dasa lll) copbupytot dpoccaTtHble komnnekcol P33 B Buge
LnPO,°, roe n3oTonHbIii cocTaB HEoAMMa OTM4YaeTca Gonee HU3KMM 3Ha4YeHNeM
OTHOCUTENBbHO OKpYXatoLen Mopckon Bogbl. MapraHueBble OKCuabl, KOTOpblE UMEIOT
oTpuuaTenbHbI MOBEPXHOCTHbIN 3apag (dasa Il), 3axBaTbiBatoT MOHOKapOOHaTHYHO
opmy Heoamma, KoTopas nmeeT nonoxuTenbHblii 3apag (NdCO,*), 6es yyeta
doocgaTHOro Komnnekca.
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BTopbiM ¢bakTopoM, KOTOPbIM MOXET AeNcTBOBaTb OAHOBPEMEHHO C NEPBbLIM, ABMAOTCH
BOAbl HWXKHETO LMPKyMMonsapHoro rnybokoBogHoro tedeHus (LCDW). VX nsotonHbin
coctaB Nd nsmeHnsietcsa ot —-9,5 no —7,8 egmHuubl ancunoH [4, 7]. B To Bpems Kak
3Ha4YeHune g, , TMXOOKEaHCKMX BOA BHE 3TOro TeYeHMst HaxoauTcs B UHTepsarne ot —3,5

0o —3,0 [4]. Kak nssectHo, Bogbl KOXXHOro okeaHa 6oraTbl KWCNopogoM u dpocchaTtamu.
Takum obpasom, agsekuuns rnybuHHom Boabl 3 KOXXHOMO okeaHa TakkKe MOXET OKa3blBaTb
BNUsiHME Ha (bOpMMpOBaHME N3OTOMHOMO cocTaBa TpeTben pasbl Fe-Mn kopok ranota
[eTponT 1 pazanomMHon 30Hbl CTENNMENT, HECA MEHEE paguoreHHble doocdaTHble
KOMMMeKCbl Heoanma.

OTHowweHwue ¥ Sr/%Sr xemoreHHbIx a3 (1, II, ) 6rnimsko apyr k gpyry (0,70913+0,00010)
N coBpemeHHoun okeaHn4yeckon Boge (0,70917). 3To noaTeepxgaeT npeanonoxeHue

0 TOM, 4YTO Mexay Mopckon Bogomn n Fe-Mn kopkor nponcxogat obmMeH n ycpeaHeHne
N30TOMNHOro cocTaBa CTPOHUUS. [NoaTomy AaHHbIe, nornyveHHble no Fe-Mn kopkam,
Herlb3s UCMOoNb30BaTh B paMKax Sr-m30TOMHOW cTpaTurpadumn n onpeaeneHns BpeMeHun
dopMUPOBAHNSA KOPKN.

ViccnepoBaHume BbINOSTHEHO 3a CYeT rpaHTa Poccnnckoro HayyYHoro ¢poHaa
Ne 22-27-00079, https://rscf.ru/project/22-27-00079/.
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COCTOSHHME I'EOJIOT0-TEO®U3UYECKOU H3YYEHHOCTH
AHA MUPOBOI'O OKEAHA HA ’KEJIEBOMAPIrAHLLEBBIE
KOPKHU U KOHKPELINH

KanuHuyerko O. B., Ocrantok T. C., TenaTHukosa O. B., LLlymenikuHa H. E.

Mopckon dounnan ®IbY «Pocreondonn», Nenenmxuk, Poccus
rfgf@marine.rfgf.ru

B ctaTbe npencraeneHsbl pesynsratbl pabot Mopckoro domnuana ®IrbY «PocreondgoHa»
Nno BeAEHUIO reosnioro-reopunsnyeckon ndyvyeHHocTn gHa MmpoBoro okeaHa no
XenesomapraHueBblM KOpKam 1 KOHKpeuunsiM. [NpuBeaeHbl OCHOBHbIE HanpasreHust
AeATenbHOCTU NPeanpuUsaTUsS U YCNOBUA NPpeaocTaBneHnst AONONHUTENbHbIX YCNYT.

Mopckue reonoropassefodHble paboTbl, reonoro-reomsnyeckas n3y4eHHoOCTb, TUXUI
okeaH, MHannckum okeaH, ATNaHTUYECKNN OKeaH, 06paboTka n xpaHeHne nHopmMauunu,
doTonpodunmpoBaHme. Mopckon omnuan BbiNnosHAET paboThl, CBA3AHHLIE C
hopMMpoBaHMEM N BeLEHMEM Crneumnann3npoBaHHOr0 MOPCKOro reoriormyeckoro ooHaa
(MopreondoHzg), dopMmnpoBaHnMeEM 1 BeAEHNEM CNELNanmM3npoBaHHOro 6aHka gaHHbIX
MOPCKOW reonoro-reocoumsnyeckon nHgpopmauyum (Mopreobank) [1].

B xpaHunuwax Mopckoro dunuana HaxoguTcs NepBrYHaN 1 MHTEpPNpPeTUpOBaHHANA
reonornyeckas MHopmaums no KOHTUHEHTaNbHOMY LWenbdy, BHYTPEHHUM MOPCKUM
BOAaM, TepputopmansHoMy Mmopto Poccuinckon degepaumm n MnpoBomy okeaHy

o6wum obbemom 6onee 3 6. OcHOBHOM 06bEM MHPOPMAaLMK COCTaBMAKT AAHHbIE
cericmopasBefouHbix pabot (O T-2D/3D, MIB, cericmoakycTnyeckoe npounupoBaHme),
AaHHbIE rpaBmMpasBedkn N MarHNTopa3Beakn. XpaHAaTca Takke AaHHbIe rMaponokaumm
6okoBOro 063opa, MHOrONy4eBOro AX0NIOTUPOBaHMSA, BAaTUMETPUM, KapoTaXka CKBaXKMH,
AOHHOro npo6ooTbopa 1 apyrnx BMOOB NCCEA0BaHUN.

B apxmBax MopreondoHaa xpaHuTtca 6onee 6 Thic. JOKYMEHTOB, B TOM Yncrne 6onee
3 TbIC. reonorMyecknx OT4ETOB O pesyrstatax Mopckux ['PP.

BaxHenwen cyHkumnen Mopckoro punuana aBnseTcs BegeHne reonoro-reopnusnyeckomn
n3yyeHHoOCTN aHa MupoBOro okeaHa.

lMoarotoBka gaHHbIX NO U3yveHHoCcTN MupoBoro okeaHa pencamm HNC/o6bektamu
PP n 3aHeceHue nx B B[] «'eonorns» BbINOMHAETCA B COOTBETCTBUU C «IHCTPYKUMEN
0 nopsiake n bopme npencTaBneHnsa pesynbraTtoB reororm4eckoro, reoXMMmMYeCcKoro mn
reoun3n4ecKoro N3y4eHns Hegp akBaTopuny.
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B 6a3y ganHbix (B[]) «'eonorna» BxogaT cnegyowme Tabnuubl: ceegeHns o6 akcneanumm,
reofniormMyeckme CTaHuum, ornMcaHue reosiormyeckoro paspesa, xapakTepuctmka pusnko-
MEeXaHU4YEeCKNX CBOMCTB, XMMUYECKUI COCTaB OCaAKOB 1 NOpoa, XMMUYECKUIA COCTaB BOAbI,
rpaHysioOMeTpMUYEeCKnM CoCcTaB 0CaKoB M Nopop, CBeLeHNs 0 reopmnanyeckom npodure,
MarHMTOMETpUS, rpaBUMeTpUsl, batmmeTpus, AaHHble hoToTeNnenpoPUIMPOBaHNS.

HaHHble, xpaHswmecs B B[] «eonorusi», ncnonb3yoTcs Anst NOCTPOEHMUS KapT reornoro-
reon3n4eckomn n3y4eHHOCTH.

Mo pesynbTatam reonoro-reoPu3anyeckmx akcneguummn NPoLUnbIX NeT BblaeneHbl pyaHble
nons »enesomMapraHueBoro opyaeHeHus Muposoro okeaHa (cMm. puc.). Hanbonee
NnepcrnekTUBHLIMU PyaHbIMU 3anexamm xxernesomMmapraHueBblx KoHkpeuunn (PKMK) sasnsetca
pyaHast obnactb KnapmoH-KnunnepToH, pacnonoXeHHasi B CEBEPHOM NpUaKBaTopmanbHON
yacTn Tuxoro okeaHa Mexay TpaHcopMHbIMU padrioMmamu KnapnoH n KnunnepToH.
Hanbonee kpynHble nons Ko6anbTOHOCHbLIX Xene3omapraHueBbiX KOpok (KMK)
pacnosioXeHbl B ceBepo-3anagHon npuakeaTtopmnarnbHOM YacTn TUXOro okeaHa, U3 KOTOpbIX
nepcnekTueHbIMU aBnsTca 3anexm KMK MarennaHoBbix rop.

Bce MuHepanbHble pecypcbl MMpPOBOro okeaHa, a Takke npouecc X 0CBOEHUS
perynupyetcsa MexayHapoaHbIM MOPCKMM npaBoM — MexayHapoaHbIM OpraHoM Mo
mopckomy gHy (MOMU).

B cooTBeTCTBUM C 3aKkNO4eHHbIMU KOHTpakTaMu Poccuinckas ®enepauuns obnagaet
WCKIOUUTENBbHBIM NPaBoOM Ha BeaeHue paboTt B Poccnnckom passegoyHOM parioHe
Ko6anbTOHOCHbLIX XXene3oMapraHLUEeBbIX KOPOK, PacnonoXXeHHOM B nNpeaenax
MarennaHoBbIx rop Tuxoro okeaHa u B Poccunckom pasBeaoyHOM panoHe
MECTOPOXAEHUS Xerne3oMmapraHLueBbIX KOHKpeLMA, pacnonoXeHHOM B npegenax
MexxgyHapogHOro paoHa MOPCKOro AHa — B pyaHou npouHumMmn KnapnoH-KnvnnepTtoH
Tuxoro okeaHa.

60°E 90°FE 150 "W
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Cxema pacrnonoxeHusi pyaHbIX Morei xenesomapraHLeBoro opyaeHeHns B MMpoBoM okeaHe
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B apxmBax MopreondoHaa no teme «CocTosiHMe reonoro-reoomanyeckon n3y4eHHOCTn
AHa MnpoBoro okeaHa no »xenesomapraHueBbIM KOPKam U KOHKPELMSM» HaxoanTcs
297 eguHWL, XpaHeHNA, B TOM Yncne 247 reofiorm4eckmux oTH4ETOB O pesynbraTtax
mopckux PP B Tuxom, ATnaHtmyeckom n MHgmmnckom okeaHax, 50 anb6omoB

CHUMKOB (poTorpacmpoBaHMss MOPCKOro AHa TMXOro okeaHa, a TakkKe KOnsekumnm
doToTenenpodunmpoBaHus (HeraTMebl U NO3MTMBLI) AHA MUpoBOro okeaHa.

B B[] «l'eonorus» 3aHeceHa nHdgopmaums o npoomnax reopunsnyeckmx MeTogos
nccrnegoBaHui, npocmnax oToTENEBN3NOHHBIX HAbNAEHUIN, cogepaLmx
HaBWraLMOHHO-reoge3nyeckme gaHHble (KoopauHaTthl, CKOPOCTb BEAEHUSI CbEMKM,
cpeaHeKBaapaTUYHYH NOrPeLLIHOCTL), BUA paboT, AaTy BbINOMHEHMS CbeMku. [1o
OoTOTENEBU3NOHHBIM UCCIEAOBaHNSM 3aHECEHbI CrielyloLme CBeAeHNS:

— KoopanHaTbl ooToKaapa;

— OTCTOSAHNE POTOTENEBMU3MOHHOIO annapara OT AHa;

— HOMep npoduna n Homep potokaapa;

— Hanun4yme XXKMK n KMK;

— AaHHble o nnoTHocTu nokpbiTna gHa XXKMK n KMK.

lFeonoro-reocunsmnyeckas nsydyeHHocts MupoBoro okeaHa
no o6bektam Ha noucku XKMK n KMK

Bua pa6or V:g';l'@l:ﬁ: ATnagIg;ﬁcxuu
Cencmopaseegka, Km 400 000 113 000 177 300
MarHuTopasBeaka, Km 580 000 167 354 618 773
paBuMpasBenka, Km 33900 94 332 604 500
[eocakycTuka, Km 30 000 71 781
OXOnOTHbLIN NpoMep, KM 732 000 10 800 52 800
doTocbeMKa, KM 33 000 160 0
Tenecbemka, Km 21 000 55 0
leonornyeckoe onpoboBaHue, CT. 15189 1191 594

Konnekumn dotoTenenpodunmpoBaHis MMEOT nacnopTa u Katanoru no Kaxgomy
00bEKTY.

Mo pesynbratam reonormyeckoro onpoboBaHns B 6azax faHHbIX BHECEHbI CBEAEHMS
0 HOMepe CTaHLuMK1, KoopauHaTtax, rmybuHe n BpemeHn otéopa npobbl, Tune
npo6ooTbopHMKa, Macckl nogHaTon Npoobbl, onucaHue XXMK, KMK, ocagkoB, KOpEHHbIX
nopoa, 0 OM3MKO-MEXAHNYECKNX CBONCTBAX MOAHATOM Npobbl, OnncaHmne reororm4eckoro
paspesa, XMMU4YeCcKoro coctaBa nopop 1 ocagKos.
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CocTosiHMe reonoro-reounanyeckon n3y4eHHoctTn MmpoBoro okeaHa no ob6bekTam Ha
nonckn XXMK n KMK npuBeaeHbl B Tabnuue.

Mopckum unmanom BbINOHAKTCA paboTbl N0 0b6ecnevYeHno COXPaHHOCTH
MHOpMaLUUM — CKaHUPOBaHME KOMMEKLUMOHHOMO dhoHAa AaHHbIX hoTonpodmnmupoBaHmns
AHa MupoBoro okeaHa.

PaboTbl N0 cKaHNMPOBaHUIO AaHHbLIX (POTONPOMUITMPOBAHUS NPOBOASTCSH C NpUBReYeHneM
komnaHum « TOl-kagp». Mopckon domnmnan ocyLecTBAsieT METOANYECKOE COMPOBOXAEHNE
paboT, NpMeMKy OTCKaHMPOBAHHbIX AaHHbBIX W OLLEHKY KayecTBa ckaHupoBaHus. MNMpremka
OCYLLIECTBISETCA METOAOM BM3YyaribHOro NMPOCMOTPa OTCKaHMPOBAHHbLIX (POTOKaapoB C
OTMeTKOM BpakoBaHHbIX CHUMKOB. Kaxxabli Kagp MMeeT KoopAuHaTHY0 nNpmBasky. ObLwmin
obbem ckaHupoBaHus 3a 2020—2023 rr. coctasun 91 935 kagpos.

Cnucok nutepartypbl

1. YembsHues B. J1., LymetikuHa H. E., KanunuyeHko O. B., flykesiHoga C. KO. Mopckue Hegpa
Poccum: coctosiHne naydeHHocTn pecypcHon 6asbl // Neftegaz.RU. 2020. Ne 11.
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MHXXEHEPHO-TEOJIOTUYECKME YCJIOBUA PA3BEJKU
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(CPEAUHHO-ATIAHTUYECKWH XPEBET, POCCUHCKUU
PA3BE/IOYHBIH PAHOH)

KongparteHko A. B.", Eropos U. B.", Koanos C. A2,

BenbreHes B. E.', Bacunbesa M. C.", KongpaTtiok E. M., Naenos A. C."
T drbY «BHUNOkeaHreonornsa», Cankrt-INetepbypr, Poccus
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CamHkT-lNetepbypr, r. JlomoHocoB, Poccus
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KozlovSA@rusgeology.ru

CucremaTuyeckue UHXeHepPHO-reornormyeckme nccregoBaHnsa B Poccninckom passegovyHom
panoHe rnybokoBogHbIX nonumeTannuyecknx cynbdpungos (PPP-ITIC) npoBoasTtcsa

B pamkax 15-netHero (2012—2027) koHTpakTta MuHnpupogbl ¢ MexayHapogHbiM OpraHom
no mopckomy gHy. AO «NMMIP3» ocyLiecTBNAeT opraHmM3aunio n nposegeHme pabor

Ha HUNC «[lMpodeccop Jlora4yés», nonyydeHne nHgopmaumm 0 CTPOEHUMN MOPCKOro

AHa, npobooTOop pyabl, BMELLAKOLLMX MOPHbIX NOPOL U AOHHbIX ocagkoB. PIBY
«BHUWNOkeaHreonorms» nsyvaet mamko-MexaHN4eckme cBOMCTBa 0TOOpaHHbIX 0OpasLoB
N C NPUBMNEYEHNEM NOMNyYEHHbIX B pernce MmaTtepuarnoB BbIMOMHAET KOMMSIEKCHYHO OLEHKY
NHXXEHEPHO-TeoIorM4yeCcKnxX yCrioBmi pyaHbix nonen. Ha nepsom (MomckoBom) atane
passegoyHon aeatenbHocTn (2012—2020) NHXXEHEPHO-reonornyeckne nccrnenoBaHms
ObINIM HanpaeneHbl Ha aHanu3 penbeda gHa, BbiSBIEHNE N MPOrHO3 pasBMUTUSA OMACHbIX
reornormyecknx npoLeccoB, n3yvyeHmne Musnko-MexaHmyecknx CBONCTB CynbUAHbIX Py,
BMeELLaLLMX Nopoa U AOHHbIX ocagKos [6].

Mo cocToaHuo Ha 2023 1. B pe3ynsrate MHOIONETHUX 3KCNEANLMOHHBIX UCCreaoBaHNn

B PPP-ITIC oTkpbITO 23 pygHbIX Nonsa 1 6 pyaonposiBeHnn, YacTb U3 KOTOPbIX 06beanHeHa
B 5 pyaHbIX y3noB. Paamepbl pygHbIX Nonen BapbUpyoTscs B npegenax ot 50x75 m oo
1600x2700 m [4]. MNporHosHble pecypcebl [TIC B npegenax Poccuirckoro passegovHoro
parioHa no kateropuam P,+P, npesbiwator 100 MnH TOHH BNaxHow pyabl [2].

MeToauka nHXXeHepHO-reonorM4eckmx nccnenoBaHumn. ViHxeHepHo-reonornyeckme
nccneposanus B PPP-ITIC BbINONHAKTCS NONYTHO C NPOBEAEHMEM reofioropa3BeaoyHbIX
paboT 6e3 4oNoNHUTENbHbLIX 3aTpaT Cy4OBOro BPEMEHU U NPU LLUMPOKOM MCMONb30BaHUN
reoflorMyeckmx Mmatepuanos (pesynbraTbl 6aTMMeTprMyYeckon cbeMkm macutada 1:200 000,
reoakyCcTM4ecKoro 1 tenenpogunmpoBaHmns, otToop obpasuoB OHHbLIX 06pa3oBaHMin Ha
BOopTy cygHa) Ana NHXeHepHO-reonornyecknx noctpoeHnm (3D-moaenm 1 cxemsl yKIOHOB
NOBEPXHOCTU AHA, CXeMbl MHXEHEePHO-reonorM4eckoro pamoHnposaHus). syyeHue
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hU3MKO-MEXaHNYECKMX CBONCTB CyNbMUOHbBIX Py, BMELLAKLWNX Nopoa, U OHHbIX
0CaKOB BbIMOSHAETCA B Cy4OBOW M CTaunoHapHon nabopaTopusax 1 pernaMmeHTupyeTcs
METOANYECKUMUN PEKOMEHOALMAMMN, YHUUTBIBAIOLLMMN OCOOEHHOCTH MyBHOKOBOAHBIX
AOHHbIX 06pa3oBaHum [3].

Oco6eHHOCTU reonorm4yeckoro crtpoeHus. OcobeHHoCTbio cTpoeHns CpeanHHo-
AtnaHTtudeckoro xpebta (CAX) aBnaeTcs Hanmune YeTKO Bblpa)KeHHON pnudToBOM AONMHbI,
NPUypOYEHHON K oceBor YacTn xpebTta. OCHOBHas YacTb pyaHbIX OOGBEKTOB NpuypoYveHa

K 6opTam pndTOBON LONMHBLI. B reonormyeckom CTpoOeHUN permoHa NpUHMMaroT yyactme
AOHHbIE 0CafKu, ByNKaHMYeckMe nopoabl (ToniemtoBble 6asanbsTbl) U nopoabl rabopo-
nepuaoTMTOBOro Komnrekca. [JloHHble ocagku npeactaBneHbl GUoreHHbIMU KapboHaTHbIMU
unamu, npeobnagarowas MOLLHOCTb KOTOPbIX cocTaBndaeT 1—3 m. BOnvsu pyaHbIx
NOCTPOEK POPMUPYIOTCS METANMOHOCHbIE (PYAOHOCHbIE) OCaAKN, MOLLHOCTb KOTOPbIX HE
npesbiwaeT 0,5—0,6 M 1 ynnoTHEHHbIE, rMAPOTEPMATIbHO N3MEHEHHbIE KapOoHaTHbIE
ocagkn. MaHTUNHbIE N HUXKHEKOPOBbIE NOpoabl rabbpo-NepnaoTUTOBOrO KOMMeKca
dukcupytotca B 6optax pucToBOM AONMHBI B BUAE KPYNHbIX 6riokoB. MaHTuUiHbIe

nopoAbl NpeacTaBneHbl B pa3fMYyHON CTENEHN CEPNEHTUHU3MPOBAHHBIMWU NEPUAOTUTaMM,
HWKHEKOPOBbIE Nopoabl — rabbpomngamun. CynbpunaHoe opyaeHeHne npencTaBneHo Kak
oTAenbHbIMU PYOHLIMU MOCTPOMKaMK pasfMyHOn MOpdOnorMm BelCOTOM 40 HECKOSTbKUX
METPOB, TaK U KPYMHbIMU PYAHLIMU XONMaMW.

Penbed aHa. l'mapotepmanbHble pygHble nons PPP-ITIC nokanusoBaHbl B
B6atnmeTtpuyeckom nHtepsane ot 1940 m (pygHoe none Mon ae ®onb) oo 4200 m (pyaHoe
none Awapse-1). Nepenag rnybuH okeaHa B npegenax pyaHbix nonen konebnercs ot
50—60 go 400—500 m.

BaxxHoe 3HayeHune AN OLEHKM CTeMneHn CNoXHOCTU NpoBeAeHUs pasBeao4YHbIX 1
[06bIYHBIX paboT B Npeaenax pyaHbIX Nnomne MMeeT xapakTep Myukpopenbeda aHa.
BcTpeyatoTca pasBarbl KOPeHHbIX Nopos; CyNbMUAHbIE MOCTPONKN C TPYBHbLIMI
KoMmnnekcamu (BbicoTa KOTopbIx AocTuraeTt 40 M) U KX pasBanamu; Cynb@uaHble XONMmbl
BblcoTON 10—20 M; TpeLLmHbl 1 yCTynbl. OYEBUOHO, YTO KPYThIE CKIOHbI, @ TaKKe
CMOXHbIV N pa3HOOGpasHbIi MUKpopernbed pyaHbIX Nonel crneayert yuuTbiBaTb Npu
MPOEKTMPOBaHNM BYpPOBOMN TEXHUKM 1 arperaTtoB Aobbium IMIC.

PuU3nko-mexaHnyeckme CBOMCTBa AOHHbIX o6pasoBaHuin. CyribhuOHbIe pyohbil.
MaccuBHble cynbduaHble pyabl NpeacTaBneHbl PasfinyHbIMy MUHEPabHbIMU
accounaumnamun. MaeHble pyagHble MUHEParnbl — NUPUT, MapKa3suT, XanbKonupuTt

n cgpaneput. OCHOBHbIE HEpPYAHbIE MUHEpPanbl — KBapL,, onan u 6aput. B cBssu ¢
pa3Hoobpa3meM MUHepanbHOro cocTaBa U CTPYKTYPHO-TEKCTYPHbIMU OCOBEHHOCTSAMU
CynbMUAHbIX PYA UX PUNKO-MEXaHNYECKNE CBOMCTBA M3MEHSIIOTCA B OYEHb LUMPOKMX
npegenax: NNOTHOCTb nopoabl — 1,77—4,52 r/cm®, npeaen Npo4HOCTM HAa OAHOOCHOE
cxatne — 0,6—198,0 MlMa (pwuc. 1).
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Maamamuyeckue nopodsl. Marmatnyeckne nopoapl, BMeLlarowme cynbuaHble

pyabl, NnpeacTtaesneHbl 6azanstamm 1 nopogamm rabbpo-nepngoTMTOBOrO KOMMIIEKca.
BbaszanbTbl, Kak NpaBuo, ckanbHble NOPOAbl BICOKOW NAOTHOCTN M MPOYHOCTU (MAOTHOCTb
nopoabl — 2,64—2,94 r/cm?®, npegen NPOYHOCTU Ha OAHOOCHOE cxaTne — 93,4—

295,0 Mrla). Mabbpounabl (NNoTHOCTL Nopoabl — 2,60—3,06 r/cm3, npeaen Npo4YHOCTH

Ha ogHOOCHOe cxatne — 28,3—164,0 Mla) n cepneHTUHN3NPOBaHHbIE NEPULOTUTDI
(nnotHocTb nopoabl — 1,45—2,82 r/cm®, npegen NPOYHOCTM HA OQHOOCHOE CXXaTne —
1,8—131,8 MIla) cywecTBeHHO ycTynatT 6a3ansrtamMm no NPOYHOCTHLIM XapakTepUCTUKam
(cm. puc. 1).

CyLiecTBeHHOE BrsiHNE Ha PU3NKO-MexaHUYeCcKne CBOMCTBA BMeLLaoLWMX Nopos
OKa3blBatoT Npouecchl rmgpoTepManbHon gesaternbHoCcTU. B npouecce rugpotepmarnbHom
npopaboTku 6aszansTbl U NOPOAbI rAGOPO-NEPMAOTUTOBOrO KOMMEKca NpeTepneBatoT
N3MEHEHNSA, KOTOPbIE MPUBOASAT K UX pasynsyioTHEHUIO (YBENNYMBAETCS NOPUCTOCTb,
YMeHbLUIAeTCHa NNOTHOCTb NOPOAbI) U pa3yrnpoYHEeHUIO (YMEeHbLLIAEeTCH MPOYHOCTD) [7].

Pes3ynbraThbl U3yydeHus onsnko-mMmexaHM4yeCcknx CBOMCTB CyIbUOHbIX pya 1N BMELLaoLLmMX
NopoA CBUAETENbLCTBYIOT O KpaHEN HEOAHOPOAHOCTU U BbICOKOM CTENMEHN UX
N3MEHYMBOCTU KakK B Npefernax pyaHblX Noneun, Tak n mexay pyaHeiMn obbektamu.
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®Pun3nko-mexaHnyecKkne CBONCTBA CyNbUAHBIX Py4 U BMELLAIOLLMX MOPOS4 — OOWNH U3
3MEMEHTOB MHXEHEPHO-TE0NOrMYeCcKNX yCnoBUn, KOTOPLIN NogyYepkuBaeT ceoeobpasmne
KaXkgoro pyaHoro nons (puc. 2).

LoHHble ocadku. [JoHHble ocagku B npedenax pyaHblx nonew npeacrasrieHbl OBMoreHHbIMK
dopaMnHUGPEepPOBLIMU, KOKKOSTUTOBO-(hopamMmHUepoBbIMN U (hopaMnUHUGEepOBO-
KOKKONMUTOBLIMU, MPENMYLLECTBEHHO CUbHOKapBoHaTHbIMK (CaCO, 275%) 1
kapboHaTtHbIMU (50% < CaCO, <75%), pasHoBMAHOCTAMM (CM. Tabn.), a Takke
NTeponoaoBbIMY Neckamu, NocneaHne U3 KOTopbiX 06bIMHO (POPMUPYHOT MOBEPXHOCTHbIV
cnou ocagkoB. B6nnan pyaHbIX NocTpoek 3aneratoT kapboHaTHbIe METanIoHOCHbIe
(pymoHoCHbIE) ocagku. [JoHHbIE OCafKK, Kak NpaBurio, 00paMnsaoT pyaHble NOCTPONKM
UnNu nepekpbiBatoT pyaHble Tena. MoLWHOCTb JOHHbLIX 0CaKOB M3MEHSETCA B npegenax oT
nepBbIX CAHTUMETPOB [0 NepBbIX METPOB.

OCHOBHblE 3aKOHOMEPHOCTU NPOCTPAHCTBEHHON N3MEHUYNBOCTM PU3NKO-MEXAHNYECKMX
CBOWCTB 0CaAKoB KapboHATHOroO paada onpeaensTcs cogepxaHnem B ocagkax CaCoO, n
NPOAYKTOB rMAapoTepMarnbHON AeATENbHOCTU (TMAPOKCUAO0B Kenesa u pyaHbIX MMHEpPanoB)
N KOHTPONMPYIOTCS BEPTUKANbHON 30HANbHOCTBLIO 0CaAKOHAKOMNEHMS.

OnacHble reonoruyeckue npoueccbl. OQHMM U3 Ba)XHbIX HanpaBreHUn OLEeHKK
NHXXeHEPHO-TEeONOrMYECKMX YCNOBUMA PyOHbIX O6EKTOB SIBNSIETCSI NPOrHO3 pasBUTUS
OMacHbIX reorIorM4Yeckmnx NPoLIECCOB, KOTOPbIE ONpPeaensitoT NPUPOAHbIE PUCKM,
BO3HMKatOLME Npu NPOBEAEHUN pa3BeAoYHbIX M A0ObIYHLIX paboT. K HUM cneayet oTHecTu
rMapoTepmarnbHy akTUBHOCTb B Npeaenax pyaHbiX nornen, CEMCMUYECKYH0 akTUBHOCTb
pervoHa n NposiBNieHne CKNOHOBbIX (FPaBUTaLMOHHbIX) NPOLECCOB.

Pusnko-mexaHM4eckme cBoncTBa AOHHbIX ocaakoB PPP-ITIC ([8], c aononHeHuem)

PynHoe none MHTepBan [notHoCTb BRnakHOCTL ConpoTnBneHve Kon-Bo
(pyaonposiBne- oTbopa, rpyHTa, o ’ BpawaTtensHomy  onpege-
Hue) ricm? - cpesy, kla neHnn
Awapze-1 K 10—30 1,44—1,47 | 119—130 2,9—5,3 3
Awapse-2 K 5—40 1,49—1,57 89—110 4,0—9,2 21
Awapse-3 K 15—55 1,43—1,50 | 107—134 2,8—9,0 6
K 2—75 1,45—1,57 88—141 2,86—8,4 1"
KO6unenHoe
K(m) 25—30 1,52 126 3,5 1
MNobena-2 K(p) 5—40 1,40—1,46 | 125—166 8,9—12,2 4
Mobena-3 K(p) 15—55 1,54—1,58 90—93 4,3—5,9 2
Kopannosoe K 6—52 1,48—1,53 99—104 4,8—8,1 4

Mpumeyanne. K — cunbHokapboHaTHbIe 1 kKapboHaTHble ocafku; M — meTarnnoHocHble (10% < Fe, < 30%,
[Cu + Zn],  <0,25%) ocaaku; p — pyaocodepxawimne (10% < Fe < 30%, [Cu + Zn], _20,25%)
ocaaKu.
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Ha 6onbLuen Yactn pyaHbiX OOGbEKTOB BbISIBNIEHbI NPsMble (BM3YyaribHbIE) NN KOCBEHHbIE
NMPU3HAKN COBPEMEHHOWN rMApPOTEPMAIbHON aKTUBHOCTU, YTO 3HAYUTENBHO NOBLILLAET
KOPPO3MOHHYO arpeCCUBHOCTb MOPCKOW Cpefbl MO OTHOLUEHMWIO K KOHCTPYKLMOHHBIM
martepuanam.

Cencmunyeckasi akTMBHOCTb PervMoHa, Hapsay C YKNnoHaMu NOBEPXHOCTU AHa, ABNAETCH
OOHMM U3 OCHOBHbIX (paKTOpPOB, onpeaensatoLwmx UHTEHCMBHOCTb MPOSIBIIEHUS] OMAaCHbIX
reonormyeckux (rpaBMTaLMOHHbIX) NpoLeccoB B npegenax pyaHbix oobektos MIC. Mo
pesynsratam cencmmudeckoro MoHuTopuHra CAX [1], MakcumansHoe 3Ha4yeHne MarHuTyapl
B permoHe gocturaet 5,8.

3HaunTenbHble NAoLWaan pyaHbIX NOnen HaXOAATCS Ha CKIOHAaX, YKIOHbI KOTOPbIX
npesbIWatoT 15° 1 bonee. 3TN NOBEPXHOCTU ABNAOTCHA MNOTEHLMANBHO OMacHbIMU C TOYKU
3peHns pasBUTUSA Ha HUX rPaBUTaLMOHHbBIX NPOLECCOB, MHULMNPOBAHHBLIX CENCMUYECKON
aKTUBHOCTbBIO MU TEXHONEHHbIM BO34EeNCTBMEM NPU NpoBeeHUN pas3BeoYHbIX

nnu gobbivHbIX padoT [5]. B npouecce uccnegoBaHui penbeda pyaHbIX nonem
3adnKCMpoBaHO NPOSABEHME PA3NUYHOIo poaa rpaBMUTaLMOHHbIX NPOLECCOB, TaKNX Kak
ononsaHne 0cagkoB, OCbiNaHme 1 0bpyLLeHne ropHbIX Nopos.

MHXxeHepHO-reonornyeckoe pamoHMpoBaHMe U TUNU3auusa pyaAHbIX NOnewn.
BakHENLLIMM NTOroM MHXEHEPHO-Te0NOrMYecknx NccregoBaHni, BbINMOMHEHHbIX Ha
nepBoM 3Tane pasBefovHON AeATENbHOCTH, ABnseTca (hoOpMUpOBaHNE NpeaBapuUTEnbHbIX
NPEeACTaBEHNN O CAOXHOCTU UHXEHEPHO-TEONOMMYECKMUX YCIOBUIA PA3BELKMN U
pa3paboTKkn N3y4YeHHbIX PYAHbIX MNOMen.

[1na KonNnM4YecTBEHHOM OLIEHKN BINSHUA penbecba OHa Ha CINOXHOCTb UHXXEHEPHO-
reonorn4ecknx yCJ'IOBI/IIZ pyAHbIX 06BbEKTOB BbIMNOIHEHO NHXXeHepHO-reororn4yeckoe
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S - miomane (%) GraronpHATHLIX (CKIOHBI A0 5°) H OTHOCHTENBHO GIArONPHATHBIX (CKIOHKI OT 5° 10 15°)
HEKEHEPHO-TE0NOTHUECKHX YIACTKOB B NpeJIeNax PyJHbIX nonek
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panoHupoBaHue. B kayecTBe KpUTEPUA MHXKEHEPHO-TE0N0rM4yeCcKoro panoHMpPoOBaHUS
pYOHbIX nonewn 6bin NPUHAT reoMopdonorniyeckmin Npu3Hak (YKnoHbl NOBEPXHOCTH

AHa), onpegensaoLwmin mopdornormyeckne ocobeHHOCTM NOBEPXHOCTN AHA U UX CBA3b

C pasBUTMEM rpaBUTaLMOHHbLIX NpoLieccos [5]. Ha cxemax MHXeHEePHO-reosiorm4eckoro
panoHMpoBaHUs BbINK BblAeNeHbl TPYU TUMNA UHXEHEPHO-FE0NOrMYecknx y4acTkoB

no ycnosuam passenku n paspabotku MC: GnaronpuaTHble (YKMOHbI AHA 40 5°);
OTHOCUTENbBbHO BnaronpusTHble (YKNOHbI AHa OT 5 o 15°); HebnaronpuaTHbIE (YKIOHbI
AHa cBbiwe 15°). 3To BblaeneHne y4acTkoB HOCUT YCIOBHbIN, CaMbli NpeaBapuTEnbHbIN
XapakTep, yunTbiBas OTCYyTCTBME CBEAEHUI O XapakTepe npeactodaLen 4oobliun.

Pesynbratbl MHXXeHepHO-reonorM4eckoro panoHMPOBaHUS CBUAETENBCTBYIOT O BbICOKOM
CTeneHn HeOAHOPOAHOCTN NHXEHEPHO-TEONOMMYECKMX YCITOBUN U3YYEHHbIX PYAHbIX
nonen oTHoCcUTeNbHO Apyr Apyra. Ha 6onbwen yactu pygHbix nonen (13 n3 20 pygHbix
nornen) nnowaab HebnaronpuaTHBIX Y4aCTKOB, PACMOMOXEHHbIX Ha CKITOHaxX CBbILLe
15°, npesblwaeT 60%. Ha natu pygHbIx nonsx nnowaab HebnaronpuAaTHbIX Y4acTKOB
Bapbupyetcs oT 20 go 41%. U Tonbko B npegenax pyaHbix nonen MNiov ge ®osb un
CeMEHOB-1 NONMHOCTbIO OTCYTCTBYIOT HEBNAronpUATHbIE Y4aCTKMW.

Mo pesynsratam MHXEHEPHO-TeorIorMYecKoro panoHMPOBaHUA pyaHble Nong
TUNN3MPOBAaHbI MO CAOXHOCTN UHXXEHEPHO-TEONOrMYeckmx ycnosmm. o COOTHOLLEHNIO
nnowanen pasnmyHbiX TUMOB UHXEHEPHO-TEONOrMYECKMX YHacTKOB B npeaenax pyaHbiX
nonen BblAENEHO TPU KaTErOPUN CITOKHOCTU NHXEHEPHO-TEe0NOrM4YeCcKuX yYCroBun
nokanusaunn pygHbix nonewn (puc. 3).

| kKaTeropus — pyaHble Nong, 3anerarowme B NPOCTbIX UHXEHEPHO-reos1Iorm4yecKnx
ycrnosusax. B npegenax pygHbIX nofnen 3Toro Tmna oTCyTCTBYHOT HEGNaronpuATHbIE Y4acTKu
C YKIioHamu aiHa cBbliwwe 15°. K aTon KaTeropmm oTHOCUTCA KpyrnHoe pyaHoe rone [Mon

ae donb, Nokann3oBaHHOE Ha FOPU3OHTasbHbIX U CyOropn3oHTanbHbIX (YKITOHbI AHA

00 5°) yyacTkax AHa, Ha BepLUnHe KpynHenwero B pudgtosoun gonuHe CAX ByrkaHa
LeHTpanbHOro Tmna, u HebonbLoe pygHoe none CemMéHoB-1 B COCTaBe KPYNHOro pyaHOro
y3na CeMéHoB.

Il kaTeropmsi — pyaHble Nons, 3aneratoLime B MHXEHEePHO-reonormM4ecknx yCrnoBusix
cpeaHen cnoxHocTu. 3T1o pygHble nons (Awapnse-2, K0ObunenHoe, KpacHos, CeméHoB-4
n XonmucToe), B npegenax kotTopbix 6naronpuaTHbie 1 OTHOCUTENBHO BnaronpusaTHbIE
y4yacTku gHa 3aHumatot 6onee 50% mx oblien nnowaau.

[Il kaTeropus — pyaHble Nong, 3anerarowme B CNOXHbIX UHXEHEPHO-TeoNorMyeckmnx
ycrnosusax. B npegenax aTux pyaHbix nonen énaronpusitHble 1 OTHOCUTENbHO
BGnaronpusTHble ydacTku AHa 3aHumaroT meHee 50% ux obwen nnowagun. B aty
KaTeropuo BoLwwno 13 pyaHbIX Nnonewn.

CymmapHo Ha Bcex pyaHbix nonax PPP-ITIC 6naronpusiTHble n OTHOCUTENbHO
BnaronpusTHbIEe y4acTkn 3aHnmMato 46% nnowanu pyaHbix nonen. OctanbHble 54% —
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y4acTku HebnaronpusTHble Kak Ansi NPOBEAEHMS Feorioropa3BeAoYHbIX U UHXKEHEPHO-
reonorndeckux pabor, Tak n ana nocnegytowen paspadotku IMC. B ganbHenwem,

Ha BTOPOM (OLIEHOYHOM) 3Tane pa3BeaoYHON AeATENbHOCTU U NO Mepe AeTanusaunm
reonoropasBefoyHbiX paboT, KpUTEPUM CNOXKHOCTU UHXKEHEPHO-TEONOrMYECKNX YCIOBUIA
OyayT YTOYHATLCA.

BbiBoabl

1. O6bekTaMmn MHXEHEPHO-reonornyecknx nccnegosarunn B8 PPP-ITIC asnatotca
TPeXMepHbIe 3anexun NosIMMeTaniMyecknx cynbmnaos ¢ ropMsoHTanbHbIMMN pa3mepamm
oT 50x75 go 1600%2700 m, nokannsoBaHHble B baTumeTpmnyeckom nHtepsane ot 1940 go
4200 m.

2. MNoTeHumanbHbIM 06BEKTOM A06bLIYN MOTYT CTaTh CyNbMuaHbIE Pyabl MaCCUBHON
TEKCTYpbl, NpeacTaBrieHHble MUHEeparbHbIMW accounaunamMmu, BKIToHaoLWwmMmMm
pyAHblE (MUMPUT, MapKasuT, XanbKonupuTt u canepuT) N HepyaHble (KBapy, onar,
6apuTt) mmHepansbl. [Nokasatenn n3nkKo-mexaHN4ecknx CBONCTB CyINbUAHbBIX py4
N3MEHSIOTCA B LUMPOKMX Npeaenax: NAoTHoCcTb — 1,77—4,52 r/cm®, NpOYHOCTb Ha
cxatne — 0,6—198,0 Mlla.

3. MarmaTtunyeckme nopogpl, BMeLLaroLwme cynbuaHble pyabl, NpeacTasneHbl ckaribHbIMU

1 NonycKarnbHbIMW NOPoAaMM NPENMYLLIECTBEHHO BbICOKOWN MPOYHOCTU N Pa3HOW CTEMNEHU
pasynpoYHEHWS: CEPNEHTUHU3NPOBAHHBIMY NepUACTUTaMM (Npegen NPoOYHOCTU Ha CcxaTne —
1,8—131,8 Mla), rabbpongamu (npegen NpoyYHOCTM Ha cxaTtne — 28,3—164,0 MlMa)

n 6azansramu (Npegen NPOYHOCTU Ha cxatne — 93,4—295,0 Mla).

4. OcagoyHbIN YEX0N NPENMYLLECTBEHHO MANOMOLLHbIN, MPU 3HAYUTENTBHOM MOLLIHOCTH
MOXET NpeacTaBnATb NpenarcTeme anga gobbium cynbdpuaos. ChopmmpoBaH cnabbimu
(conpoTuBneHue BpawaTtensHomy cpedy — 4,3—12,2 kla; NNOTHOCTb rpyHTa —
1,40—1,59 r/cm3) GuoreHHbIMN ocagkamu kapboHATHOro psiga C HU3KOW HecyLen
CNOCOOHOCTbLIO.

5. lNo pesynbTatam NpeaBapuUTENbHOro MHXEHEPHO-reornorn4eckoro panoHMpoOBaHMUS
YCMOBHO BblAENEHO TPU KaTEropun CROXKHOCTU UHXEHEPHO-TEOTOrMYECKUX YCIOBUM:

I) npocTtble ycnosusa (pyaHble nonga Mon ge ®onb, Ceménos-1); Il) ycnosus cpegHen
CnoXxHocTu (pyaHble nons KObunenHoe, KpacHos, Xonmuctoe, CemeHos-4 n Awapgse-2);
[Il) cnoxHble ycnosus (pygHble nons Netepbyprckoe, 3eHnT-BukTtopus, Nobena-1,
Mobena-2, Jloraués-1, Jloraués-2, CeméHoB-2, -3, -5, MpnHosckoe-1, MonogexHoe,
Kopannosoe, Awagse-1).

6. Ha nocnepytowimx ctagusax reonoropa3sefoyHbix paboT npegnonaraeTcs pacunmpuTb
nepeveHb KpUTepues A1 OLEHKN CIOXHOCTU MHXEHEPHO-Teonormyeckmx yCrioBun,
BKITOYMB B MX YUCIO pacnpocTpaHeHne n (omsmKko-MmexaHn4eckme CBOMCTBA JOHHbIX
obpas3oBaHui, a Takke NPOSABEHNA COBPEMEHHON rMAPOTEPMATIbHON aKTUBHOCTW.
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FEHE3UC »KEJIE3OMAPTAHIIEBBIX KOPOK
AH-MAUEHCKOHU T'MIPOTEPMAJIbBHOM OBJIACTH,
XPEBET MOHA

KpaBunwmnna M. [1.', KysHeuoB A. b.2, CtapoabimoBa . .", Japa O. M.",
YeboTapesa B. A.2, KnioButkuH A. A.", bapaHoB b. B.", Jlenn A. 10"
" MIHcTuTyT okeaHonorum um. M. M. Wupwosa PAH, Mocksa, Poccus

2 MHeTuTyT reonorunm n reoxpoHonorum gokemépusa PAH, Cankr-lNeTtepbypr, Poccus
kravchishina@ocean.ru

K ceBepy oT AH-ManeHckon 30HbI pa3noMoB Ha 71.2° c.LU. pacnosioXXeHo oceBoe
BYynkaHu4eckoe nogHsaTue (OBI1) — Hanbornee KpynHbI CTPYKTYPHbIA 3anemMeHT xpebta
MoHa, KOTOpbIi, B CBOIO o4epeab, ABNAETCA 3anonspHbiM y4acTkom CpeanHHO-
AtnaHtnyeckoro xpebta (CAX). B npegenax OBl HaxoasaTcst puddTbl U OTHOCUTENBHO
MEeNKOBOAHbIE rMApoTEPMasibHble NOCTPONKN C «BenbiMU 1 CEPBIMUN KyPUNbLLMKAMMWY,
pacnosioKEHHbIMU Ha pasHbIX rNybuHax pudToBon 30HbI, OT 550 0O 724 M, 1
oTnMyaroLmMMmncsa npexae scero no remneparype gpnongos (ot ~100 go 320 °C).
WccnepoBaHue reonornn, reoxmmmm u 6moTbl rmapoTepManbHbIX NOMIEN HA FOXKHOM
cermeHTe xpebta MoHa Havanock ¢ 2005 r. Bbino obHapyXeHO HECKOSbKO aKTUBHbIX
cpeaHeTemnepaTtypHbIX rmapotepmanbHbix nonen: Troll Wall, Soria Moria n Perle & Bruse,
a Takke ogHo HeakTuBHoe norne Gallionella Garden. Mo3aTomy OXHbIN cermeHT xpebTa
MoHa npuHATO Ha3biBaTb AH-ManeHckum rugpotepmarbHbIM panoHom [6].

Puc. 1. MonoxeHne AH-ManeHckon rmgpotepMarnbHon obnactu (a), Mecta oTbopa xenes3oMapraHueBbiX
KOPOK 1 rmapoTepmarbHbIX noner (0) B npeaenax 0CeBOro ByfIKaHU4eCKoro nogHATus. KpacHast nuHms — Ax-
MarieHckmin TpaHCHOPMHbIN pasnom
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MccnenoBaHus Ha akTUBHbLIX rMapoTepManbHbix nonsx nposoaatcs B MO PAH HaunHas
¢ 1980 r.; nsyyeHme npmMsHaKoB ruapoTepmaribHOM akTUBHOCTU Ha xpebTe MoHa
BbinonHanock B 1995 r. [1]. Hawwu nccnepoBaHna rmgpoTepManbHbIX CUCTEM Ha xpebTe
MoHa Havanuck ¢ 2017 r. [4], a B 2019 r. Ha BocTO4HOM ckrnoHe OBIT BnepBbie Obinn
obHapyxeHbl YHUKanbHble xenesomapraHuesble (Fe-Mn) kopku [3].

Bocemb o6pa3suyos Fe-Mn kopok TonwmHom ~3 cm 1 paamepom o ~30%15 cm otobpaHbl
¢ nomowbto gHodepnatena «OkeaH-50» B 75-m penice HUC «Akagemuk Mctucnas
Kengpiw» Ha BocTtouHOM chrnaHre OBIT ¢ rmy6uHbl 572 M Ha paccTtosiHum ~600 m K ceBepy
oT rmgpoTepmanbHoro nonga Perle & Bruse. O6pa3supbl KOpok 6bi1 pacnuneHsl, nocne
OCMOTpa BblAeNEHbI CNOK, U3 KOTOPbIX 0TO6paHbl NPo6bI ANt MUHEPaNorn4yeckoro

N reoOXMMMYeCcKoro aHanu3os, a u3 obpasua 5 — Ans 30TONHO-rEOXMMNYECKOTO
aHanusa. lNeTporpaguyeckoe n3y4yeHne BbIMOSIHEHO HA ONTUYECKOM MUKPOCKOMe n
CKaHMpYHLLEM 3NEKTPOHHOM MUKPOCKOMNE C 3HEProAnCnepCUOHHBLIM CNEKTPOMETPOM.
PeHTreHoga3oBbIN aHann3 nposoauncs Ha gudpaktomeTpe Bruker D8 Advance cornacHo
meTtoguke O. . CmeTaHHukoBon (1988) B MO PAH. N3yyeHne xmmmnyeckoro cocrasa
Npo6 BbINOIHEHO METOAAMM MacC-CNEKTPOMETPUN N aTOMHON AMUCCUN C UHAYKTUBHO
cBs3aHHou nna3mon B MNTM PAH. N3oTonHbin coctaB Nd u Sr onpegeneH B natn
npobax n3 Bbl4eneHHbIX CNoeB 0AHOro obpasLa KOpK1 Ha MHOTOKOMSIEKTOPHOM Macc-
cnektpomeTpe Triton Tl B T PAH.

Fe-Mn Kopkn — nnutyaTble cnoucTble 06pa3oBaHus, NepekpbITbie C MOBEPXHOCTU COEM
(2—4 cm) aneBpuUTOBO-NENUTOBOIO Mra C NpUMeCho necka. Kposnsi (BepXHssi NOBEPXHOCTL)
KOPOK YepHasi, MaccuBHasi, LepoxoBaTtas C KaHanoobpasHbIMU CTPYKTYpaMu; OCHOBaHue
(HWXXHSI NOBEPXHOCTL) HEPOBHOE, MENKoByropyaToe, MectamMu rnagkoe, NoKpPbITOe CrioemM
~1—3 MM XXenesncToro BellecTsa U KonnoMopgHbIMU okecurngpokecuagamm Fe n Mn.
CTtpykTypa — ToHKocrnoucTasi; cnom 0,3—1 MM pygHOro BeLLecTBa coaepXaT NpMMech
HepyAHOro — BYyIiKaHWYecKoro ctekna. Fe-Mn kopku ABRs0TCA ceaUMeHTauMOHHbIMU
obpa3oBaHNsIMU, YTO NPOSBMSETCH B CITOUCTOM CTPOEHUN U M3MEHEHUN OT CMOS K CIOK
KOHLeHTpaumm pyaHbIX KOMMOHEHTOB N HEPYAHOrO BeLLeCcTBa.

B coctaBe pyaHoro Bewwectsa Fe-Mn KOpOK ngeHTuduumMpoBaHbl ABe rpynnbl
MMAPOKCMIOB MapraHua, cpeam KoTopbix npeobnagaet 7 A MuHepan — GepHeccur.
Mpynna 10 A muHepanos npeacrasneHa 6y3epuToMm |, a B Ka4ecTBe NPUMECK B OTAENbHbIX
CNnosiX ANarHOCTUPOBaH HeynopsaoYEeHHbIM CMELLaHHO-CNOUCTbIN TMAPOKCUA MapraHua.
MwuHeparnbl xenesa He yganocb yCTaHOBUTL Mo AaHHbIM POA. 3aeck pygHas
MUHepanuaauus MMeeT MapraHueByto cneumanunsaumio. [Npymeck ByNKaHUYeCKOro cTekna
B pa3HbIX CNosAX KOPOK Bapbupyetca oT 22 0o 63%. CogepxaHue Fe gocturaet 13,9%
TOIbKO B CINOEe OXPUCTO-XENTOro useta B OCHOBaHUN KOPOK, Bapbupysch oT 5,2 o 1,6%

B COCTaBe MX crnoes. B npoTMBONONOXHOCTL 3TOMY cofepxaHue Mn yBenuynsaeTcs

oT 3,5% B ocHoBaHun o 12—33% B NoBepxHOCTHOM cnoe. Mexay cogepxaHuamm Mn

n Fe, a Takke Mn n Al B cnosix KOpokK CyLLecTByeT HagexHas obpaTHast 3aBUCMMOCTb.
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Cnon NoBepPXHOCTN N OCHOBAHUS KOPOK CYLLECTBEHHO pasnnyaroTcs No KOHLEHTpauum
He TONbKO MaTPUYHbIX 3IEMEHTOB, HO U MUKPO3fIEMEHTOB. BO BHYTPEHHMX Crosix
npeobnagatoT «4ncTble» okeurnapokenabl Mn, a Takke MapraHueBble pasHOCTH,
KoHueHTpupytowme Co, pexxe — Ni (cm. Tabn.). KoHueHTpauusa P33 noHmxkaeTca B
HanpasfeHMn OT OCHOBAHWNA K NOBEPXHOCTU KOPOK. OTa TEHAEHUNA HaxoauTcsa B NpsiMOM
3aBUCUMOCTN OT coaepxaHus Fe, a Takke Al, HO B obpaTHON — OT cogepxxaHus Mn.
Ha cnekTpax pacnpegenexHnsa P33 HabntogaeTca He3HaunTenbHasa oTpuuatenbHas
Ce-aHomanus. Benmunta Ce/CeMSC (Ce, ) meHsetca ot 0,80 go 0,96 npu nepexoae ot
OCHOBaHMs K MOBEPXHOCTU KOPKK (puc. 2). bonee cyliectBeHHO B obpasuax npossneHa
nonoxurtenobHas Eu-aHomanus, kotopas B 6onblunHCTBE Npob BapbupyeTcs ot 1,41

0o 1,36 1 nuwb B camoM BepxHeM croe noHmkaetca go 1,08—1,18. OtHoweHune Y/Ho
coctaBnseT 28 (B ueHTpe) un 33 (B KpoBne).

MwuHepanornyeckne n netporpaduyeckme gaHHble Ansg nadyyeHHoro obpasua
nokasblBalOT 0cagoyHoe npoucxoxaeHne Fe-Mn Kopok, a nonyyeHHble N30TOMHO-
reoxmmMmyeckue AaHHble CBUAETENbCTBYET O BbICOKOM BKMage rmaporepMarnbHOro
Matepuana B coctas Fe-Mn kopok. lMpeobnagatouime BbiCOKMe 3HaveHus €, 5,8—6,2
COBMajaloT C TakoBbIMU B okeaHn4vecknx 6asansrax CAX n 3Ha4YnTENbHO OTNMYaoTCA
oT Nd-xapakTepuCTUK KOHTUHEHTanbHbIX NOpoA, obpamnsatowmx CeBepHyto

ATnaHTuky. 3HadeHune 8 Sr/%Sr xoTs1 HECKONbKO BbILLE, YEM B rMapoTepMarnbHbIX
pacTtBopax, nocTtynatmowmx u3 pudtosbix s4eek CAX (0,7035+0,0005), HO 3HaYUTENBHO
OTnM4YaeTcs OT OTHoLeHus 8’Sr/8Sr B coBpemeHHOM okeaHe — 0,70920 [5]. CnekTpsbl
pacnpeaeneHna P33 B Fe-Mn kopke 6nn3ku kK cocTaBy okeaHn4eckux 6a3anbToB, HO
AeMOHCTpUupytoT 6onblee oborawieHne nerkmummn P33. Takoe oboraweHune nerkumm P33
1 nonoxutenobHasa Eu_ BO Bcex crnosix Fe-Mn Kopku ykasbiBatoT Ha reHeTU4eckyto CBsA3b
C rmapoTepmanbHbiMu pactBopamun CAX [2].

CopepxaHue P33 n nsotonHbin coctaB Sr u Nd B usyyeHHbIx crnosix obpasua N2 5 Fe-Mn
KOPKU: 1 — OCHOBaHue; 2—5 — BHYTPEHHAA YacTb; 6 U 7 — noBepxHOCTb [3]

Mn Al Co Ni P33

Eu/EuNASC  87§r[86§r  143Nd/'*“Nd
%

1 13,9 3,5 | 59| 660 | 107 | 124 1,36 0,70621 0,512945 6,0
2 52 13,9 | 55 | 2697 | 267 91 1,41 — — —
3 42 | 21,5 | 39 | 1964 | 173 72 1,36 0,70662 0,512954 6,2
4 39 | 21,3 | 3,7 | 5140 | 431 85 1,33 0,70713 0,512935 5,8
5 3,0 | 236 | 3,2 580 665 61 1,38 0,70713 0,512926 5,6
6 4,8 12,1 | 4,7 286 665 | 109 1,08 0,70740 0,512633 0,1
7 16 | 33,3 | 1,1 | 3442 | 863 61 1,18 — — —

* BenuuuHbl €,(0) paccuutaHbl ¢ ucnonb3oBaHvem 3HadeHwin anag CHUR ("°Nd/“Nd = 0,512638,
“Sm/'*Nd = 0,1967).
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Obpazel/NASC

100 YMeHbLIeHne KoHueHTpauun Fe, P33 u
oTHoLleHMs 8 Sr/%Sr n ogHoBpeMeHHoe
ol MOHWKEHWE 3Ha4eHnn Eu_ 1 g, npu

nepexoage ot HWXHUX K BEpXHUM

/0L
Dueoni-GazansT

CINOAM KOPKM CBMOETENbCTBYHOT

BazaniTut 00 ocnabneHun BnmsaHusa

rmgpoTepmMaribHOro ICTO4HMKa no Mmepe

OxcAHCRAA Bona

pocta Fe-Mn kopku 1 yBenmyeHum gonu

0.1}
rMAPOreHHbIX okeurngpokenaos Mn m
Fe. Sr n Nd nsoTtonHble XxapakTepucTuku
0.01 BEPXHUX CroeB ObICTPO CMeLLanTCA

La Clc Pr ]\l!d S;n Eu Gd T:b El'y Hro Er Tm Yb Lu
B CTOPOHY paBHOBECUS C OKEAHCKOM
Puc. 2. Pacnpegenernve P33, HOpmanu3oBaHHbIX Ha POHY P

coctas P33 B NASC, B criosix Fe-Mn kopkn B cpasrHenun ~ BOAOW. Tak, B cry4ae MeAsieHHOro
c coctaBoM P33 B gpyrux obbekTtax [3] (OT HECKOJTbKNX COTEH ThbiCAY OO0

nepBbIX MUSNSTMOHOB NeT) OCaXaeHUs
okcurngpokengos Fe n Mn Ha noBepxHocTy rny6okoBoAHbIX ocagkoB nx Sr i Nd
N30TOMHbIE XapaKTEPUCTUKN YPaBHMUBAKOTCS C MPUOOHHOW MOPCKOW BOAOW. YUYMTbIBas
HeBGONbLUYO TOMNLWNHY KOPOK, MOXHO YBEPEHHO FOBOPUTHL O BbICTPOM HACTYNNEHUN
paBHOBeCUs B U3y4eHHbIX Fe-Mn kopkax, YTO noATBepXKOaeT BbICOKYHO CKOPOCTb UX
KpucTtannuaauum. Takum obpasom, 6bICTpo pacTyme Mmkpocnonctole Fe-Mn kopku
Ha cknoHe OBl nmeloT npenmyLLecTBEHHO rmapoTepmarnbHbii reHesnc. O4yeBuaHo,
YTO OHM 3HAYUTENBHO MOSIOXE MO BpeMeHM 06pa3oBaHNA KNacCUYECKNX Nenarn4eckmnx
rny6okoBogHbIX Fe-Mn KOHKpeLuuni.
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OCOBEHHOCTH ®OPMHUPOBAHHUA
METAJIJ/IOHOCHBIX OCAZKOB
rTMJPOTEPMAJIBHOI'O PYAHOTO Y3JIA CEMEHOB
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KysHeuos B. 0., benbreHes B. E.?, bontpamosuy C. ®.1
' CaHkT-lNeTepOyprckuin rocyaapcTBeHHbIn yHuBepcuteT, CaHkT-MeTepOypr, Poccus
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MeTannoHocHbIle 0CcaZikv, accounmnpyoLmne ¢ CoBpeMeHHbIMU OKeaHCKUMU
pyooreHepupyroLwuMmn cucteMamm, TpaauuMoHHO UCMONb3YOTCA ONA PEKOHCTPYKLNN
aTanoB ycuneHusi/ocnabnexHns rmgpotepmanbHON geaTenbHoOCTU. B 3aBucumocTyn ot
yAaneHHOCTN OT MecTa pasrpy3ku driromaa oHU nogpasfensitoTca Ha Tak HasblBaeMble
NpoKCUMarbHbIe N ANCTanbHble 0Caaku. [eoxnmmnyeckne nccnegoBaHnsa n gaTtmpoBaHue
OCafKOB, pa3BuTbIX B Npeaenax pyaHbIx nonemn (Tak HasdblBaeMblX NPOKCUMAIbHbIX),
coaepXalumx 3HaunTenbHOEe KONMMYeCcTBO NPOAYKTOB AEATENBHOCTU «4EPHOro
KypunbLUMKa», 4a0T BO3MOXHOCTb MOMYYUTb «HEMPEPBLIBHYIO 3anncb» rmapoTepMarnbHbIX
COBbITUI N PEKOHCTPYMPOBATL IBOMIOLMIO rTMAPOTEPMASIbHOM CUCTEMbI BO BPEMEHM.
OpHako JaHHbIV NOAXOA YacTO CTankMBaETCs C TPYAHOCTAMM, BbI3BAHHBIMWU NPUCYTCTBUEM
B COCTaBe 0CaKOB, MOMUMO BeLlecTBa B3BECU M'MAPOTEPMAribHOro nitoMa, NpoayKToB
paspyLUEHMS PacnoNOXKEHHbIX B HEMOCPEACTBEHHOMW BrIM30CTM APEBHUX CYyNbMOUAHBIX
nocTpoex [5, 7]. Nockonbky 06a KOMNOHEHTA UMEIOT OYEHb BNN3KMIA MaKPOIEMEHTHbIN
COCTaB, X pasfnMyeHne N KOMYeCTBEHHbIV Y4eT JONN 06NOMOYHBIX CynbpnaoB Ans
KOPPEKTHON PEKOHCTPYKLUN NCTOPUN rMapoTepMarnbHON AeATENbHOCTU NPEeACTaBnA0T
cobown HeTpuBmanbHyto 3agavy. B npegcrasneHHon pabote Mbl NONbITaNNCh peENTb €€ Ha
npymepe KONOHOK MEeTarOHOCHbIX 0cafKoB pyaHoro y3na CeMéHoB.

PyoHbin y3en CeMEéHoB pacnonaraeTtcs B 3anagHomy 60pTy pndToBon AONMHbI

CAX Ha 13°31' c..wu. B ero cocrtaB BXoAUT NATb rMApoTEPManbHbIX PyaHbIX MNOMEN.
Camoe kpynHoe rugpotepmMarnbHoe none CemMeéHoB-4 pacnonoxeHo Ha 6asanbsrax,
Torga Kak octanbHble YyeTbipe nons (1, 2, 3 n 5) nokanvsoBaHbl B Npeaenax maccusa
BHYTPEHHEr0 OKEaHN4YEeCKOro KOMMIeKca, CNoXeHHOro yrbTPaoCHOBHbIMUY NOpoaamm
(cepneHTMHM3MpPOBaHHbLIMK NepugoTUTaMn 1 pegkumm rabbpoungamm [10]).

Metogom NCIT-MC 6bin onpeaeneH XMMn4ecknii CoOCTaB M M3y4eHo pacnpeneneHune
OCHOBHbIX, PeAKMX U peaKko3emernbHbIX anemMeHToB (P33) B NpokcMManbHbIX
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MEeTanNOHOCHbIX OCagaKax ruapotepmanbHbix nonen CeméHoB-1 (konoHka 32L.307),
CeméHoB-2 (konoHka 32L.285) n CeméHoB-4 (konoHka 32L368). OcagoyHble KOMOHKM
anvHon 50, 50 n 55 cm, cooTBETCTBEHHO, NpeacTaBneHbl 6ypo-KOPUYHEBLIMU, KPACHO-
KOPUYHEBBIMWN N PBIXXUMU MIIMHUCTBIMU, pexe — criabokapBboHaTHBIMWN OTIOXEHUSMU
necyaHom uUnn necyaHo-ApeCcBAHON pasmMepHOCTU. B HUX BCTpevatoTcs MuHeparnbl
Xenesa (NMMpu1T, NMPPOTKH), MeAN (XanbKonNMpuUT, camopogHas Medb, atakamuT), baput

n okcurngpokemapl xkenesa [9, 11]. KapboHaTtHOCTb 0cagkoB BapbupyeTcs oT 8 4o

38%, npu aTom Hanbonee Bbicokue cogepxanns CaCO, xapaKkTepHb! 45151 KONOHKY
32L307 (B cpeaHeM 30%), a HaumeHblune — ang kornoHkn 32L368 (B cpegHem 10%).
CopepxaHne pygHbIX afIEMEHTOB B nepecyeTe Ha 6eckapboHaTHY0 OCHOBY BapbupyeTcs
B LWMpOKOM AunanasoHe: 2—50% Fe, , 0,004—1,1% Cu, » 0,007—0,25% Zn, . [pn aTOM
KOHLIEHTpaLMM KaK OCHOBHbIX, TaK U NPUMECHbIX 3N1IEMEHTOB UCMbITbIBAIOT 3HAYUTESNbHbIE
konebaHus no rnybuHe (puc. 1).

CnekTtpbl pacnpegenernus P33 nonorue co 3HaumTenbHbIM oboralleHnem nerkumm
naHTaHouaamu (puc. 2). B ocagkax Bcex Tpex KOrOHOK HabnoaaTca eaBa 3aMeTHble
oTpuuarernsHble aHoMmanun uepus (Ce/Ce*=0,44—0,88) n CUIbHO BblpaXXeHHbIE
nonoxuTternbHble aHoMmanuu esponus (Eu/Eu*=1,4—94,0). HanbonbLiasa sennynHa Eu
aHomManuu xapaktepHa ans ocagkos nons CeméHos-4 (32L368), 4To yxe oTmevyanocb
paHee apyrumu nccnegosatenamu [8]. B 1o e BpemMsi B ocagkax konoHku 32L307 nons
CeméHoB-1 nonoxuTernbHaa eBponveBas aHoManus nposiBfieHa B 3Ha4YUTENbHO MEeHbLLEN
ctenenn (Eu/Eu*=0,81—3,93), a B ABYx Nnpobax ee 3HaK MEHSIETCA Ha MPOTUBOMOSOXHbIN.
B uenom cnektpbl pacnpegenenus P33 B n3y4eHHbIX KONOHKax Hanbornee 6nmsku
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Puc. 1. Bapvwauun pacnpenenexus CaCoO,, Fe, Cu, Zn, V n pacyeTHon fonu o6rnomMoYHOro cynbduaHoro
mMaTepuana (CM. TEKCT HUXKe) Nno rnyburHe ocafouHbIX KONTOHOK
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K CnekTpamMm MeTasnfoHOCHbIX OCaZAKOB APYrMxX rmapoTepMarnbHbIX NOSEn, CIIOXKEHHbIX
obrniomkamu paspyLuaroLmxcs cynbpuaHbIX NOCTPOEK U/Unn B3BECHIO MaTepuarna YepHoro
KypunbLmka [4, 7]. OgHako KONMMYeCTBEHHO OLEHUTb BKNag Kaxgoro u3 3Tux KOMMOHEHTOB
B OCaZlkM Ha OCHOBE [aHHbIX Mo pacnpeaeneHnto P33 He npeacTaBnsercs BO3MOXHbIM,
MOCKOSIbKY Aaxke nocne 3aXOpOHEHNS BELLECTBA NIIOMOBOM B3BECKM OHO MPOAOIKAET
copbupoBaTb NaHTaHOUAbI U3 KOHTAKTUPYIOLEN C 0OCaZKOM MOPCKoM Boab! [3].

[ng peweHunsa gaHHoM 3agaym 6bina ncnonb3oBaHa MeToguka, paspabotaHHas Hamu
paHee AN NpoKCUMarbHbIX METarNIOHOCHbLIX 0CadKoB pyaHoro yana Nobeaa [6].

B kauecTtBe npeactaBuTens poOHOBbLIX Nenarnyeckmnx o ATNaHTUYECKOro okeaHa 6binm
NCMNONb30BaHbl BENIMYMHbBI CpeaHEero coctaBa ocagkoB KornoHku BOFS 22#6M/23#12M

[1]. BnuaHmne coctaBa nogctunatoLwmx nopos 6ui10 oueHEHO Ha OCHOBE 3NEMEHTHOIO
cocTaBa nepugotuta 32n242-5, otobpaHHOro B npegenax pyaHoro ysna [9]. Yuet gonu
BeLlecTBa B3BECU rMOpoTepMarbHOro niitoMa B ocafikax Tpex nccrnegyemMbiX KONIOHOK
nposoauncs no senuyuHe V/Fe oTHoweHus B nntome nonsa PenHboy [2] n cobcTBEHHBIM
HeonybnMKoBaHHbIM JAHHBIM MO XMMUYECKOMY COCTaBy MacCCUBHbIX CyrnbMUAHbIX

pya nonent CeméHos-1, -2 1 -4. [Nony4yeHHble pesynsTaThl nokasanu (cMm. puc. 1), 4to

B CpegHeM OTHOCUTENbHOE KONMMYeCcTBO B ocagkax 0brioMoYHOro cynbuaHoro Matepuana
coctaBnsert ~73, 64 n 87%, cootTBeTcTBEHHO, ANs KornoHok 32L307 (CeméHos-1), 321285
(CeméHoB-2) n 32L.368 (CemME&HOB-4) 1 HECKONbKO BapbupyeTcs no rnyouHe. MNpu aTom
MaKcMMmarnbHoe ero KonmyecTBO Yalle BCEro BCTpeyaeTcs B ropn3oHTax ¢ HanbornbLummm
BENMYMHaMu NonoXnTernbHoM aHomanum Eu, 4To KOCBEHHO noaTBepXKaaeT (hopMmnpoBaHmne
nocrnegHen 3a cYeT NOCTYNNEeHNs B 0CagKu 3HAYMTENbHOro Konmyectsa 06r10MKOB
CynbunaHbIX pya, HacnegywLwmnx cnekTp pacnpegenenna P33 rugporepmansHOro
dnomaa.

[lons BewlecTBa B3BECU AbIMa YEPHOTO KypunbLUMKa B ocagkax meHsieTcs oT 5 0o 65%
ansa nons Ceménos-1, ot 30 0o 45% ana nona CeméHoB-2 n oT 8 0o 30% ana nonsa

1000

32L307 32L285 32L.368
(CemeHos-1) A (CemeHos-2) (CemeHos-4)

100 —

0,1

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu [a Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Puc. 2. HopMupoBaHHbIe K XOHAPUTY CMEKTPbI pacnpeneneHnst peako3eMerbHbIX a1IeMEHTOB
B METaNNOHOCHbIX 0cagKkax
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CeméHoB-4. Npun aTOM UX Bapraunmnm HUKaK He KOPPENUPYIOT C BariOBbIM CoAepXaHneM
Xeresa, YTo noaTBepXAaeT Halle npegnosioxeHne o6 owmnboYHOCTM BblAENEHNS 3Tanos
yCUIeHus rmapotepmarnbHOM pasrpy3kun NULb HA OCHOBAHUN YBENUYEHNSA B OCadKax
KOHLIEHTpaLMi OCHOBHbIX PYAHbIX 3f1EMEHTOB.

[Mony4YeHHble OLEHKM A0NW BeLeCTBa B3BECU AblMa YEPHOIO KypUIbLLMKa MOTyT

ObITb MCMNOMBL30BaHbI B AalNbHENLLEM A1 KOPPEKTHON PEKOHCTPYKLUMN NCTOPUN
rmapoTepManbHOM AeATENbHOCTU Kak B Npeaenax oTaenbHbIX Nonen, Tak 1 Ans pygHoro
y3na CeMEHOB B LIEMNOM.

Pabota BbinonHeHa npu puHaHcoBon nogaepxke PH® (npoekt Ne 22-27-00375).
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FEO®U3NYECKUE METO/IbI UCCJIEJOBAHUH
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[ns noHMMaHusA pecypcHOro noTeHumnana n 3KororMyecknx NocrneacTsuin NpeacTosLen
B CKOPOM BpeMeHn JobbluM Ccyrbdunaos Ha rinyboKoOBOAHBLIX y4acTKax MOPCKOro AHa

B HacTosILLee BpeMs BeJeTCsa akTMBHaA pa3paboTka HOBbIX METOO0B AUCTaHLMOHHOIO
3oHanpoBaHus. OHM CTaHOBATCS Bce Donee BaXXHbIMU AN OOHapyXeHUsa N N3yvyeHus
MeCcTOpOXAeHU rnyboKoBOAHBLIX nonuMeTannmyeckux cynbduaos (IMIC), Tak kak npu
OorpaHNU4YeHHOM yuncne BypoBbIX CKBaXXMH MOTYT PeLUUTb 3aa4dy NonyyYyeHnsa TpexmepHbIX
reoMeTpuyeckux napameTpoB pyaHbIX Ter.

3apaun, noctaBreHHble nepen reodmsnkamm, CnocobCTBOBANN pa3BUTUIO PasHbIX
METOANK NPOBEAEHUS reodhn3NYECKON CbEMKIN: C YCTAHOBKOM annapaTtypbl Ha 6opTy
Cy[Ha; NOBEPXHOCTHOM BYKCUPOBKM 32 CyAHOM; rNyO0oKOBOAHOM BYKCUPOBKM 3a OPYINM
rnybokoBOAHbLIM annapaTtom Ha kabenbHOM Tpoce; rnyboKkoBOAHOM NMPUAOHHON ChEMKM
C NOMOLLbIO AUCTaHLMOHHO ynpaensemblx annapatoB (ROV, AlNA, AHIA), a Takke

C nomoLbio 0bmTaembix NnoaBoaHbIX annapatos (Ol1A).

PaHee npumeHsaBLUMECS Ha cylle reodunandeckme MeToabl — MarHUTopasseka,
anekTpopasBejKa naccMBHas N akTUBHasA, cencMopasBefka, rpaBmpasseka — gokasanu
CBOI 3PPEKTUBHOCTL NpU nouckax u passeake MIC.

B HacTosLee BpeMs Npu nepexoe K oLeHOYHOMY aTany reonoropasseoyHbix paboTt Ha
IMIC Hanbonee BaxXHOW 3agaven sABnsieTcsa onpeaeneHne napaMmeTpoB MECTOPOXAEHWI
Ha rnyouHy. H1 oamH reoduanyecknii MeToq MHOUBMAYanbHO HE MOXET peLunTb Bce
3agaun, cBA3aHHbIE C NOUCKOM Ten CynbduaoB N NX TPEXMEPHbIM OKOHTYPUBAHUEM.
[ns aToro Heobxogmma paspaboTka onTUManbHOro No APPEKTUBHOCTU PELLEHMS
reonorm4eckmx 3agay u IKOHOMMYECKoM LienecoobpasHOCTN KoMMeKkca reopmnsnyecknx
nccnegoBaHuii, Moaugukaumm annapatypbl U METOAMKN NPOBEAEHUS ChbeMKU A5
KOHKPETHOW reonorn4eckon o6CTaHoOBKN.
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reodpmsnkamm GEOMAR (["'epmaHus), BbINOAHAOWNMN Fre0PU3NIECKY0 CHEMKY

Ha rmgpoTtepmanbHoM mectopoxaeHun TAIT CAX (KoHTpakTHbIM yyacTok IFREMER
(PpaHumsa) [11], B KadecTBe ONTUMANbHOIO NPEAIOXKEH KOMMMEKC NCCneaoBaHUNn,
BKNtoYatoLwmn npngoHHyto AHIMNA — marHuTopasBenKy B COMETaHUM C SNEKTpopasBeKon
EM [3, 12]. BGR ('epmaHus) B KOHTpakTHOM paroHe T1C B MIHguiicKom okeaHe npoBoanT
MOSNHbIN KOMMEKC reodnanyeckmx ncecrnegosaHmin ¢ nomolubto cuctemsl GOLDEN EYE u
¢ nomoubto rnybokosogHomn nnatgopmel HOMESIDE. Kutanckme ydeHble aHanmampyoT
paboTy Bykcnpyemon rnyboKoBOAHOM CUCTEMbI A115 NPOBEAEHNS NEKTPOMArHUTHbIX
nccrnenoBaHUM B codeTaHun € anekTpopassenkon metogom ENM [15], a Takke HOBYHO
cuctemy AHIMA-EIN ansa npoBegeHust pabot Ha KoHTpakTHOM yvacTtke COMRA (Kutan)
IMC B NHawninckom okeaHe [14]. AnoHCKue yyeHble npegnaratoT pasHble BapuaHThbl
AHITA nccneposanui Ha ITIC, a Takke yaenstoT 00nbLLOe BHMMaHNE NPOBELEHNIO
cenicMopasBeKkun B pasnmyHbix BapmaHtax B Tpore OkmHaBa [6, 8, 9]. HoBbI komnnekc
reooumanyecknx nccnegoBannin paspabotaH SNOHCKUMM yyeHbIMU. OH BKNOYaeT MeToabl
aKTUMBHOM M NACCUBHOWN 3NEKTpOopa3sBeaKkn: OOQHOBPEMEHHbIE U3MEPEHMS COMPOTUBNEHNSA
NOCTOSAHHOMY anekTpudeckomy Toky (MCDR) n noteHumnana ecCteCTBEHHOro
anekTpudeckoro nons EN. 3ddekTMBHOCTL MeTOAA CYLLIECTBEHHO YCUNEHa 3a CYET
ncnonb3oBaHus ayx AHIA n ogHoro HagBo4HOro aBTOHOMHOro annapaTta ASV Bo Bpems
reopuanyeckon cbemkn. icnonososaHme AHIA n ASV nosbllaeT CKOPOCTb NOMyYeHNs
AaHHbIX N NX KayecTBO (0bcnenosaHue 1 kM? Nnowaan 3a YeTblpe Yaca Ha CKOPOCTH
2—2,5 y3na Ha BbicoTe 5—50 M Hag MOpPCKMUM AHOM), pellaeT npobrnemy NpoBeaeHus
PP B panoHax ¢ KOHTpacTHbIM pefnbedoM MOPCKOro gHa.

®dupmon OFG (KaHaga) nposeaeH komnnekce npuaoHHbIX AHIMA n ROV-nccnegosaHun
B Tpore OknHaga (AnoHus) [1] n Ha mecTopoxaeHun Solwara (MNanya — Hosas 'BuHes) [4, 10].
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MHL AO «HOxxmopreosnorusi», B COOTBETCTBMN C KOHTPAKTOM, 3aKMNHOYEHHbIM

¢ MexgyHapogHbiM opraHom no mopckomy any (MOM[), ¢ 2001 r. npoBogut
reonioropassefoyHble paboTtbl Ha nnowanm PoccMinckoro NUUEH3MOHHOIO y4acTka —
Poccunckoro passegovHoro pamoHa xenesomMapraHueBbix koHkpeuun (PPP->KMK)
nnowaabto 75 000 kM2, pacnonoxeHHoro B 3oHe KnapuoH-KnunneptoH Tuxoro okeaHa u
COCTOSILLEero u3 AByx NonuroHos — 3anagHoro n BoctoyHoro. 3a npowealee Bpems Ha
nnowaan PPP->XKMK, B npeaenax BoctouHoro nonuroHa kak Hanmbornee nepcnekTuBHOM
€ro 4acTu BbINOSIHEHbI KOMMMEKCHbIE NMoLWaaHble NOUCKOBO-pa3BeaoyHble (OLEeHOYHbIE)
paboThbl, B TOM YUCHE C Lienbto nokanusauum pecypcos, no pesynsratam 3Tux padot
Bbl6paHbl yHacTkM Ansa nposedeHus bonee getansHblx PP crneayrowen, passegoyHon
ctaguun, n B 2017 r. Ha OAHOM U3 3TUX Y4aCTKOB Ha4yaTbl pa3BefoyHble paboThbl.
ConocTaBneHue reonormyecknx pesynsraTtoB OLEHOYHbIX U pa3BeodHbIX padorT,
npoBeAeHHbIX Ha n3yvyeHHon nnowaan B nepuog ¢ 2007 no 2022 r., aBndeTca npeaMeTomM
HacTosiLen nybnukaumn.

C 2007 no 2009 r. B 3anagHon YyacTtn BoctouyHoro nonuroHa Ha nnowaau 5 800 km?

ObInn NpoBeAeHbI MONCKOBO-pa3BeoYHbIe (OLLEHOYHbIE) paboThl C LIENbHO floKanM3aumnm
Y OLLEHKM NPOrHO3HbIX PECYPCOB Xerne3omapraHUeBbix KOHKpeLuin kateropum P..
OueHouyHble paboTbl BbiNonHANMMChL B macwtade 1:200 000 n Bknrovanu ANCTaHLUMOHHbIE
(reoakycTmyeckoe n poTtoTeneBn3noHHoOE NPOOUNNPOBAHNE) N KOHTAKTHbIE
(reonornyeckoe onpoboBaHne) metoabl. Bce paboTbl NpoBOAMANCH C UCNONb30BaHUEM
BbICOKOTOYHOM cuctembl nogsoaHon Hasuraumm YKBEC Posidonia 6000. MNMpegsaputensHo
Ha nnowaan Gbina BbINOSHEHA CNSIOLLHAs NOBEPXHOCTHasA GaTnmMeTpuyeckas Cbemka
macwTaba 1:200 000 mHorony4eBbiMm axonotom (MN3) EM12S-120.

BatumeTpuyeckaa cbemka npoBogmiach no WUPOTHBLIM NPOMUNAM C MEXNPOMUBbHBIM
paccTosHuem 12,5 kM, LWMpuHON nonockl cbemku ot 3,15 0o 3,25 rmy6uHbl (okono
15 kM) 1 nepekpbITMEM coceaHnx nonoc ob63opa ot 15 o 25%. Neoakyctudeckmne
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ncecnepgoBaHus BbinonHanuck komnnekcom MAK-1M ¢ ncnonb3osanmem N'BO ¢ yactoTton
curHana 30 kl'y 1 gnanasoHom cbemkn 1050 M Ha Kaxabii BOPT U aKyCTUYECKOrO
npodwunorpada ¢ Yactotom curHana 5 kl'y, n nsydyeHmem ocago4vHoro paspesa go 150 m.
Mpodunu Bbinn oTpaboTaHbl B CEBEPO-BOCTOMHOM HamnpaBieHnn ¢ MeXnpodunbHbIM
paccTosiHnem ot 6 Ao 12 kM. PoTOTENEBU3MOHHAs CbeEMKA OCYLLECTBAsNAch C MOMOLLbIO
OTK «HenTyH» no npochmnam ceBepo-BOCTOMHOM OPUEHTALMKN C MEXNPOGUIBHBIM
pacctosHuem 3 kM. PagoBoe reonormyeckoe onpoboBaHue BbINOMHANOCH KOpobyaTbiM
NPo60OTOOPHMKOM, OCHALLEHHBIM LOHHOW (POTOYCTAaHOBKOW. Ha Ton Yactu nnowagu, Ha
KOTOpOW BNOCNEACTBUN Obinn pasBepHyTbl pa3BeaoyHblie paboThl, Obina cdhopmmupoBaHa
HepaBHOMepHasi CeTb ONPoboOBaHNA C pacCTOsHUEM MeXAy CTaHUuMsaMn oT 5 40 9 kKM 1
NNOTHOCTbIO CETU B Npeaenax pyaHoro koHTypa 1 cT. Ha 40 km? (puc. 1A). Mo pesynbratam
OLIEHOYHbIX paboT Bbina OKOHTYpPEHAa KpynHas pyaHasi 3anexb nnaweobpasHoro Tvna,

N B ee npegenax 6bi1 BbibpaH nepBbIv NATUNETHMIA 610K 4OOLIYHOMO panoHa, Ha O4HOM 13
y4acCTKOB KOTOPOro 1 NpoBOAUTCS B HacTosiLee BpeMs pasBeaka.

Kpome Toro, paHee (2006) B 9TOM e panioHe Ha yyacTke nnowagbto 360 km? Gb1nu
npoBeaeHbl onbITHO-MeToamyeckue pabotel (OMP), HanpaBneHHble Ha pa3paboTky
metoaukun PP pa3BeqodHon ctagnm Ha pyaHbix 3anexax nnaweobpasHoro Tuna.

OMP npegcTtaBnanun cobon getanbHble KOMMMEKCHbIE reonioro-reomsnyeckmne
nccnegosaHma macwtaba 1:50 000 n BkntoYanu reocakyctnyeckoe n oToTeneBn3noHHoe
npocmnmpoBaHne ¢ MeXnpodubHbIM paccTosHueM 1 KM 1 psagoBoe onpoboBaHmne No
cetn 1,5%1,5 kM. OMP BbLINONHANUCHL C NPUMEHEHNEM TEX XEe KOMMIEKCOB, KOTOpbIe
ObINIM MCNOMb30BaHbl MO3Xe NMpu oLeHo4YHbIX pabdotax 2007—2009 rr. Mo ntoram OMP,
Ha ocHoBe 06paboTkn maTepmanos poTonpomnMpoBaHnsa 1 psaAoBoOro onpoboBaHus

C NPUMEHEHMEM re0CTaTUCTMYECKOrO aHanmaa, Obiny yCTaHOBMEHbI NapameTpbl
reoniorM4eckon mogenu nnaileobpasHon 3anexun n o6ocHoBaHa onTuMarnbHasa cuctema
reonornyecknx HabngeHUn NPUMEHNTENBHO K NnawieobpasHoMy TUNY pyaHbIX
ckonneHun. PaspaboTtaHHble no ntoram OMP pekomeHaaumm 6binm NpyMeHeHbI No3xe
npu nraHMpoBaHun n npoeegeHun PP passeqoyHon ctaguun B npegenax nepsoro
naTuneTHero AobbIvHOro 6rnoka.

A

Puc. 1. Cuctema PP Ha u3yyeHHOM yyacTke nnauieobpasHoii 3anexu: A — MoWCKOBO-pasBefoyHas
(oueHouHas) ctagms; b — pasBegoydHasa ctagus; 1 — nuHUK poTtonpodunen; 2, 3 — cTaHUUU PSO0BOro
onpo6oBaHus, B Tom uncre 3 — B pamkax OMP 2006 r.; 4 — n3obatbl ceueHvem 25 m (A) n 10 m (B);
5 — pyAaHbIA KOHTYP
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Pabotbl passegoyHon ctagumn 2017—2022 IT. BbINOMHEHbI HA Nowaan, N3y4eHHou
OLeHOYHbIMM paboTamu, Ha TPEX CMEXHbIX y4acTkax obLien nnowaabto 1610 km?
(puc. 1B). Ha Bcex Tpex nonuroHax MCnosib3oBaH €ANHbIN TEXHUKO-TEXHONOMMYECKUI
KOMMJIEKC, OTNNYaOLWMINCH OT KOMMSiekca, NPUMEHEHHOrO Ha OLLEHOYHOW CTaanu,
NSIOTHOCTbLIO CETEN N UCMONb30oBaHNeM NpugoHHoro MJ13, n Bknovalwmn cnegyowme
BUAbI N MeTOAbl paboT:

— BaTMMETPUYECKYIO CbEMKY COBMECTHO C re0akyCTUYeCKUM NpounmpoBaHmemM
¢ ncnonb3oBaHmeM komnnekca « MAK-Penbed» nponssoactesa AO «HOxxmopreonorusy,
B COCTaB KOTOPOro BXogaT npuaoHHbin MI1G SeaBat 7125-ROV2 ¢ lwmprHOM Nnonockl
cbeMkm 600 m, rugponokaTop 6okoBoro 063opa Huskom yactotel (MO HY) B pexume
cpeaHen ganbHocth (34 klMy) ¢ gmanasoHom o63opa 6O 750 M Ha Kaxabi BopT K
akyctmnyeckuin npocmnorpad (4 klu), o cucteme npocunen ceBepo-BOCTOMHOMO
HanpasneHus ¢ MexnpodunbHbIM pacctogaHnem 500 wm;

— (hoToTenenpodunupoBaHmne ¢ ncnonb3osaHmem umdposoro PTK «HentyH-LI-O», no
cucTeme nNpounen ceBepo-BOCTOMHOMO HanpaerneHsl C MexrancoBbliM pacCTOsHUEM
1000 m, mexxkagpoBbIM pacctosiHnem 20—25 M 1 nnowagbio cdoTorpadpupoBaHHOroO
y4yacTka nHa He MeHee 2,5 M;

Puc. 2. Cneumnduryeckme OOHHbIE NPENATCTBUSA, BbISBNIEHHbIE HA MOLLaAM PYAHON 3anexu (No AaHHbiM: A, b —

npugoHHoro MJ13; B — doTtonpodunumpoarus; T — BO): A — dparmeHT 6aTUMETPUYECKON NMOBEPXHOCTH

C cepuent BOPOHKOODOPa3HbIX CTPYKTYp (CTPEnKOW yka3aHO MECTOMOSIOXKEHWe CTPYKTYpbl, MOKa3aHHOW Ha

puc. 2B); B — paspe3 menkol BOpOHKOOOPa3HOM CTPYKTYpbl Ha nNpumepe AaHHbix MJIO, npeactaBneHHbIX

B BUOE TOYEK 30HOUPOBaAHUN B OKHE BbIOOPKN; B — TpyOuaTbie KaHamnbl B COMCTbIX KapOoHaTHbIX Nopogax

(BOHHbBIV POTOCHMMOK, AnameTp rpysa-passeg4mka 10 cm); T — yyacTok pasBuUTNS MOBEPXHOCTHBLIX 3PO3MOHHbIX
CTPYKTYp Ha maTepuanax 6O (MoHTax coHorpamm)



— psgoBoe onpoboBaHue pyaHbix 3anexen XKMK kopobyaTtbiM Nnpo600TOOPHNKOM,
OCHaLLeHHbIM (POTOYCTaHOBKOW, C AOBEAEHMEM Pa3BEAOYHON CETU OO AYENKN 3%X3 KM.

OcHOBHble pe3ynbTaThl pa3BeaoyHbIX paboT, B CpaBHEHUN C OLEHOYHbIMK paboTamu,
NpoBeAEeHHbIMN Ha 3TOM e y4acTke, CBOOATCH K cnegylowemy:

— nony4yeHa KoHauUMoHHasa 6atumeTpudeckasa ocHoBa MacwTtaba 1:50 000, npu atom
3aKapTMpPOBaHbl ANEMEHTbI penbeda AHa C YKNoHaMK, NpeBbILaoLwmmmn 6° npu
OTHOCUTENbHOM nepenage rMnyobuH B nepBble AECATKM CAHTUMETPOB;

— MOMNy4Y€eHbl MOHTaXKn coHorpaMmm ¢ 50%-HbIM NepeKkpbITUEM, MOSTHOCTbLIO
3aKkpblBaloLLME KapTMpPyeEMYHO Nowanb 3anmceto ¢ kaxaoro 6opta NBO;

— B PY4HOM KOHTYpe AOCTUrHyTa NfIOTHOCTb pSAgoBoro onpobosaHms 1 CT. Ha 9 Kw2.

Penbed oHa MeCcTOpOXOeHUSA U3ydeH C AeTanbHOCTbIO, JOCTAaTOMHOW ANs
NPOEKTUPOBaAHNA JOOLIMHOMO KOMMEKca 1 NnaHnpoBaHna JOObIYHBIX PaboT; yTOYHEHDI
KOHTYpbI, YCIOBUS 3aneraHns, 0CO6eHHOCTM BHYTPEHHENO CTPOEHUS, XapakTEPUCTUKM
N3MEHYMBOCTM reorioro-nPOMbILLAIEHHbBIX NAapaMeTPOB PYAHON 3anexu; AeTanbHO N3yYeHbl
ropHo-reonormnyeckue (I'Y) n nHxeHepHo-reonormnyeckme ycnosusa (UNY) skcnnyartauyumm
mectopoxaeHus XKMK Ha nnowagn n3y4yeHHoro yvyacTka; BblgeneHbl akcnnyaTtabenbHble
y4acTku (6roKn) Ha OKOHTYPEHHOM 3aneXun KOHKpeLMi; BbINOSTHEH NOACYET 3anacoB pyabl
(>KMK) 1 ocHoBHbIX meTannos (Mn, Ni, Cu, Co) no kateropuam C, n C, 1, B COOTBETCTBUM
¢ TpeboBaHnamm MOM[, no kateropusam, npeaycmoTpeHHbIM wabnoHom CRIRSCO:
«n3mepeHHble» pecypcbl (Measured mineral resources) 1 «BbIsIBIIEHHbIE» PECYPCbI
(Indicated mineral resources).

B utore no pesynsratam passefoudHbix paboT 1 No CpaBHEHUIO C pe3ynbTaTtamm
OLEHOYHbIX paboT pyaHasa nnowaab Ha yyactke ymeHblumnnacb Ha 10%, cpegHsas
BECOBas KOHUEHTpaums pyabl (MAOTHOCTb 3aneraHns) ysenuumnace Ha 7%, pecypchbl
P, nepeseaeHsbl B 3anackl C +C,. lNony4yeHHble pesynsTaTbl XapakTepuayrTCs BbICOKOM
cTeneHbo 060CHOBAHHOCTU U JOCTOBEPHOCTMW.

K 0cob0 BaxkHbIM pesynbratam pa3BedovyHon cTagmMm OTHOCUTCS NosyvyeHne getanbHOn
xapaktepuctuku MY mectopoxaeHus. BoisiBfEeHbl U 3aKkapTUpPOBaHbl crieymdunyeckue
AOHHbIE NPEenATCTBUS, NpeacTaBneHHble 3PO3MOHHLIMWN CTPYKTYpaMn rmapoTepMansHOro
reHesnca B KapboHaTHbIX Nopoaax (HenpepbIBHbIN pa pasHoOMacLUTabHbIX
BOPOHKOOBpa3HbIX BPE30B 1 TpybyaTbiX KaHanoB pa3smepoM OT NepPBbIX CAHTUMETPOB

00 NepBbIX KNITOMETPOB B nonepeyHuke n rmyduHon go 100 m) (puc. 2A—B) 1 cnoxHon
cuctemon cybnapannensHbix 60po3goobpasHbIX HEPOBHOCTEN AHA rMyOBuMHOM OT
HEeCKONbKNX AeUMMETPOB 40 NEPBbIX METPOB, NpeAcTaBnAoLWmMx cobom BbIXoabl
NoANOBEPXHOCTHBIX COEB MMMHUCTON YacTu pa3pes3a, 0OHa)KeHHbIX NoLaaHON 3po3nen
(pwuc. 2I).
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BbicokoTeMnepaTypHble CyOMapuHHbIE rmapoTepmarbHble MCTOUYHUKN, TakKKe N3BECTHbIE
KaK «4epHble KYpPUNbLLMKN», Pa3rpykatoTcsa Ha AHE OKeaHa U MapKMpyrT obnacTb
dopmunpoBaHuns rny6bokoBoaHbIX nonumMmeTtannuyeckux cynodugos ([MC) B npeaenax
cpeanHHo-okeaHun4veckunx xpebTos (COX). I'MIC npeactaensatoT cobon KOMNNEKCHbIE pyabl
C BbICOKMMM KOHLIEHTPALUMSIMK LIENOro psga MeTannos, B TOM YMcie Meab, UUHK, 30M10TO,
cepebpo, kobaneT 1 ap. [1na nomcka aTux pya UCNOmnb3ykT HECKOMNBKO METOA0B, U OAHUM
N3 HUX SABMSIETCA OOHapY>XeHNe 1 N3ydeHne OpeorioB paccesaHus (NToMbl, UK «AbIMbl
KYPWIbLUMKOBY ), PacnpOCTPaHSAOLLMXCS B BOOHOW TOSLLE.

Cuctema COX cuntaetcs ogHow 13 Hanbonee naydeHHbIX CTPYKTyp MupoBoro okeaHa,
HO Aaxe 3a OecATUNeTus nccneoBaHnii U3yyYeHbl NULLb NepBble NPOLEHTLI OT ee
nnowaaun. bonbLioe KoNMYecTBo rMApPoTEPMarbHbIX NOMEeN OCTAETCS HEOTKPLITLIM U
HewnccnegoBaHHbIM. [1o 3ToM NpUYnMHe HEOBXOAMMO COBEPLLUEHCTBOBATbL UMEKLLMECS

1 paspabatbiBaTb HOBblE METOAbI NPOrHO3NPOBAaHWS U NOMCKa rMapoTepMaribHbIX
NCTOYHUKOB.

[na peweHnsa nocTtaBneHHoN Npobnemsl Obinv N3y4eHbl U MHTEPNPETUPOBAHDI:
— pesynbTathl 30HAMPOBAHMSA AATYNMKOM MeTaHa BOM3un nonem, NpuypodeHHbIX:
1) K yneTpabasntoBbiM 6riokam 60pTOB AONUHBLI CpeanHHO-ATNAHTMYECKOro
xpebTa (CAX) — Jloraués-1, Kopannosoe n MonoaexHoe; 2) kK 6azanstoBomy
BYTKAQHNYECKOMY NMOAHATUIO B Npeaenax aAxuviwa gonvHbl — lNeto-ge-done;
— pesynbTatbl XMMUYECKOro aHanm3a npod BoAbl Ha B3BELUEHHbIE Y PACTBOPEHHbIE
MeTanmnbl B Npeaenax rmgporepmMarnbHoro yana Awagae.

CpaBHI/ITeJ'IbeIIZ aHalnuns nosty4YeHHbIX pe3yribratoB 30HANPOBAHUA U OI'Iy6J'II/IKOBaHHbIX
OaHHbIX NOKasarll pas3sinyina B BbICOTE (bOpMI/IpOBaHVIFI M 0arbHOCTU pacnpocTpaHeHnA
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opeonos MeTaHa. [pegbiayLine nccnegoBaHms B panoHe ruapotepMarnbHOro yana
Jloraués nokasanu, 4To MeTaH POPMUPYET XOPOLLO BbIPaXXEHHbLIW B MiaHe Opeort,
pacnpocTpaHsowmnnca Ha 4—10 kM OT nctoyHmka Ha BbicoTe 200—500 m oT gHa npu
KOHUeHTpaumsax >10 Hmonb/n [8]. AHanornyHble opeorbl 6biNn Takke BblAeNeHbl B panioHe
BocTo4HO-TxooKkeaHCKOro NogHATUSA [4], rae ns-3a BbICOKOM MarmMaTuy4eCcKon akTUBHOCTHU
hopMMpOBaNUCb Tak Ha3biBaeMble MeranstoMbl, oTinyaroLmecs 6onbLWOoN AanbHOCTbIO

1 nnowaabko pacnpocTtpaHeHus [11]. Tem He meHee, cornacHo NonyyYeHHbIM Npu
30HOUPOBaHUM pesyrnbTataM BONM3n NCTOYHMKOB, CBA3AHHbIX C BrioKaMm ynbTPaoCHOBHbIX
nopoa, MeTaH popmupyet aHomanuu Bérmsm okeaHN4ecKoro AHa, KOHUeHTpauum B
KOTOpbIX BLICTPO CHMXarTCa A0 ~3—5 HMonb/n yxe B ~200 M OT nctovHmka. BeposaTHo,
AanbHOCTb M BbICOTA pacnpoCTpaHeHsi OPeOosioB ONpPeaensTCa KOHLEHTpaumMsmm
MeTaHa B KOHEYHOM rugpotepmansHom pacteope (KI'P) n rmgpognHamuyeckumm
XapakTepucTuKkamMu pasrpyxaroLerocs uctoyHmka. PopmmpoBaHne aHomanmm MeTana,
OTMeYeHHon B paboTe [8], BeposaTHO, Obino BbI3BaHO peakon Ansa agaHHoro cermeHTa CAX
aKTMBM3aumen MmarmaTn4eckon OeaTenbHOCTU, Ha BO3MOXHOCTbL KOTOPOW YKa3blBatoT
Hanuume ByNKaHU4YEeCKMX NMOCTPOEK U MaKCUMaribHaa TEKTOHNYECKast akTUBHOCTb BCErO B
2,5 KM OT rugpoTtepmarnbHoro y3na Jlorayés [7].

B npepenax BynkaHunyeckoro nogHATUSA Nbto-ae-Ponb TONbKO Ha ABYX CTaHUMSAX
30HONPOBaHMS BbINIO OTMEYEHO HEBONNbLLOE NOBbILEHNE KOHLEHTPALMI MeTaHa.
B6nu3n atnx ctaHumm no pesynsratam TenenpounmpoBaHns 6biiv OTMEYEHbI

«ObIMbl KYPUNbLLXKOB» W XUBasa rugpotepMarnbHasa payHa, YTo yKasblBaeT Ha ux
HenoCcpeacTBEHHYO 6rM30CTb K rmapoTepmMarnbHbiM UCTOMHUKAM. Hu3KMe KoOHUEeHTpaumnm
metaHa B KI'P cuctem, npnypoyeHHbix kK 6asanstam [3], obycnosnmsatoT ero

HU3KNe CoAepXXaHUs B opeorie paccesHUd, Manyro A4anbHOCTb pacnpoCTpaHeHUs U
HENPUroAHOCTb Kak MOUCKOBOrO NpU3Haka ruapotepmMaribHbIX MICTOYHUKOB, CBSA3aHHbIX C
6asansramu.

Mcxoasa n3 HOBbIX A@aHHbIX O PacroNioXXeHMM UCTOYHMKA B npedenax rugpotepmarnbHOro
nonsa Awapae-2 [6], Obinn nepenHTepnpeTUpoBaHbl pesynbratbl aHannsa BOgHON

TONLWK BOKPYT cTodHMKa. CornacHo onybrnvkoBaHHbIM AaHHbIM, 6ombLUas YacTb
pacTBOPEHHbLIX METANMOB BbIXOAUT U3 pacTBOpa B 30HE CMELLEHNS rMapoTepManbHOro
donitomaa ¢ MOpPCKOM BOAOM (MepBble METPbI), YTO NPUBOAMUT K NAAEHNIO KOHLEHTPaUnin Ha
4—7 nopsigkos [5]. HecmoTps Ha aTo, BOGnm3m nctodHmnka (~200—400 m) obHapyXeHbl
aHoManuu pacTBOPEHHbIX METANSOB, B TO BpeMs Kak aHOManuu B3BeLUEHHbIX MeTannos
cocpenoTtoydeHbl Ha yganeHun (~500—700 m).

N3yuyeHune pacnpegeneHuns pygoobpasytowmx metannos (Cu, Zn, Fe, Mn) B nnaHe n

B pa3pese rnokasarno, 4TO Opeosi paccesHsi He OTBEYaET CYLLECTBYIOLLEN MOAEN ero
dopMMpPOBaHWS, KOTOPYIO YNPOLLEHHO MOXHO NPeaCcTaBuTb B BUAE CrneayroLmnx 3Tanos:

1) nogbem ruapoTepmaribHOro pacTBopa OT UCTOYHUKA (MPEenUMYLLLECTBEHHO BEPTUKalbHOE
ABWXEeHe — BOCXOOALLNN NIOM); 2) BbIpaBHMBAHWE MIIOTHOCTEN pacTBopa U



OKpY>KaloLunx Bo (3amMeaneHne pacnpocTpaHeHNs — NIIloM HEWTpanbHOW NnaBy4vyecTu);
3) bopmmpoBaHue n pacnpoctpaHeHue nniomMa B onpeaeneHHoM HanpasneHun nog
AencTBnem NpuOoOHHOro TeveHus. B gencremtensHOCTM 0bpasyeTcsa BUXpeBasi CTPyKTypa
rmapoTepMarnbHOro opeona, npuoasLLas K obHapy>XeHU aHOManun MeTansioB BOKPYr
rmapoTepMarnbHOro UCTOYHMKA Ha pasHbIX FOPM3OHTax paccesHus. PopmmpoBaHue
NoAoBGHOM CTPYKTYpbl O6BACHAETCH HAMW Kak pe3ynbraTt BO3AENCTBUS HECKOSbKUX
drakTopoB: 1) NPOCTPaHCTBEHHO-BPEMEHHAA N3MEHYMBOCTb MPUAOHHbLIX TeveHui [9];

2) nognoBepxHoOCTHaaA hasoBas anddepeHumaumsa rmgporepmMmansHoOro pactesopa [2];

3) HecTabunbHOCTbL rMApoTEPMarnbHoOro nnoma [11].

dopmupoBaHue BUXPEBOW CTPYKTYPbI MAPOTEPMAnbHOro NoMa OCHOXHAET

MOWUCK rMApOTEPMAaribHOro0 UCTOYHUKA. [Na NpOrHO3npoBaHNA BEPOATHOWN Nowaan
rmopoTepManbHON pasrpy3ku NpeanoXxeH aganTMpoBaHHbIA MeToa MynbTunaTepaumm,
NpUMEHsIEMbIN ONS onpeaeneHnsa KoopanHaT UCTOMHUKA CUrHarna Ucxonsi U3 U3BeCTHbIX
KoopauHaT ToveK (MPUEMHUKOB CUrHana) BOKpYr UICTOMHUKA U PaCCTOSIHUM OT HUX

A0 uctodHuka [1]. Kak «curHan» npuHATo cooTHoweHue [pMe]/[BMe], rae Me —
pyooobpasytowme metannsl (Cu, Zn, Fe, Mn). MIcToyHMKOM curHana BbiCTynaeT
rmapoTepManbHbI UCTOYHMK, @ MPUEMHUKAMKN «CUrHana» — TOYKM onpoboBaHuS.
PacctosiHns mexay UCTOMHUKOM 1 NpUeMHUKamMu ornpeaeneHo aMnupuyeckum nytem

N BapbUpyeTcsa B 3aBUCUMOCTU OT cunbl «curHana» ot 400 go 500 m (MakcmansHoe
pacCTosiHME OT UCTOYHMKA, HAa KOTOPbLIN pacrnpoCTpaHAETCs CUrHan passivyHon CUusbl).
Cwuna curHana onpegensaeTca BenmymMHom npeBbleHns cooTHoweHns [pMe]/[BMe]
(POHOBbLIX 3Ha4YeHUN. BOKpYr aHOMarsnbHbIX TOYEK CTPOATCSH OKPYXXHOCTU C paguycamu,
paBHbIMW BblIGpPaHHBIM PaCCTOSHUAM, KOTOpblE NepecekatoTcst 1 POPMUPYIOT NNH3Y.
ObnacTtb nepeceyeHns HanbornbLIEro KONMYECTBA KPYroB yKasbiBaeT Ha BEPOSATHOE
pacrnornoXeHne akTMBHOIO rmapoTepmMaribHOro UCToYHUKa. CpaBHEHWE NPOrHO3HbIX
nnowazaen ¢ peanbHbIM NONOXEHNEM UCTOYHUKA B Npefenax ruapotepmaribHoro

nonga Awapse-2 nokasaso BbICOKYH TOYHOCTb NPOrHo3npoBaHus. NpoBepka MeTogmuku
Ha obbekTax-aHanorax (rmgpoTepmarnbHblX Nonsx Awaase-2 n -3) Takke nokasano
coBMajeHne NporHo3vpyemou nnowagm ¢ peanbHon cutyaumen. [ina nosbieHUs
TOYHOCTM PEKOMEHAYETCHA UCMOSb30BaTh NOCTPOEHNSA NO HECKOmNbKUM anemeHTam (Cu, Zn,
Fe, Mn) n BbiGupaTtb TOYKM C HaMbonbLLEN CUNoN curHana (Bbiwe POHOBLIX 3HAYEHUIN Ha
TPpU CTaHAAPTHbIX OTKNOHEHWS 1 BornbLue).
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B cBA3u ¢ ucrtoweHnemM MUHepanbHO-CbipbeBOW Ba3bl KOHTUHEHTOB, CHUXKEHUEM
KadyecTBa J0ObIBaeMbIX pyq, a Takke nosblileHneM TpeboBaHUN K 9KONOrnm4yecKom
©e3onacHOCTM HazeMHbIX J0ObIYHBIX NpoekToB B XXI B. BCce 6osbllee 3Ha4YeHne
npuobpeTtaeT 0CBOEHME rMyoboKOBOAHBIX TBEPAbIX MOME3HbIX McKkonaembix MnpoBoro
okeaHa. CyLleCcTByeT TP OCHOBHbIX TuMa rnyboKOBOAHbLIX NOSIE3HbIX NCKOMNAEMBbIX:
XenesomapraHuesble KoHkpeunn (XKMK), kobanbT-mapraHuesble kopku (KMK)

n rnybokoBogHble nonumeTannuyeckue cyneduabl (MMC). Ans onpegeneHus rpaHu
pacnpoCcTpaHeHust 3TUX MONE3HbIX MCKOMAeMbIX, OLIEHKN BELLLECTBEHHbIX XapakTepPUCTUK,
N3YYeHUsT UX UHXXEHEPHO-TeONOrMYeCcKnX 1 Apyrmx CBOMCTB BbIMOMHAETCSA KOMMMEKC
cneunanmsanpoBaHHbIX reosioropasBeoyvHblX paboT, HEOTbEMSTIEMON YaCTbio KOTOPbIX
aBnsieTca potoBngeonpodunnpoBaHme.

doToBuaeonpomnMpoBaHne NPOBOLAUTCS MO 3apaHee HaMeYeHHbIM NPoUNAM No
paBHOMEPHOW CeTu; B NpoLecce BbINOSTHEHUS NoMeBbIX paboT HakannueaeTcsa 60NbLLON
06bem nHdopmauum (Teicsaum oTorpadunn U AECATKM YacoB BUageonoToka). [Npu atom
OTMeYaeTCs CyLleCTBEHHOE OTCTaBaHME B pa3BUTUN TEXHOSOrMN ooToBnaeoukcaumm

OT MeToauku 06paboTkmn aTux matepmanos. B 6onblWIMHCTBE CnyyYaeB aHanms
N300paxeHnn NPONCXOANT IMMNPUYECKKN, NYTEM PYyYHOM 06pabOTKK XXypHanoB
doToBnageonpodPUNMpPoBaHNA, NOBTOPEHNA paHee OTCMOTPEHHbIX (hparMeHToB BUAEO, YTO
TpebyeT KonoccarbHbIX BpEMEHHbIX 3aTpaT ucnonHutenen pabot. [pu aToM AnuTenbHbIn
MOHOTOHHbIV TPy onepaTtopa NpUBOLUT K HaCTUYHOW NoTepe LeHHON nHpopmaumm,
CHUXEHUIO ah(peKTUBHOCTU paboT, a Takke HepaunoHaribHOMY UCMONb30BaHWUIO TPYOOBbIX
pecypcos.

LLinpokoe pa3suTme TEXHONOMIA, OCHOBAHHbIX HA MPUMEHEHUN HENPOHHBIX CeTEN
C Lenblo pacno3HaBaHUsl pasnuyHbiX N300paxeHnn 1 Buaeodannos B Apyrux cepax
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4YernoBeYeCKon AeATENbHOCTHU, U y4eT 0603HaYEHHbIX Bbile Npobrem onpeaensitoT
aKTyanbHOCTb M NEPCNEKTUBHOCTb pa3paboTku cneumnanmampoBaHHOro NPOrpaMmMHOro
obecneyeHns Anst aBTOMaTMYECKOro aHanmaa pesynbTaToB h0TOBUAEONPOUNNPOBAHNS
MOpPCKOro gHa. B HacTosiLee BpeMsi KONMEKTMBOM aBTOPOB CO34aH MPOTOTUN
nporpammHoro obecnedenus (MO), nossonsatowmi Boiaenate XKMK Ha nsobpaxeHusx.

Ha cnepgytowem atane npeanonaraetcs paspabotka MO gns kapTMpoBaHus BCEro
cnekTpa obpasoBaHuii B Npefenax pyaHbIX Noewn, BKNoYas Nopoabl pasHoro cocraea u
mopdoonorun, ocagkun, KMK n I'T1C.

dotorpadum ¢ >KMK ob6paboTaHbl ¢ NOMOLLIbIO HENPOHHON ceTu. B kadecTBe mogenu
HEeMpoOHHOM ceTu ucnonb3oBaHa ceTb U-Net [1], Tak kak oHa obnagaeT cpaBHUTENBLHO
NPOCTON CTPYKTYPOWN N BbICOKMMMW NoOKasaTensiMu B peLleHnn NoxXoxmnx 3agad. Ans
n3obpakeHnsa Npom3BOSIbLHOrO pasMmepa HerpoHHas ceTb U-Net BbliuncnseT GuHapHyto
macky. Macka oTMe4aeT BCe MUKCENN NCXOAHOro n30bpaxeHus, KOTOpble OTHOCATCS K
dpparmeHTam XXMK.

O6y4yeHune HerpoHHon ceTn U-Net 661510 BINOSTHEHO C NOMOLLbI HEGOMLLLOMO

Habopa fgaHHbIX, NoNyYeHHbIX U3 ceTn NHTepHeT. M3HavanbHas pa3meTka JaHHbIX

Ha obyuvatoLLer BbIOOpKe BbIMOMHANACh CneLmanucTaMmum-reonioramm BpyyHyto. [ns
cTabunusaumm oby4YeHnst CeTU NPUMEHANNCH Pa3fnyHble TEXHUKN Npeobpa3oBaHns
AaHHbIX: LUBETOBbIE (CMELLEHNE TOHA, APKOCTU N HACbILLEHHOCTM) 1 reoMeTpuyeckmne
(mnoBopOTbI M306paXeHnsi, KOHPOPMHbIE OTOBpaxeHns). Takum obpasom, 06bemM

AaHHbIX Ans oby4eHns cocTaBnsieT ThbiCa4M NpUMepPoB. Ha pucyHke nokasaH pesynbtart
paboTbl NpOTOTMMNA NPOrpaMMbl — B aBTOMaTUYECKOM peXnme Ha TeCTOBOM BbIOOpKe
(n306paxeHnmn, KOTOpoe He BbINo 3HAaKOMO HEMPOHHOM CETU) MPOrPaMMON aBTOMaTUYECKN

BblaeneHbl 2KMK ¢ BbICOKOW CTENEHbIO TOYHOCTMW.

doTorpadusa Mopckoro aHa,
obpaboTaHHas ceTbto U-Net
(TecToBas BbIOOpPKA). [IHO
npeacraenser coborn ocagku
C XenesomapraHueBbIMU
KOHKpeLMsaMN Ha
noBepxHocTU. KpacHbim
oTOBpaXKeHbl KOHTYPbI
MacoK, BblMUCTIEHHbIE
HEPOHHON CETbIO.
Habnopaetcs BbiaeneHne
NpaKkTUYeCcKn BCEX
BM3yasibHO pasnnUYMMbIX
KOHKpeLuunn




Pesynbrat paboTbl npoToTnna nporpaMmmMbl NOKa3bIBaeT BbICOKMI NOTEHUMan u
3(pPeKTMBHOCTb AAHHOro Nnoaxoaa Ans peLleHns 3a4ad KapTMpoBaHNA MOPCKOrO

AHa 1 rnMyboKOBOAHbIX MOSE3HbIX MCKONAeMbIX. Takon NOAXO0A MO3BONUT Ha NOPSOKN
CHMU3NTb 3aTpaThbl BpeMeHN, TpebyeMble B HacTosILLee BpeMsi ans oopaboTkm
pe3ynsrtaToB (0OTOBMAEONPOPUITMPOBAHNS, MOBBLICUT KAYeCTBO N HaAEXHOCTb 06paboTku
AaHHbIX, a Takke NO3BOSIUT BbICOKOKBANUMUUNPOBAHHbLIM Cheumnanuctam-reorioram
COCPefoOTOHNTLCS Ha peLleHnn Apyrnx BaXkHblx 3agad. Cnegyer OTMETUTb, YTO C TOYKU
3peHnsa MaLUMHHOro obyyeHns ang ycnewHon paboTbl NporpaMmmbl HEOH6XOANMO peLLnTb
npobnembl knaccnukaumm n cermeHTaumm [2], a Takke yuntbiBaTb OCOOEHHOCTU
noaBoO4HOM CbeMKM, Tpebytowen nocneaytowen obpaboTkm — nogaBreHnsa NoMex u T. n.
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PaspaboTka rnybokoBogHbIX MECTOPOXAEHUM TBepAbIX None3Hblx nckonaemsix (TI1A),
Takux kak XXMK, KMK v I'TIC, BkntovaeT cnegytoLine oCHOBHbIE TEXHOMNOrM4Yeckme
npoueccol: 4obblva (NoaroToBka K BbleMKe, paspyLueHune, cbop); nogbem;
TpaHCcnopTUpoBaHue; oboraleHne; yknagka XBoCToB U NoslyYeHne KOHUEeHTpaTa

C oTrpy3kon notpebutento. OgHnUM 13 Hanbosnee TPyAOEMKUX ABMASETCH NpoLecc noabema
TIMW Ha BOAHYHO MOBEPXHOCTb, YTO B YCIOBUSIX COBPEMEHHbIX TEHAEHUMN 1 TpeboBaHui
B FOPHOM fere Bbl3blBaeT HE0BX04MMOCTb MCMOMb30BaTh MOTOYHbIE TEXHOMNOIMMU,

a TaKke MalUWHbl 1 MeXaHN3Mbl HENpPepbIBHOMO AeNCTBUSA. [11s HenpepbIiBHOrO,
BbICOKONPOM3BOAMUTENBHOIO N HagexHoro nogvema T ¢ 6onbwunx rmybuH (bonee

3000 m) BO3MOXHO NPUMEHEHNE TEXHONOrMnN rmgponoabema, npu kotopon Jobeitele TMA
TPaHCNOPTUPYHOTCH Ha BOAHYIO NOBEPXHOCTb MO BEPTUKaNbHOMY Tpybonposoay B Buae
rmgpocmecu. [1BmxxeHne rmapoCcMecu MOXeT OCYLLIECTBNATLCS 3a cHeT paboThl rPYHTOBbLIX
HacoCcoB, B 3aBUCMMOCTHU OT TpebyeMbiX HAaNOPHO-PACXOAHbBIX XapaKTEePUCTUK BO3MOXHA
napannensHas n/unu nocnegoBaTternbHasi yCTaHOBKA HACOCOB. Takke CyLLeCTBYHOT
TeopeTnyeckme pas3paboTkm KOMMNIIEKCOB, B COCTaB KOTOPbIX BXOAUT NPOMEXYTOYHasA
Kancyna ¢ atMmocdepHbIM JaBieHeM, rae OBUXEHNEe rmapoCcMeck NPoONCXoauT 3a cyeT
pasHULbl HANOPOB BHYTPW Kancyrbl U cHapy»xu [1], npyyem nepemeLLeHne rmgpocmecu

B Kancyny ocyuiectnsietcs 6e3 aHepreTnyeckmnx 3atpat. Kancyna moxet obopyaoBaTbCs
nynbnonepekadHbiM obopyaoBaHuem [1], 4TO NO3BONSAET OpraHN30BaTb ABYyXCTagUMHbIN
rmgponoawem, rae 3atpartbl 3Heprium OyayT NPpUMCYyTCTBOBAaTbL TOMbKO Ha BTOPOM aTane
nogbema; Karcyra MoXeT He UMeTb HaCOCHOro obopyaoBaHuUA, Toraa NoAbEM rMapoCMecH
OCYLLEeCTBIseTCS CyaoBbIMU nebegkamm, npu4em TeXHONOMMSA CTaHOBUTCS LIMKITUYHO-
noTo4HoM [2, 3].

OPDHEKTUBHOCTL NPUMEHEHNSA TMAPOTPAHCMOPTHBIX CUCTEM B YCIOBUSIX rNy6OKOBOAHOM
A06b14n TIT moxeT BbITb OLeHEHA HAAEXKHOCTLIO U 3HEepPreTn4eckon apPEeKTUBHOCTLIO.
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HacocHoe obopyaoBaHue n cuctema BepTukanbHbIX TpybonpoBogoB paboTtatoT B
CMNOXHbIX YCMOBUSAX N NOABEPXKEHbI CUNBHOMY rMapoabpasMBHOMY U3HOCY, YTO ByaeT
TpeboBaTb YacTbIX OCTAHOBOK Arsl TEXHNYECKOrO 06CNYyXNBAHUS.

OHepreTnyeckas apPeKkTMBHOCTb TMAPOTPAHCMOPTHON CUCTEMbI MOXET ObITh OLlEHEHA
3HEeproeMKOCTbIO Npouecca rmgponogbema [3]:

e =—= 5
GL 3,6P15Co

N — pCMgICM
P (1)
rae e — 3HeproeMKoCTb npouecca rugponoasema, KBT-y/(1:-km); N — MOLHOCTb HAaCOCOB,
kBT; L — gnuHa Tpy6onposoaa (rnybuHa 3aneraHusa TMA), km; G — npon3BOAUTENbHOCTb
CUCTEMbI MO TBEPAOMY MaTtepuany, T/4; p_ — NNOTHOCTb TBepAbIX Yactul, T/M?, p_ —

NIIOTHOCTb rMapocmecu, T/m3; g — yCKOPEHME CUMbl TEXXECTU, M/c?; ]CM — yaenbHble
noTepu Hamopa, M BOA. CT./M; ¢, — 0ObeMHas KOHUEeHTpaumna TBEpAbIX YacTu.

OHeproeMKoCTb npouecca TPaHCNopTUPOBaHUS B OCHOBHOM 3aBUCUT OT yAernbHbIX NOTEPb
Hanopa /_, npu ruaponogbeme rapocMecy No BepTukansHoMy Tpy6onposozy v ot
BENMYMHbI KOHLEHTPaLUWK ¢, TBEPAOW hasbl B TPAHCMOPTMPYEMOM MOTOKE rMapocmeci [4].
YaenbHble NOTepW Hanopa npu rmgponogbeme ByayT cknagbiBaTtbCs U3 NOTEPb Hanopa

Ha TeyeHune YncTon Boabl £, AONONHUTENBHBIX NOTEPb Harnopa Ha npeoaoneH1e
COMPOTUBIMEHWIA, BbI3BaHHbIX NEpeEMELLEHNEM TBEPAbIX YacTUL,, B3BeLUMBaHUA cTonba
rnapocMecy X 1 1 MecTHbIX MoTepb Hanopa 1 MoryT 6bITk onpeaeneHs no gopmyrne [5, 6]:

ICM:IO-(k+ZI)={/1 2)

2
e+ 195 e g )
rae A — KO3 @UUMEHT rmapaBfiMyeckoro ConpoTUBEHNs (KOTopbIn B obLem Buge
asnseTca gyHkumen ymcna PerHonbaca (Re) n 0THOCUTENbHOW LWepOoXoBaToCcTH (€), TO
ecTb A=f (Re, €), ogHaKo Ans pa3sBuToro TypOyneHTHOro pexuma OBUXKEHUS rMapocMecH,
XapakTepHoro ans TpybonpoBogHOro TpaHcnopTa, KO3aMUUMEHT rmapasnnyeckmx
COMPOTUBMEHMI MOXHO OnpeaenuTb No n3BectHon popmyne LndgppuHcoHa A=0,11(g)%%;
D — nnawmetp tpybonposoaa, M; v — CKOPOCTb MOTOKA, M/C; W — CKOPOCTb CBOOGOAHOMO
NageHus TBepablX YacTuy, B BoAe (rmapasnuyeckasi KpyrnHocTb), M/C; k — KoahpuumneHr,
YYUTbIBAKOLLMIA MECTHbIE MOTEPU HAnopa N HECMOXHYI reOMEeTPUI0 BEPTUKASTbHOMO
TpybonpoBoaa.

Ananuanpysa popmynsl (1) 1 (2), MOXXHO NMPUATK K BbIBOAY, YTO 3HEProeMKOCTb Npouecca
rmaponogbemMa MOXET OblTb CHMXKEHA 3a CYET:

— YBENMNYEHUS KOHLEHTPaUUKM rmapocMecn 40 ONTUMaribHbIX 3Ha4YeHun [4];

— CHWKEeHUA yaenbHbIX NOTEPb Hanopa 3a CYeT UCNOoMb30BaHNSA MaTepuanos
BHYTPEHHEN CTEHKN TPyOONpoBOAa C HU3KMM 3Ha4YEHNEM LLEPOXOBATOCTH,
NPUBOASLLNM K CHUXXEHUIO KoadhduumeHTa A [6].

[na oueHkn 3 PEKTUBHOCTU TMAPOTPAHCIOPTHON CUCTEMbI ONPeaesiMM 3HEPrOEMKOCTb
npouecca rmgponogbema asns cneayoLmx ropHo-reoriormyeckmx ycrioBum U napameTpoB
KMK: kpynHocTb KoHKpeunn d=0,1 M; kKoadpUMEHT JMHAMMNYECKON BA3KOCTU MOPCKOM
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BoAbl U=1,673 Mrla; nnoTHocTb Mopckon Boabl P,=1025 kr/m3; nnotHocTb XKMK
P.5=3200 kr/m3; rny6uHa aksaTopu B 30He A06b14m H,.=5000 M; npon3BoanTeNbHOCTb
npugoHHoro aobbivHoro komnnekca G=340 1/4; maTepuan Tpybonposoga — cranb
Ct3cn (3HayYeHue akBMBaneHTHoIA WwepoxosaTtocTt A =0,2 MM). PaccumTaHHble 3Ha4eHNs
napameTpoB rmgponoabemMa npencrasneHsl B Tabnuue.

MapameTpbl rMgponogbLema

BbasoBbin MopepHu3npoBaHHbIN

Mapametp BapuaHT BapuaHT
O6bemMHas KoHUEeHTpaums ¢, 0,1 0,3
OKBMBarneHTHas LLIepPOXoBaToCTb AS, MM 0,2 0,01
OnameTp Tpybonposoga D, m 0,5 0,32
Pacxop ruapocmecy Q_,, M3/4 1060 350
MnoTHOCTb rmapocmecy P, Kr/m® 1240 1680
MoTpebHbIn Hanop H, m 350 670
MoLuHocTb noToka, KBT 1270 1080
OHeproeMkKocTb, KBT-u/T 3,75 3,2

Kak y>xe ObI5io cCkasaHo BbllLe, BOMbLIOE BUSHNE Ha 3HEPrOEMKOCTb npoLecca
rmgponoabemMa OKa3blBaloT LLEPOXOBATOCTb BHYTPEHHEN NOBEPXHOCTH Tpybonposoaa

N 3Ha4YeHne o6 beMHOM KoHLUeHTpauun. iccnegosaHusa B 06rnacty nNoBbILLEHUSA
3(pPEeKTUBHOCTN MMOPOTPAHCNIOPTa XBOCTOBbLIX MYySbM NOKa3bIBaKOT, YTO CHUXEHUE
3HEProeMKOCTU M NOBbILIEHNE 3HepPreTnyeckon adpPEKTUBHOCTHN rMapoTpaHcnopTa
BO3MOXHO 3a CYET NMPUMEHEHUS NONIMMEPHBLIX MaTepuaroB Kak HOBbIX KOHCTPYKLUWNOHHbIX
mMaTepuanos. [1o onbITy rmapoTpaHCcnopTa XBOCTOBbLIX MySbM CyLLECTBYET TEXHOMNOMS,
NPy KOTOPOW Ha BHYTPEHHIOK NOBEPXHOCTb CTanbHOro TpybonpoBoaa HaHOCUTCH
nonnypeTaHoBOE MOKPbITUE, abCONIOTHas LLEPOXOBATOCTb KOTOPOrO HUXE, YeM y cTanu
[6]. Takke M3 onbiTa rMAPOTPAHCNOPTa XBOCTOBbIX MYSbM N3BECTHO, YTO ONTUMasIbHbIM

3HayeHneM KoHueHTpauumn aensaetca C. =0,3 [4].

0-onT

Mo pesynbratam nabopaTtopHbIX U NONYNPOMbILLSEHHbBIX UCCNEA0BaHUI, NPOBOAMMbIM
CaHkT-lNeTepbyprcknm ropHbIM YHUBEPCUTETOM, OTHOCUTENbBbHASA LLEPOXOBATOCTb
NoNnypeTaHoBbIX MOKPbLITUN Pa3nUyHbIX NponssoanTenen (Teepgocts no LWopy Haxoantces
B ananosoHe 83A—93A) Bapbupyetcs B npegenax 0,5—1,4, a cpegHee 3HadveHne — 1,07,
B TO XX€ BpeMsi 3Ha4yeHmne 3Toro napameTpa Ans ctanbHbiX Tpy6 aocturaet 4,2 [6]. Pacuet
napameTpoB rmaponogbemMa no HOBbIM PEKOMEHOAUMAM Takke NpeacTaBneH B Tabnumue.

Mo pesynbratam, npeacraBneHHbIM B Tabnuue, BUAHO, YTO PEKOMEHAALNN, NOSTyYEHHbIe
Ha OCHOBE MCCnegoBaHUN rMAPOTPaHCNOPTa XBOCTOBLIX MySbM, @ UMEHHO MOBbILLEHNE
ob6beMHon KoHUeHTpaumm Ao 30% 1 ncnonb3oBaHUe NosIMMEPHbIX MaTepmnanos

C HU3KNM 3HaYEHNEM LLEPOXOBATOCTN, NMO3BOMSOT CHU3UTb SHEPrOEMKOCTbL npoLecca
rmgponoabema Ha 17%.
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CTouT Takke OTMETUTb, YTO NONNYPETAaHOBbLIE MOKPLITUS UMEIOT 3HAYUTENLHO Bonee
CTOMKOE COMpOTUBIIEHME K rapoabpasnBHOMY U3HOCY, Takne nccneaoBaHns Takke
nposogunuce B FlopHOM yHUBepcuTtete [7].

BaxHenwen npo6r|eM0|7| OCTa€eTC4d BOMNpoC nynbrnonpuroToBrieHnA, To €eCTb CO34aHUA
rmapocMecun 3afaHHbIX NMNapamMeTpoB, B NepBYyH o4epenb KOHUEeHTPpaunn 1 nioTHOCTH,
a TaKXe KpyrnHoCTu1 TBepaoro. Ons obecneyeHunst Takumx napamMmeTpoB Ha AHe OOJTKHO
OCYLLECTBIIATbCA NepBn4HOE oborauieHue, B npoTMBHOM Clly4ae BCe npenmyliecTtea
rmaponoanemMa MoryT ObITb HUBEJTNPOBAHbI.

Ha ocHoBaHUKM NpoBefeHHbIX UCCcnegoBaHU MOXHO caenaTtb pekoMmeHgaumm rno
KOHCTPYKTUBHbIM OCOBEHHOCTAM BepTUKanbHoOro Tpybornposoaa:
— MPUMEHEHWE B Ka4yeCTBe BHYTPEHHEN MOBEPXHOCTU NONNYPETAHOBbIX
NOKPBLITUA, UMEIOLLNX HU3KOE 3HAYEHME LLEPOXOBATOCTU U BbICOKYH CTOMKOCTb
K ruapoabpasvBHOMY U3HOCY;
— BEpTMKanbHbIA TpybONpoBOa AOIMKEH MMETb BHELUHUI HECYLLWIA CNOW, KOTOPLIN OyaeT
COMPOTUBNATLCSA AaBNEHNIO OKpPYXXatoLLen Boabl;

- pr60I'IpOBOLII OOJDKEH UMETb MNMOJIOXUTENbHYHO MJ1aBy4eCTb, OJ14 4ero BOSMOXXHO
Ncnosib3oBaHMUE JIErKNX MaTtepumasnoB C NMIOTHOCTbIO HMXKE, YEM Y BObl, nnéo nmeTb
BO34YyLUHblE KapMaHbl.
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JIATOTEOXUMHNYECKUE MPU3HAKHU BY/IKAHUYECKOTO
U TUJPOTEPMAJIBHOTO IPOLIECCA B OCAZIOYHOM
YEXJIE XPEBTA MOHA (HOPBEKCKO-TPEHJIAH/ICKUH
BACCEVH)

CrapoabimoBa [. ., KpasunwmHa M. [1., HoBuukosa E. A.,
YexoBckasa M. 1., CnomHiok C. B., Murgucosa U. A., Akumosa K. B.

WHcTutyT okeaHonoruun um. I1. . lWunpwosa PAH, Mocksa, Poccus
d.smokie@gmail.com

UccnepoBaHus ruapotepMarnbHbIX CUCTEM HU3KOCcNpeauHrosoro xpebrta MoHa
(3anonsapHoro yyacTtka CpeamHHo-ATnaHTudeckoro xpebta (CAX)) Begytcs HaunHas

C MOMeHTa ux oTkpbITMs B 2005 r. [7]. B 30He couneHeHunsa xpebtoB MoHa n KHunosuya,
B Npegenax oCeBOro BysikaHMYeckoro nogHaTna Ha 73°30’ c.w. n 8° B.A4., pacnonoXeHo
akTnBHoe rmgpotepmanbHoe none 3amok Jloku (Loki's Castle) ¢ 13-meTpoBbIMU YepHbIMU
KypunbLUMKaMn, nccrnegosaHnsa kotoporo Hadanueb B 2008 r. OceBoe ByrikaHU4eckoe
NOAHATME COCTOUT N3 OBNTOMKOB paHee pa3pyLUEeHHbIX rmapoTepMarnbHbIX CTPYKTYP [7].
OCHOBHbIM UCTOYHUKOM TEPPUrEHHOIro 0Cal0MHOMo BELLECTBa B 3TOM panioHe ABNAITCA
ocajikm KoHyca BbiHOCa MefgBexXuHckoro xenoba [2], LononHUTENbHOEe BELLECTBO
MOXET MOCTaBNATb NeAoBbl Pa3HOC, eCTECTBEHHAsA remunenarniyeckas ceanmeHTaums,
3NN30ANYECKM NPOAYKTbI NOABOAHbBIX N3BEPXKEHMIN BYIIKAHOB 1 rMapoTepmMmarbHOm
AedaTenbHocTU. [o-NpexxHeMy oCTaeTcsl HEACHbLIM BIUSHWE rMAUManbHbIX LUKIOB Ha
BYJIKAHUYECKYIO N rMapoTepMaribHy0 akTUBHOCTb.

KonoHka goHHbIx ocagkoB AMKS5536 6bina otobpaHa ¢ rnybuHsl 2196 m B xoae 68-ro penca
HNC «Akagemuk Mctucnas Kengpiw» B 2017 r. OTGop 0cagkoB NPOBOAWICS C MOMOLLbIO
rpaBuTauMoHHOM Tpyokm Bonbluoro agnametpa. Mecto npobooTbopa pacnonaraercs

B pudpTOBOM JONMNHE B 06nacTu couneHeHus xpebtos MoHa n KHunosuya, ogHo un3
HEMHOMMX MeCT CpeMHHO-OKeaHNYeCKoro pudTa, rae HakanmBalTCs 3HaYMTENbHbIE
006beMbl 0Cago4HbIX OTNIOXeHW [4]. KONOHKOWM BCKpbITa 4-MeTpoBad Tosa 0cagKkoB
B6nIM3M rmgpoTtepmarnbHoro nons 3amok J1oku, dontonabl KOTOPOro hunbTpyroT
MaTepuHckne noponbl — ocHoBHble 6a3anbTbl CAX (D-MORB) 1 oTnoxeHus KoHyca
BblIHOCa MeaBexuHckoro xxenoba. KonoHka 6bina pasgeneHa Ha ABe YacTu NpoaosSibHbIM
paspe3oMm, MakpoonucaHune nposeneHo Ha 6opTy HUC no ceexemy cpesy, 0gHa NonoBuHa
KOMNOHKM (apxmBHas) Obinia ynakoBaHa U XpaHunach B XxonogunbHuke. [pyrag nonosuHa
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Oblna pasgeneHa Ha Crnou ¢ QUCKPEeTHOCTLI0 1 ¢M, ocaaku Bbinn ynakoBaHbl B OTAENbHbIE
nakeTbl M 40 aHanM3a XpaHWnncb B XOnoaunbHou kamepe npu temnepatype 3—4 °C.

ApXxuBHasi YacTb KOJNTOHKM UCcrnefoBaHa C NOMOLLbI CUCTEMbI KOMIMITEKCHOTO
ckaHupoBaHust kepHoB Geotek MSCL-XYZ. C nomoLubto ckaHepa KepHOB Obinv Nony4veHbl
AaHHble C ANCKPETHOCTLIO 1 CM 0 pacnpefenieHn MarHuTtHom Bocnpunmymsoctn (MS),
LBeTa U PEHTreHOMYyOPECLEHTHOIO CnekTpa. ONEeMeEHTHbIN aHanum3 CrnoeB AOHHbIX
ocagkoB 6bin1 BbinonHeH metogom VCIM-MC ¢ guckpeTHocTbio 10 cMm no Bcen gnvHe
KepHa n ¢ guckpeTHocTbio 1 cM B nHTepBane 370—420 cm. [1ns nocTpoeHnsa BO3pacTHOM
mogenun nposegeHbl namepeHus 6*C n 8'®0 (%o PDB) B pakoB1HaXx NraHKTOHHbIX
dopamuHudpep (Bug N. pachyderma (s)). BpeMmeHHble Lwkanbl Ans KOSIOHOK AOHHbIX
0CaKoB NOCTPOEHbI HA OCHOBE Koppernsunm nosly4eHHOM N30TOMHO-KUCITOPOAHON KPUBOW
co ctaHgapTHon kpuson LRO4 [5] u PS1243 [1] nyTemM NMHENHOTO NHTEPNONNPOBaHUSA
MeXay OrMOPHbIMU TOYKaMMU.

BepxHAa yacTb KONOHKM NpeAcTaBneHa anespuToBbIMU 1 NENUTOBLIMU UaMun
OJIMBKOBOIO M OJIMBKOBO-KOPUYHEBOIO LIBETA C BKNHOYEHUSIMN KOMKOB Boriee nioTHOro
TEMHO-CEpOro aneBpuTOBOro una. B ocagkax Ha oTaenbHbIX FOPU30OHTaX BCTpeYatTCs
3epHa necka u rpaBsud, NATHa oxenesHeHuda. HaunHasa ¢ ropnsoHTa 345 cM LUBET ocajka
MEHSIETCA CHavarna Ha XenrtoBaTo-KopuvHeBbIn (B UHTepBane 345—351 cm), 3atem (o
ropu3aoHTa 414 cM) Ha TEMHO-ONMMBKOBLIN A0 TEMHO-Cceporo. OCOBEeHHOCTBIO KOMOHKM
ABMSIETCHA NPUCYTCTBUE NpocnoesB 6a3anbToOBbIX CTEKON B UHTepBanax 370—378 u
381—383 cm. XapakTep 3aneraHusi NMH3 6a3anbTOBbLIX CTEKOST U UX BbICOKOE coaepXaHune
NO3BOSAOT NPEANONOXUTb, YTO 3TU NPOCION SABMAITCH Pe3ynbTaToOM U3BEPKEHNS
noABOAHOro ByrikaHa. HaunHas ¢ ropusoHTa 414 cM ocagok npeactaBfieH NefiMToBbIM
NIIOM 3eMeHOBaTO-Ceporo LBeTa C peAKMMN BKITIOYEHNAMU PaKOBMHHOMO AeTpuTta.

BepTukaneHoe pacnpegeneHme MHTEHCMBHOCTU CUrHANoOB XMMNYECKMX 3NIEMEHTOB
Nno3BoNseT BblAeNAaTb cTpaTurpaduyeckne nHtepsarnsl. PacnpeaneneHue Ca u

Al xapakTepusyeT NpOTUBOMNOSIOXHbIE TPEHAbI HakonneHnsa kapboHaTtHoro (Ca)

n TeppureHHoro (Al) matepmana (puc. 1), 4To NO3BOSISIET BbIAENUTL Nepuoabl konebaHus
npoaykTMBHocTu. PacnpegeneHne Mn cOOTBETCTBYET M3MEHEHUIO LiIBETA OCajKa 1
oToGpaXkaeT U3MEHYNBOCTb YCIOBUA BEHTUNALMN B MPUAOHHOM FOPU3OHTE.

Mo xapakTepy pacnpeaenennsa P33 nayyeHHbI MHTepBan MMeeT YETKYHO rpaHuLy

383 cm, Hmke KoTopon cnekTp P33, Hopmanu3oBaHHbIX Ha CeBepo-AMepUKaHCKNi
cnaHel, (NASC) [3], xapakTepuayeTcs oTHOCUTENbHbLIM OboraileHnem nerkumm P339
(puc. 2). B To Bpems kak ansa uHtepeana 374—383 cMm xapaktepHo obeHeHne nerkumm
P33. MuHnmaneHoe 3Ha4veHue (JIP33/TP33), pasHoe 0,68, nonyyeHo AN ropnsoHTa
381—383 cm, rae cyuwectseHHa npMMmech 6a3anbToBbIX CTEKOM, OBHaPYXEHHbIX Npu
MakpoonucaHuu. B Bblilenexalumx cnosix aTo aHayeHue Bapbupyetcs ot 0,83 go

1,17, B TO BpeMS KaK B HWXKenexalumx cnosix oHo cocrtasnseT 1,2—1,3. OTmeTum, 4to
oTHoweHune (JIP33/TP33) MoXeT cuntatbCst NpU3HaKoM npumMmecun 6a3ansToBbIX CTEKOS.
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Puc. 2. lnanasoH cogepxxaHuin P33, HopmanuaoBaHHbIX Ha CeBepo-AmepukaHckuin cnadey NASC [3],
B AOHHbIX OCafKax KONMoHKn 5536 1 B 6a3anbToBbIX cTeknax nHrepeana 370—378 cm
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CHwmxeHmne 3Toro 3Ha4yeHus B uHTepeane 374—383 cM MOXET roBOPUTb O HENPEPBLIBHOCTU
N NPOAOIPKUTENbHOCTU NOABOAHOMO BYNIKAHMYECKOro npoLecca Ha BCeM MHTepBare.
[MocTpoeHHas Bo3pacTHasa Moerib NO3BONSeT NPeanonoXnTb, YTO MHTEpPBan 0cagKkoB
374—420 cm nmeet Bo3pacT 236,9—264,5 Thic. neT. IHTepBanbl ¢ 6a3anbToBbIMU
cTeknamMmu obinu oTnoXeHsbl B xoae ctagun MAC 7.

PacnpepeneHve anemMeHTOB, BOBIIEYEHHbIX B rMapoTepMarbHbIv Npouecc, nokasarn
yBenuyeHune cogepxaHus Fe B uHtepeane 386—411 cm (cm. puc. 1). OgHoBpeMEHHO
B3TOM e UHTepBarne yBenuyueaeTca cogepxaHue Al, Rb n P33, 4To ceuaeTtenbcTeyeT
006 yBenu4eHun ponu NMToreHHoro BellecTsa. B nHtepsane 374—383 cm npoucxoant
ocaxpgeHue accoumaumm anemeHTtos (Mn, Co, Ni, Cu, Sr, U).

[pyrne nHtepsanbl ¢ NpM3Hakamu NoBbILWEHNS rnapoTepmaribHon akTuBHocTh (340—350,
150—160 c™m) conpsKeHbl C MHTEpBanamMmm NOHMKEHUS NPOAYKTUBHOCTM, YTO NO3BONSET
NPeAnonoXnTb CBA3b MeXAy rnaumnanbHbIMU LMKNaMn 1 nepyogamu rugpotepmManbHOn
aKTMBHOCTMU [6].

MccnepnoBaHus BbINOSHEHbI 3a cHeT rpaHTa Poccunckoro HaydHoro poHaa
Ne 20-17-00157-I1, https://rscf.ru/project/20-17-00157/.
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®dIrbY «BHUMNOkeaHreonorus», CaHkt-NMetep0bypr, Poccus
cherkashov@uvniio.ru

M3yyeHue metannoreHun rnybokoBogHom Yactn MmpoBoro okeaHa, Kak u aHanorm4Hoe
HanpasrieHne reoriormyecknx NCcrnefoBaHNn Ha KOHTUHEHTaxX, UMeeT B3aMMOCBS3aHHOe
byHOaMeHTanbHoe N NpakTUyYecKoe 3HaYeHune.

MepBbie oTkpbITUA XIX 1 XX BB., CBA3aHHbLIE C NOABLEMOM Ha 6OPT nccnegoBaTENbCKNX
CyA0B HEOObIYHbIX XXenesoMapraHueBbix 06paszoBaHMin N AOHHbBIX OCAAKOB C NPU3HAKaMm
NOCTYNSIeHUs rMapoTepMarnbHOro pyaHoro BewecTBa, Bbi3BaBLUMe Npexae Bcero
BOMPOCHI O NPOUCXOXAEHWN U XapaKTepe pacnpocTpaHeHns aTnx obpasoBaHui,
nepBoOHa4yarbHO OrpaHnYMBanncb yHaameHTanbHbIMU nccnegosaHusamMun. NocteneHHoe
HakonneHune akTU4eCcKoro Marepuana NnpuBEro K 0CO3HaHWUIO rnobanbHOro xapakrepa
heHOMEHa OKeaHCKOro opyaeHeHUs U ero OMeBUAHOM NpakTU4eckon LueHHoctn. Ctano
SICHO, YTO Ha OKEAHCKOM JHEe MMETCS HOBble, JOMOSTHUTENbHbIE K KOHTUHEHTalTbHbIM
MECTOPOXAEHUSIM, UCTOYHUKN MUHEPASTbHOTO Chipba — XenesomMapraHueBble

n cynbugHble pyabl. B pesynsrate napannensHO ¢ NpogoSHKeHNEM Hay4HbIX
nccregosaHu B 50—60-X IT. NpoLLioro CToneTna Havyann paspopadvmBaTbCa
rny©oKOBOAHbIE reonoropasBefoyHble paboThbl, UMetoLMe YyBEPEHHbIE NEPCNeKTUBHI
OyayLero OCBOEHNSI OKEAHCKUX PYA B HbIHELLHEM CTONETUMN.

C npaBoOBOM TOYKM 3pEHUS B COOTBETCTBUN C KOHBEHLMEN MO MOPCKOMY MpaBy
(KoHBeHUus) reonorndeckue padotbl B MexxayHapoaHOM parioHe MOPCKOro AHa

(PanoHr) pasgenstoTca Ha mopckue Hay4vHble uccnegosaHmsa (MHW) (marine scientific
researches) n reonoropassegoyHble padothl (TPP) (exploration works). Nx ctatyc
pasnuyeH: MHW He uMetoT orpaHnUYeHnin n MOryT NpoBoaAUTLCSA Nobon opraHm3aumen

Ha nobbIX yyacTkax PaioHa, B TO BpeMs Kak PP numutupytotca nnowagamm, Kotopble
rocygapcteamMm — Mpou3BoauTENsIM paboT BbIOENAKTCS MO KOHTPaKTy ¢ MexayHapoaHbIM
OpraHoM no MOPCKOMY AHY. YuuTbiBas obLMiA xapakTep nonoxeHnin KoHBeHumu,
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npakTuka nposegeHna MHW n N'PP npnBoguT K BO3HUMKHOBEHUIO NPaBOBbIX KOMSIM3UN,
paspeLueHne KoTopbiX He npeaycmoTpeHo B KoHBeHumW. NpuMepbl Nogo6HbIX
KONNu3unin paccmaTtpusaloTca B Aoknage. Bo3HMKaloT BONPOCH M B OTHOLLEHUWN pexuma
KOH(PMAEHUNANbHOCTU, KOTOPbIA NPegyCMOTPEH ANSA AaHHbIX, NOMy4YaeMblX B paMKax
BbINONHEHNA KOHTPaKTHbIX PP, n oTcytcTByeT B criydae nposegeHus MHN.

CDyH,D,aMeHTaJ'IbeIe MeTannoreHn4yeckmne nccriegoBsaHmn4A B okeaHe BKIo4aroT

LLII/IpOKI/IIZ pan Hal'lpaBJ'IeHVIVI, Ha4ynHaAa OT U3y4eHunA reosiorm4eCkoro CTpoeHud

paVIOHOB pacnpocTpaHeHna nosie3HblX NCKoMaeMblX, NX reomopcbonorvm, TEKTOHUKMN,
MarmMaTtuama um npoueccoB OCaKOHaKoMnmneHund, npogosnkad n3y4eHnem xapakrtepa
3arneraHus, MOp(*)OMeTpI/II/I, COCTaBa U BO3pacTa pyAHbIX Ten N 3aKkaH4YnBad NOCTPOEHNEM
NPOCTPaHCTBEHHO-BPEMEHHbIX TEHETUYECKNX mMoaenen py,l:l,oo6pa3y+ou.|,|/|x CUCTEM.

leonoropassefoyHble paboTbl ONNPAOTCA Ha pe3ynbTaThl HAYYHbIX UCCegoBaHUN, HO,
Oyay4n HanpaBneHHbIMM Ha MOMCK U OLLEHKY MUHEeparbHbIX peCypCcoB, COCPEAOTOUEHDI
Ha BblOOpe KpUTepMeEB N METOA0B OOHAPYXXEHUST PyaHbIX 3anexen, onpeaeneHuns nx
mMacLliTaboB 1 ycnosun 3aneraHus ansa oyayuwen paspaboTku.

OTgenbHbIM Bonpoc kacaetcs TexHorornn nposegeHna MHW n PP, npumeHaembix
annapaTypHbIX 1 aHaNMUTUYECKNX KOMMSIEKCOB.

B noknage npvBogaTcs npuMepbl Hay4YHbIX UCCnesoBaHUN, pesynbraThl KOTOPbIX
onpeaenunun n onpeaensitoT HanpasneHnst TeKyLWnX 1 Byayuimx pasBeaoyHbixX paboT
B MupoBom okeaHe.
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AHAJIN3 TIAPAMETPOB MAIINH KOMIIVIEKCA
AJIA JOBbIYU PACCPEAOTOYEHHbIX
110 MOPCKOMY AHY ITOJIE3HBIX NCKOITAEMbIX

KOurmencrep A. A.", Vcaes A. .7, Koponés P. 1.2,
Edumos @. A3, CmoneHckun M. IN.1

' CaHkT-lNeTepbyprckuii ropHbii yHuBepcuteT, CaHkT-lNeTepOypr, Poccus
2000 «IMpoTex NHxnHmpuHry, Cankt-lNetepbypr, Poccus

3 000 «MexaHobp-Ypany, EkatepunHbypr, Poccus
iungmeister@yandex.ru

Haubonee ueHHbIMU N NEPCNEKTUBHBLIMU FNYyOOKOBOAHBIMU NOME3HBIMU UCKOMAeMbIMU
ABMSAKTCS Y4aCTKM MEeCTOPOXAEHUI Xerne3omapraHueBblx KoHkpeunn (AKMK) n
KoBanbTOHOCHbLIX MapraHueBbix kopok (KMK), Ha nnowagmn KoTopbIX BbINOSTHEHDI
reonoropasBefoyHble paboTbl MOMCKOBOW, OLLIEHOYHOM N pa3BedoyHOn CTaaun: asa 13
HUX 3akpenneHbl 3a Poccuinckon ®egepaunent. o nocnegHnm nogcyetam, MMpPOBOM
3anac XMK coctasnset okosnio 1500 mnpg T, YTO HAMHOro NPeBOCXoaAnT 00bem A00bIYM
B pa3pabaTbiBaeMbIX pyAHUKAX U Kapbepax.

B kauyecTBe BepTMKanbHOro TpaHcnopTa rnyboKOBOAHbLIX MOME3HbIX MCKONaeMblX MOryT
NCNonb30BaTbCS: MMOAPOTPAHCNOPT (HeobxoanumMa MHOroCcTyneH4yaTasa rugpasnuyeckas
cucTema ¢ 60MbLINM KONTIMYECTBOM MPOMEXYTOYHbIX Karcys); TEXHONOrMa nogbema
BCNbIBAKOLLMMN KACCETHBIMWN Tpanamm (KOHCTPYKTUBHO CIOXHO OCyLLeCcTBUMA,
HEBO3MOXHO peanua3oBaTtb Ha rnybuHe cBblilwe 2 kM) [1]; TpocoBbIM noabem. Hanbonee
npeanoyYTUTENbHLIM Ha NepBOHAYanbHOM aTane NpoBeaeHus onbiITHOM A4obbiun XKMK/
KMK siBnsieTcs TpocoBbIV NOLBbEM UCKOMAEMbIX, TakK Kak NPOYHble rpy30nogbeMHble
KaHaTbl Bcerga 0yayT BXOAUTb B NepeyeHb 06opyaoBaHus 4oObI4M KOHKpPeLUn B KayecTBe
YCTPOWCTB 4118 CMyCKO-NOABbEMHbIX Onepaunin NpUAOHHbIX A0ObIYHbLIX arperaTos.

Ha kadbegpe mawmnHoctpoeHnsa CaHkT-lNeTepbyprckoro ropHoro yHuBepcuTeTa CoOBMECTHO
¢ OO0 «['MKO» paspaboTaH komnnekc [2] (puc. 1) 4nsa npoMbIiNeHHON J00bIYM Ha
6onbwmnx rmybnHax paccpeaoTOYEHHbIX MO MOPCKOMY AHY NOSE3HbIX NCKOMaeMbIX,
Bkntovarowmnx kak XKMK, tak n KMK, ¢ BO3MOXHOCTbLIO UX NpeaBapuUTenibHOro paspyLleHus
N OTAENEeHns OT NOANOXKKN, BKIOYAOLWNA ANCTAHLMOHHO ynpaBnsemble NOABOAHbIE
annaparthbl, NOSHbIN LMKN paboTbl KOTOPbIX aBTOHOMHO KOOpAMHMPYeTCS ¢ 6a30BOro
cynHa. Komnnekc He HapyLllaeT 3Konornmw MOPCKOro gHa.
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B cocTtaB komnnekca BxoguT
©a3oBoe CyaHo C Tpems

nebegkamn. Cnyckaemoe

obopynoBaHue BKIoYaeT

CTaHLMIO C LLaraLwmmm

poboTamu-coopLumkamm/
oTOOMLLMKaMK, rPy30BOW
OyHKep-HakonuTenb

C 3axBaTHbIM YCTPOUCTBOM

n Bokc-aHrap, BMeLLatoLLnn

B cebs1 aBTOHOMHbIX pOo60TOB-
Puc. 1. Komnnekc ans fo6bium rnyGoKoBOAHbIX MOME3HbIX cboplLuykoB B Tpebyemom
McKonaembIx konunyectee. ObLas naes
3TOro KoMmnnekca no3sonset
paspaboTtaTtb OnbITHLIN 0Bpasel, HO Anga paboTbl TpebyeTcs BbICOKOIEKTUBHASA
nogbeMHasi ycTaHoBKa Anis obecneveHus peHTabensHon Npon3BOAUTENBHOCTM.

B HekoTOpbIX cnyyasax, HanpuMmep Ans nepemeLleHns no gHy 6okc-aHrapos

¢ MykpopoboTamu, TpebyeTcd wararoLmii nopTan ¢ BO3MOXHOCTbIO 3axBaTta U
nepeycTaHoBKM NpUAOHHOro obopyaoBaHus (puc. 2). PaspaboTtaHbl BapuaHTbl 31eMeHTOB
rmgpocmucTemMbl: Noabop HacoCoB, NMAPOLMIMHAPOB 1 Np. PacyeTHasi CkopocTb

waraHua — 0,16 m/c. Takum obpasom, Ana nepeasmxeHnsa ctaHumm 6asmpoBaHmsa Ha 30 m
noHagobuTcsa 5 MUHYT.

lMpeacTtaBneHa cxema nepeaBwKeHns LwararLero nogBoAHoro annapara: nosvumsa 1 —
BEpPTUKanbHbIN NOABEM PblYaroB; NO3MUNSA 2 — NOABEM, BblABMKEHME U OMyCKaHME Ha
rPYHT pblyara 6, ganee nogbem pblyaros 1, 2 u 4; no3numsa 3 — 3agBuraHue Teneckona
pblyara 6 n BblgBUraHue pbidara 3, pbldar 5 coBepLuaeT NoBopoT B HanpasneHun
OBWXeHUs, pbldarn 1 1 2 B NOOHATOM COCTOSAHUW BbIABUraloTCs; No3nums 4 — pblyaru 1,

oz |

1] ;

I

! VlJ|||:.

i i!

Puc. 2. AnropuTtm waraHms rny6oKkoBOAHOrO LiaratoLLero noptan a Ans nepeyctaHoBKM NPUOOHHOMO
obopynoBaHus



2 n 4 onyckarTcs, a pbldarn 3, 5 n 6 nogHUMaroTCs; No3numa 5 — polyar 1 3agBuraetcs,
a pblyar 4 BblABUraeTcd, Npyv 3TOM pblyar 2 COBEPLUAET NMOBOPOT B HAanNpaBneHuu
ABWXKEHUS, pbidark 3, 5 1 6 NpMHUMALOT NOMOXEHNSA AN NOCNEaYOLWEro ABUKEHWS;
nosnuma 6 — poelvaru 3, 5 1 6 onyckatoTtcs, a poldarn 1, 2 n 4 nogHnmarotcs. Linkn
NOBTOPAETCS C NO3nUnn 2.

PacuyeTbl nokasanu, 4To Heo6xoauMo y4nThiBaTh ABa BapuaHTa byHkepoB (cM. puc. 1,
LeHTparnbHas 4acTb) B 3aBUCUMOCTW OT NSIOTHOCTU pacnpeneneHnsi KOHKpeuum q,

¢ nonesHon maccon 50 n 100 1. Mpn 3TOM NapameTpbl NOABLEMHOIO Kabernb-Tpoca:
paspbiBHoe ycunne 2000 kH yunteiBaeT: 3anac npodHoctn — 1,5; conpoTtusneHune
ABWXeHUIO B Boae — 22 kKH; AanHamuyeckas coctaBnsoLwas pactTarmBarowero ycunms —
180 kH; Bec kaHaTta — 60 kH; Bec koHTenHepa — 100 kH; nonesHbIn Bec rpy3a — 1000 kH.

dopmyna gns pacdeta 4acoBOM NPOU3BOANTENBHOCTU KoMnnekca ans céopa XXMK/KMK:

0 G
qyac — v
TI—I
rae G—Becrpys3a; T =2t +t +t — BpemM4 uukna; T 3aBucuT ot
N cnyck/nogbem 3axBara pasrpy3sku n

CKOPOCTU Noagbema 1 MOXET NPUHUMATb 3Ha4YeHUs B MHTepBane 1—2 yaca, 6e3 yyeta
BpeMeHM 3anonHeHunsi byHkepa.

B 3aBMCMMOCTN OT BMECTUMOCTU 6yH|<epa BpeMA 3anoJiHeHNA COCTaBJ1dAEeT 1,5—3 vaca,
NO3TOMY MpU NepemMeHHbIX g 1 BpEMEHU LUKIa Tu’ MOTYT NPUMEHATLCA Pa3siMyYHbIE CXEMbI
3aMeHbl NyCTOoro 6yHKepa Ha 3anofIHEHHbIN U nepeycraHoBKU 6yHKepOB Ha HOBblI€ TOYKA
CTOAHUA.

Ha puc. 3 nokasaHbl 3aBMCUMOCTN NPON3BOAMTENBHOCTU Q (T/roa) OT BpEMEHM LKA
CMNyCKO-NOABLEMHbIX Onepaumi 1 CKopocTn nogbemMa. [1ns aoctmxeHunsa Tpedbyemon
npoussoguTensHocth 0,5 MnH T/rog Heo6Xo4MMO OCYLLEeCTBUTL MOABEM CO CKOPOCTbIO
2,5 m/c ByHkepa ¢ rpysonogbeMHocTbio 92 T. Heobxoanmo coBepLUEHCTBOBATb
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Puc. 3. 3aB1cMMOCTb rofoBoV NPON3BOAUTENBHOCTU KOMMMEKCca OT BpeMEHU LMKINa U CKOPOCTM noabema
Ans ogHoro GyHKepa pasHoi rpy30nogbeMHOCTM
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TEeXHONorno paboTtbl po60TOB-COOPLUMKOB ASISi CHUXKEHUS BPEMEHW 3anosiHeHust ByHKkepa U
TEXHOJOMMIO0 CMYCKO-NOABEMHbIX ONEpPaLUn ANA CHUXKEHUA BpeMEHU uukna ao 40 MUHYT.

Pesynbtatom TexHonoruu gobelun rnybokoBogHbix XMK/KMK CITY n OO0 «'MKO» Ha
0ase komnnekca [2] ABnAeTcs NpUMMEHeHUe Wwararwmx poboToB-cO0PLLMKOB/OTOOMLLNKOB,
cuyuTarLeecsa cnocobom Aobblum, He OKasbiBaKOLLMM CYLLLECTBEHHOIO BIIMAHNA Ha
NPUAOHHY0 6uoTy [3].

MpennoxeHHas TEXHOMNOMMS NO3BONSAET AOCTUIHYTb TPEOYEeMOn NpOM3BOANTENBHOCTHU
(0,5 mnH 1/rog), npu aToM ncnonb3lyeTCA cneyuanbHasa ruapocmcremMa

C rmgpasrin4eCKMmMun UnJiMHgpamu, HeO6XOJJ,VIMaFI OrA 6bICTpOFO
nepemMeLLeHnsa cOOpLUMKOB 1 NpuemMHoro GyHkepa.

Mo HaweMy MHeHUI0, HeobxoanuMa KOHLEHTPaUNSA YCUNUM MO CO34aHuto
paboTocnocobHOM NOABLEMHON KaHATHOW YCTAHOBKW, gocTuratowien riyOuHbI
5—6 KM (1 ByHKepa, BMeLLatoLero 100 T KOHKpeLmin), cnoCOBHOM BbINOMHATL
BCMOMOraTesbHbl€ CMYCKO-NoAbEMHbIE Onepaunn nNo ONyCcKaHUKo Ha OHO
OCHOBHOrO 1 JOMOSTHUTENTLHOrOo 060OPYyAOBaHUS.
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