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CnoBo peaakTopa

[ob6pbin AeHb, goporne YaTaTenu, a Takke aBTopbl — pearnbHble U
noteHumansHble! MNeped Bamy o4yepedHOM HOMep XypHana, nocBs-
LEHHbIN COBPEMEHHBIM Npobiemam pasHbIX HanpaBfieHWA reonory-
Yeckux uccnegoBaHuid. MNpumeyaTenbHOn 0COOEHHOCTLIO 3TOrO Bbi-
nycka siBnseTca oblumpHas reorpadumst npucnaHHblx ctaten — ot Ka-
Hagbl, ApMeHun, TagpkukucTaHa 4o pasnuyHbix ropogos Poccuu, Ta-
KMX KaK YnaH-Yas, bnaroselueHck u, koHeuHo, WpkyTck. Hac pasge-
NSAT KUOMETPbI, BEPCTbI, MUIIW, HO, K CHACTbIO, Y BCEX COXPaHSAETCH
o6 rnyboKUn MHTEPEC K reonornn, CTpeMIEHNE K ee pasBuTuio,
MOMYYEHUIO HOBbIX 3HAHWMN, PACLUMPEHUIO TOPU3OHTOB Hayku. B aTom
HOMepe XXypHarna Bbl HaeTe CTaTbl O HOBLIX MeToAax reousmnye-
CKMX, reofIorMyeckmx u MMHepanormiecknx NCCneaoBaHuii, 0 pa3BUTUN TEXHWUKK pasBeaku U TEXHOMO-
Ui pa3Bedku U M3BMNEYEHNS NOSIE3HBIX UCKOMAEMbIX.

HakaHyHe TpagmumoHHoro [HS reonora no3fpasnsio BCEX BaC C HaLMM NpodeccuoHasibHbIM
npasgHMkom! HeckyuyHbIX BCEM HETOPEHbLIX TPOM, MAOAOTBOPHBLIX MAEN, NPOAYKTUBHLIX OTKPBITWNA,
MYApbIX peleHunii nobbix NpobnemM, BO3HMUKAKLLMX Ha BaLMX reoiormMyeckux goporax, Mupa, npowse-
TaHWsA 1 cyacTbs!

Panca MouceeBHa Jlo6aukas,
rmaBHbIN pegakTop
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From the Editor

Dear readers, active and prospect authors,

I'm very happy to introduce a new issue of our journal devoted to the current challenges in the
various fields of geological studies. It is the vast geography of submitted articles (from Canada, Arme-
nia, Tajikistan to the Russian cities such as Ulan-Ude, Blagoveshchensk and, of course, Irkutsk) that
differs this issue from the previous ones. Kilometers and miles lie between us, but, fortunately, all of
us retain a common deep interest in geology, the desire to develop it, gain new knowledge, and expand
the horizons of science. This issue of the journal contains the articles on new methods of geophysical,
geological and mineralogical researches as well as on the development of exploration techniques and
technologies for mineral prospecting and extraction.

As we approach the traditional Geologist's Day, | would like to congratulate all of you on our pro-
fessional holiday and wish you travel unbeaten paths, generate brilliant ideas, make productive dis-
coveries, take wise solutions when dealing with any geological problems, live in peace, prosperity and
happiness!

Raisa Lobatskaya,
The Editor-in-Chief
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GEOLOGY, PROSPECTING AND EXPLORATION
OF MINERAL DEPOSITS

Original article -m
https://doi.org/10.21285/2686-9993-2022-45-1-8-33 @ ey

Viability assessment of integrated P- and S-wave
surveys using ultrasound

Bilal Hassan?
aMemorial University of Newfoundland, St. John’s, Canada

Abstract. Potential of, integrated geophysical, especially P- and S-wave combined near surface surveys, is assessed;
demonstrated with use of sparingly, reduced chronographic i. e., time and velocity, (1 MHz) ultrasonic imaged data. Case
of agueous and non-aqueous, predominantly, fossil fuel origins spills seepage within near-surface geology is examined in
terms of evaluation of possible complexities of fluids and surrounding interactions; which are experimentally simulated
embodied as flow components of an immiscible displacement process. Such processes are understood and studied widely,
within various, especially near-field geo- and engineering including environmental and also geo-disaster contexts. Interest-
ing relevant scenarios, including aspects, of geological complexity of well known geographical locations while their subju-
gation also to various, whether natural or anthropogenic, stressors are presented alongside pertinent theory for better
grasp, including plausibility, of methodology and inferring. Experimental analogues and geometrical constraints are ex-
plained in detail. Ultrasonic P- and S-wave, data in relevant context, also verified analytically, are comprehensively evalu-
ated. S-wave data not only corroborates P-wave data attributes in time-space localization of displaced, from displacing
phase, including a “dim spot”, an interesting artifact corresponding to interface (or mixed phase) region, S-wave also man-
ifested other elastic and thermo-mechanical characteristics of the same feature. Further a flow rate, especially, that of
injection, control or dependence of a planned displacement process was confirmed, for example if required in tracer and
remedial studies. S-waves characteristic suitability to reveal other fluid-fluid and fluid-solid interaction peculiarities at micro
and possibly at nano scale, as amplitude effects, is foreseen to assume significant promise.

Keywords: integrated geophysical mapping, combined near surface surveys, P- and S-wave integration, ultrasonic char-
acterization

Acknowledgements: Support of Drs. Stephen D. Butt and Charles A. Hurich (Memorial University of Newfoundland, Can-
ada) in developing various geophysical analyses during graduate research is acknowledged, with that of Natural Sciences
and Engineering Research Council of Canada, Petroleum Research Newfoundland and Labrador, Canada.

For citation: Hassan B. Viability assessment of integrated P- and S-wave surveys using ultrasound. Nauki o Zemle
i nedropol'zovanie = Earth sciences and subsoil use. 2022;45(1):8-33. (In Russ.). https://doi.org/10.21285/2686-9993-
2022-45-1-8-33.

EONOTNA, NOUCKU N PASBELIKA
MECTOPOXAEHWW NONE3HbBIX NCKOMAEMbIX

HayuyHas ctaTtbs
YOK 550.35

OueHka 3(*)(#)EKTMBHOCTM MHTErpnpoBaHHbLIX nccneaoBaHUN
NPOAOJIbHbLIX U NONEepPeYvYHbIX BOJIH C NTOMOLbIO YI1bTPAa3BYKa

Bunan Xaccan?®
aMemopuanbHbIlt yHUsepcumem HotogpayHOneHoa, 2. CeHnm-[xoHc, KaHada

Pe3stome. B cTaTbe OLeHWBaAETCS NOTEHUMAN KOMNMIEKCHOW reonanyeckom, B YaCTHOCTU KOMOMHUPOBAHHON NPUNOBEPX-
HOCTHOW, CbeMKW NPOAONbHbIX (P-) 1 nonepeyHbix (S-) BOSH, YTO NPOAEMOHCTPUPOBAHO C UCMOMb30BaHMEM YMEPEHHO
COKpaLLEHHbIX XPOHOrpatmyeckmx (Bpemst U CKopoCTb) AaHHbIX YnbTpasBykoBoro nobpaxenus (1 MIu). PaccmotpeH

© Hassan Bilal, 2022
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XaccaH B. OueHka 3h(heKTMBHOCTU MHTErPUPOBAHHbIX UCCNIe[0BaHUN NPOAONbHbIX... | ) )

\-) Hassan B. Viability assessment of integrated P- and S-wave surveys using ultrasound | AR
cnyyai MHUNbTPaLMM pasnMBOB BOAHOIO M HEBOAHOMO MPOUCXOXAEHMS, 0COB0Ee BHUMAHWE yaeneHo pa3nmBam uckona-
emoro Tonnuea. lNocneaHve oueHeHbI B Npegenax NnpunoBepXHOCTHOW re0N0rMm € TOUKN 3pEHUS BO3MOXHBIX CIIOXHOCTEN
B3aMMOLENCTBUS XUOKOCTEN N OKPYXKatoLLen cpefbl, KOTOpble 3KCNepPUMEHTaNbHO MOAENUPYIOTCA B BUAE KOMMNOHEHTOB
MOTOKa HECMELUMBAIOLLLEroCs BbITECHEHWS. Takne NpoLecchl LUMPOKO U3Y4aloTCsl B pasnnyHbix 06nacTsix, B YaCTHOCTH Npw
reo30HAVPOBaHUM CTAHOBMEHMEM MONs B BMIMKHEW 30HE, MHXEHEPUM, BKITHOYAs SKOOTMYECKUE acrnekThbl, a Takke reo-
kaTactpodebl. [Ins nyyiero noHMMaHus npobnemMel Hapsay ¢ COOTBETCTBYIOLLEH TEOpPWEN, [OCTOBEPHOWM METOZOMOTMEN 1
BbIBOJAMW B CTaTbe NpefcTaBlieHbl MHTEPECHbIE aKTyarlbHble CLEHapun, B TOM YUCHE BOMPOCHI re0Normyeckon CroxHo-
CTMN XOPOLLO W3BECTHBIX reorpadomyecknx MecT, BIIUSHUE Ha HAX Pa3nUYHbIX €CTECTBEHHbIX UM aHTPOMOrEHHbLIX CTPECCOo-
BbIX (hakTopoB. [1oapo6HO 06BACHAOTCA KCNEPUMEHTANbHbLIE aHANOMM U reOMeTPUYECKUE OrpaHUYeHUs. YNbTpa3ByKo-
Bble P- 1 S-BOMHbI 1 aHaNUTUYECKU NPOBEPEHHbIE JaHHbIE B aKTyanbHOM KOHTEKCTE MOMyyaloT BCECTOPOHHIOK OLEHKY .
[laHHble 06 S-BoMHax He TONLKO NOATBEPXAAOT HAbop NPMU3HAKOB AaHHbIX P-BOMHbI B NPOCTPAHCTBEHHO-BPEMEHHOI No-
Kanusauuu cMmeLleHHow asbl, BKIYasa «TyCKNnoe NATHO» (Y4TO SBMSETCS MHTEPECHbIM MPU3HAKOM, COOTBETCTBYIOLLNM
rpaHuue pasgena (cmelwaHHas asa)), S-BonHbl Takke NPOSBNAT APYrMe ynpyrue u TepMomMexaHuyeckne xapakrepu-
CTUKW TOTO e CBOWCTBA. [Janee aBTopom Bbin NOATBEPXAEH PAacXof, B YaCTHOCTU pacxoq HarHeTaHus, a Takke KOHTPOnb
UMW 3aBMCUMOCTb 3aniaHMPOBAHHOTO NpoLiecca BbITECHEHUS, HanpuMep B MapKepHbIX U KOPPEKLMOHHBIX UCCreJ0BaHUSAX
(npn HeobxogumocTt). MpeagnonaraeTcs, YTO NPUIOQHOCTb XapakTEPUCTUKM S-BOMH A5 BbISIBNEHUS OPYTMX 0COBEHHO-
CTei B3aMMOAENCTBUSI CUCTEM «KUAKOCTb — XUAKOCTb» U KWOKOCTb — TBEPAOE TENO» B MUKPO- U, BO3MOXHO, B HAHO-
maclutabe (Hanpumep, aMnnUTyaHble 3deEKTbI) ByaeT UMETb 3HAYUTESbHBLIE MEPCMEKTUBEI.

Knioueenle cnoea: komnnekcHoe reoduanyeckoe kapTupoBaHue, KOMOUHUPOBAHHbIE NPUNOBEPXHOCTHLIE CbEMKM, UHTE-
rpaums NpoaosibHbIX U nonepeyHbix BofH (P-BOSH U S-BOJTH), YNbTpasBykoBasi XapakTepucTuka

BnazodapHocmu: aBTop bnarogaput 3a noaaepkky AokTopos Hayk CtueeHa [. batta u Yapnb3a A. Xetopuya (Memo-
puanbHbIi yHuBepeuTeT HbtodayHanenaa, KaHaga) B pa3paboTke pasnuuHbix reousnyecknx aHanusoB B Xode acnu-
PaHTCKMX UCCMEAOBAHUI, a TaKke Npu3HaTeneH 3a noaaepxky CoBeTy MO eCTECTBEHHLIM HAayKaM WU MHXEHEPHBIM UCCre-
pnosaHuam KaHnapgpl, komnanum Metponeym Pecey Hetocbayanena v llabpagop, KaHaga.
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Introductory background
and motivation

Monitoring of the Earth’s surface and near
subsurface is essential for understanding several
geo-and dynamic processes. Non-destructive ap-
plications offer efficient and economic methods to
achieve this goal, and interest especially in such
applications is much renewed due to need for
better understanding of or exploring geo- and en-
vironmental degradation and other disasters link-
age to climactic changes among other situations
of concern, especially in real time. A noticeable
and well known cause of many environmental
problems of near surface are light aqueous and
non-aqueous subsurface flows due to fluid spills
and incidental releases i. e., industrial strong
brines and light hydrocarbons, resulting at times
in complex and sediment degrading fluid fronts
and interfaces while acting as solvents too.

Such occurrences are not uncommon in ur-
ban development when various kinds of industrial
material products, especially by-product and / or
waste, for example as in mining, and oil and gas
transportation, are inappropriately handled or dis-
posed. The immediate hazard associated with
such events is usually of thermo-chemical nature.

C. 8-33.

The situation however may evolve and worsen if
the hazard effect may be compounded when
such saturants not only pose risk of soil and water
contamination, but may alter the geo-mechanical
and morphological characteristics of, especially
immediate, surrounding sediment through phys-
ico-chemical interaction. The characterization
and remediation of such flows usually explicable
by porous-media problems becomes even more
challenging when the contaminated sediments,
already a complex environment, are further
exposed to other disasters either as (i) natural
and / or (ii) anthropogenic events, such as water
events of rains and floods, earthquakes and
aseismic effects of industrial activity.

Such interactions may induce ground defor-
mation as abrupt ground movement or creep suf-
ficient enough in magnitude to instigate local sub-
sidence or sliding and erosion effecting civil infra-
structure integrity, on one hand, alongside also
affecting and extending overall environmental
contamination and pollution foot-print and stress-
ing further of restorative economics, on the other.
Sediments with fluid contaminant percolation,
thus, either exposed to different extrinsic anthro-
pogenic and meteorological natural events
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effects, or prejudiced by the complex intrinsic pre-
disposition for pre-existing geologic stressors,
hazard associated with porous flows of toxic re-
leases and flows due to either type of, usually
connected, cases is quite complicated with both
physical and chemical dimensions. Reliable char-
acterization for appraisals, on sound technical
grounds, of the overall risk is equally challenging.
Efficient and reliable monitoring and forecasting
for realizing robust procedures of containment
and mitigation of such flows and associated haz-
ards, especially when several levels of ensuring
safety (i. e., operational, procedural) fail to curtail
frequent occurrence, or consequences, of such
hazardous incidents, appear as indispensable.
For a more interested reader relation and
connectedness between natural agents and
forces constituting complex regional geology in
long time scales, and those associated with short
time scale seasonality of seismic / geologic, cli-
mactic and weather, including aseismic and other
anthropogenic, events simultaneously acting to-
wards effecting and altering subsurface sedi-
ment’s strength and integrity is understandable
from, a suitable, example, regarding some above
said effects of Italian geology and subsurface.
Only brought to attention for historical signifi-
cance, and out of personal interest, Italian geol-
ogy at all continental, regional and local scales
could be considered well fitting real life situation
of complex geo-system, also well studied and
recorded as both geo- and enviro-stressed at dif-
ferent time scales. Italian geology for it's genesis
towards existing constitution, owes for most part,
in nature to the same regional processes con-
sistent with the morphing of the geology of the
Mediterranean region, marked particularly with,
spatial, occurrence and recurrence of significant
local geological events at different time-scales
and spans. These agents, namely, historically
also well studied, in terms of a time-magnitude
scale are of the nature of continental rifting, tec-
tonic dynamics, subduction with regeneration,
folding and mountain building, faulting and seis-
mic actions or earthquakes and consequences,
as of [1] and [2], meaning also that consequent
geological system can persistently not be charac-
teristically tabular and flat, and further not
dormant or stagnant but active. Aside from con-
tribution of purely regional level generative,
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morphing and reproductive agents and / or as-
pects, there could be non-regional or relatively lo-
cal events affecting geo-system complexity. They
can further transform a geological system and
hence also the corresponding geophysical signa-
ture acquired, compared to the regional back-
ground. For most part such agents constitute me-
teorological events as rains, stream flows and
floods with impacts especially of recurrence and
seasonality in conjunction. Such local events with
existing prevalent influence of anthropogenic (or
anthropic) activities related to urbanization, agri-
culture, civic and industrialization directly or indi-
rectly appear to control surface morphology and
geohydrology, while effecting also the subsurface
saturant's mode both of occurrence and exist-
ence, and in composition concentration and path-
ways / pattern of their flow. They, in short, influ-
ence the so called near surface as various ac-
tions too, as identified by [3] and [4].

Industrialization driven anthropogenic effects
(also defined as anthropocene effects) upon near
surface, in addition and combination with natural
effects, could create significant geo-environmen-
tal impacts unnoticeably, long term. For example,
examining the exemplified situation of Italy fur-
ther, industrial activities with population increase
from 1950 through 1980 affected, a variety of na-
tive geology and geo-morphology by creating a
complex of geo-environmental problems in near
surface. In this regard Po valley had been espe-
cially and significantly affected, polluted, as re-
ported mostly for inorganic chemicals and radi-
cals contamination of subsurface. Adverse
groundwater contamination associated geo-me-
chanical affects had been reported in the case of
central and southern Italy, characterized by local
sliding and subsidence, assisted by excessive
ground water abstraction [5]. Further, ground wa-
ter contamination and flows controlled by cyclical
seawater intrusion events as being a cause of
ground or land deformation or movement of shal-
low subsurface is also identified by [6].

In addition to issues of purely geological and
geotechnical nature, as highlighted through an
arbitrary example that of Italy, the concern also
over extended geo-environmental foot print of al-
most existential nature, with specific reference to
ground water quality, has dramatically risen glob-
ally. Opposed to emergency type responses,
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emphasis on appropriate policy development and
procedures for establishing long term solutions /
capabilities invites attention. In this regard avail-
ability of quality water referred to as a direct col-
lective development indicator for the next and
rest of this millennium clearly and alone signifies
the need to attain efficient and reliable capabili-
ties for near surface monitoring of hazardous
flows and ambient sediment / strata and aquifers
for conservation, preservation and restoration?
[7]. Several examples of such occurrences in
North Americas both on land and sea could be
cited and explored but are considered beyond
scope, since the discussion largely in essence
has been kept as conceptual extension of subject
matter and analyses in% however recent initia-
tives and interests could be reviewed from?34, and
further a broader and simpler grasp of major and
relevant geo- and environmental processes of
concern could be sought from [8-11].

The overall, to this point clarified, and under-
standably, potential of the hazard associated with
near surface saturants and releases is contingent
upon their possible mode of existence and / or
occurrence whether confined or mobile and also
upon concentration and volumes, so it comprises
both of qualitative and the quantitative effects.
Among qualitative, predominantly physico-chem-
ical and time dependent effects of geotechnical
consequences or nature may cause triggering of
failure of any dormant, seemingly stable, structure
and feature or bedrock. Aspects of such effects
upon sediments could be understood from [12].

Non-invasive geophysical mapping for moni-
toring of the subsurface as a method is well un-
derstood and established for technical feasibility.
It since vouches capability of inescapably captur-
ing influences of a complex geological ambience
due particularly to possibilities and consequent
effects of anthropocene activity of industrializa-
tion, consumption and affluence within expanding
metropolitan habitat and housing. The seemingly
reliable non-invasive mapping, however, becomes
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ironically challenging and elusive if the applied
technique is unable to unambiguously resolve
and map the subsurface object and target or pro-
cess of interest, with all constituent elements, de-
spite detectability. Mapping of subsurface, since,
given the crux of subsequent discussion too, re-
fers not only to identifying and delineating all
physical features of interest related both to an
anomalous structure and that of existence of con-
tained or entrapped fluids or solvents given uni-
form background geology but also towards gain-
ing further insight. It includes information about
dynamic behavior of structure under external
stimuli such as, exemplified hitherto, especially
external stresses of mechanistic origins and any
changes in flow either in pathways or regime and
flow components in chemical constituents or
fluid-structure morphology 1i. e., fluid fronts or
boundaries and interfaces etc., in relevance to
overall fate, respectively. Measurement or ex-
traction of accurate geophysical data attributes
and patterns and their space-time correspond-
ence to underlying anomalies is central, in gain-
ing a geological description sense, and to also ar-
rive at a structural understanding where specific
patterns i. e., images, are anticipated to directly
confirm size, orientation and geometry of the
flows types and paths, or conversely and addi-
tionally offer an improved lithologic understand-
ing to infer whether a single phase or multiphase
subsurface flow would be detected, with other
possible details of constituents.

To summarize, the objective is to present
findings of a laboratory scale non-destructive pro-
cess evaluation and imaging study and examine
the integration of geophysical data to assess via-
bility of combined P- and S-wave surveys in near
surface. The motivation on theoretical side is
drawn upon need for monitoring and containment
of oil and brine spills and releases related to pe-
troleum or hydrocarbon production processes.
The process of interest simulated, to recall, was
an immiscible-displacement for it's applicability

IWater is a pre-requisite for all development: World Water Council position paper on water and the Post-2015 framework.
Worldwatercouncil.org. Available from: https://www.worldwatercouncil.org/sites/default/files/events/2013_10 09 Buda-
pest_Water_Summit/WWC_Position_Paper_on_water_and_SDGs_Final.pdf [Accessed 24 December 2021].

2 Citation removed as of initial review policy.

$Contaminated sediment remediation. Guidance for hazardous waste sites. Semspub.epa.gov. Available from:
https://semspub.epa.gov/work/HQ/174471.pdf [Accessed 24 December 2021].

4Managing contaminated sediments. Serdp-estcp.org. Available from: https://www.serdp-estcp.org/Program-Areas/Envi-
ronmental-Restoration/Contaminated-Sediments [Accessed 24" December 2021].
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not only to several aspects of geo-energy sys-
tems but also to much beguiling deformable po-
rous-media-flows macro and micro-scale implica-
tions in several realms especially geo-environ-
ment. The integrated methods approach in such
circumstances is envisioned to be viable, since
stimulation and / or energization in two different
ways i.e., polarizations, phenomenologically
measures (a) different sets of properties over the
same or comparable spatio-temporal domain and
(b) provides reliable and abundant information
compared to that of even individual data sets
combined acquired at different times in statistical
terms and may help infer (c) aspects which would
be difficult to grasp in individual observations of
different and multiple data. Such integrated ar-
rangements, with existing technologies as evolv-
ing and becoming less expensive, are achievable
without significant extra efforts / costs incurred
compared to the value of anticipated outcomes.
Challenging possibilities of integrated geophysi-
cal near-surface monitoring applications and
techniques for the future, as they are ever evolv-
ing and expanding, are being concurrently tested
and put into practice. Broader and detailed rele-
vant accounts, for further reading, of such possi-
bilities and implications, applicable at different
scales, could be sought from [13], and also [14,
15], and references therein.

Apparatus and method

The experimental simulation exercise, in a
geological concept sense, would also imitate
such occurrences as complex of near surface
caused due to incidental fluid release or infiltra-
tion of agueous and non-aqueous solvents.
Three, in this regard, full scale integrated non-de-
structive measurements, disregarding dry runs
and other experimental tuning, led to acquisition
of substantial amount of data. Experimental tun-
ing involved standard (velocity) measurements
with water, different rock samples and empty
(core) tube given performance / statistical char-
acteristics of sensors to determine and confirm
adequacy of received signal strength and realistic
picking of wave-form first arrival travel times, as
analog pre-amplification before digitization was
also employed to improve acquired signal. The re-
sults offered an adequate detectability and reliabil-
ity for all examined data. Significant correlatable
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similitude since was observed in achieving dis-
tinct spatio-temporal localization of pure phases
or saturations of (i) oil and (ii) brine, and im-
portantly (iii) an interface or a mixed-zone with
associated fluid fronts was also unambiguously
identified against the background matrix. The
physical simulation exercise as it involved dis-
placement of oil by brine the global flow was con-
trolled and developed directed vertically against
gravity through a porous unconsolidated me-
dium / sediment analogue at fully saturated con-
stant head conditions, i. e., Darcy regime. Two
main apparatus components were designed to be
used to facilitate and realize different types of
data acquired essentially as integrated. One
piece of apparatus consisted of an instrumented
vertical transparent PVC tube with 5.09 cm inner
diameter circular section i. e., a flow-cell system,
to house and confine sediment core, connectable
to the second piece of apparatus, a flow control
system for saturating the flow cell analogue and
especially maintaining invading fluid flow rate at
constant head conditions. Pictures of laboratory
arrangement of the apparatus components to en-
able understand the functioning of the two com-
ponents with underlying concept are shown in
Fig. 1. The analogue for unconsolidated sediment
core was 0.5 mm spherical soda lime glass bead-
pack (or granular pack) confined inside the flow-
cell'in 45 cm long section of transparent tube ori-
ented and secured vertically. For acquiring ultra-
sonic data, 1 MHz P- and S-wave, source-re-
ceiver diametrically mirroring sensor pairs, were
positioned mid-span flow-cell orthogonally, re-
spectively, at flat machined seats to establish
perfect contact for through (pulse) transmission.
The arrangement allowed an adequate sampling
or measurements for maintaining a reasonable
spatial and temporal resolution during imaging of
the fluid-displacement for any pre-selected invad-
ing fluid flow rate. The flow-control system was
externally powered by a 1.5 hp centrifugal pump
to keep fluid vessels remain filled. A regulated
fluid flow through the granular sediment analogue
within the flow cell against gravity was ensured
with control valves provided at the top and bottom
end pieces of flow-cell system and with allowance
for raising and lowering of the fluid containing
vessels of flow control system along the vertical
holding stand.
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Fig. 1. Laboratory arrangement of the apparatus components:

a — constant-head flow control system showing oil phase and brine phase reservoirs with different dyes for visual
discrimination in an initial test; b — flow cell system containing or forming the granular core (instrumented) analogue firmly
held with tension rods anchored on a fixed aluminum pedestal with adjustable damping or isolating feet (not shown);
¢ — close up snapshot of 1 MHz source receiver sensor pairs in through transmission configuration; d — flow control system
and flow cell system connected to data acquisition system imitating bench top immiscible fluid displacement arrangement
Puc. 1. OpeaHu3ayusi KomnoHeHmoe o6opydoeaHusi e nabopamopuu:

a — cucmema ynpasneHusi MOCMOSIHHbIM HaropoM, 0eMOHCmMpUpyowWas pesepesyapbl ¢ HeghmsHoU U consHol ghasamu,
OKpalWeHHble pa3HbIMU Kpacumenamu 07151 8U3yasibHO20 OMIIUYUS 8 Ha4albHOM onbime; b — cucmema npomoyYHol
Ktogemnl, cofepxaiyasi unnu obpasytowasi aHanoe 2paHynupo8aHHo20 cepOeyHUKa (OCHaUWEHHO20 KOHMPOITbHO-
usmepumenbHoU annapamypou), IPOYHO yOepKUBaEMO20 HAMSKHLIMU CMEPXHAMU, 3aKPEerIeHHbIMU Ha HEMOABUXHOU
antMuHUesoUl ornope ¢ peaynupyembimMu 0emngupyouwuMU Uu U30AUPYIOWUMU HOXKamu (He noka3aHbl); C — CHUMOK
KPYMHbIM M1aHOM PacrionoXeHHbIX napamu 0amyukos «UCMOYHUK — npueMHUK» ¢ yacmomou 1 MIy 8 koHgueypayuu
cKk803HoU nepedadu; d — cucmema yrpasneHusi HaropoM U cucmema fMPOMmMOYHOU Ko8embl, MOOKIHYEHHbIE
K cucmeme cbopa daHHbIX, UMUMUpPYUUEe yCmpolcmeo 8biIMeCHEHUSI HECMeWwUsarouuxcs xudkocmel

The overall physical with procedural arrange-
ment enabled predetermining reasonable initial
flow rate/s controlled at constant head conditions
to allow sufficient amount of time, given the
length of sediment analogue section and sensor
positions, for all possible phases, flow types and /
or morphologies (i. e., pure fractions and inter-
face evolution), of interest to fully developed be-
fore being imaged. End pieces secured and
aligned with steel tension rods in place re-
strained, as shown, the sediment analogue in the
flow cell tube as they were held in sufficient ten-
sion to also allow structural stability while stress-
ing and compaction of the granular / bead mate-
rial for achieving sufficiently stiff grain to grain
contact and keeping the flow-cell tube mechani-
cally isolated and relaxed. Tension rods were an-
chored to an aluminum tetra pod pedestal
or base-plate, 19.5 x 15.5 x 4 cm in dimensions,
with leveling screws at each corner to allow per-
fect leveling, stability and damper footing pads
(not shown) to reduce effects of ambient noise in
acquired signals. A flow disc seated or rested
next to and covered 1cm round center bore hole

of each end piece inserted in place at bottom and
top of flow cell tube, while secured between the
granular material and end piece insert. On each
of them were provided grooved and perforated
flow channels designed as radiating from the cen-
ter of, and towards, perimeter (circular) while cov-
ered by a mesh. Flow-disc as for its design, and
mesh covered, would act as a granular material
retainer, and also ensure steady uniformly distrib-
uted inflow or outflow of fluids without shock ef-
fects. Two continuous circular sealing rings about
3.75 cm apart provided at the middle of the 9 cm
long end piece shaft or insert would be pressed
between the outer surface of end piece insert and
interior of the tube to allow a unidirectional flow
only and keep the end-piece appropriately ori-
ented in place. The developmental and adapta-
tion aspects of the ultrasonic data acquisition sys-
tem for various applications can be sought in [16]
and [17] with other references therein. Three ex-
periments with different initial / invading flow
rates, explained further, with preplanned control,
were considered adequate for analyses, alongside
others performed as base line measurements, as
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indicated. Developing transparent reservoir / core
analogues or apparatus arrangements in concept
assists in visual examination for attaining better
tuning and calibration. Use of such apparatus for
examining fluid phases or fluid flow processes for
laboratory experiments, in historical context,
could be understood reported by [18] and [19].

Theory of controls and mode
of integrated measurements

In this section the aggregate of ceramic
beads or grains forming the analogue of uncon-
solidated sediment core is discussed in a phe-
nomenological sense based on some known and
established theoretical conventions or considera-
tions. Further including also the geometrical and
topological aspects these considerations are im-
perative in assessing physical properties, in addi-
tion to characteristic behavior, for experimental
design as at hand. It is also understood and as-
sumed held that both the (a) space and (b) time
restricted, say displacement, velocity and accel-
eration associated responses are translated to-
wards acquired measurements or signals.
Amongst them meaningful signal attributes can
be inferred as self-descriptive images for deter-
mination of an existing state, while examine ei-
ther individually or combined, which otherwise
would be onerous to be determined analytically.
In this regard, aspects or possibilities of inter-
granular contacts, nature of internal forces and
packing effects in dry and saturated state, in re-
sponse to an external stimulation sense are elu-
cidated, and only seminal works are afforded
upon discretion.

Apparent Parametric Constraints for Granular
Packing. Certain ssituations such as unconsoli-
dated land and ocean porous sediments and
comparable materials can be conveniently con-
sidered analogous to or depictable by an assem-
blage of grains or beads. These sediments fur-
ther could also, while being subjected to or in in-
teraction with localized external forces of nature
and similar agencies, in response behavior con-
sidered as comparable to a confined static pack
as if undergoing a shaking caused repeated
packing type organization (and / or re-organiza-
tion) of constituent elements. Assessments of
their behavior are bounded naturally by aspects
of granular size range including distribution (if not
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uniformly identical), contacts types in geometry
and magnitude of area and their variability, con-
tribution of granular surface properties including
friction, and local and global fluid saturation and
flow effects are also important factors or consid-
erable restrictions of granular material or sedi-
ments dynamic description. Further there also is
a well observable possibility of an affectation, as
hinted, characteristic of an evolution and / or self-
organization of granular background medium
upon measurements and interpretation, given to-
pology and restricting geometry.

A constant and statistically isotropic, for the
case under consideration, porosity of 26 percent
for the granular pack considering the number of
contacts according to [20] is constantly main-
tained. The collective elastic (or ultrasonic) re-
sponse for 0.5 mm spherical soda lime beads is
assumed so to be consistent with mechanics of
regular arrays and discrete particles following
[21]. In addition are also considered and / or
brought to attention propositions of [22], including
those of [23, 24] and also works [25-28] in similar
context. The elastic response for 0.5 mm spheri-
cal soda lime spherical beads assemblage or
pack is assumed, to be also explicable following
well known Hertz and Mindlin theories, suffi-
ciently adequate for a satisfactory description of
overall oscillatory / dynamic behavior, i. e., veloc-
ities, amplitudes and other characteristic possibil-
ities. Kepler conjecture as of [29], and further
bounds defined by [30] for packed isolated
spheres, without any points of contact being (the-
oretical restriction of size change) coincidently
common, is assumed held. Furthermore all grains
are assumed equal spheres, as with no dimen-
sional overlap, falling within the possibility of
forming a cubic and / or a hexagonal random
closed packing with sufficient and / or relevant
maximum number of contacts. The possibilities of
nature of contact forces experienced by granular
sample array upon external stimulation, given
types of contacts, are illustrated in Fig. 2 and
Fig. 3. Acoustic scattering and geometrical / spa-
tial diffraction since might create, other, subtle but
significant effects as brought to attention by [31]
and [32] in such materials / situations. Effects of
diffraction in elastic wave propagation through
saturated porous media are discussed in detail
by [33] and [34], to understand the phenomenon.
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Fig. 2. Possibilities of forces acting on a single grain surface, and within a representative equivalent volume:
a — direction of various contact forces acting upon a typical spherical grain [23]; b — arrangement of spheres

in a face-centered cube [22]; ¢ — element of volume of face-centered cubic array of spheres;
d — a random set of spheres within a large number bounded by a surface under stress [24]

Puc. 2. BoamoxxHocmu curi, eo3delicmeyroujux Ha nogepxHocms 00HO20 3epHa u delicmeyroujux

8Hympu npedcmasumesibHO20 3K8UBaJIEHMHO20 06beMa:;
a — Hanpae/eHue pasuyHbiX KOHMakmMHbIX cus, delicmeyrowux Ha munuyHoe cgepuyeckoe 3epHo [23];
b — pacnonoxeHue cgep 8 epaHeyeHMpuUpPosaHHOM Kybe [22]; ¢ — aneMeHm obbema epaHelyeHmpupo8aHHO20
Kybuydeckoao maccusa cepep; d — cryvaliHbil Habop 6orblio2o Konnuvyecmea cgep,
02paHUYeHHbIU HanpsXeHHoU nosepxHocmbio [24]

a b c
Fig. 3. Nature of contact forces experienced by granular sample array upon external stimulation:
a — nature of granular contact unstressed free and under normal force; b — intergranular contact under pressure [22];
¢ — granular contact in presence of saturant represented with a rheological model [25]
Puc. 3. Xapakmep KoHmakmHbix cus, delicmeyroujux Ha Maccue
2paHynupoeaHHbIx 06pa3yoe npu eHeuwiHeM so3delicmeuu:
a — Xxapakmep HeHarnpsixeHHO20 3epHUCMO20 KoHMakma U KoHmakma nod delicmeuem HOPMasbHOU Cunbi;
b — mexepaHynspHbIl KoHmMakm o0 0asneHuem [22]; ¢ — 3epHUCMbIU KOHMaKm 8 npucymemeuu
Hacblwaruje2o azeHma, npedcmasneHH020 Peo1o2uqeckol Moderbio [25]
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This implies that ray theory holds in acoustic arri-
val time and velocity estimates. However, when
analyzing the amplitudes or energy variations,
diffraction effect and its consequences may dic-
tate or merit observations beyond spatio-tem-
poral localization / description of object or phe-
nomenon of interest additionally.

Other salient delimiting aspects would be the
geometry of space of confinement, degree of
confinement, quantity, size, and arrangement of
the granular constituents i. e., grains or beads,
especially in ray path, effecting and contributing
to the static component of the observations. For
any unique investigative method applied to, es-
pecially non-destructive, and / or energies propa-
gated through the process of interest and inferred
reliably, understanding of restrictions of illumina-
tion of the targets and / or that of method itself
holds importance. For example in through trans-
mission of ultrasonic energy, non- and contact
coupling options are available usually, with differ-
ent arrangements of application. For the type of
experimental arrangement, static and fixed or
grounded, both gel and permanent glue cou-
plants types were tested to determine and under-
stand the bearing of nature of coupling on the
morphology of acquired signals in terms of con-
sistency, adequacy and quality. Permanent glue
type adhesive was chosen and used as couplant
between sensor and flow-cell finished surface of-
fering a firm contact an uninterrupted continuous
acquisition for several hours in any given experi-
ment.

Surface Tension and Fluid Micro Structure As-
pects. Liquid droplets, when exposed to atmos-
phere tend to acquire a particular shape, and this
behavior is controlled by the physical properties
of a given liquid. Water drops for example are un-
influenced by gravity effects at times as they do
not collapse, and flow and spread on a surface
I. €., non wetting. They appear to contract them-
selves to attain a minimum surface area, as close
possibly as to a sphere. The reason for this phys-
ical behavior is that surface molecules, of a body
of liquid, are not as much affected by intermolec-
ular cohesion as those towards the inner part of
the volume, for instance as in the case of water.
The restriction of attaining the minimum energy
of equilibrium results not only in formation of min-
imum surface area but causes surface molecules

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

hold tightly together, spontaneously, as if in ten-
sion. This phenomenon is called surface tension,
as well known. Surface tension is defined usually
as forming of an interface by liquid surface ex-
posed to or in a “contact” with atmosphere (at-
mospheric conditions) only, shown in Fig. 4.
When both phases are liquids however, under-
standing of an interface happens to be different
by definition. When water, again for example, is
placed in direct contact with oil, the contact inter-
face formed would have a contractile tendency.
Contractility implies acquiring a minimum area
with a definite molecular arrangement and orien-
tation given their (chemical) properties and type.
Orientation specifically of dipolar nature of mole-
cules occurs at an interface when, as a specific
example, the hydroxyl group, say, of an alcohol
molecules would immerse in water to form and
interfacial layer. The interfacial layer between two
fluids is at times termed, or rather could be a,
monolayer. Free surface of a liquid fluid, so, could
in behavior be deducibly understood as layer with
tensile or elastic properties. Physical existence of
such elastic stress is difficult to realize, since, the
dimensional restrictions, though well constrained,
of mathematical formulation, does not clearly,
support and allow convenient grasp. Existence of
such interfaces is reported to persist (without
ready dissolution or diffusion) even while under-
going deformation and is argued to occur by an
energy equilibration caused due to a mutual ex-
change or cross-transfer of low and high energy
molecules from free (i. e., Helmohltz free energy)
surface and bulk volume energy of fluid, concur-
rently, with the meanings of providing for a chem-
ical potential balance. Such propositions and
possibilities are depicted in Fig. 5. Further such
equilibration to occur could be understood con-
sidering the kinetic molecular theoretic. Fluid bulk
phase could be considered at rest while mole-
cules in an agitated state of motion assume sev-
eral possibilities of effecting entropy given when
interfacial molecules have a different liquid in
property or state on either side the monolayer.
Total surface energy is considered greater
than the free surface energy on grounds and def-
inition that it is excess of the potential energy pos-
sessed by the number of molecules within the
bulk phase when compared to same number of
molecules forming a surface. Arguments point

16I
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Vapor of atmosphere

Liquid phase

Fig. 4. Surface tension phenomenon depicted with possibilities of intermolecular forces and their orientation [35]
Puc. 4. SleneHue No8epxXHOCMHO20 HAMSIKEHUSI, BO3MOXHOCMU MEXMOJIEKYISPHbLIX CUN U UX opueHmayus [35]

{ﬁ}: A

Benzene phase :@

Fig. 5. Depiction of interfacial monolayer formation with molecular orientation and possibilities
of motion for electrochemical equilibration for two water based bulk immiscible systems modified [35]
Puc. 5. U306paxeHue hopMuposaHusi Mexgha3HO20 MOHOCJIOS1 C MOJIEKYIApHOU opueHmayuel
U 803MOXXHOCMSIMU O8UXKeHUs1 Ons1 AOCMUXeHUsI I/IeKMPOXUMUYECKo20 pagHoeecusi 07151 8yx 06 beMHbIX
MoOughuyuposaHHbIX HecMelusaroujuxcsi cucmem Ha 800HOU ocHoge [35]

to a unit basis of dimensionalities of Helmohltz
free energy definition. Adding to the above, mon-
olayer is also propositioned to have strength
properties, both of compressive and shear
strength, indirectly confirming to assume elastic-
ity. Compressive and shear strength properties
have usual meanings, however shear strength is
understood as capability of withstanding the tor-
sional effort, as if, by concentric circular layers.
Two very important consequences of these prop-
erties are that monolayers including immiscible
interfaces have capacity to retain structure and
significant wave damping capacities. It is clearly
understood that both fluid molecular concentra-
tion in type (density effect) and the surface lubri-
cation aspect (viscosity effect) should cause ob-
servable wave (thermodynamic) damping. Re-
ported findings of other studies however suggest
that it is difficult to ascertain which parameter
may control or is responsible for maximum damp-
ing. Viscosity appears to affect a drag type effect

too in monolayers formation and deformation,
and further a direction and frequency depend-
ence of any stimulated-wave damping is deduci-
ble, given manner and implications of measure-
ment methods.

On each side of the interfacial immiscible
monolayer different liquids should occur, and the
molecules of those liquids would have tendency
to be attracted to each other, both like and unlike
molecules. Cohesion defines the force of attrac-
tion between like molecules while adhesion is
that between unlike molecules. If the force of at-
traction between unlike molecules surpasses that
of like molecules, it introduces miscibility, as sur-
face energy is naturally minimized further. A work
of adhesion is defined as the force per unit area
required to overcome the cohesion, where work
of cohesion with similar conceptual meanings
and dimensions for a single liquid is twice as much
as its surface tension, as two propositions are
slightly different. In energy terms thus complete
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miscibility occurs when work of cohesion ap-
proaches a minimum. A conceptual mechanism
of exchange of work for miscibility is shown in
Fig. 6 where a stable, and agitated or moving
mixing oil-water “immiscible” interfaces are
shown side by side. Such energy exchange is
speculated to occur by local or eddy flows within
global flow involving momentum exchange. For
specific and clear appreciation of wettability and
affinity of different phases of an immiscible pro-
cess or system, contact angle is the primary, if
not the only parameter.

A simple pictorial definition or concept of con-
tact angle is shown in Fig. 7. The variability in
contact angle is an indirect measure of degree of
variability between cohesion and adhesion.
Changes of cohesion and adhesion since deter-
mine degree of miscibility or immiscibility, and
consequently effects of saturant mobility given
material property variation restriction of the en-
ergy variation, for conservative principles. Wetta-
bility has a greater significance in case of a three
phase system, for example, where solid phase is
also involved, and several parameters and their
interaction in a complicated manner affect the

Phase |
(e.g. ail)

Phase Il
(e.g. water)
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consistency of the solution or mixed phase. Most
of discussion in this section follows, excrepts and
concepts from [35] alongside several pictures for
relevant illustration. Other references therein are
not explicitly cited and explained for brevity.
Aspects of Global Fluid flow. In experimental
simulation, under consideration, conceptually a
light non-aqueous phase liquid or oil fully saturat-
ing sediment is being displaced by brine against
gravity, in each of a set of three experiments, to
recall. Given, so, the manner of fluid confinement
in the sediment analogue, the identical parame-
ters of physical and chemical nature of the two
different fluids, the invading and invaded phases,
naturally happen to be significantly apart in mag-
nitudes. Such a choice also facilitates better ob-
servation and clear appreciation of their effects
on the acquired data, especially when inferring
requiring a comparative analysis. The gravity,
since, of oil phase when pure and / or free bulk
state is 0.761 with viscosity of about 10 cp com-
pared to gravity of brine being 1.03, which with
the salinity of 3.5 % simulates sea water with as-
sumed viscosity of 1.3 cp, to be able to create an
inviscid flow. It thus could be speculated that

A oy
Y

A N A N
.t l'-“‘ ' "

Fig. 6. A stable and unstable immiscible bulk oil-waver interface [35]
Puc. 6. CmabunbHasi u HecmabusnbHas HecMewugaroujuecsi 2paHuubl pasdena Hegpmenpodykmoe u e0siHbI [35]

&
7

f’!z’f

Fig. 7. Contact angle “8” as a measure wetting by spreading of a fluid on solid surface:

— low contact angle showing preferential wetting comparable to hydrophilic in an aqueous case; b — a higher contact
angle showing less spreading; ¢ — very high contact angle depicts fluid phobia as in hydrophobia modified [35]
Puc. 7. Kpaeeoli yzon 0 kak Mepa cMayueaHusi Npu pacmekaHuu xuoKkocmu no meepdoli nogepxHocmu:

a — Hebonbwol Kpaeeol yeos cmaqueaHusi, 0eMOHCMPUPYOWUL MPeuMyuecmeeHHoe cMajyugaHue, CpagHUMoe
¢ 2udpohusnbHeIM 8 800HOM pacmeope; b — borblwull Kpaesol ya0os1 cMavyusaHusi, caudemenbecmeywul 0 MeHbUWEM
pacmekaHuu; ¢ — o4eHb 60/IbWOU Kpaesol y20/1 cMavyueaHusl, ykasbigaroujuli Ha ¢hobuto xudkocmu,
ModobHyro ModughuyuposaHHol eudpoghobuu [35]
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effects of variability of parameters should be viv-
idly significant, as proportionate effect of viscosity
difference i. e., about 75 %, is much pronounced
compared to that of density difference apparently,
for type of porous / granular confinement, inter-
estingly.

For the physical realization, of immiscible dis-
placement process, the invaded or the “dis-
placed” fluid phase of the process was introduced
first into the unconsolidated core analogue of
granular pack for attaining complete saturation. It
was ensured or confirmed that the saturation was
hundred percent and spatially uniform as air was
also vacuumed out if required to eliminate any ef-
fects of air, bubbles or partial saturation. For cre-
ating or choosing the initial flow rates of the dis-
placing or invading fluid phase, to start with, na-
ture of flows similar to that of subsurface were
considered, and kept in the broader perspective,
to achieve only create realistic flow initiation and
an overall morphological imitation, discussed fur-
ther below. An adequate understanding of the na-
ture of such subsurface flows and measurements
assumed being consistent with different subsur-
face processes can be sought and inferred from
work of [36-40]. The flow rates of choice, were,
0.044, 0.11 and 0.64 ml/s corresponding to val-
ues of about 4, 10 and 55 L/d defining or identify-
ing a slow, intermediate and a fast flow rate ex-
periment correspondingly. Categorically stated,
the chosen flow rate variation range was to or
would not only to a large extent fall within the limit
or explicable both of soil-seepage type and ob-
served at reservoir scale, or flows measured / ob-
served in near surface aquifer characterization,
but would allow reasonable number of measure-
ments taken also well resolved in space-time
sense, and anticipated to offer a plausible infer-
ring. P- and S-wave data were simultaneously ac-
quired and it was ensured that any individual sin-
gle instance of measurement would be recorded
by both the P- and S-wave sensors almost at
same instant, representing same physical event
confirmable also by time stamps of the measure-
ment instances.

Discussion of results
Relative positioning of P- and S-wave source
and receiver pairs, connected mid-span of flow-
cell length, shown in Fig. 1, b and Fig. 1, c, clarifies

I 2022;45(1):8-33

the manner of acquisition, organization and struc-
turing of the (digitized) data given the geometrical
arrangement. It further should enable the reader
understand the graphical illustrations presented
in the rest of figures. Data, to remind, are orga-
nized arbitrarily, however systematically, while
taking into consideration and, to enable, an un-
derstanding of time delays of successive meas-
urements, alongside organization with summa-
tion, done to offer advantage of a 2-D spatio-tem-
poral effect from single point measurements, ex-
ploiting and also manifesting the inherent useful-
ness of experimental design.

Further the method of presentation ensures
ready comprehensibility of any individual graph-
ical result (and resultant) in significance, and ad-
ditionally maintains and preserves the mutual rel-
evance of individual figures of different outcomes
in terms continuity of instances or measurements
of interest in space-time. Consequently, a re-
duced contrived or manipulated cross-section of
data are presented for complete unambiguous
understanding of whole from part. Fig. 8, a thus,
spontaneously, informs about how several meas-
urements acquired as a sequence in time be pre-
sented sequenced in space to create an image of
a single point monitored process. In Fig. 8, a, so,
waveforms of Time 1, Time 2 and Time 3 are sin-
gle point measurements separated in an elapsed
time sense, where each measurement or obser-
vation within itself is a dynamic and causal signal.
It is clearly observable that three signals or wave-
forms, that of Time 1, Time 2 and Time 3 depict
an arrival time delay and amplitude variations
with elapsed time. Signal of Timel corresponds
to oil saturation measurement, Time 3 signal cor-
responds to brine saturation measurement, both
intense in amplitude, and deducibly signal of
Time 2 is associated with the mixed phase zone,
less intense or dim in amplitude. If not proportion-
ately juxtaposed, and / or examined separately
the three measurements would inconspicuously
appear alike, hence justification of several of
above comments in the discussion hitherto re-
garding nature of data presentation method ap-
plied and that of measurements.

Temporal anatomy of typical P-wave signal
compared to S-wave signal for a brine saturated
medium is shown, examinable, in Fig. 8, b against
Fig. 8, c respectively within 2.0 ms equal duration.
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Elapsed time, hr:min:sec.

Amplitude, arbitrary units
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Amplitude, arbitrary units

Signal Time 1 Signal Time 2 Signal Time 3 -30 -20 10 0 10 20 30 40-06 -04 -02 O 02 04
o O-00E¥00— * * * —O0-00E+00— *
2.00E-05 2.00E-05
4.00E-
0.000025 -
s | 1 6.00E-05 6.00E-05
(0] L ‘:L s
w — E
e e 1‘.] 8.00E-05 8.00E-05
£ %
3 0.00005 3 r i 1.00E-04 ¥ 1.00E-04
< 1.20E-04 1.20E-04
1.40E-04 A 1.40E-04
0.000075
1.60E-04 A 1.60E-04
180E-04 |  P-wave 1.80E-04 4 Swave
60004 - 2-00E-04 200504
a b c

Fig. 8. Times of single point measurements:

a — an example of acquired data structuring to form an image of the process; signals of Time 1, Time 2 and Time 3
are single point measurements separated in an elapsed time sense, where each measurement is dynamic and causal
(delays so in arrival time and amplitude variation are also visible); b — anatomy of typical P-wave signal compared to (c);
¢ — S-wave signal for a brine saturated medium within 2 ms equal duration
Puc. 8. BpeMst moy4eyHbix UsmMepeHull:

a — npumep cmpykmypuposaHus nosy4eHHbIX daHHbIX 07151 hopmMuposaHusi obpasa npoyecca; cuesHasbl Bpems 1,
Bpewms 2 u Bpems 3 npedcmasnsiom coboli moyeyHbie U3MepPeHusi, pa3desieHHble M0 NPU3HaKy UCMeKWea0 8peMeHU,
20e Kaxooe uamMepeHue s81siemcsi OUHaMUYECKUM U MPUHYUHHO 06YCI08/1eHHbIM (Makxe 3amMemHbl 3a0epXKU 80 8pEMEHU
ecmynneHus 80/Hbl U konebaHus amnnumyodsi); b — cmpykmypa munu4yHo20 cueHana P-eonHbI Mo cpasHeHuio ¢ (C);
C — cueHan S-8071Hbl 07151 HackIWEeHHOU paccosiom cpedbl 8 meveHue 2 MC pagHol OrumesibHoCmu

The difference in the character of signals, as pre-
sented, is unambiguously identifiable to discrimi-
nate between P- and S-wave measurements. In
terms of facilitating detailed examination for infer-
ring, Fig. 8 contents provide two pieces of useful
information. Firstly P- and S-waves signals as
measurements are reliably “discriminate” and
secondly both types of measurements would, and
further should, undergo an “arrival-time and am-
plitude” change respective of and consistent with
(i) energy type i. e., compression or shear, and
(i) nature of displacement variations, respec-
tively, i. e., a definite pattern. Such wave-forms
constitute chronographs or time-sections, with
observably persistent patterns in a distinct and
characteristic manner to create “images” descrip-
tive, and allowing the plausible inferring, of mor-
phology of the immiscible displacement process.
Fig. 9 is a “close up” and shows pure S-wave
mode while identifiable from associated con-
verted P-wave mode, in an experimental verifica-
tion sense, for reliable S-wave velocities determi-
nation and analyses. P-wave mode is usually ob-
served along S-wave mode, mostly in significantly

low but varying intensity. The occurrence is a
constant static feature due to the sensing ele-
ment configuration and working design, while in-
tensity may depend upon, method and scale of
survey and configuration. It can sometimes cause
challenge in a legitimate S-wave data discrimina-
tion and even acquisition if sensor and / or re-
ceiver is not understood and deployed properly or
sensor configuration or properties are altered, es-
pecially in case of low signal to noise ratio case
measurements. The received signals since were
recorded, and also transmitted by using same
type P-wave and S-wave sensor pairs and were
discreet; the recorded data were so phenomeno-
logically accurate and truly representative of the
events of interest and any irrelevant interference
would naturally be filtered out.

Data as of manner presented in Fig. 8, a, al-
lows forming or computing ultrasonogram “im-
ages” especially suitable for juxtapositioning and
comparisons of individual measurements such as
shown in Fig. 10, allowing identification of legiti-
mate anomalies and features, standing out. Im-
portant aspects such as arrival time and amplitude
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Fig. 9. Demonstration of isolation of P-wave and S-wave modes
for time irrespective windowing for detailed analyses

Note that for P-wave significant first arrival events only change in amplitude but not in polarity,
while S-wave events are delayed and undergo both amplitude and polarity shift with some phase effects

Puc. 9. Jlemoscmpayus usonsyuu munoe KosebaHuli P- u S-eosiH
MemodoMm He3aelucumMo20 Om epeMeHU OKHa 0J1s1 T0GPOo6HO20 aHalu3a
M3mepeHusi npou3eodsimes mymem nouwia2o08020 8pauieHUs MpUeMHUKa R omHocumesibHO HernooBUXHO20 UCMOYHUKa S.
BaxHo 3amemums, Ymo 3Ha4UMoe cobbimue nepeo2o 6cmyrnneHusi P-80MHbI Xapakmepu3yemcs MosbKo U3MEHEHUEM
amnaumyobl, HO He MOJIPHOCMU, 8 MO 8PEMS Kak cobbimusi S-80/HbI 3adepxusaromes U npemepnegaom cosuau
Kak o amnaumyde, mak U o rnosIsspHoOCMU, conposoxaarouuecss HeKomopbIMU (ha3o8biMU 3ghghekmamu

anomalies for example of Fig. 10 are more visibly
identifiable for more focused analyses if needed.
Each trace or signal shown in any panels of
Fig. 10 is time stamped to verify and examine ei-
ther an independent measurement while also al-
low follow the progress of the process of interest
from corresponding measurement sets or events
against elapsed time. In Fig. 10, besides, more
distinct anomalies of arrival times and amplitude
variations occurrence of a “dim spot” anomaly at
elapsed time of 50 min, 5 min and 1 hr instants
during Test 1, Test 3 and Test 2 respectively is
especially significant.

It is observable that occurrence of relatively
low amplitude artifacts before the “dim spot” are
different in character from relatively high ampli-
tude artifacts following it. It is conveniently deduc-
ible that the former correspond to the flow of the
invaded or displaced fraction of pure oil and the
latter to the invading fraction or brine in each of
the tests. While the dim spot separating the two
types of amplitude artifacts should correspond to
a certain interfacial region or zone. Repeated ob-
servations overall confirm the existence or flow of

two pure phases as oil and brine separated by a
mixed phase; providing a basis for a detailed
evaluation further to examine other anomalous
subtleties more resolvable in velocity i. e., ultra-
sonic wave velocities, and amplitude examina-
tion. Velocities are estimated from the first arri-
vals or breaks of the P- or S-waveforms or modes
in each trace, and the integrated amplitudes for
each are calculated as the sum of the rectified
waveform amplitudes and are analogous to the
total area enveloped under the waveform. The in-
tegrated sums are not normalized to avoid any
apparent loss of information or statistical obscu-
rity. The individual amplitude coefficients or mag-
nitudes are determined from Eulerian or complex
components.

In Fig. 11, a, the ultrasonic velocities variation
curves computed on the basis of effective or
wave propagation length for all three experi-
mental tests are presented adjacent and to-
gether. Given the information of Fig. 10 in hind
sight, Fig. 11 shows conspicuous differences in
velocities corresponding to the time of existence
of oil and brine. There, however, is a marked and
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Fig. 10. P-wave (top) and S-wave (bottom) ultrasonograms of three immiscible displacement tests juxtaposed
with conspicuous anomalies or features of interest marked (encircled dim spots separating oil and brine flow
markers), as other features related to diffraction and interference effects also become contrastingly visible
Left Test 1 (0.044 ml/s), middle Test 3 (0.11 ml/s) and right Test 2 (0.64 ml/s)®
Puc. 10. Ynbmpa3eykoeasi ckaHo2pamma P-e80sHbI (6eepxy) u S-80/1HbI (6HU3Y) Onsi mpex onbimoe
C HecMmewusaroujumMcsi cCMeujeHUeM, COBMEU,eHHbIX C 8bIPAKEHHbIMU aHOMasTUsIMU Uslu OMMeYeHHbIMU
usyyaembiMu ocobeHHocmsiMu (06eedeHHbIe 8 Kpy2 «mycCKible NsiImHa», Komopble pa3denssrom MapKepbl
nmomokoe Heghmu u paccosia), mak Kak dpyaue ocobeHHocmu, cesizaHHble ¢ QugbpaKyUOHHbLIMU
U UHMepgepeHYUOHHbIMU 3hghekmamu, makxe omyemaueo 8UOHbI
Tlesbiti onbim 1 (0,044 mn/c), cpedruti onsim 3 (0,11 mn/c) u npaewiti onsim 2 (0,64 mn/c)®

gradual increase in the velocity at the instances
indicating a formation of interfacial zone for all
three tests, suggesting an acceleration and / or
gradient effect, but not a sudden shift or jump,
given specifically the length scales under consid-
eration. P-wave velocity variations, in Fig. 11, a,
thus unambiguously and clearly show P-wave
sensitivity to fluid density, in addition to back-
ground density. A marked, similar, difference in
velocities for oil phase and brine phase, following
Fig. 11, b, could be readily pointed out in S-wave
velocities, respectively. Both wave velocities are
at a consistent stable value for the duration of oil
saturation, and then begin to increase during the
period of mixed phase saturation. Stabilization of
the velocities at a higher value indicates the final
flow of brine saturation phase. Importantly, in ad-
dition, the slope of increase of the velocity in
curves, with a significant spread of distribution of
well identified individual readings unambiguously

5 Citation removed as of initial review policy.

confirm initial speculation of a possible degree of
miscibility and its flow rate dependence.
Corresponding, integrated amplitude varia-
tion as shown in Fig. 12 fixed identically against
an elapsed time provides further insights, espe-
cially into the nature of the interface, with further
confidence, from a subsurface fluids displace-
ment perspective. Occurrence of significantly low
amplitudes artifacts or anomalies collectively
confirm a very distinct fluid-fluid boundary or fluid
front type interface with a characteristic low en-
ergy transmission or high dissipation. Such arti-
facts of amplitudes variation of Fig. 12 appear
straightforward to infer however, similar and
those of Fig. 12, b contain much detailed infor-
mation to be resolved for disambiguation. In case
of Test 2, for example, the artifact of significant
amplitude loss after a slight increase, much clearly
visible for the cases of Test 1 and Test 3, appears
to be unidentifiable; however corresponding
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Time vs P-wave velocity
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Fig. 11. P- and S-wave velocity variation for all tests:
a — P-wave velocity variation for all tests corresponding to occurrence of different possible phases;
b — S-wave velocity variation for all tests corresponding to same occurrences as depicted in (a)
Puc. 11. U3smeHeHue ckopocmu P- u S-e0/1H 80 ecex onbimax.
a — U3MeHeHue ckopocmu P-8071HbI 80 8CeX OMbIMax, COOMBEMCMBYWUX HACMYMIEHUK Pa3iuYHbIX 603MOXHbIX (has;
b — usmeHeHue ckopocmu S-80s1HbI 80 8CEX OMbIMax, COOMBEMCMBYIOUUX MEM Xe S8IeHUSIM, 4mo U 8 (a)

information of Fig. 12, b fills the gap, understand-
able from further discussion. The artifact of am-
plitude loss points to or allows deducing the inter-
face being a typical energy release defect with
the meanings of axis of phenomenological
thermo-mechanical conversion comparable to
minimization of entropy, where mathematical im-
plications for further understanding are available
in [41]. The excessive energy loss possibly may
include such contributions as more physical as-
pects and causes of immiscibility in nature, such
as slip and, squeeze and collision associated with
“fluid bodies” of miniscule dimensions whether in-
tegrating with or disintegrating from the interface.
This is in addition to other controls or effects of
density and viscosity differences of fluids and

solid at the interface given also offering purely ki-
netic implications of surface tension as dis-
cussed. Further details for such parametric or
factor effects could be understood from [42, 43].
Given, further, the nature of background matrix it
could be deduced and understood that interplay
of such psychical occurrences in the flow process
with their evolution would cause and also be ef-
fected by elastic wave diffraction and interference
as of concepts described in initial discussion i. e.,
granular packing mechanistic aspects, contrib-
uting to wave damping and amplitude loss. It also
could be argued and inferred that viscous effects
may have a more pronounced visible or sensible
effect or control of wave damping and energy
dissipation compared to that of density in the
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observed and examined parametric data. Differ-
ences in the magnitude of the stable level ampli-
tudes corresponding to pure immiscible fractions
or saturations as shown in Fig. 12 since is not as
large in comparison to the difference in the corre-
sponding velocity magnitudes shown in Fig. 11,
for the difference in the magnitudes of the density
and viscosity of the oil and brine phases and the
characteristic sensitivity of elastic wave propaga-
tion. Further the amplitude artifacts of mixed-
zone are better resolved against the background
compared to that of corresponding velocity varia-
tions or related artifacts.

In Fig. 12, b, S-wave amplitude variations for
Test 2 (extreme left, curve of points shown in in-
verted triangles) show a very short duration of the

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

V

existence of the interfacial layer, with the ampli-
tudes corresponding to pure phases / saturations
being much lower in magnitude compared to
those of Test 1 and Test 3, or to the same infor-
mation of Fig. 12, a. It also, does however depict
an amplitude increase followed by a loss of same
subtly confirming existence of an interface though
not prominent, obscure in Fig. 12, a, as indicated.
A decrease, similarly, in the duration of occur-
rence of mixed-zone coincidental with, and corre-
sponding to, amplitude loss is also observable.
These artifacts defining the existence of mixed-
zone in a narrow space-time window indicate a
local flow rate increase in addition to confirming a
higher global fluid mobility. Interestingly also, and
further, such fluid flow effects, though more subtle

Time vs P-wave integrated amplitude
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Fig. 12. P- and S-wave integrated amplitudes variation for all tests:
a — P-wave integrated amplitudes variation for all tests corresponding
to occurrence of different possible phases and identified features of interest;
b — S-wave integrated amplitudes variation for all tests corresponding to same occurrences as in (a)
Puc. 12. U3smeHeHue uHmeapanbHbix amnaumyo P- u S-eonH 0511 0nbIMoe:
a — U3MeHeHue UHmezaparsbHbiX amniumy0 P- 80iHbI 07151 8CEX OMbIMo8, COOMEEMCMBYoWUX 803HUKHOBEHUIO
pa3uyHbIX 803MOXHbIX (bas, a makxe cOOmeemcmeywuX 8bisieNeHHbIM UyYaeMbiM 0CObeHHoCmAM; b — usmeHeHue
UHmMezparibHbiX amnaumyd S-80/HbI 07151 8CEX OMbIMO8, COOMBEMCMEBYIOWUX MeM Xe Crly4YasM, Ymo U 8 (a)
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could also be identified for the other two (pro-
cesses) cases of Test 1 and Test 3. If, where in a
converse sense, the existence of mixed-zone is
well defined and spread in space-time, as ampli-
tude effects it shall correspond to a slow local
flow rate and also lower mobility but more “dif-
fuse” mixed-zone or mixed phase.

These observations, in retrospect, can be cor-
related to information of Fig. 11. In this regard ve-
locity variation, since in Fig. 11, a, corresponding
to transition from oil phase saturation to brine sat-
uration for Test 2 process is quite steep, as ve-
locity for the mixed-zone almost approaches that
of the brine in a short duration comparatively.
S-waves velocity variation, depicted in Fig. 11, b,
further generally corroborates the information
and inferences of Fig. 11, a for corresponding
curves of Test 1, Test 2 and Test 3. Additionally
and more importantly S-wave information of
Fig. 11, b also clarifies and resolves not only any
ambiguities regarding existence of the interfacial
zone, observable as Test 2 curve significant ve-
locity jumps or variations and not visible in corre-
sponding curve of Fig. 11, a, but also allows un-
derstanding of two important and useful charac-
teristic aspects. Firstly that the added confidence
of time-space localization of the interfacial zone
may allow a reliable description of it's morphology
by an efficient collective inferring of data, and
secondly that S-waves can prove very useful in
providing better resolution in certain geometrical
topologies and situations, possibly for differences
in frequency content, for comparable P-wave ve-
locity where further discussion is beyond the
scope of document.

Given the discussion immediately above and
with reminiscence of the constituents of system
at hand, it is deducible from collective data exam-
ination that the narrower the duration in ampli-
tudes spread, steeper the slope of velocity in gra-
dient. The duration, further or time of observed
existence of mixed phase saturation is marked by
consistently and significantly damped P-wave
amplitudes in magnitude compared to those of
pure phases or saturants, and S-waves ampli-
tudes that fluctuate between amplitudes both
higher and lower than those of single phase am-
plitudes. This is clearly observable at the (elapsed)
test time instances of 50 min, 1 hour and 5 min
after the onset of the flow of the invading fraction /

I 2022;45(1):8-33

brine in all three tests, respectively. This exactly
correlates with the time of the dim spots identified
in Fig. 10. In addition to manifesting significant
sensitivity in velocity (strength type) measure-
ments, the collective amplitude examination, im-
portantly, also confirms greater sensitivity of the
S-wave amplitudes while transmitted through
heterogeneous medium i. e., mixed phase satu-
ration, which is due to S-wave inherently charac-
teristic polarized and mode altered propagation.

Another important aspect, that of wave damp-
ing or amplitude loss due to contribution both of
or as an indicator of (a) local and (b) mobility or
say global flow rate effects could be discussed,
noticed above. A combined assessment of P- and
S-wave velocity and amplitude graphical results,
confirm that an increase of flow rate during the
fluid displacement type process can cause an
early break through by such mechanisms compa-
rable to an onset of plumes or fingers of the brine
phase or saturation, such as the identified mixed
phase or interfacial zone. Due to deformation and
evolution of the interface, plumes formed would
advance ahead of the stable interfacial front, a
presumed monolayer in the case at hand, possi-
bly due also to viscous fingering effects. This is
deducible from examining Test 2, in detail as
there is little indication of a smooth of more dif-
fuse transition zone in comparison to considera-
tion of corresponding and similar, artifacts and ef-
fects respectively, in Test 1 and Test 3 where an
existence of well defined transitioning zone could
be inferred.

In summary, and wider perspective, the ex-
amination of ultrasonic data or measurements,
and that of time domain, velocities and ampli-
tudes magnitude records for the case at hand as-
sumes not only laboratory scale investigations
significance it also enhances understanding of
field scale applications, implications. Foremost,
the laboratory scale simulation of immiscible-dis-
placement set an example for modeling similar
porous media flow associated processes, as
state-of-the art method. Such simulations are sig-
nificantly useful in designing, developing and
constraining computer simulations, by multiple
analyses post experiment other than immediate
visualization. The anticipated components or em-
bodiments not only of the process of interest i. e.,
immiscible displacement for example were vividly
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observable as well explicable outcomes much to
success but also offered further insights; espe-
cially the observation of interfacial region occur-
rence and evolution with implications of fluid-fluid
and fluid-solid interactions. Such complex sur-
face tension related effects, as observed, with di-
rect implications on immiscible-displacement effi-
ciency are also reported elsewhere. The surface
tension, for example, contorl as of [44, 45] has
been emphasized to regulate wettability and ef-
fect efficiency of immiscible displacements, and
interfacial tension was found or predicted to be
sole factor to cause low recovery. In their experi-
mental modeling [46] have arrived at similar con-
clusions from a geo-environmental remediation
perspective (i. e., NAPLs and LNAPLSs), observ-
ing that efficiency of such “flooding and displace-
ments” processes depends upon factor of “wet-
ting and nonwetting” and comparable issues af-
fecting the interfacial region significantly. In their
stochastic models [47] speculate and investigate
contribution of the gravity difference (density)
based buoyancy effects upon the immiscible in-
terface or boundary / front stability. They propose
that immiscible interfacial spreading by defor-
mation or evolution and stability could both be af-
fected by gravity difference and (material and oth-
erwise overall) heterogeneity depending upon
length scale.

In field scale sense, and regardless of objec-
tive, it thus is well clarified that in immiscible dis-
placement and comparable processes, an early
break through may occur when the invading fluid
is injected at a much increased flow rate (a higher
mobility) and it starts flowing downstream well be-
fore displacement of the invaded phase is com-
pleted, confirming fluid flow rate control and de-
pendence, and requirement of an optimal flow
rate, in implementation of such a process. It, fur-
ther is also deducible that in case for example of
contaminants or pollutants subsurface transport
or flows, with possibly varying degrees of ground
water or otherwise dissolution in sediments,
physical composition and morphology of the
flows could be complex in occurrence and fate;
meaning that multiple flows constituents could in-
dependently and separately co-occur, as if in an
inert equilibrated state with well defined inter-
faces or fluid fronts and boundaries without any
(physical or chemical) evolving interaction within

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

or with surrounding environment, while at other
instances there could be certain distinguishable
degree of interactions and miscibility with diffu-
sion into surrounding environment.

In geophysical inferring of near surface and /
or near field, thus, one may confront or contend
with the situation of dealing with the detected ge-
ophysical data or information beyond the ex-
pected regarding any anticipated targets due
both, either to the “incomplete” understanding of
the method or that of the possibilities of the pro-
cess of interest, and so integration of data and /
or methods could provide the much needed res-
olution.

Adequacy of observations
and analytical verification

Assumption of adequate resolution in terms
of the probed length scales in size range from a
single bead or grain, few beads, compared fur-
ther with the propagation length, holds for plausi-
ble interpretation. Maximum wave propagation
length of about 5cm with transducer diameter “d”
being 13 mm and a grain or bead size of 0.5 mm,
suffice for meeting the criterion of adequate res-
olution attainment [48], i. e., d = 4 A, with input
amplitude dynamic control, considering the
packed core system as sediment aggregate, to
remind. Reliability of methodology and adequacy
of the resultant outcomes is established by com-
parative assessment with works of [49, 50] and
others relevant, cited by them. Analytical verifica-
tion is implemented by using functional descrip-
tion or models of Gassman and Biot theory com-
parable to a numerical approach i. e., high and
low frequency closure. The expressions in com-
pact form are briefly described by following equa-
tions, and are eventually used for P-wave veloci-
ties estimates. Various input quantities for a fluid
substitution type analysis for each saturation
type, are described in Table 1 with appropriate
units, in appendix. The relation of phenomenolog-
ical density terms pjj of Biot theory to those of
granular pack properties as described in the
equations, are well known, and derived and de-
scribed in [51]. Usual analytical equations (1-6),
to determine P-wave velocities using Gassman
fluid substitution method are given below;

’Ksa +(4/3)Gsq
VPsat = . Psat t’ (1)

26I

WWW.Nznj.ru


http://www.nznj.ru/

’ XaccaH B. OueHKa 3¢y peKTUBHOCTU MHTErpUpPOBaHHbIX UCCMeA0BaHNIA MPOAONBHbIX...

Hassan B. Viability assessment of integrated P- and S-wave surveys using ultrasound

Ksat = Ksotia d)Kdry -

widKdry+(4/3)Gsa (2)
_ (1+¢) = jol(lidinluld :
(1—¢)Kﬂuid+¢Ksolid_% ,
p = (1= ®)psosia + Priuiar 3)
Gsqr = Gdry! (4)
Kary = p{(G2) — 4/3(iD)}, (5)
Gdry - p(VZ)- (6)

The graphical illustration of Fig. 13 depicts or
tends to advocate the adequacy of the inferred
outcomes of the three experiments of the dy-
namic immiscible displacement study. It is clearly
observable that the two solutions naturally pro-
vide an upper and lower bound for the experi-
mental measurements. All three experiments are
represented by quasi static state descriptors
given as Oil phase, Mixed phase and Brine
phase. Oil phase point is a single minimum pos-
sible velocity chosen to identify existence of
100 % oil saturation. Brine phase point or points,
in a similar sense correspond to a maximum ve-
locity point perceived to represent 100 % brine
saturation. These two points are not averages of
various observations but two extreme readings to
provide a sense of minima and maxima, statisti-
cally meaning that the values provide for strict
bounds and any trends, considering correspond-
ing observations of all experiments will only fall
and clustered within described bounds. The
Mixed phase points are calculated by applying a

I 2022;45(1):8-33

usual fractional weighted averaging method to a
spread of values, contrary to choosing a maxima
and minima from the spread, to account for vari-
ability of fluid fractions in mixed phase saturation
for an adequate both parametric sense and sen-
sible positioning of the representative estimated
value within the bounds. Thus for a certain
spread of values of the dynamic process precise
representative static values are generated.

The drained bulk and rigidity moduli (dry
frame moduli) are estimated from the ultrasoni-
cally determined velocity measurements. In order
to understand the response of the form of con-
ventionally adjusted models of fluid substitution
type analyses choseni. e. Gassman and Biot, the
adjusted and unadjusted values of these dynamic
moduli were used for input. Adjustment of the
frame bulk modulus is suggested at various in-
stances regarding such analyses as emphasized
by [52, 53] to account for or create real porous
rock effects. Both the adjusted or unadjusted
moduli along with the information of the other
petrophysical (porosity, density etc.) properties
are used in the analysis, after creating composite
bulk moduli and densities of the saturated porous
media. Gassman equations and Biot equations in
simplified functional form, as presented, with es-
timates of adequate corresponding inputs are
used to estimate P-wave velocity values of the
saturated medium. Analyses are performed for all
three saturants using the drained strength infor-
mation or moduli. After several analyses and
trails with adjusted and unadjusted frame bulk

Table 1. Properties of constituents of laboratory unconsolidated core analogue
Tabnuua 1. CBOMCTBa KOMNOHEHTOB NTabOPATOPHOro HEYNNOTHEHHOrO aHanora KepHa

Property Value
Bead / grain dia. 0.5 mm
Bead / grain material density (0s Or Psolid) 2.5-2.6 Sp.gr. approx.
Grain material bulk modulus 4.39 GPa
Porosity of granular pack (&) 26 vIv %
Structure factor of porous granular pack (a) 2.4 dim. less
Adjusted / measured frame bulk modulus (Kp) 4 GPa
Measured frame shear modulus (N or G) 2.44 GPa
Mineral oil / displaced fluid density (s oil) 0.761 Sp.gr
Mineral oil bulk modulus (K oil) 1 GPa
Mineral oil viscosity 10 cP
Brine / displacing fluid density (p:brine) 1.028 Sp. gr
Brine salinity 3.5 wiv %
Brine viscosity 1.3cP
Brine bulk modulus (K brine) 2.45 GPa
Fluid mixed-zone bulk density estimate (or mixt.) 0.891 Sp.gr
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Experimental vs analytical results
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Fig. 13. Experimental P-wave values of the immiscible displacement experiments compared with the analytical
results generated by usual models of wave propagation based on Gassman and Biot theories
Puc. 13. 9kcnepumeHmarnbHbie 3Ha4eHuUs1 P-80s1H @ akcriepuMeHmMax 1o HecMmewugaroujeMycsi CMelWeHuo
110 CPasHEeHUI0 C aHanumMu4ecKumu pe3yismamamu o6bI14HbIX Modesiell pacnpocmpaHeHuUs! 80JTH,
OCHOB8aHHbIX Ha meopusix [accmaHa u buo

moduli and any other associated parameters,
certain important facts especially given anoma-
lous behavior of granular porous media were un-
derstood. Provided further with an understanding
that the analyses were not to test the limitations
of the theory to examine a “data fit”, the analyses
were rather done to examine the adequacy of the
experimental outcomes in a predictive sense. In
holding with an empirical nature or sense of in-
puts, the restriction of constancy of rigidity with
complete disregard of saturation effects|i. e., con-
ventional psat = pary Of frame, was maintained,
with the fact in hind sight that a zero frequency
solution is sought from ultrasonic measurements.
Further for guessing or estimating solid grain and
frame bulk moduli in a suitable range, another re-
striction to be taken in consideration was that the
ratio of Kary/ ary (for dry or drained frame) should
not be less than unity, if possible which is brought
to attention with illustration and citation of several
references regarding fluid substitution exercise
by [54]. Resulting outcomes, after addressing the
restrictions and the associated computational is-
sues of the experimental and analytical nature
corresponding to the analysis, are plotted a fixed
points with error bars. The outcomes reasonably
populate or fall within one standard deviation, as
in Fig. 13.

The S-wave results are not plotted for inability
of the models to provide stable solution marked

by significant underestimation. This might be af-
fected by, a speculated, significantly strong bear-
ing of viscosity on strength moduli for the un-ce-
mented and un-sintered unconsolidated material
evaluated. In such analyses, [55] has pointed out
that fluid effects upon seismic (or acoustic) signa-
tures in unconsolidated sediments are not only
controlled by fluid bulk moduli but are influenced
by viscosity effects too. In an indirect sense it is
deducible that the effects of viscosity upon rigidity
of a stiff porous frame are different from that of a
granular frame. The significance of the reliability
of verification draws upon two factors. Firstly that
the dry matrix / frame shear and bulk moduli were
ultrasonically measured by same procedure used
in the displacement experiments, and adjusted
for any residual saturation effects before other
estimations. Secondly not only that analytical ve-
locity values determined predicted the velocity
values corresponding to pure saturations but also
and interestingly the velocity estimates for mixed
phase were statistically plausible.

Concluding remarks
Effectiveness of integrated methods by exam-
ining P- and S-wave chronographic including ve-
locity data for reliable characterization of near
surface contaminant flow processes, in unconsol-
idated sediments is demonstrated. Rationale of
emphasis, further, is drawn upon the need for

2 |
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understating physical and chemical dimensions
or aspects of both the anthropogenic and natural
stressors of near surface; with implications and
challenges of subsurface geophysical inferring
due to creation of complex surrounding or local
geological system confining such flow processes.
Some well fitting examples, in this regard, of pos-
sibilities and situations of stressors covering local
to regional geological settings and factors from
past and also present are cited and explained. A
simplified connection towards describing and ex-
amining such effects is draw by evaluating an an-
alogue situation of immiscible displacement pro-
cess occurrence through a granular material
packing stimulated by P- and S-waves, including
effect also of re-packing and re-saturation.
P-wave ultrasonic velocities magnitudes, in-
cluding the time-sections or records with other
data patterns within, were unambiguously sup-
ported by corresponding S-wave data. Both
P- and S-wave data correlated well and allowed
unambiguously identify three separate regions or
components of the monitored or imaged flow pro-
cess of interest. These were high-density brine
saturated zone, a low-density oil saturated zone
and more importantly a medium-density mixed-
zone in parametric sense; manifested as ex-
tremes of higher and lower velocities, separated
by a spread of intermediate velocities respec-
tively. Apart from velocities, P- and S-wave inte-
grated amplitudes, both were observed much
damped or lowest for interfacial zone but re-
mained higher for brine saturated zone compared
to those of oil saturated zone. There was satis-
factory correlation in amplitudes data too. The
fluctuation of S-wave amplitudes for the mixed or
interfacial zone was however much pronounced,
compared to that of P-wave, depicting a greater
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S-wave sensitivity, unexpectedly. It clearly de-
fined an energy dissipation marker, of an oil-wa-
ter type interface, with a polarization affectation
or dependence of transmitted ultrasonic energy.
Further a noticeable characteristic spike in
S-wave amplitudes fluctuation, for the same
zone, not prominent in P-wave ones, indicates ri-
gidity properties, meaning that the identified inter-
facial region is well bounded as a monolayer type
feature manifesting or assuming a structural con-
sistency with strength. In addition, both velocity
and amplitude sensitivity of interfacial stability in
evolution and degree of mixing, as a pluming or
viscous fingering effect, with a direct dependence
on flow rate, could also be deduced and / or as-
sessed form examining the velocity variation
slopes. These two aspects, vital finding, would
have been difficult to infer from P-wave data only.

It is also interesting to infer that S-waves, for
adequate bandwidth, can appropriately see
where P-wave may be blinded such as variation
of rigidity effects. S-waves interestingly also re-
veal a proportionately higher sensitivity to con-
fined fluids at the scale of interest or observation
discussed. Plausible analytical confirmation of
the experimental results by usual models not only
show their usefulness in assessing a dynamic
process in terms of static points but also reveal
that S-wave characteristics in the models are not
appropriately accounted for. The results not only
show possibility of attaining a greater resolution
by integrated acoustic field surveys for flexibility
of being able to exploit combination of different
polarizations, bandwidths and energy levels
suited to situation and purpose, but the use of
such techniques for nano-scale process synthe-
sis, control and characterization could be appre-
ciated.
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MuHepanorua n ycnosus (popMmupoBaHua pyn
XOonTocoHCKOro BofibhpamoBOro MeCTopoXaeHus

Moamuna BopucoeHa [JamguHoBa?, TaTbsiHa UBaHoBHa CaxuHa®, BynaT BatyeBuy [JamanmHoB®
a¢[‘eonoauyeckull uHcmumym CO PAH, 2. YnaH-Yd3, Poccus
ABTOp, OTBETCTBEHHIN 3a nepenucky: CaxuHa TaTbaHa MBaHoBHa, Skuratova.tatyana@list.ru

Pe3tome. Lienbio npeacTaBneHHoro nccnegoBaHuns SBsnoch BbISBNEHUE U U3yYeHne 0COBEHHOCTEN MUHEPANbHOTO Co-
CTaBa 1 ycnosuin oopMmnpoBaHus pya XonTOCOHCKOrO BOMb(PPaMOBOro MECTOPOXAEHWS, PacnONOXEHHOro B npeaenax
IxmnamHckoro monubaeH-sonbpamoBoro pyaHoro nons (KOro-3anagHoe 3abarikanbe, Poccusi). B xone uccnenosaHus
aBTopamu Bbin MCNONb30BaH KOMMMEKC MUHEparnoro-neTporpaduyeckmx n Tepmobaporeoxummyeckux metogos. Monmb-
[EHOBOE opyaeHeHue [XMaMHCKOro pyaHoro nons npuypoYeHo K anvkarnbHoi Yyactv Mepsomarickoro wroka (Mepsomait-
CKOE MECTOPOXAEHUE), BONMbPamoBOe — K MHOTOYMCIIEHHBIM KBapLIEBLIM XUMam 3anafgHomn Yactv pygHoro nons (Xon-
TOCOHCKOE XMITbHOE MECTOPOXAEHUE) U K LUTOKBEPKY B LiIeHTpanbHomn Yactu (VIHKypcKoe LUTOKBEPKOBOE MECTOPOXAEHME).
XONTOCOHCKOE MECTOPOXAEHWNE 3aHUMAET 3anagHyH YacTb PYAHOrO MOMS U CIOXEHO MHOTOYMUCIEHHBIMU KBApLEBbIMU
Xunamu, nokann3oBaHHbIMU MPEMMYLLECTBEHHO B Anoputax MoaoHKynbCkoro Maccuea. B pesynbTaTte npoBedeHHbIX pa-
60T BbIN0 YCTAHOBMNEHO, YTO MMAaBHbLIN XWUIbHLIN MAHEPAN NPEACTaBIeH KBapLeMm, Takke NPUCcyTCTBYIOT MyCKOBMT, Kanu-
€Bbll NONEBON LUNAT U kapboHaTbl. [MaBHbIM PyAHLIM MUHEPanoM XONTOCOHCKOrO MECTOPOXAEHUS SBNSETCS NoOHepuT.
B obwwen cnoxHocTn 6bino guarHoctupoBaHo 6onee 20 MMHepanbHbIX BUAOB, BKAOYAOWMX Cynbduabl (MMpUT, Xanbko-
MYPUT, ranexuT, ccaneput, GOpHAT 1 apyrue), cynbgoconu (TeTpasapuT, alkuHUT, CTAHHWUH U Apyrie), okeuabl (LeenwT,
KaccutepuT), Tennypuabl (reccut). o gaHHbIM 13yveHnst OIIOMAHbIX BKMIOYEHWIA B CONEBOM COCTaBe npeobnagaroT xno-
puapl Kanbums ¢ NPUMECHI0 XIIOPUAOB HATPUS U kanus. MuHumarnbHble TemnepaTypbl OTNIOXKEHUS KBapLa BapbupyloT B
nHTepBane ~195-344 °C. bonbWWHCTBO onpeaeneHunii noxutes B uHtepsan ~250-300 °C. Hannune cuHreHeTUYHbIX Cy-
LLLeCTBEHHO BOZHbIX M CYLLECTBEHHO ra3oBbIX BKMOYEHWUI B KBapLe M3 pya XONTOCOHCKOrO MECTOPOXAEHWS No3BonseT
OLEHWUTb MHTEpBan TeMnepaTyp 3axsaTta dniouaHbix BkodeHuin B 413-350 °C. PesynbTaTbl NPOBEAEHHbLIX aBTOPamm
UCCNEeAoBaHNIA CBUAETENLCTBYIOT O TOM, YTO FMaBHbIMU (haKTOpaMu ocaxaeHWsi NobHepuTa M3 ruapoTepmMarbHbIX pac-
TBOPOB SBNANTCS U3MEHEHWE LLIENOYHOCTU-KUCIIOTHOCTM U CHIKEHWE TEMNEPATYpbI.

Knioueenble croea: XonTocoHCKOE MeCTOPOXAEHMe, BONbgpaM, MUHEpParbHbIM COCTaB, (riouaHbIe BKITOYEHUS!, pyaOo-
00pasytoLne pacTBOPbI, YCroBUS 06pa3oBaHNS

®uHaHcuposaHue: VccrienoBaHws BbIMOMHEHb! Npy noaaepxke MuHucTepcTea Hayku v Bbiclwero obpasoBaHus Poccui-
ckon depnepauum (npoekt Meonorndeckoro mHctutyta CO PAH Ne AAAA-A21-121011390003-9) u rpanTa Poccuiickoro
doHaa yHaaMeHTanbHbIx uccnegosaHuii Ne 18-45-030002p_a.

Ans yumupoeaHus: JavanHosa J1. b., Caxuna T. W., JamgunHoB b. b. MuHepanorus n ycnosusi hoOpMMpoBaHus pya,
XonTocoHckoro BonbgpamoBoro Mectopoxaenus // Hayku o 3emne v Hegpononb3oBaHue. 2022. T. 45. Ne 1. C. 34-49.
https://doi.org/10.21285/2686-9993-2022-45-1-34-49.

Original article

Mineralogy and formation conditions
of Kholtoson tungsten deposit ores

Lyudmila B. Damdinova?, Tatyana |. Sazhina®, Bulat B. Damdinov®,
a¢Geological Institute, Siberian Branch of the Russian Academy of Sciences, Ulan-Ude, Russia
Corresponding author: Tatyana |. Sazhina, Skuratova.tatyana@list.ru

Abstract. The purpose of the research is to identify and study the features of mineral composition and formation conditions
of ores of the Kholtoson tungsten deposit located within the Dzhida molybdenum-tungsten ore field (South-West Trans-
baikalia, Russia). The study employs a complex of mineralogical-petrographic and thermobarogeochemical methods. The
molybdenum mineralization of the Dzhida ore field is confined to the apical part of the Pervomaisky stock (Pervomayskoye
deposit), the tungsten mineralization is confined to numerous quartz veins in the western part of the ore field (Kholtoson
vein deposit) as well as to the stockwork in the central part (Inkur stockwork deposit). The Kholtoson deposit occupies the
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western part of the ore field and is composed of numerous quartz veins localized mainly in the diorites of the Modonkul
massif. Conducted works allowed to find out that the main gangue mineral is quartz; muscovite, potassium feldspar and
carbonates are also present. Hubnerite is the main ore mineral of the Kholtoson deposit. In total, more than 20 mineral
species have been identified including sulfides (pyrite, chalcopyrite, galena, sphalerite, bornite, etc.), sulfosalts (tetrahe-
drite, aikinite, stannite, etc.), oxides (scheelite, cassiterite), tellurides (hessite). According to the data of fluid inclusions
study, calcium chlorides with an admixture of sodium and potassium chlorides predominate in the salt composition of ore-
forming fluids. The minimum temperatures of quartz deposition vary in the range of ~195-344 °C. Most of the homogeni-
zation temperatures determinations correspond to the range of ~250-300 °C. The presence of cogenetic fluid- and vapor-
dominated inclusions in quartz from the ores of the Kholtoson deposit allows to estimate the fluid inclusion capture tem-
perature range of 413-350 °C. The results of the studies carried out by the authors indicate that the main factors of hub-
nerite precipitation from hydrothermal solutions are changes in alkali-acid content and a temperature drop.

Keywords: Kholtoson deposit, tungsten, mineral composition, fluid inclusions, ore-forming solutions, formation conditions

Funding: The research was supported by the Ministry of Science and Higher Education of the Russian Federation (project
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Research no. 18-45-030002r_a.

For citation: Damdinova L. B., Sazhina T. I., Damdinov B. B. Mineralogy and formation conditions of Kholtoson tungsten
deposit ores. Nauki o Zemle i nedropol'zovanie = Earth sciences and subsoil use. 2022;45(1):34-49. (In Russ.).

https://doi.org/10.21285/2686-9993-2022-45-1-34-49.

BBepeHue

[>xvanHckoe pyaHoe none npeacTaBnser co-
601 npuMep KPynHOro KOMMEKCHOrO MONMBaEH-
BONMb)PaMOBOro OpyAEHEeHUsI C BbICOKOM KOH-
LleHTpaLUmnen nonesHolX 3/1EMEHTOB Ha CpaBHW-
TenbHO HebonbLlOoN nnowaaun. 34ecb pacnono-
XEHbl TPU KPYMHbIX MECTOPOXOEHWUS, KOTOpble
SBNATCA KPYNHENLWMMU B PETMOHE U B CTpaHe
NCTOYHMKaMKM BoNbdpama 1 MonmbaeHa: aTo Me-
cTopoxaeHus lNepBomarnickoe mMonubaeHoBoe U
NHKypckoe u XONMTOCOHCKOe BONbpamMoBble.
MNomumo Bonbhpama n MonubaeHa Ha MecTo-
POXOEHMSX TaKKe 0TMeYatoTCa NpUMecH 4pyrmx
MOMesHbIX McKonaemblx: Oepunnus, Kagmus,
CBMHLA, UMHKa, 30M10Ta 1 TaK ganee. [Npeawe-
CTBEHHMKaMW YCTAHOBMEHO, YTO BCE TPU MECTO-
poxaeHus [DKMOMHCKOro pyaHOro nons reHeTu-
YecKu CBSA3aHbl C €4MHON TPAHUTOUAHON UHTPY-
3nen. CunTtaeTcs, YTo cCHa4ana chopMmpoBarncs
mMonubaeHoBbIN WTOKBEPK ([MepBOoMainckoe Me-
CTOPOXAEHUE), NO3Xe — NPOXMUIKN C MONNBAEH-
Bepunnmeson mMuHepanu3auuen, 3aTem — LWITO-
kBepK robHeputcogepxalwmx npoxunkos (MH-
KypCKOe MEeCTOpOXAEeHMe), a 3aBepLuanu npo-
uecc pymnoobpasoBaHus kBapu-riobHEpUTOBbLIE
XWnbl XONTOCOHCKOTO MECTOPOXAEHWSI.

PaHee Hamu 6bINO npoBedeHO W3yyeHue
MNepBomanckoro monubaeHoOBOro MecTopoXae-
HUS, CYMTAIOLLErOCs CaMbiM PaHHUM B psgy 00b-
ekToB [pxuanHckoro pyaHoro nons [1], u UHkyp-
CKOro LUTOKBEPKOBOrO BOMbPaMoOBOro MecTo-
poxaeHus [2]. Takke Obln YTOYHEH M3OTOMHLIN
BO3pacT MoNMBAEeHOBOro opyaeHeHuns n onpege-
NEHbI KOHLIEHTpaUM MeTansos B pyLoobpasyto-

wmx pacteopax. OgHako coBpeMeHHas UHOp-
MauMs O MUHepanbHOM COCTaBe M YCIOBUSX
hopMMPOBaHUS XKMUMBHOTO BONbGPaMOBOro opy-
AeHeHNs [XManHCKOro pyaHoro nons npaktuye-
CKM OTCYTCTBYET B MMPOBOM nutepatype. B oco-
BeHHOCTM 3TO KacaeTcs ra3o-CcofieBoro cocraea
rnapotepmarsnbHbIX (rlomMaoB, NnapameTpoB AaB-
NEHNa U TemnepaTypHbIX NapaMeTpoB pygooT-
NOXEHNs, a TakKe MeTannoHOCHOCTM pacTBo-
POB, MPOAYLMPYIOLWMX KUIIbHO-LUTOKBEPKOBOE
BONMb()pamoBoe opyaeHeHue. MwuHepanorus
BOnb@pamMoBbIX pyA Obina u3yyeHa npedle-
CTBEHHMKaMW BO BTOPOW MofioBuMHe XX Beka, HO
B CBSI3M C OTCYTCTBMEM Ha TOT MOMEHT NpeLunsmn-
OHHbIX MeTOJOB MUKpOaHanu3a He BCe MUHe-
panbHble a3kl ObIIM 4OCTOBEPHO AMArHOCTUPO-
BaHbl. B Lenom ansa rpenseHoBbiX MONMOAEH-
BONb@pamoBbIX (BepunnmeBbix) MecTopoxae-
HUIA OU3NKO-XMMUYECKME YCNoBUSA hopmmnpoBa-
HUS1 4O CMX NOP HE UCCNEeAoBanucb 4OCTaTOYHO
[eTanbHO Ans Toro, Y4Tobbl BbISIBUTb pasnmuns
(pU3nKO-XMMUYECKNX MapaMeTpoB pyaoobpasy-
oLWmX  hnonagos, opmupyowmnx Bonbgpamo-
BY0 U MONMBEHOBYIO MUHEpPanuM3aumio Ha Mo-
nnbaeH-BOIbPaMOBbIX MECTOPOXKAEHHUSIX.

HacTosilee nccnegoBaHne nNOCBSLLEHO U3Y-
YEeHU BONMbgPaMOBOro OpyAeHeHUs [KuanH-
CKOro PYAHOro nons Ha npuMepe XonToCOHCKOro
XWUNbHOrO MecTopoxaeHus. Llenbto nccnegosa-
HUS SBMSIETCA YTOYHEHWE MUHEpanbHOro Co-
CTaBa pya, onpegenexHue ycrnosmn opMmpoBa-
HUS W cocTaBa rMapoTepMarnbHbIX PacTBOPOB,
NPOAYLMPYIOLLMX KUINbHOE BONbgpamMoBoe opy-
AeHeHve [DKMANHCKOro pyaHoro nors.
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Matepuanbl u metoabl
uccrnegoBaHus

Ana peleHns MUHepanormyeckux u neTpo-
rpadmyeckmx 3agad B Xxode uccnefoBaHus aBTo-
paMu NPUMEHSANUCb MeTOAbl ONTUYECKON MUKPO-
CKOMWM C WCMONb30BaHWEM NONAPU3aLNOHHOIO
mukpockona Olympus BX-51 ¢ undpoBoin ¢oTo-
kamepon MicroPublisher 3.3 RTV. XumMuueckun
coctaB MuHepanos onpegeneH E. B. Xogblpe-
BOW M KaHAWOATOM reonoro-MmHepanormyeckmx
Hayk C. B. KaHakuHbIM B [€010rM4€CKOM UHCTU-
TyTe CO PAH (r. YnaH-Ya3) MeTogom peHTreHo-
CMEKTPanbHOr0 MWKpOaHanu3a Ha CKaHupyto-
LeM anekTpoHHoM Mukpockone LEO-1430VP ¢
3HeprogucnepcunoHHbIM  cnektpometpom INCA
Energy 350.

dnionaHble BKIKYEHUS B MUHEpanax uccre-
[0Banncb Metodamu TEPMOMETPUM, KpUOMET-
puUm, BONIOMOMETPUM U CNEKTPOCKONUM KOMBUHA-
LUMOHHOro paccesHuss cBeta (KP-cnektpocko-
nuwn). [Ina onpeaenexHuns Temnepatyp obuuei ro-
MOreHu3auuu, TemnepaTyp 3BTEKTUKM U nnaene-
HUSA Nba BOAHbLIX PacTBOPOB, TeMnepaTyp pac-
TBOPEHUS [OYEPHUX ha3 U rOMOreHn3aLum Cxu-
XEHHbIX ra30B UCMOMb30Banacb MUKPOTEPMOKa-
mepa THMSG-600 dpupmel Linkam ¢ guanaso-
HOM n3MepeHnn TemnepaTyp ot -196 go +600 °C.
CraHpgapTHaa annapaTypHas owwubka uamepe-
Hui coctaenset 0,1 B oTpuuatensHon n 15 °C
B nonoxuTenosHon obnactu temnepatyp. [pu-
BnusnTenbHY OLEHKY COAEpXaHWs conen BO
BKMIOYEHMSAX Haxogunu no temnepaType nnae-
NeHns nbaa, WCMonb3ys [OBYXKOMMOHEHTHYHO
BogHo-conesyto cuctemy (NaCl-H20) yepes ak-
BMBaneHT xnopuaa Hatpusa [3]. lNpeobnagato-
LLiast cosib B BOAHOM pacTBOpPE BKIKOYEHUI onpe-
Aenanacb no TemnepaType 3BTEKTUKM, XapaKkTe-
pu3yioLLie BOAHO-CONEBYIO cuctemy [4].

CoctaB ras3oBoi (pasbl WHAMBUAYANbHBIX
bnonHbIX BKIOYEHN ObIN onpegeneH MeTo-
nom KP-cnektpockonuu B UHCTUTYTE reonornm u
muHepanorun umenn B. C. Cobonesa CO PAH
(r. HoBocnbupck) Ha opHokaHanbHoM KP-cnek-
TpomeTpe LabRamHR 800 ¢ nonynpoBogHuKo-
BbIM AeTektopom Horiba Scientific Symphony 1l n
KOH(pOoKanbHbIM Mukpockonom Olympus BX-41.
B kayectBe B0O3OyxaatoLLEro MCNOSb30BAHO U3-
nyyeHue aproHosoro nasepa CVI Melles Girot ¢
ANVHON BONHbI 514 HM 1 BbIXOAHON MOLLHOCTbLHO
30-50 mBr.
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Pe3ynbTathl uccnegoBaHus

Kpamkasi xapakmepucmuka [PKUOUHCKO20
pyOHo20 nons. [XnauHckoe pyaHoe nose pac-
MOMOXEHO B Oro-BOCTOMHOW YacTu 3anafHoro
3abankanbs, B npegenax O4HOMMEHHOW 30Hbl
naneosouns. eonorusa 3aTOro paroHa usyvanacb
MHOTMMU uccnegoBaTensmMu 1 onucaHa B pabo-
Tax E. 1. ManuHosckoro [9], . O. OHToeBa [6],
E. E. BatypuHon, I'. C. Punna [7], V. B. Fopau-
eHko u ap. [8], A. H. uctaHoson [9], M. KO. Xo-
paHosunya, O. K. CmupHoson [10], M. KO. XoaaHo-
Buya u ap. [11], W. B. YepHbiwesa n gp. [12],
®.T. Pendpa, E. [1. baxeea [13], ®. . Penca
[14], K. 3. CtenbmavoHka [15, 16] u Tak ganee.

Kak yxe oTmeyanocb Bebllle, B coctaB [Ixu-
LAVHCKOrO PYAHOrO Mons BXOAAT TPU KPYMHbIX Me-
cTopoxaenus: lNepBomanickoe MonubaeHoBoe,
NHKypckoe LUTOKBEPKOBOE W XOMTOCOHCKOE
XWnbHOEe BOSb(PpamoBble. B reonormyeckom
CTPOEHWUN PYAHOrO MONS MPUHUMAOT y4yacTue
XOXIOPTOBCKas 0CafoyHO-ahpy3mBHasa cBUTa,
MOOOHKYNbCKUA UOPUTOBLIN MaccuB U MHOrO-
dasHas lNymkupckas rpaHuTongHas WHTPY3MS.
PernoH npeacrasnset cobon CNoXHOMOCTPOEH-
HYt0 NMOKPOBHO-CKNaavaTyto obnactb, reonornye-
cKasi CTPYKTypa KOTOpOW onpegensietcs Aucno-
KauusMK1 NO34HeNaneo30MCKoro atana co 3Hauu-
TeNbHOW COBUIOBOWN COCTaBNSIOLLIEN.

Uepe3 UeHTpanbHyl0 4acTb PyAHOro nons
npoxogut  [DXMAMHCKUA  rNYOUHHBIA  pasnom,
nmeLWwmnn cybmepuanoHansHoe npocTUpaHue.
OH TpaccupyeTcs 30Hamu MenaHxa n bnactomu-
noHuTM3auum obuwen mowHocTbio 600-1000 M,
copepxalymMm HebonbLume NMH30BUAHbIE KPYTO-
nagaroLime Tena n3MeHeHHbIx runepbasmTos La-
KMPCKOro Komnnekca. XOXIopTOBCKas CBUTA 3a-
HUMaeT BOCTOYHYIO YacTb JaHHOMO PYAHOro noss
M CrOXeHa necYaHnkamu, cnaHuamm, U3BeCTHs-
KaMu, a Takke BySIKaHUTaMu OCHOBHOMO M cpef-
Hero coctaBa. MOOOHKYNbCKUA UHTPY3UB ABMSA-
eTcs )parMeHTOM KpYMHOr0 MaccuBa, BbITSHY-
TOro B CeBepo-3anafHOM HanpaBneHuu, U crno-
XEH MNpPeuMyLLecTBEHHO KBapLeBbIMU AMopu-
Tamu [10].

B npegenax KoHTakTa naneo30MCcKux KeapLe-
BbIX AMopnToB MOOOHKYNbCKOro Maccuea ¢ ag-
(py3nMBHO-OCafOYHbIMK  TOMLWAMKU  BHEApUNach
['ymXvMpcKasi UHTPY3uMsi, C KOTOPOW CBSA3bIBAETCA
obpasoBaHne monunbaeH-BoNbHPaMoBOro opy-
neHenuns. VHTpysus npeactaBneHa Ha noBepx-
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HOCTW MHOTOYUCIIEHHBIMU AalKaMK KUCIOro COo-
cTaBa 1 [lepBOMaNCKUM LUTOKOM rpaHuUT-nopdm-
poB (puc. 1). Cpeon nopog [AawKkoBOro KOM-
nriekca BblAENATCA TakkKe Aankn CEPbIX CUEHM-
TOB, CEpbIX KBapLEBbIX CUEHUT-NOPPUPOB, Kep-
CaHTUTOB, 6OCTOHUTOB U rPaHNUT-NOPCUPOB.
[NepBOMaNCKMA LWITOK rpaHUT-NopdmpoB SB-
NAETCs cambIM KpYnHbIM BbIXOAOM [yoKMpCKon
WHTPY3UW Ha MOBepXHOCTb. lnowaab BbiXxoaa
lNepBomMainckoro maccuea Ha OHEBHYH MOBEpPX-
HocTb cocTasnsieT 0,35 km?. Mo gaHHbIM Gypo-
BbIX W reodmsmnyeckux pabot, [MepBomanckuii
mMaccuB npegcraenseT cobon nakkonutoobpas-
HO€ Teno C MHOTOYMCIEHHLIMM anodusamu, Ko-
TOPOE BbLITSHYTO B CEBEPO-3anagHOM Hanpasne-
HUM U NOTPyXaeTCs Ha Hro-BOCTOK COrNacHo
kpoBne MoLoHKynbCKOro Maccuea. B anvkans-
HOM €ro YacTn OTMEYAKTCS KCEHONMUTbLI FPAHNTOB
W FPaHOCWEHUTOB, @ TaKXe KCEHONMUTbI nopoa
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KPOBIMW, CBMAETENLCTBYOLWME O HEBOMbLLON rMy-
B1He 3p03MOHHOrO cpe3a MaccuBa.

B anukanbHoW 4yactu [epsomanckoro rpa-
HUTHOrO MaccuBa NoOKanuM3oBaHO OOHOMMEHHOE
mMonmbaeHoBoe MecTopoxaeHue. Bonbgpamo-
BOE OpydeHEeHWe NPeacTaBNeHO MHOMOYUCHEH-
HbIMW KBapLEBbIM XWflamy B 3anagHon 4acTu
PyAHOro nonsi (XonTOCOHCKOE MECTOpPOXAeHue)
M K LUTOKBEPKY B LileHTpanbHow YacTu (MIHKypckui
wTokeepk) (cm. puc. 1). MNocnegHue M30TOMHO-
reoXpOHOSIOrMYecKkme AaHHble 0 Bo3pacTe LMpKo-
HOB (12412 MnH NneT) u3 rpaHuT-nopdupos lep-
BOMAWMCKOro LITOKa, MyckoButa (127,6x1,5 mnH
net) n monubaenuta (118,5+1,6 n 122,411 mnH
NeT) u3 pyaHbIX 30H [NepBomaiickoro monunbae-
HOBOrO MECTOPOXAEHWS CBUAETENLCTBYIOT O re-
HETUYECKOW CBA3N NPOLECCOB rpaHuMToobpaso-
BaHWS U MONUBAEHOBOMO PyAOOTIIOKEHUS Ha py-
6exe 119-128 mnH net Hasag [1].

1 > Il : [~=]s
N\Je B==7 [N\Js [N]o [W]w0
=11 [Z2]|12 < |13 V14

Puc. 1. Cxemamuyeckas 2eonoz2uyeckasi kapma [)xuouHcko2o pydHoeo noisi (no B. U. Uenamoeuyy, 1975):
1 — xoxtopmosckas cauma: memamopu3oeaHHble 0cadoyHble Mopodsl, 3¢h¢hy3usnl; 2 — MoOOHKYIbCKUL Maccus:
duopumel, keapuesble duopumai; 3 — [epgomalickuli maccus: 2paHumM-nopghupbi; 4 — FOPKUHCKUL Maccus: epaHumel;
5 — cepble cueHumel; 6 — 0aliku epaHum-nopgupos; 7 — datiku 6ocmoHuUMos; 8 — Mukpoduopumsl; 9 — nnazuoepaHumel;
10 — IDxuduHckuli enyburHbil pasnom; 11 — keapy-monubdeHumossie xusbl; 12 — [Nepeomalickuli Monub0eHo8bIl
wmokeepk; 13 — UHKypckuli eonbhpamossill wmoksepk; 14 — keapu-cyrbghudHO-2t06HepuUmo8able Xusbl
Fig. 1. Schematic geological map of the Dzhida ore field (according to V. I. Ignatovich, 1975):

1 — Khokhyurta suite: metamorphosed sediment rocks, effusives; 2 — Modonkul massif: diorites, quartz diorites;

3 — Pervomaisky massif: granite-porphyres; 4 — Gorkinsky massif: granites; 5 — gray syenites;

6 — dykes of granite porphyry; 7 — dikes of bostonites; 8 — microdiorites; 9 — plagiogranites;

10 - Dzhida deep fault; 11 — quartz-molybdenite veins; 12 — Pervomaisky molybdenum stockwork;

13 — Inkur tungsten stockwork; 14 — quartz-sulfide-hubnerite veins
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[eonozuyeckoe cmpoeHue XormoCOHCKO20
Mecmopox9AeHus. XONTOCOHCKOE MeCTOpOXae-
HWe PacrnonoXeHo K 3anagdy oT VIHKypcKoro LuTo-
KBEpPKA B 3HaAuYMTESIbHOM yganeHun oT [lepso-
MaWcKoro rpaHuTHoro maccmea (cMm. puc. 1), B
npegenax KOHTAKToBOW 4act MofoHKYNbCKOro
WHTPy3MBa KBapLeBblx AnopuToB. MOZOHKYMb-
CKUA WHTPY3NB paccekaeTcs JankaMu rpaHuT-
rPaHOCMEHUTOBOrO COCTaBa BepxHenaneosomn-
ckoro gabaHckoro Komnnekca (puc. 2, a).

MecTopoxaeHne pasBefaHo Ha rnybuHy
700-1000 m oT noBepxHoCTU. Bcero m3BecTHO
bonee 200 «kBapu-cynbGuOHO-rOOHEPUTOBBIX
xun (puc. 3). Xunbl 3aneranT npevMyLle-
CTBEHHO B Anoputax MoZoHKyNbCKOro mMaccusa
¥ UMEIOT NOnoroe nageHne Ha tor v 1ro-3anag,.
Pa3smepbl NPOMBILAEHHbIX XU N0 NPOCTUPaHWIO
W nageHno konebnTcs B LIMPOKMX npeaenax
MpyY MOLLHOCTM OT AecATbIX Jonen o 3—-4 m, B

a

Puc. 2. XonmocoHckoe MecmopoxdeHue:
a — Kapbep MecmopoxdeHusi; b — keapu-erobHepumosas xuna (KpacHbll nyHKmMup);
C — obpasey ksapu-cynbudHoU xusbl ¢ erobHepumom,; d — 602amas keapu-2t0bHepumosasi pyda
Fig. 2. Kholtoson deposit:
a — deposit open-pit; b — quartz-hubnerite vein (red dotted line);
¢ — sample of quartz-sulphide vein with hubnerite; d — high-grade quartz-hubnerite ore

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

pasgyBax — 80 15 M npw cpegHen MOLLHOCTH
~0,7-0,9 M (cm. puc. 3). Okono 80 xun pa3sse-
[aHbl N XapaKTepU3yTCS NPOMbILLIEHHbIMY Na-
pameTpamu BonbgpamoBoro opyaeHenus [10,
11]. CpepgHee copepxaHue Tpuokcuaa BOMb-
tpama coctasnset ~0,77 macc. %. BepxHue ro-
PU30HTbl OCHOBHbIX MPOMBILEHHbIX XU B
HacTosLee BpeMst 0TpaboTaHbl.

PyoHble Tena XonTOCOHCKOrO MecTopoxae-
HUA NPeACTaBNeHbl KBApL-rOOHEPUTOBBLIMU XKK-
namm (puc. 2, b, d), a Takxke yyactkamu, obora-
WeHHbIMX  OPYrUMU  PYAHBIMKA  MUHEpanamm
(cynbbmnagamm n cynsgoconsamu) (puc. 2, c).

MuneparnbHbIl cocmag X0/mOoCOHCK020 Me-
cmopox0eHusi. XONTOCOHCKOEe MEeCTOPOXAeHWe
NPeACTaBieHo KBapL-TtoGHEpPUTOBLIMU Xunamu
C CynbuaHon MuHepanuaaumen. MuHepanbHblii
cocTaB XONTOCOHCKOr0 MECTOPOXAEHUSA NpaKTH-
YeCKN WOEHTWYEH MUHepPanibHOMY COCTaBy pya
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Puc. 3. Meonozuy4eckuli paspe3 XosImOCOHCKO20 XUjIbHO20 80/IbhpaMoeo20 MecmopoxdeHust no nuxHuu JE
(cocmaeneH ¢ ucnonb3oeaHuem mamepuanos [1. 0. XodaHoeu4a (1995) u Y. B. FopdueHko u dp. (2019)):
1-3 — Qaliku: 1 — cUEHUMO8 U K8apUE8bIX CUEHUMO8, 2 — CUeHUMO-0Uuopumos, 3 — 60cmoHUMos; 4 — duopumsl

U Keapuesbie Ouopumbl OXXKUOUHCKO20 KOMIeKca; 5 — pyOHbIe Xusbl C 80/1bhPamMo8bIM OpydeHeHUeM;

6 — 30HbI OPObIIEHUS M0 PA3PbIBHBIM HaPYWeHUsIM; 7 — pa3gedoyHbIe CKB8aXUHbI
Fig. 3. Geological section of the Kholtoson vein tungsten deposit along the E line
(compiled using the materials of P. Y. Khodanovich (1995) and I. V. Gordienko et al. (2019)):
1-3 — dikes of: 1 — syenites and quartz syenites, 2 — syenites — diorites, 3 — bostonites; 4 — diorites
and quartz diorites of the Dzhida complex; 5 — ore veins with tungsten mineralization;
6 — crushing areas by the faulting zone; 7 — exploration wells

WHkypckoro mectopoxaenus (Tabn. 1). MnasHbIN
XWUNbHbIA MUHEpan — KBapL, B 6051bLWIOM Konuye-
CTBE MPUCYTCTBYKT CEPULUT, (PIIOOPUT, U3 pya-
HbIX MUHEpanoB HabnwgakwTca robHepuT, nu-
PUT, XanbKOMUPUT, raneHuT, canepuT, Weenut
n ap. XunbHble MuHepanbl NpeMMyLecTBEHHO
npeactaBfieHbl MOMOYHO-6enbiM  KBapuem, B
MEHbLUEN CTeneHn — KanmeBbIM NOMNEBbIM LWna-
TOM, Crogamu 1 pegkuMm roopuTom n 6epun-
nom. B wnudax onsa 3epeH KBapua xapakTepHo
BOMTHWUCTOE UM MO3anyHoe noracaHue. B Heko-
TOPbIX y4acTKax OTMEYaeTCH MHTEHCUBHAsA Cepu-
LMTM3aumMs NO NOSIEBBIM LUNATaM WUV B BUAE TOH-
KX NPOXWIKOB B 3epHax KBapua. Ha KoHTakTax
PYOHbIX XU C BMELLAOWMMK nopogamun He-
pedko  OTMeYalTCsl  rpevi3eHWU3MpPOBaHHbIe
Y4aCTKM, CIOXEHHbIe NPaKTUYECKMU CNIIOLIHBIMM
arperatamu Myckosuta. MyCKOBUT, Kak U B Npo-
Xunkax VHKypCcKoro MectopoXaeHusi, xapakre-
pU3yeTCH NOBbILEHHbIMY COgepXaHuamu gtopa
(1,66-4,04 macc. %).

Yyactkamu B pyAHbIX KBapLEBbIX Xunax
BCTpeyatoTca KapboHaTbl, NpeacTaBneHHbIe po-
L[OXPO3MTOM W cuaepuTom (cm. Ttabn. 1), koto-
pble OBHapyXeHbl MpPeuMyLEeCcTBEHHO B BUAE
KCEHOMOPMHbIX arperaToB HenpaBUibHON op-

Mbl. OHM YacTO NPUYPOYEHbI K KOHTAKTAM 3epeH
KBapLUa My NpUCYTCTBYIOT B BMAE TOHKMX NO3a-
HUX MPOXMWIIKOB, 3aMOMHALWMUX MeNkue Tpe-
LLIVHKN.

KBapL sIBNSieTCA «CKBO3HLIM» MUHEparom,
TO ecTb 0bpa3syeTcs Ha BCEX CTagusax MUHepano-
obpasoBaHusi OT paHHen K no3gHen. CKonneHus
KanMeBOro NoneBoro wnaTa HaxoasaTcsl B TECHOM
cpacTaHuu ¢ KBapLem, 4YTo roBoput ob ux 6nu-
304HOBPEMEHHOM 06pa3oBaHMu.

KBapu-rtobHepuTOBbIE  XWUMbl  NPeumyLLe-
CTBEHHO CIIOXEHbl 3epHaMKU CBETMOro, CBETNO-
CEeporo MM MonovHo-6enoro kBapua ¢ eamHuy-
HbIMW KpuUcCTannamu rrobHepuTa unm oboratlex-
HbIMK y4acTkamu ¢ 6onee KpynHbIMK CKOMMEHM-
SIMM UK arperatamu riobHepuTta. Takne y4acTku
cogepxaTt Mesiko- KpYNHOKpUCTannuyeckue ar-
peraTtbl robHepuTa B accouuauum C ApYyrumu
PYAHBIMU MUHEpPanamm, cpean KOTOpbIX npeob-
nagatT NUPUT, raneHuT, canepuT, TeTpasapuT
1 BTOPOCTENEHHbIE MUHEPAnbI.

to6HepUT ABNSETCS rMaBHLIM PYOHbIM MUHE-
panoM MecTOPOXAEHWS, COAepXaHne MapraHua
B Hem gocTuraet 17,86-19,34 macc. %. bonb-
e YacTblo OH NPEACTaBMEH BbITAHYTLIMA Lue-
cToBaTtbiMK Kpuctannamu (cm. puc. 2, d), pexe
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Tabnuua 1. 06Kt MMHepanbHbIA COCTaB KBapL-rlOOHePUTOBBIX XKi XONTOCOHCKOro MeCTOPOXAEHMUA
Table 1. General mineral composition of quartz-hubnerite veins of the Kholtoson deposit

XONTOCOHCKOE MECTOPOXAEHNE

naBHble

Ksapy (SiO2)

®noopuT (CaF?)

AKunbHble
BTtopocTteneHHble

Kanueselit noneson wnat (KAISizOs)

MUHEparnsbl

MyckoBuT (KAI2[AISisO10](OH)z2)

Mto6HepuT (MNWO4)

naBHble

MupuT (FeS2)

Xanekonuput (CuFeS»)

Ccpaneput (ZnS)

laneHuT (PbS)

TeTtpaagput (CusShSs)

AikuunT (PbCuBiSs)

PyoHble BTtopocTteneHHble

LWeenut (CaWOa4)

MuHeparbl

leccut (Ag2Te)

CtaHHuH (Cu2FeSnSa)

Cupeput (FeCO3)

Popoxpoaut (MnCOs)

LWan6axuT (Ago4Pbo2Bio,4S)

BopHuT (CusFeSs)

Penkune

Matunbgut (AgBiS2)

HeunseecTHble dhasbl (Cu2PbS3, Cu2PhsSs)

Anrnesut (PbS04)

BTopuyHblie MuHepansl

Lleppycut (PbCO3)

arperataMmu HenpasuSIbHON )OPMbI C XapakTep-
HOW SAPKO-KPaCHOW, KOpUYHEBATOM wunm OGypon
OKpackon. BbIpaxeHHbIn UAMOMOPU3M  Kpu-
cTannos riobHepuTa u arperatbl HeNpaBUbHbIX
3epeH CBMAETENbCTBYKOT O €ro OTNOXEHUN Kak
Ha paHHMUX, TaK U Ha Bonee No3gHMX aTanax.

Kpome riobHeputa 13 BonbgpaMoBbIX MUHE-
panoB B COCTaBe MECTOPOXAEHUS B MEHbLUMX
Konu4yecTBax NPUCyTCTBYET WweenuT (cM. Tabn. 1).
OH vawe cnaraet arperatbl HemnpaBUIbHbIX
cbop™ K, no Bcen BUAMMOCTH, sBNsieTcs bonee
no3gHWM no o6pa3oBaHNI0 MUHEPanoM no cpas-
HEHUIO C NOBHEPUTOM.

Muput Hepeako wumeeT Haubonee wawmo-
MopdHyto chopmy, Bnuskyto k Kybuueckomn (puc.
4, a), 4To roBopuT 0 ero 6onee paHHem obpaso-
BaHuW. Hepeako 3epHa nupuTa KOppoAMpYTCS —
kak Obl pasbeaarTcs ApYrUMU PyaHBIMA MUHE-
panamu, Jale raneHuTom. B HekoTopbix 06pas-
Llax OTMEeYaKTCs CNOLWHbIe CKOMNEeHUs NupuTa.

aneHnT B OCHOBHOM 0bpasyeT arperathbl He-
NpaBUbHON (hOPMbI C XapakTEPHLIMU TPEYrofb-
HUKamu BblKpalwmBaHua (puc. 4, a, b), vawe B
cpacTaHum co chanepuToM, pexe C XanbKonu-
PUTOM 1 TeTPasapuTOM. B HEKOTOPBIX yyacTkax
OH 3anosfiHSeT TPELUMHbI B Kpuctannax robHe-
puta. [aneHut cogepxuT npumecu cepebpa 4o 2
macc. % v BucmyTa o 4,6 macc. %.

ArperaTbl cchanepuTa NpenMyLLeCTBEHHO He-
npaBunbHON opmel (puc. 4, a, C) cnaratT Tec-
Hble CpacTaHus C ranieHnToM, YTO, NO BCEW BUAM-
MOCTK, cBuaeTenbcTByeT 06 ux 6nm3ogHoBpe-
MeHHOM dhopmupoBaHun. B coctase cdanepu-
TOB BCerga OTMevaeTcs npumechb kagmust (0T
0,48 0o 1,34 macc. %), B HEKOTOPbIX 3epHax Npu-
cyTcTByeT npumech xenesa (0,31-0,57 macc. %).

Xanbkonmput oTMeYaeTcs B BUAE arperaTos
HENpaBunbHON hopMbl (CM. puc. 4, c), a Takke
Hepeako obpasyeT «0TOPOYKMY BOKPYT 3epeH nu-
puta. 3TO rOBOPUT O TOM, YTO XanbKOMMUPUT AB-
nsetcs 6onee no3gHMM. B HEKOTOpLIX yyYacTkax
0TMeYaeTCs B BUAE MENKMX BKpaniIeHHWKOB Uin
CbiNuW B arperartax canepura.

TeTtpasgput obpasyeT OTHOCUTENBHO MAMO-
MOpHbIE KpUCTanbl KyGu4yeckom unu Henpa-
BUMbHOW (DOPMbI B TECHOM CpacTaHuu ¢ arpera-
Tamy Xanbkonuputa W raneHuta. JT0 CBUAe-
TenbcTByeT 06 nx 6rnM3oaHOBPEMEHHOM OTNOXE-
HUM B Xunax nmbo o ToOM, YTO TeTPasapuT ABNs-
€TCs HeCcKonbko bonee paHHUM K3-3a 6onee Bbl-
paxxeHHoro nanomopdumama. Kpome aT10ro, oH oT-
MeYaeTcsl B BuOE MMUKPOBKIIOYEHUW Kanneewa-
Hon dhopmbl (puc. 4, d). CogepxaHve Mbllbsika
B TeTpasgpute BapbupyeT B npegenax 4,68—
5,95 macc. %, umHka — 6,83-7,41 macc. %.
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Puc. 4. Mukpoghomoepachuu pydHbix MUHepanoe 8 06pamHO paccesiHHbIX 371eKMPOHax:
a — 83aUMOOMHOWeHUs 2lobHepuma, allkuHuma, ceghanepuma, nupuma 8 agpeaame 2aneHuma;
b — mMukposknroueHus eeccuma (cmpersiku) 8 3epHe 2aneHUmMa; ¢ — cghanepum U CmaHHUH 8 agpeaame XasbKonupuma;
d — cpacmanue 6opHuma, mempaadpuma u HeusgecmHol ¢pasbl CUPbS
hu — er0bHepum; sp — cgpanepum; py — nupum; gn — 2aaeHum; ccp — xanbkonupum; aik — alkuHum;
ttr — mempaadpum; qz — Kk8apu; Sn — cmaHHUH; hes — eeccum; bn — 6opHum; ang — aHenesum
Fig. 4. Micrographs of ore minerals in backscattered electrons:
a — relationships between hubnerite, aikinite, sphalerite, and pyrite in a galena aggregate;
b — hessite microinclusions (arrows) in a galena grain; ¢ — sphalerite and stannite in a chalcopyrite aggregate;
d — intergrowth of bornite, tetrahedrite and an unknown CuPbS phase
hu — hubnerite; sp — sphalerite; py — pyrite; gn — galena; ccp — chalcopyrite; aik — aikinite;
ttr — tetrahedrite; gz — quartz; sn — stannin; hes — hessite; bn — bornite; ang — anglesite

Kpome BbilleonUcaHHbIX MUHEPANoB Mo pe-
3ynbTaTaM NpoBeAeHUs 3NEKTPOHHON MUKPOCKO-
MM B PYAHBIX XUNax UAEHTUULMPOBaHbI BTO-
pocTeneHHble U peakue MuHepansbl (cM. Tabn. 1).

AVKMHUT MpUCYTCTBYET B BUAE BbiAENEHUN
HenpaBWnbHON (POpMbl B arperaTax raneHuta
(cm. puc. 4, a).

CTaHHMH OTMeYaeTcs B BMAE MENKUX TBEP-
AblX BKMIOYEHUA B arperatax xasbkonupura u
cchaneputa (cM. puc. 4, ¢) 1, KpOMe 3TOro, B BUAE
MenKoW cbinu B 3epHax nuputa. OcobeHHOCTb0
XUMUYECKOTO COCTaBa CTaHHWHA SBMSAOTCS MO-
BbILUEHHbIE cofepXaHus UnHka (4,5-12,4 macc.
%) n megm (go 38,19 macc. %), a Takke NOHU-
XEHHblE cogepxaHus xenesa (go 10 macc. %) un
onosa (17,8-26,7 macc. %) no CpaBHEHWIO CO
CTEXMOMETPUYECKUM COCTABOM.

BopHuT (cM. puc 4, d) n receut (cm. puc 4, b)
obHapyXeHbl B BUAE eNHUYHbIX 3ePEH B KBapLe
1 MUKPOBKITOYEHWIA B raneHunTe.

Takxe B BuAe pegkux BKIOYEHUN B raneHnTe
OTMeyYalTCcs  CynbOBUCMYTUT cepebpa K
ceuHUa wanbaxut (Ago,4Pbo2BiosS) u cynbdug
BUCMYTa U cepebpa matunbaut (AgBIS:2) B Buae
OTOPOYEK MO ranexuty (cm. Tabn. 1).

Kpome aTtoro, B pyaax uaeHTUOULMPOBaHbI
HEW3BeCTHble hasbl ¢ opMynamu, B6InsKUMK K
Cu2PbSs n CuzPbsSs (cm. puc. 4, d), obpasyto-
LLIMe HEeOOHOPOAHbIN arperat B cpactaHum ¢ 6op-
HUTOM ¥ TETPA3OPUTOM.

BTopuuHble rnepreHHble MuHepansl npea-
CTaBneHbl aHrnesnuTtoM M LepyccuToM, 4acTo
NPUYPOYEHHBIM K TPELLMHKaM W NycToTam, 4To
roBoput 06 ux no3gHemM obpasoBaHuu.

Ha ocHoBe MuHepanoro-neTporpagnyeckoro
U3y4yeHWs aBTOpaMu MOCTPOEHa CcxemaTuyHas
nocnefoBaTenbHOCTb MUHepanoobpa3oBaHus B
PYZHbIX Xunax XonTOCOHCKOro MECTOPOXAEHNS.
[aHHas nocnegoBaTeNnbHOCTb NpeacTaBeHa Ha
puc. 5.
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MwuHepansl

XONTOCOH

Ksapu

dnooput

MyckoBuT

Kanuesbiti nonesoi wnat

MobHepuT
UWeenut
Mupnt
Xanbkonuput
Ccbaneput
lanexut
TeTpasgput
ANKNHNT
CtaHHuT
BopHut
leccut
Bepunn
Matunbant
Lan6axut
Cvpeput
Pogoxposut

UepyceuT
AHrnesut

Puc. 5. lTocnedosamenbHOCMb MUHePa006pa3oeaHusi 8 pyOHbIX Xusiax Xo0JImOCOHCKO20 MeCMOPOKOeHUs1
Fig. 5. Sequence of mineral formation in the ore veins of the Kholtoson deposit

Tepmobapozeoxumuyeckue uccrnedosaHus
X0/IMOCOHCK020 MecmopoxdeHus. [aHHble 00
yCnoBusax (popmMmMpoBaHUS U COSIEBOM COCTaBe
pygoobpasytowux pacTBOpOB BOMb(PaMOBOro
opyaeHeHns  XONTOCOHCKOro  MeCTOPOXAEHWS
nonyyeHbl B pesynbTaTe U3y4eHUs! NEePBUYHBIX
chniomaHbIX BKMOYEHUN M3 KBapua, dnooputa
n rrobHepuTa KBapu-CynbguaHO-rOHEPUTOBbLIX
Xun. B aTUX MuHepanax HaugeHbl BKIHYEHUS C
Hambonee NPUrogHbIMU pasmepamu Ans usyye-
HUS METO4AMM TEPMOMETPUK, KpnomeTpun n KP-
CrekTpockonuu. B 3epHax kBapLa MecTopoxae-
HUS, Kak NpaBwWno, AOMUHUPYIOT BTOPUYHbLIE
BKMIOYEHUS, KOTOpble 3arie4ynmBalT MHOro4uc-
NEHHble TpewmHbl. K kaTeropu nepBUYHbIX
PONAHBIX BKMKOYEHWUW, COracHO W3BECTHbLIM
kpuTepusm [17], OTHECEHbI bnongHbIe BKIOYe-
HWS, PAaBHOMEPHO pacnpefeneHHble B obbeme
MUHepana-xo3simHa Unu NpuypoYeHHbIe K 30Ham
pocTa ¥ pacnonararwmecs Ha yaaneHum oT 3a-
NEYEHHbIX TPewWMuH U LWNendoB BTOPUYHBIX
BKITHOYEHUI.

B kBapu-cynbuaHO-BONbMOPAMUTOBLIX XKK-
nax XOnTOCOHCKOr0 MEeCTOPOXAEHWUS TNaBHbIN
XWNbHBIM MWUHEpan Takke npeacTaBfieH KBap-
LeMm. B Hem nepBuYHbIE BKMIOYEHUS Ha yaaneHum
OT 3aleyeHHbIX TpelWH BCTpevalTcs [ocTa-
TOYHO pefaKo, OHW NpeAcTaBneHbl OAMHOYHBLIMU

novagHbIMM - BKMIOYEHUAMU MKW Tpynnamu
BKMoYeHn. Kak npasBuno, Takve noungHble
BKIOYEHNS  NpeAcTaBfieHbl  ABYX(a30oBbiMK
BKIMIOYEHMAMU (KMAKOCTb > ra3) 4acto npsiMo-
YronbHOW Unu pomM6oBUAHOW (HOPMbI pa3MepPoM
B cpegHem ot 10 go 20 mMkm (puc. 6, a—c). Kpome
3T0ro, B 3epHax Kapua OOHapyXeHbl eauHuY-
Hble nonaHble BKOYeHus (puc. 6, d) ¢ gocTa-
TOYHO KPYMHOWN ra3oBoW ha3omn (KUAKOCTb = ras),
NpupoAa Taknx BKIKYEHUA HELOCTAaTOYHO ACHA.
B 3epHax cntooputa NpuCyTCTBYIOT TaKKe ABYX-
hasoBble (KMAKOCTb > ra3) peakue nepBuyHble
BKNtOYEHMS (puc. 6, e—(Q), B HEKOTOPbIX 13 HUX OT-
MEeYaloTCa O4YeHb Menkue TBepable dasbl TEM-
Horo ugeta (CM. puc. 6, e), cocTaB KOTOpbIX He
yganoce ngeHTuguumposaTe Metogom KP-cnek-
TPOCKOMUMW. DT BKINIOYEHNS B OCHOBHOM MMEIOT
OKPYTAy0 MM U3OMETPUYHYIO hopMy, pa3mepbl
MX B cpegHeM coctaensitoT 15-25 mkm. Mopo6-
Hble BeCcbMa pefkue AByX(ha3oBble BKIYEHUS
MeHbLUMX pasmepoB (10 MKM) oBHapyXeHbl 1 B
3epHax robHeputa (puc. 6, h).

Kpome aToro, B HEKOTOPbLIX 3epHax kBapua
OTMEYaKTCa rpynnbl BKMHOYEHUA CYLLECTBEHHO
BOAHOrO U CyLLECTBEHHO ra3oBoro cocraea (puc.
6, i, k, 1), KOTOpble MOXHO YCNOBHO OTHECTM
K BKMIOYEHUSIM reTeporeHHoro 3axgara, mMo-
CKONbKy OHW pacrnonaratoTcs BOnuau gpyr gpyra
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Puc. 6. lepeuyHbie ¢h1oudHbIe 8KITFOYEHUS U3 K8apy-Cy/IbhUOHO-2106HEepUMo8bIX Kusl

Xos1mocoHCK020 MecmopoXX0eHuUst:
a—d — nepsuyHble 08yx¢ha308bie (hIoUOHbIE BKITHOHYEHUS 20MO2EHHO20 3ax8ama 8 3epHax Kkeapya;

e — nepsu4Hoe ¢hrroudHoe ekr4eHuUe ¢ menkol meepdol ¢hasol 8o priroopume; f, g — nepsuyHbie dgyxgha3zosnie
¢brroudHble eknYeHUs 8 3epHax prroopuma; h — nepsuyHoe d8yxgha3o80e BKIIYEHUE 8 Kpucmariie erobHepuma;
i — epynna cyuwecmeeHHO 2a308bIX U CyW,eCmeeHHO 800HbIX ¢hiIOUOHBIX 8KITHOYEHUL 8 3epHe Keapuya;

J» K— CUHeeHemuyHble hrIroUOHbIE BKITIOYEHUS 8 K8apye
[nurHa macwmabHol nuHetiku — 10 MKkM
Fig. 6. Primary fluid inclusions from quartz-sulfide-hubnerite veins of the Kholtoson deposit:

a—d - primary two-phase fluid inclusions of homogeneous capture in quartz grains; e — primary fluid inclusions
with a fine solid phase in fluorite; f, g — primary two-phase fluid inclusions in fluorite grains;

h — primary two-phase inclusion in a hubnerite crystal; i — group of vapor- and water-dominated
fluid inclusions in a quartz grain; j, k — syngenetic fluid inclusions in quartz
The length of the scale rule is 10 um

1 NO3TOMY, BEPOSITHEE BCEr0, OTHOCATCS K OOHOW
30HE pocTa MuHepana-xo3suHa. Pa3mepbl Takux
BKITOYEHWI, Kak Npasuio, Hebonblune — OT nep-
BbIX MUKPOMETPOB A0 ~8-9 MkM. Hanuuve pegkux
3epeH C TakuMu BKIOYEHUAMU, N0 BCEN BUAUMO-
CTW, ABNSETCA CBUAETENbCTBOM 3MM304MYECKOro
BCKWUMaHWs pyaoobpasytoLmx pacTBOpOB.
WHTepBan TemnepaTtyp romMmoreHusauum usy-
YEHHbIX NEePBUYHbIX BKITOYEHUI FOMOrEHHOrO 3a-
XBaTa B XWUMbHOM KBapLe MeHseTcs oT 2344 fo

210 °C (1abn. 2, cm. puc. 6). TemnepaTypbl 3B-
TEKTUKM B BGOMbLUMHCTBE BKIIHOYEHWUA U3 KBapLa
BapbupylT B MHTepBane ot ~-50 (B HEKOTOPbIX
BKITIOYEHUsIX -55) 0o -49 °C, pexe B uHTEpBane ot
-38 0o -36 °C. [laHHble TemnepaTypbl 9BTEKTUKM
CBMUOETENBbCTBYIOT O MPUCYTCTBMM B pacTBOpax
TakMx COMeBbIX KOMMOHEHTOB, kak CaClz-KCl-
H20, CaCl-H20, CaCl2-NaCl-H20 n B MeHblLuen
crenenn MgCI-KCI-H20, NaCl-FeCl2-H20 FeCls-
H20.
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Tabnuua 2. CBogHasA Tabnuua pe3ynbTaToB MUKPOTEPMOMETPUYECKMX UCCNEeA0BaHUN
¢nonaHbLIX BKNOYEHUN B MUHepanax XonToOCOHCKOro MeCTopoXaeHUs
Table 2. Summary table of the results of microthermometric studies of fluid inclusions

in Kholtoson deposit minerals

MwuHepan- , ConerocTe, Tun conesoii
Tun cnionaHbIX BKITOYEHUI T., °C Tonmwoa, °C | Toem, °C macc. %
X035MH cuctembl [4]
akB. NaCl [3]
MgCI-KCI-H20
3.3 NaCHEeCizt0
'omoreHHble 2344...210 -1,2...-2,9 -50_.5..5-49 4,8-10,7 CaCl-KCl-H,0
CaCl-H20
Keapu CaCl>-NaCl-H.0
Tun a - 2413...350
CYLLECTBEHHO | (romMoreHusaums - - - -
rasosble B ras)
[eTeporeHHbIe
Tun b - CaCl-H.0
CYLLECTBEHHO 2400...370 ~-4.4 -48...-47 ~7
BOJHblEe
®nooput - - 2272...260 -3,9...-3,7 | -49...-48 6-6,3 CaCl-H:
oBHepuT - - 2290...250 -6,5...-5,7 | -55...-54 8,8-9,9 CaCl.-NaCl-H20

MpumeyaHue. T,— TemnepaTypa roMmoreHn3aunu; Toqq.0.— TEMNEPATYPA NNABNEHNS NbAA; Toem— TEMNEPATYPA IBTEKTUKY;

MpoYepK — napameTp He onpeaeseH.

Note. T; — homogenization temperature; Tn; moa— iCe melting temperature; Tsem — eutectic temperature; dash — parameter

is not defined.

TemnepaTypbl rOMOreHn3aLumn CyLLeCTBEHHO
raszoBblX (OMOUAHBLIX BKMKOYEHWUA (TUN &) Haxo-
AsATcs B nHTepaane 2413-350 °C (cm. puc. 6), ro-
MOreHu3aums nponcxoauT B rasosyto gasy. [o-
MUHMpYKOLLas 4YacTb TemnepaTtyp roMoreHusa-
UMK rOUAHBIX BKMOYEHUA TOMOrEHHOro 3a-
XBaTa W3 pa3HbiX MWHEpPanoB MNpPUXOAMTCA Ha
AnanasoH 250-300 °C (cm. puc. 6), B MeHbLUewn
CTeneHun — Ha amnanasoH 200-250 °C.

CyLecTBEHHO BOAHbIE BKIOYEHNS (TMN b) ro-
MOFEHU3NPYTCS B WHTEpBane TemnepaTyp
2295-260 °C. WM3-3a Hebonblumx pasmepoB
TOSIbKO B OAHOM BKJTHOYEHUW YAanoCh Npubnunsu-
TeNlbHO OLEHUTb TemnepaTtypy TasHua nbaa
~-4,4 °C, 4TO COOTBETCTBYET 00LLEN CONEHOCTY
pactBopa ~7 macc. % akB. NaCl.

N3-3a peakmx 3epeH noopuTa B KBapLEBbIX
Xunax, a Takke BKITOYEHW B HUX BCETO YAanoch
HaNTU N U3YYUTb HECKOMNBKO NEPBUYHBIX (hrtona-
HbIX BKMIOYEHWI, KOTOPbLIE NPEeACTaBMNEHbI BKIHO-
YEHWsIMU TOMOTeHHOro 3axeaTa (cMm. pwc. 6, e, f,
J). B HEKOTOpPbLIX U3 HUX OTMEYAKTCH OYEHb Mer-
Kue TBepable hasbl (CM. puc. 6, e), naeHTnduymn-
poBaTb KOTOpble He ydanocb. [oMoreHusauus
Taknx OMOHbIX BKMYEHUA MPOUCXOAMT B
y3KOM WHTepBane Temnepatyp 2272-260 °C.

TemnepaTypbl 3BTEKTUKM MEHSAKOTCA B Y3KOM WH-
Tepsane o7 -49 0o -48 °C, 4To COOTBETCTBYET CO-
neson cucteme CaClz-H20. Temnepatypbl nnas-
NeHna nbAa Ans 3TUX BKIKYEHWA HECKOMbKO
HUXE NO CPABHEHMIO C aHANOrMYHbIMKU TEMNepa-
Typamu Anst OIIOMAHBIX BKMIOYEHUA U3 APYrUX
MWHEpanoB W HaxogsaTcsa B uHTepsane -3,9...
-3,7 °C, 4TO COOTBETCTBYET COneHoctn 6-6,3
macc. % akB. NaCl (cm. Tabn. 2).

Kpuctannbl riobHepuTa HacblLeHbl 60MbLIMM
KONMTMYECTBOM ra30BbIX BKIOYEHWA, B PEAKMX
3epHax yganocb obHapyxuTb AByX(asoBble ra-
30BO-XXMAOKME BKIOYEHUSA (CM. puc. 6, h), koTo-
pble UMEIOT, KaK NpaBuno, Hebonblune pa3mepsl
4—10 MKM ¥ NULWb B €QUHUYHBIX CyYasx OOCTW-
ratoT 15-20 MkMm. TemnepaTypbl roMoreHu3auum
TaKkux BKNoYeHu mensatoTea ot 2290 go 250 °C,
TemnepaTypbl 3BTEKTVKN HAXOAATCSA B Y3KOM WH-
TepBane -55...-54 °C, kotopbli Hanbonee 6nu-
30k cucteme CaClz-NaCl-H20. Temnepatypbl
nnaBnexHns nbaa MeHswTcs oT -6,5 go -5,7 °C.
COOTBETCTBEHHO, CONEHOCTb B AAHHOM Cryvae
BapbumpyeT oT 8,8 0o 9,9 macc. % aks. NaCl.

B coctaBe rasoBon @asbl BKIOYEHUA W3
KBapua pygHbIX MNPOXMWIIKOB, MO AaHHbIM KP-
CMNEKTPOCKONUN, MOEHTUPULMPOBAH YrNEKUCTTbIN
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ras, B HEKOTOPbIX (bJ'II'OVIﬂHbIX BKINMIOYEHNAX OTME-
yaeTcs HeOOMbLLIOW MUK a3oTa.

3akntoyeHue

[NaBHbIMU XWUIbHBIMW  MWHEpanamu Xon-
TOCOHCKOTO MECTOPOXOEHUS SBNSAIOTCA KBapL, W
MYCKOBWUT C MNPUMECHIO KanMeBoro mnosieBoro
wnaTa v noopuTa, YTO rOBOPUT O HaNUYMK B
cocTaBe MuHepanoobpasyowux ¢nongos Ta-
KX 9NIEMEHTOB, KaK KpEMHUIA, Kanui, antoMUHIUIA,
dTOp, Kanbumuir. MobHepuT, BANbLIAA YacTb KO-
TOPOro, cyas No MaMomopguamy, OTNoXunach B
HayanbHbIA  Nepuog  MuHepanoobpasytoLero
npouecca, sBnseTcs rmaBHbIM PyaHbIM MUHEpa-
NoM XONTOCOHCKOrO MecTopoxaeHus. OgHako
kpome robHepuTa 34ecb NpuUCyTCTBYeT A0CTa-
TOYHO GONbLIOE KOMMYECTBO W APYrUX PYyOHbIX
MWHepanoB. B obLuen CnoxHOCTU aBTopamMun au-
arHoctupoBaHo 6onee 20 MMHepanbHbIX BUAOB.
OtHoCcuTENBHO 6ONbLIOE KONMUYECTBO MUHE-
panbHbIX BUAOB PYAHbIX MUHepanoB (robHepuT,
cynbuabl, cynbgoconu u ap.) ceuaetesb-
CTBYET O Hanuuuu B pygoobpasytolux pactso-
pax TaKMX 3MEeMEHTOB, Kak Bonbdpam, mapra-
Hew, cepa, Xeneso, Medb, CBUHEL, LIMHK, BUCMYT,
Bepunnuit, onoso, cepebpo, Tennyp, MonubaeH
u ap. B TO e BpeMs rmaBHbIM U KONUYECTBEHHO
npeobnagalowmm MMHepanom sBnseTcs robHe-
puT. ITO MOXET ObITb CBSA3AHO NGO C BLICOKNM
codepxaHmem Bofib)pama OTHOCUTENLHO ApY-
MX 3NEMEHTOB B pacTBopax, nmbo co cneungm-
YECKUMM  PU3UKO-XUMUYECKMI NapameTpamu,
BnaronpusTHLIMU UMEHHO ANS OTNOXEHUS Tt0b-
HEpWTa NO CPaBHEHMIO C APYTMMW MUHEpanamu
npv Bnmn3KMX KOHLEHTpaLUsX pasHbix pyaoobpa-
3YHOLLMX 31EMEHTOB B NepBMYHOM pyaoobpasyto-
LLileM pacTBOpeE.

MuHepanbHbIn cocTaB pya XOMTOCOHCKOro
MECTOPOXAEeHNsT BNM30K K MUHepanbHOMY CO-
CTaBy paHee U3y4eHHOro VIHKypckoro Mectopox-
AeHnsi. OTCyTCTBME 3HAYMMbIX Pa3fIMYnin B MUHE-
panbHOM COCTaBe PyAHbIX NPOXWUNKOB WHKYp-
CKOrO LUTOKBEPKA W XM XONTOCOHCKOTO MEeCTo-
POXOEHUS CBMAETENbCTBYET 00 eAMHOM UCTOY-
HUKe pygoobpasyowmx dnongos, GHopMUpo-
BaBLUMX BOSIb()paMOBOE OpyAeHeHWe Ha [ku-
AVHCKOM pyAHOM Morne.

PesynbTatbl  uccnegoBaHus  (OOUAHBIX
BKIMOYEHWI FOMOreHHOro 3axsata MecTopoxzae-
HUSA NoKasanu, YTo M1HUMasbHblE TemMnepaTypbl

2022;45(1):34-49

OTNOXEHWS1 KBapua BapbUpylOT B WHTepBasne
~210-344 °C. BonblUMHCTBO ONpPEeAEeneHnin no-
nagaet B AnanasoH 250-300 °C. bnuskue Tem-
nepatypbl FOMOreHu3aumm XxapakTepHbl Ans
ntonaHeIX BKIOYEHUN U3 driroopuTa U rtobHe-
puta — 260-272 °C un 250-290 °C cooTBeT-
CTBEHHO. PygoobpasytoLine pactBopbl XxapakTe-
PU3YIOTCS YMEPEHHOW coneHocTblo ~4,8-10,7
akB. NaCl, rnaBHble COneEBbLIE KOMMOHEHTbI Npea-
CTaBIeHbl XJI0PUOOM KanbLus ¢ MPUMECHIO XJ10-
pUOoB HaTpUs 1 Kanus. B rasoBon hase BKroYe-
HUA, no AaHHbiM KP-cnektpockonuu, npucyT-
cTByeT yrnekucnota. Hanuume dropcomepxa-
KX MUHepanos (cntooputa, Tonasa, PpTopco-
LEPXallero MyCKOBMTA) CBMAETENbCTBYET O
NPUCYTCTBUM COEAQMHEHWN dTopa B COCTaBe
dntonga. CornacHo uccnegoBanusam @, T,
Penda n E. [l. baxeesa [13], mecTopoxaeHus
[xnavHckoro pyaHoro nons 6binn cghopmMmupo-
BaHbl MpY y4acTn (PTOPUAHBIX KOMMNOHEHTOB B
rmapoTepmarsbHbIX pacTBOpaXx.

Hanunyne CMHreHeTUYHbIX CyLEeCTBEHHO BOA-
HbIX W CYLUECTBEHHO Tra30BbiX BKIMOYEHUA B
kBapue 13 pya XOnTOCOHCKOro MeCTOPOXAEHUS
NO3BONSET OLEHUTb UCTUHHYIO TEMNepaTypy Mu-
HepanoobpasoBaHus kak ~350-413 °C. Makcu-
MasibHble TemnepaTtypbl rOMOreHu3aumn xapak-
TEPHbI ANS ra30BbIX BKIIOYEHWIN, CUHTEHETUYHbIX
C BOAHbIMU. [T0osIBNEHME BKMHOYEHWUN reTeporeH-
HOro 3axeaTa B Xwunax XONTOCOHCKOro MecCTo-
POXOEHNS CBUAETENLCTBYET O NMEepuogax BCKU-
naHus, obyCrnoBfeHHbIX NajeHnem OaBneHus B
npoLiecce MMHepanoobpasoBaHusi, BbI3BAHHOTO,
No-BUAUMOMY, NOSIBIIEHNEM KPYMHbIX TPELLMH, B
KOTOPbIX (DOPMUPOBANUCE PyAHbIE XWMbl. Bonb-
LLOE KONUYECTBO ra3oBblX BKMOYEHMIA B MobHe-
pute 1 cchanepute roBOPUT O TOM, YTO KX OTNO-
XEHWe, BO3MOXHO, NPOWUCXOAUNO MPU y4acTuu
ra3oBon ¢pasbl.

MNpegnonaraetcs, 4TO rMaBHbIM (DAKTOPOM
ocaxzeHus BofibhpaMuTa Ha MECTOPOXAEHUM
BbINo NOHMXEHWE TEMNepaTypbl B X04e py4ooT-
NOXeHWs, YTo HabngaeTcs U Ha Apyrux obbek-
Tax [18-20]. Beicokoe codepxaHvue MyckoBuUTa B
3anbbaHgax pyaHbIX XKW CBUAETENbCTBYET O
MNOBbILLUEHHON KWUCIIOTHOCTU MUHEepanoobpasyto-
LLMX pacTBOPOB. MI3BECTHO, YTO B LLEIOYHON rna-
poTepmanbHoOW cpege pacTBOPUMOCTL BOMbgpa-
MUTa HeYYBCTBUTENMbHA K TEeMnepaType v cone-
HOCTW pacTBoOpa, TOrAa Kak B KUCMbIX pacTBOpax
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CHWXeEHWe TemnepaTypbl CnocobCTBYeET ero oca-
xaeHwo [21, 22]. Kpome TOro, cornacHo akcne-
PUMEHTasbHbIM AaHHbIM [21], B KMCMbIX pacTBO-
pax pacTBOPUMOCTb rtobHepuTa BbllLE, Yem (ep-
Beputa, npakTuyeckn Ha nopsgok. [aHHble no
MWHepanbHOMY COCTaBy pyd CBUAETENbCTBYIOT
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O MOBBbILUEHHOW KMCMOTHOCTM PyAoobpasytoLwmx
pacTBOPOB. OTO MO3BONSIET CYMTATb, YTO rNaB-
HbIMK (hakTOpamm ocaxaeHus robHeputa U3
rMapoTEPMAribHbIX PacTBOPOB SIBMSKTCS M3Me-
HEHWE LLENOYHOCTU-KUCIIOTHOCTU W CHIKEHME
Temneparypbl.
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CeouctBa 6naropoaHbIX MeTannos
30N0TOPYAHOro MectopoxaeHus NMuoHep

Ceprein Muxaitnosny Pagomckuin?, BaneHtnHa MBaHoBHa Pagomckasn®
ablHecmumym a2eonoauu u npupodononbsogarus JBO PAH, e. bnazoseujerck, Poccus
ABTOp, OTBETCTBEHHI 3a nepenucky: Pagomckun Cepreit Muxannosuy, rsm@ascnet.ru

Pe3tome. Llenblo npecTtaBneHHoOro uccnefoBaHns SBnsnach oLeHka MaccoBbIX 4OMeN rpynnbl 6rnaropogHbIX MeTannos
(30onoTa, cepebpa, nnaTuHbl, PyTEHWS, 0OCMUS, Nannagus, upuaus, poams) B pyaax 1 BMELLAoLmX nopogax MecTopoxae-
Hus Muonep (Bepxree MNpuamypbe, Poccus), onpeaeneHne nx MUrpauMoHHOW akTUBHOCTM W TMAPOXMMUYECKON Krnaccu-
uKaumm MeTanmnos pyaHbIX MUHEPAnoB No pa3mepHocTaM. O6bEKTOM UcCreaoBaHUs CAYXUNK NepPBUYHbIE U OKUCHEH-
Hble pyabl, @ Takke Nopogpl, BMeLlatLime 3T opyaeHeHus. B xoge paboT Bbinm ncnonb3oBaHbl KONMMYECTBEHHBIA XUMU-
YECKUIN aHanu3, a Takke MUKpONpobMpHas nNnaska C MOrPeLUHOCTLI0 NO NPaBUNBLHOCTH, TOYHOCTU U BOCNPOW3BOAMMOCTY
pesynbtaTta <30 %. MnoHep sBNseTcs rmapotepmasbHbIM, 61IM3NOBEPXHOCTHBIM MECTOPOXKAEHUEM C OKUCMEHHBIMU W
cynbuaHbIMK TUNaMK pyA, KOTopble nepepabaThiBaloTcs Kak OTKPbITbIM CMOCOOOM LLEMOYHOTO, KYYHOTO, LiMaHUOHOMO
BblLLEaYMBaHNS, Tak U 3aKpbITbIM, aBTOKIMaBHBIM CNOCOOOM COOTBETCTBEHHO. [1N OCYLLECTBMNEHUS AaHHbLIX CNOCO60B
nepepaboTku Obina NOCTpoeHa 3onoTon3snekaTenbHas dabpuka. [MaBHbIM M3BNEKAaEMbIM KOMMNOHEHTOM MO 3TON TEXHO-
norum SBASIETCS 30M0TO, @ cepebpo 1 MeTanmbl rpynMbl NAaTUHLI MPUCYTCTBYIOT B MPOMBILLTIEHHBIX MPOAYKTaX B BUAE
npumeceir. TEeXHONOrMs OTNNYaeTCs BbICOKOW peHTabenbHOCTbI, YTO NO3BOMSET IKOHOMUYECKM 3P EKTUBHO Nepepaba-
TbIBaTb PyAbl C MAccoBbIMK AonaMun 1-4 ppm 3onota. BeinonHeHHas rmapoxummyeckas knaccudukaumus pasmepos Mu-
HeparioB CaMOPOAHOrO 30510Ta Noka3ana, YTo OCHOBHAs YacTb 30MOTUH NEPBUYHBIX, CyNbMUAHBLIX U OKUCIEHHbLIX PYA Ha
74-78 % npuxogutcsa Ha dpakumto ¢ pasmepamu 160—1000 mkm n Ha 11-13 % — Ha ppakumto ¢ pasmepamu 16—40 MkM.
Menkoe 30510TO MECTOPOXAEHNS CNOCOBCTBYET €ro NMOfHOMY pacTBOPEHUIO B MPOLIECCE LWAaHWPOBaHWS.

Knroyeenle cniosa: reoxumus, bnaropogHele MeTansbl, pacnpegeneHue, 3010TopyaHoe mectopoxaeHue MuoHep, Bepx-
Hee [Npuamypbe

Ans yumupoearus: Pagomckuii C. M., Pagomckast B. W1. CBoiicTBa 6GnaropogHbIX MeTansioB 30N10TOPYAHOTO MECTOPOX-
neHnus MNMuoHep /I Haykn o 3emne u Hegpononb3oaHue. 2022, T. 45. Ne 1. C. 50-59. https://doi.org/10.21285/2686-9993-
2022-45-1-50-59.

Original article
Features of noble metals at Pioneer gold deposit

Sergey M. Radomskii?, Valentina I. Radomskaya®
ablnstitute of Geology and Nature Management, Far Eastern Branch
of the Russian Academy of Sciences, Blagoveshchensk, Russia
Corresponding author: Sergey M. Radomskii, rsm@ascnet.ru

Abstract. The purpose of the present study is to evaluate the mass fractions of the group of noble metals (gold, silver,
platinum, ruthenium, osmium, palladium, iridium, rhodium) in the ores and host rocks of the Pioneer deposit (the Upper
Amur Region, Russia) and to determine their migration activity and hydrochemical classification of ore metals by sizes.
The object of the study is primary and oxidized ores, as well as rocks hosting this mineralization. The study employs the
method of quantitative chemical analysis, micro assay melting with an error of correctness, accuracy and reproducibility of
the results of <30 %. Pioneer is a near surface hydrothermal deposit with oxidized and sulfide types of ores, which are
processed both by the open method of alkaline heap cyanide leaching, and by the closed pressure method, respectively.

A gold concentration plant was built to implement these processing methods. The main recoverable component of this
technology is gold, whereas silver and platinum group metals are present in industrial products as impurities. The technol-
ogy is highly profitable, which allows cost-effective processing of ores with the mass fractions of 1-4 ppm of gold. The
performed hydrochemical classification of the sizes of native gold minerals has showed that the bulk of the nuggets (74—
78 %) of primary, sulfide, and oxidized ores accounts for the fraction with the sizes of 160-1000 um and 11-13 % account
for the fraction with sizes of 16-40 ym. Fine gold of the deposit provides its complete dissolution during the cyanidation
process.
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BeeneHue

MNepBble pyaonposIBNIEHNS MECTOPOXOEHUS
MnoHep ObIMM OTKPbLITEI Y OAHOMMEHHOW fe-
peBHM AMypckon obnactm B NocnegHen 4et-
BEPTU XX B. U UMEIOT CreaytoLme KOOpAnHaThbl:
53°28'47"N; 126°30'12"E. WiccnegosaHumsa no no-
UCKY 1 pa3Beake BbinonHana Jlabopatopus xu-
MWYECKOTO aHanm3a AMYpPCKOro KOMMSIEKCHOro
Hay4HO-uccnegoBaTensbckoro MHcTUTYTa [BO
PAH B cTatyce TeXHUYECKN KOMNETEHTHOMN U He-
3aBMCMMON UCMbITATENBHOW NabopaTopun B Cu-
creme ceptudpmkauum TOCT P (Ne 00996) npwu
locynapcTBeHHOM komuTeTe Poccuiickon ®epe-
pauuy No cTaHgapTU3auum n MeTponorun (aTre-
crat akkpeamTaummn Ne POCC RU.0001.21MP48)
B 1989-2005 rr. AHanu3bl Ha BnaropogHle mMe-
Tannbl GbINK BbINOMHEHbI aBTOPAMM MO TEXHUKE,
ONUCaHHOW 3apybexHbIMU Konneramu B MUCTOM-
Huke [1]. OT6op 0bpasLoB ¢ pyAHOro nons npo-
U3BOAMUMMN COTPYAHMKM AMYPCKOrO KOMNIIEKCHOTO
Hay4Ho-uccnegosaTensckoro uHcTMTyTa [OBO
PAH. B XabapoBckom Kpae bl OTKpbITblI Me-
CTOPOXAEHWUS METANNOB rPynMbl NAATUHbI C KOH-
LeHTpaLMsmMK, OOCTUrAIOLLMMM NPOMbILLIIEHHbBIX
3HAYEHWI B HECKONbKO AECATKOB MUMMMUOHHBIX
ponewn (ppm) — KoHaép, Yag n gp. [2]. Benea-
CTBME 3TOr0 NpeacTaBnseTcs akTyasbHbIM Bbl-
MOMHWUTbL KOMMNMEKCHOE WCCreaoBaHME Ha npu-
CyTCTBME MOMHON rpynnbl 6GnaropodHblX mMeTasn-
OB — 30110Ta, cepebpa 1 NNaTUHOBLIX METANNOB
[3]. PyaHuk «lunoHep» Haxogutcs B AMypCKOM
yactu cermeHta MoHrono-OxoTckoro 30mnoTo-
HOCHOrO nosica B npegenax YMnekaHcKkoro 3seHa
CeBepobypenHCKON 30M0TOHOCHOW 30HbI [4]. B
pamKax UCTOPUYECKON reoniormmn B pOCChinsx 30-
nota [JambyKMHCKOro pyaHO-POCCHIMHOrO yana
o0BHapyxuBanu muHepansl nnatmHougos [2]. B
CBSI3M C 3TUM LIeNblo NPeACTaBNEHHOro B JaHHOM
cTaTbe UCCrnenoBaHua ABNSANOChL OnpeaerieHune
3HAYEHUN cpeaHMX KOHLEHTpaumMii 6rnaropoaHbixX
MeTannoB B pygax MectopoxaeHus [luoHep,
YCTaHOBSIEHNE MUIPALMOHHbLIX aKTUBHOCTEN W
npoBeAeHNe rMapOXMMMUYECKon Krnaccudumkaumum
PyOHbIX METansioB no pasMepHocTsM. [loTeH-
uvan [wnbbca AG° nokasbiBaeT CaMOMpPoOM3-
BOJSIbHO NPOTEKAOLLMI XMMUYECKMI npouecc [5].

Matepuanbl U MmeToabl
nccnenoBaHuA

O6pasubl Npob MUHEPanbHOrO Cbipbsi B KOMKU-
yectBe 1-3 Kr ObInM U3MenbYeHbl 4O pasMepHo-
ctn <100 MKM, OTKBapTOBaHbl 1 COKpaLLeHbl MO
pekomeHaauusm LleHTpanbHOro Hay4Ho-uccne-
[0BaTENbCKOro reofioropasBefovyHoOro  MHCTU-
TyTa UBeTHbIX 1 6naropogHbix MeTannos v Bee-
POCCUICKOTO Hay4YHO-UCCNEenoBaTENbCKOTO WH-
CTUTYyTa MUHepanbLHoro cbipbs uM. H. M. ®efo-
POBCKOTrO, NPUMEHSIEMBIM NpPY NPOBEAEHUN (K-
3MKO-XMMWNYECKMX UCCMELOBaHNA 3010TOPYAHbIX
mMecTopoxaeHuin. Macca ucnonbayemoit nabopa-
TOPHOW HaBEeCKW Npu aHanuaax rpynnel 6naro-
poAHbIX MeTannos coctasuna 10 1 [6, 7).

Ans rmapoxmmmnyeckon knaccuukaummn ya-
cTuy GnaropogHblX METannoB  rOTOBMIIUCH
Nynbnbl M3 U3MENbYEHHBIX 40 75 MKM 06pa3LoB
NEPBUYHbLIX U OKUCIEHHbIX pyA [8].

KonmyecTBeHHbIN XMMWYECKUN aHanm3 cooT-
BETCTBOBAs TPETbEN KAaTEropum TOYHOCTM KOMK-
YECTBEHHbIX OnpedeneHnii ¢ NpaBUIIbHOCTbIO,
NPMBOPHON MNOrpelHOCTbI0 M Bapuaunen pe-
synbTata <30 %. [Ing aHanMTM4eckoro KOHTPOns
6binn ncnonb3oBaHbl ctaHgapT Ne 1702-86 u
cTaHgapt Ne 1703-86 [6, 7, 9].

MnatuHoBble MeTannbl ONPEAENANNCL MUK-
ponpobupHon nnaskoii [7, 9] M3MenbYeHHbIX 06-
pasLOB MWHEPanbHOrO Cbipbsi [0 pPa3MepoB
<100 mkm. MeTannbl rpynnbl NAaTUHbI Bblllena-
ymBanucb B konby o6bemMom 25 M, 1 anuKkBoTbI
onpeaensanucb MeToaoM aToMHO-abcopbuUMoH-
HOro aHanusa. Pe3ynbTaT KOHTPONMPOBancs Me-
TO4amy MHBEPCMOHHOIO BOMbTamnepomeTpuye-
ckoro aHanusa [10]. B xoge paboTbl ncnonb3osa-
NUCb COBPEMEHHbIE MeToanYeckme ykasaHus [11].

COOTHOLUEHUS MOHHBIX (OKUCNEHHBIX) U Me-
TannMyecknx (BOCCTaHOBNEHHbIX) (hOPM COCTaB-
NSAT B CyMMe BarnoBble KOHUEHTpauun bnaro-
poAHbIX MeTannos. OHK pa3genanucb Nocne Ku-
nsYeHus B pa3baBneHHo consaHon kucnote (1:4)
U OTPUNbTPOBLIBANUCHL X0noaHbIMu [12]. WoH-
Hble (POPMbI ONPeAENnsoT MUTPALUOHHBIA NOTEH-
uman Ewuep., B, no popmyne

a
E _ 0,059l Conn+
MHTp. ~— q
P n Cont

WwWw.nznj.ru


http://www.nznj.ru/
https://doi.org/10.21285/2686-9993-2022-45-1-50-59
https://doi.org/10.21285/2686-9993-2022-45-1-50-59

2022:45(1):50-59 |

r4e N — KOMUYECTBO OTAAHHLIX 3NEKTPOHOB,;
a — CTEXVOMETPUYECKUA KOI(hDULMEHT nNpw
OKWUCNEHHOW hopme OGnaropodHbIX MeTansos;
g — CTEXMOMETPUYECKNIA KOIPPULIMEHT NpU BOC-
CTa@HOBJIEHHON (hopme GnaropofHbIX MeTannoB
[13].

[ns npaBunbHOCTK pesynbTata obpasLbl 06-
pabaTbiBanuCb NNaBMKOBOW KWCMOTOMW, KOTOpas
BMOCNEeACTBUM OTFOHANACh BbiNapuBaHUEM.

Pe3ynbTaTbl UcCnepoBaHus

MecTopoxaeHue [TMoHep pacrnonoXeHo y uc-
TOKOB p. YNYHIX 1 BKItoYaeT B cebs 30HbI rnapo-
TEepManuToB C 30M0TbIM OpYyAEHEHWEM, npea-
CTaBJIEHHbLIM B FNNHAX N HEOTEHOBbIX 03EPHO-ar-
NIoBManbHbIX NEckax, a pyaHble LUTOKBEPKOBbIE
30HbI (3B€3004Ka, 3anagHas, FOxHas, Mpomexy-
ToyHasA, baxmyT, AHapeeBckas, Hukonaesckas,
BaxmyT — CeBepo-BocTouHasi, dpo3moHHas, OT-
BanbHasa 1 Ap.) Haxo4aTCs B pasnomax u 30Hax
TpewmHoBatocTu [14].

PyaHble 30HbI B CBOEW LEHTpanbHOW YacTu
CINOXEHbl BPEeKYMAMUM C KBAPLIEBLIM LIEMEHTOM, K
nepudepun nNepexoaduMn B NPOXKUITKOBO-
OKBapLOBaHHbIE NOPOAbI, B KOTOPbLIX 1 )OPMUpPY-
OTCS OKWUCIIEHHbIE pyabl U3 CynbUAHBIX Pyao-
NPOSIBNEHUN NEPBUYHBIX pya, FAe Ha MacCOoBYH
oM cynbdungos npuxogutca 5-8 % obuero
KONMYecTBa Cepbl.

Ha mectopoxaeHun go rnybuHsl 300 m BbisiB-
NEHbl 3NEMEHTbI BEPTUKANbHON 30HANbLHOCTW B
pacnpegeneHnm XunbHbIX PyAHbIX MUHEPASIOB W
nx accoumaumnii. OT NPUNOBEPXHOCTHBIX U BEPX-
HUX FOPU3OHTOB K HIDKHUM (rmyBokuM) nocneso-
BaTENbHO M3MEHSAKTCA KONMUYECTBEHHbIE OTHO-
WeHMss cpean antoMOCUIIMKATHBIX MUHEparnoB
[14]. Mpumep nocnegoBaTenbHOCTY MUHEPANOB
W3 3TOro Knacca: ruapocntogbl (agynsp) — cepu-
UMT — nonesble wWnaTtbl. B aTOM e HanpaBne-
HUW NMPOMCXOOUT CMEHA MUHEpParnbHbIX accouuma-
umii. OT NOBEPXHOCTH Ha rMyBuHY 30110T0-Kapbo-
HaT-KBapLeBas accoumaumns CMeHseTCs 30N0To-
agynsap-kBapueBoW, fanee — 30M0TO-Cyfbgo-
COMbHO-aHTUMOHMTOBOW M 3aBepPLLAETCS 30/10TO-
XanbKoOMMpUT-raneHnToBon accoumauumen. Bep-
TVKanbHas 30HaNbHOCTb MECTaMM NEPEXOAUT B
BokoBble oTBETBNEHMS. [1POAYKTUBHBIMU B OTHO-
LEeHUN 30M0TOr0 OPYAEHEHNS SABNSAIOTCA KBapL -
KanuwnaT-cepuumnT-anboMToBbIE BTOPUYHBIE U3-
MEHEHMs, conpoBoXxaarowmecs obpa3oBaHUEM
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MPOXMWIIKOB CEpOro TOHKO3E€PHWUCTOrO  KOMJo-
mopcHoro, 6enoro dapdopoobpasHoro n apy-
30BMAHOrO KBapLa, Takke C TOHKUMWU BKpanseH-
HOCTAMM Cynbgunaos, ¢ 6apuTom 1 cynbdoco-
namum cauHua [15].

PyaoHble nons 3aHaTbl UHTPY3usMU: cybByn-
KaHUYECKUMU rpaHnUT-nopgmpamu, pasHoobpas-
HbIMW TPAHOAMOPUTaMKN BEPXHEaMypPCKOro KoM-
nnekca, CpegHe3epHUCTbIMU POroBooOMaHKo-
BbIMM U OUOTUT-POrOBOOGMAHKOBEIMM KBapLie-
BbIMU AnopuTamn BypUHAMHCKOTO KOMMMEKCa,
obnagatowmymMmn  BbICOKOW HaMarHWY4eHHOCTbHO.
CyLuecTBEHHOE BNUsIHNE Ha hOpMUPOBaHUE Me-
CTOPOXAEeHUA oka3an MNokpoBCKMi NaneoBysikaH,
Haxo4AWMNcs NpuMepHo B 35 KM, B Xepre KOTo-
poro Takxe chopMMpoBanochb KpyrnHoe 3050To-
pyOHOE MECTOpPOXAEHWE, rpaHuLbl PyaHbIX Mo-
nen BcrneacTsMe BO3OENCTBUN BYSIKAHOTEHHOIO
Tenna v rmapotepmarnbHbIX pacTBOPOB TaKXKe Cy-
LLeCTBEHHO pacumpsanuck [16]. CHuxeHne Tem-
nepaTypbl 30510TOCOAEPXKALLErO ontomaa BENO K
NageHno pacTBOPUMOCTH 30M0Ta U K ero oTno-
XEHWIO B PYOOBMELLAOLWMX CTPYKTypax MecCTo-
poxaenus Mnoxep (Tabn. 1).

BblgeneHns 30n0Ta MOXHO OOMNOSIHUTENBHO
pasgenuTb Ha ABe NoArpynnel no npobe camo-
POAHOro 30510Ta: NepBasi HaXoAUTCs AanbLue OT
MoKpOBCKOro naneoBynkaHa Ha CeBepo-BOCTOM-
HOW BO3BbILUEHHOCTN MECTOPOXAEHUA U UMEET
npoby 710-780 %o, BTOpasi HAXOAMTCS B HU3WHE
Ha toro-3anage pyaonposiBNEHNs B APEBHUX PyC-
nax rmapotepmarsibHbIX MOTOKOB, MMeeT npoby
800-980 %o M OTHOCMTCA K rMNEepreHHoM nog-
rpynne pya. LiBeT BblaeneHnin camopogHoro 30-
noTa M3MEHSIeTCA OT CBETNO-XENTOro Ao 3ene-
HOBATOrO W CrylEHHOro KOPUYHEBATOro B Npu-
POAHBIX MAEHKAX. ITO SABMEHNE TaKKe ONMUCaHo B
UCTOYHUKE [17], HO B CBSA3M C TOHKOCTBIO NIIEHOK
LUIMPOKOr0 PacrnpoCTPaHEHNS OHO He MOMyYmso
[18]. MokasaHo, 4TO pyabl rIMAPOTEPManbHbIX 30-
NOTOPYAHbIX MECTOPOXAEHUNA, PAcnONOXeHHbIe
BONM3M OT NOBEPXHOCTW, UCMbITHIBAIOT OKWUCIIN-
TenbHOEe BO3ENCTBME BMellalolen cpeabl u
NoApPa3aensaTCa Ha NEePBUYHBLIE U OKUCNEHHbIE
pyabl, YCNOBHas rpaHuLa Mexay KoTopbiMu Xa-
paKTepu3yeTcs OKUCIUTENIbHO-BOCCTAHOBUTESb-
HbiM noTeHumanom +0,36 B, obecneynBaemMbim
PaBEHCTBOM KOHLIEHTpaLuii oHoB [Fe]3* = [Fe]?*
WNN MUHEPANOrMYeCKUM KPUTEPUEM — paBEH-
CTBOM KOHLIEHTpaLWi remaTuta u nuputa.
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Tabnuua 1. MaccoBble gonv 6naropoAHbIX MeTan/oB B NepBUYHbIX pyAax,
OKUCINEHHbIX pyAax u BMeLarLmx nopoaax 3010TopyaHoro mectopoxaeHus Muonep
(umcnutenb — MHTepBan onpeaensieMbiX CoaepXKaHUM, 3HaMeHaTenb — CpeAHee 3HaYeHue,

n —yucno npoo6), a Takke UX KNapk B 3eMHOM Kope

Table 1. Mass fractions of noble metals in primary ores, oxidized ores and host rocks
of the Pioneer gold deposit (humerator — interval of determining content, denominator -
average value, n — number of samples), as well as their clarke in the earth's crust

MaccoBas gons, ppm
nemeHT nepBVI‘-IHbIe pyAabl, OKucneHHble pyAabl, BmeLuarou.lme nopoAbl, B 3eMH|§)j;aIE)OKp€ [1 9]
n=24 n=24 n=24

o 1 24;2,96 Q,%,ﬂ 0 0%?522055 0,0025
Ag 1 127;,86 Q,%,Q Q’%’% 0,07

o0 0 43;%,59 Q,%& %ﬂ 0,0004
0 0 0%)?65)4,056 %ﬁ Q%M 0,0001
os 0,03%655,019 g,%m g,%,go& 0,00005
o o,o%?aféozg Q,%% g,%,goﬁ 0,0004
. o,o%?ags,oog Q,%% Qz%‘fﬂ 0,00005
- o,o%?ags,oos %@ 91%2% 0,00006

BanoBble KOHLEHTpauun GnaropogHbIX me-
TannoB CTATUCTUYECKN 3HAYUMMO MpPEeBbILAoT
Knapkm B 3€MHOV KOpe B HECKOSIbKO [eCHATKOB
pa3 B py4ax 1 NpeBbILLatoT A0 AecsaTka pas KOH-
LleHTpaumn BO BMeLLatoLmx nopogax. Uckntove-
HUEeM CTaHOBWUTCA cepebpo, YTO ABNSETCA OCOo-
6EeHHOCTbIO BONbLUMHCTBA MECTOPOXAEHWN [Tpn-
amypbs [13, 19] (cm. Tabn. 1). lNepBuyHblE ©
OKWCIIEHHbIe pPyAbl 3aK/YeHbl BO BMELLaoLLme
nopoabl, r4e OCHOBHbIM MWHEpPanoM SBMSETCS
anbbut. 3HauuTenbHOE BNUSHWE Ha pydbl Me-
CTOPOXAEHWS OKa3blBaeT OKUCIIUTENbHO-BOCCTa-
HOBWUTENbHbLIA MNOTEHUMan, KOTOpbin YybbiBaeT
npu NPoABMXEHUM B rnybokue criov nopoa.

PspoBble reoxumudeckme npobbl pya MecTo-
poxaeHus obegHeHsl no 3onoty (0,8—4 ppm) u
cepebpy (0,2-3,9 ppm), UM conyTCTBYIOT Macco-
Bble 40NV NNaTUHOBLIX METAmNNOB B KONUYECTBAX
o 0,7 ppm, koTopble HE MPeaCTaBnAlT npo-
MbILLIIEHHOrO MHTepeca Ansa nepepaboTkn n us-
BrneyeHus (cM. Tabn. 1). Tem He MeHee Ha pya-
HOM Mone MeCTOPOXAEHNS [OOBOMbHO 4acTo
BCTPEYaKTCA BbIXOAbl LUTOKBEPKOB W PYAHBIX

CTONGOB C KOHLEHTpauusIMK B HKUX 30M10Ta A0
1830 ppm u cepebpa ao 1032 ppm. OKMCNeHHble
pyabl nerye nepepabaTbiBalOTCA NO TEXHONOMM-
4ECKUM CXemam 1 MMetoT 6ONbLUINIA MPOLIEHT Bbl-
xofda 3o05o0Ta u cepebpa BCneacTame NpupoaHoi
paboTbl OKUCNIUTENbHBIX NPOLECCOB, NpeaBaps-
OLMX TEXHOMOrMYeckyr nepepaboTky pya U
CHUXEHME MaTepuarnbHblX 3aTpaT KOMNOHEHTOB
TEXHOMOrMN Ha OKUCNEHNE NEPBUYHbIX PYA, PEH-
TabenbHOCTb A0ObIMM M3 KOTOPbIX HE MpPEeBbl-
wana 70 % [14]. B Bbixogax LUTOKBEPKOB W pya-
HbIX CTONGOB OTMeYanucb MakCMMarnbHble KOH-
LeHTpauuy NnaTMHOUOOB, 3a4acTyl NPEBOCXO-
AsLmMe aaHHble (cM. Tabn. 1).

Cesizelt ¢ rmybuHHBIMK npoueccamu bnaro-
POOHOMETANNbHOW  MWHEpanu3aumm yCcTaHoB-
NeHo He 6Obino, NO3TOMY 3aKOHOMEPHOCTM Opy-
LEHEHWIN, ONUCAHHBIX B UCTOYHMKaX [20, 21], He
Obinu BbISBNEHBI [22].

CamMopoHOe 30M0TO Ha MECTOPOXAEHNUM OT-
HOCUTCS K pa3psay Menkoro (tabn. 2), 4to Takxe
BnaroTBOPHO Cka3blBaeTCA Ha npoLecce LWenoy-
HOr0O Ky4YHOro BblLleNlaunBaHNA U MO3BONSET

1 Mann A. W., Mann A. T., Humphreys D. B., Dowling S. E., Staltari S., Myers L. Soil geochemical anomalies — their dy-
namic nature and interpretation: report. Perth: Mineral and Energy Research Institute of Western Australia, 1997. 184 p.
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BECTW TEXHONOIMYeCcKyto 0TpaboTKy C BbICOKMMM
nokasatensmy  peHTabenbHOCTM  NpPoM3BOA-
CTBEHHOro uukna. B Tabn. 2 otyetnueo npocmar-
pUBAIOTCS [ABa CyMMapHbIX Kracca BbleneHun
MWHEpanoB CamMOpO4HOro 30510Ta MO Knaccy
KpynHOCTM 06pa3oBaHuii: BbigeneHuns 1-40 mkm,
LleMeHTMpyoLLmMe BbigeneHns 1-3 MkM, JOMUHK-
pylolmne B MNEPBUYHLIX CynbUAOHbIX Bblaene-
HUSAX pyg, a Takke Bolgenenns 160—1000 Mkm,
XapakTepHble ANS 30HbI rMnepreHesa MecTopoXx-
Aenns MNMuoxep. C yMeHbLUEHEM pa3mepa MUHE-
panoB Ha HMX BO3pacTaeT [ONs OKUCNEHHbIX
chopm 6naropogHbIX METanNsoB.

3Ha4yeHMs  KOHUEHTpauunh  OKUCIIEHHOW
chopmbl GnaropogHbIXx MeTannos, onpeaensto-
KX KOnmyecTBa MUrpupyrolwmx copm, npea-
cTaBneHbl B Tabn. 3. OHM HaxoasaTCcA B OAHOM UH-
TepBarne KOHLUEHTpauun nnaTMHOBLIX METanoB
B MOBEPXHOCTHbIX BOAAX, NPMBEAEHHBIX B UCCe-
nosaHuax?[12, 20, 21]. CogepxaHusi pacTBOpeH-
Horo kucnopoga ao 10 mr/am3 n o3oHa ao 0,9
Mr/am3 B NpUPOOHbLIX Bogax AMypPCKOro per1oHa
obecneunBatoT 6onee BbICOKME 3HAYEHUSI OKUC-
NUTENbHO-BOCCTAHOBUTENBHOTO  MOTeHuMana
cpenbl go +2,07 B2,

Ha npouecc murpaumm BRAUSIIOT 3neKTpuye-
CKMe NONs Kak BOCCTaHOBIIEHHbIX DOPM nnatu-
HOMZOB, TaK ¥ MUTPUPYIOLLIMX OKUCIIEHHBIX hOpM,
CO3JaloLLmMX NOTOKM paccemBaHns BnaropogHbIx
METannoB ¥ SBNSIOWMXCA MapkepaMu Ans reo-
XUMMUYECKMX NMONCKOB MECTOPOXAEHWIA NNATUHO-
naoB. [pu 3TOM ANeKTpuYeckme nonst NposiBns-
t0TCA Kak B TBEPAOM, TaK U B paCTBOPEHHOM rna-
POXMMMWYECKOM COCTOSIHUM BriaropoaHbIX MeTarn-
nos*.

OnemeHTbl rpynnbl NnaTuHbl BepxHeamyp-
CKOW NPOBWHLUMW NpeAcTaBneHbl CreayoLwmmm
MUHepanamu: nnatuHon (Pt), cneppunuToM
(PtAsz2), upugocmuHamm (Ir-Os), ocmumpugamu
(Os-Ir), nonucynbtuaamu n3 TBEPAbIX CMECEW
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npapcuta (IrAsS) [13]. Takke OKCUAHLIMU MNEH-
KaMn Ha NOBEPXHOCTU MUHEPANoB CaMOPOLHbIX
GnaropofHbIX MeTannoB OHW 0BpasylT OKUC-
neHHble ¢opMbl  6naropofHbIX MeTansoB u
MMeIOT oTpuLaTenbHbIN NOTEHLMAN MUTPaLUOH-
HOW COCTaBMSAOLWEN B NOTOKaX reOXUMUYECKNX
OpEONoB paccenmBaHnst MUHEPanoB PyAHbIX Ten.
MuHepanbHble e hopMbl NpeacTaBneHbl B OC-
HOBHOM CaMOpOAHbIMK BnaropofHbIMU MeTan-
namm (cm. Tabn. 3). B cBa3u ¢ atum npu obpa-
60TKE PaCTBOPOM KOHLIEHTPMPOBAHHOW CONSIHOM
KMUCNOTbI MPW KUNSYEHUWM BCE NEPeynCrieHHble
BbllLe MWUHeparbl 3a UCKIKYEHUEM CiiaBoB OC-
MUMPUZOB M MPMOOCMUHOB PaCTBOPSAOTCS W Nne-
PEXOASAT B KOMMMEKCHbIE OKUCMEHHbIE POPMbI,
npeacTaBneHHble B Tabn. 3. Ha xumunyeckne u
MeXaHu4yeckne KOMMakTHble (hOpMbl NAATUHO-
BbIX METaNnnoB O4YeHb CUNbHOE BIIMSIHUE OKasbl-
BatloT npumec®. XuMuyeckue CBOMCTBa nnatu-
HOBbIX MeTannoB TOXAECTBEHHbI ANs 3NeMEH-
TOB, PaCMOSIOKEHHbIX B MOArpynne B OLHOM
cTonbue nepuoamnyeckon Tabnuubl XMMUYECKUX
anemeHTtoB [. . MeHpeneesa: Ru-Os, Rh-Ir,
Pd-Pt. Hanbonee Xxumn4eckn akTMBHbI U3 BCEX
MNaTUHOBLIX MeTansioB OCMUA W PYTEHWUH,
HaMMeHee aKTUBHbI UPUOWIA U POAWIA, NNaTUHA 1
nannagui®.

3akntoyeHue

B uensix nepepaboTkv pyn MeCTOPOXOEHUS
MNvoHep Obin BbIGpaH OTKPLITbIN CNOCO6 Lwenoy-
HOrO KyYHOrO LMaHMAHOrO BblLLenayvMBaHus, 4ns
OCYLLECTBNEHNS KOTOPOro Gblfia MOCTpoeHa 30-
notoussnekatenbHas abpuka. Pabpuka pabo-
TaeT KPYrnoroguyHo: B 3UMHMWA Nepuoa ocy-
LLLEeCTBNAETCS MOAroToBka / pasbopka Kyd KOH-
rMOMepaToB W M3BNEYEHNS 30510Ta M3 KOHLEH-
TPaTOB Ha KOHBEWEpe AN OKWUCIIEHHbIX TWUMOB
pya, Torda Kak B NETHUA Nepuog OCyLLEeCTBIS-
€TCS KyyHOe BblllenaymBaHue. TexHonorus

2Mann A. W., Mann A. T., Humphreys D. B., Dowling S. E., Staltari S., Myers L. Soil geochemical anomalies — their dy-
namic nature and interpretation: report. Perth: Mineral and Energy Research Institute of Western Australia, 1997. 184 p.

3 Nypbe HO. FO. CrnipaBoYHMK No aHanuTuyeckon xumun. M.: AnbsiHe, 2007. 447 c.

4 CeHumHa H. M. Mowuckn KOPEHHON NNaTUHOMAHOM MUHepanu3aLumum NyTeM U3y4eHUsi eCTECTBEHHbIX AMEKTPUYECKUX MO-

nen un OpeoroB paccenBaHMAa NOABUXHbBIX (bOpM HaxoxgeHna XMMn4ecknx anemMeHToB. Aguc. ...

Hayk. Cl6., 2017. 155 c.

KaHAa. reon.-MmuHeparn.

5 CeHunHa H. M. Mouckun KOpeHHOI7I nnaTUHOMAHON MUHepanusaunm nytem n3yyvyeHna eCteCTBeHHbIX 3JIEKTPUYECKMX No-
new u 0peosioB paccenBaHnUAa NOABUXHbLIX (bOpM HaxoxgeHna XMMU4YeCKnx 3nemMeHToB: AuC. ... KaHO. reon.-MmuHeparn.

Hayk. CM6., 2017. 155 c.

6 Nypbe HO. 0. CnpaBoyHuk no aHanuTuyeckon xummn. M.: AnbsiHe, 2007. 447 c.
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Tabnuua 2. CogepxaHue 3onota u cepebpa Bo hpakLmax UHTepBanoB
Knaccudmkaumm MMKpOMeTp ANns BbIOOPOK MUHEPANbHOIO Cbipbs NepPBUYHbIX

N OKUCINEHHbIX TUNOB pyA MecTtopoxaeHus MuoHep (N — yncno npoob)

Table 2. Gold and silver content in the fractions of the intervals of the micrometer
classification for the samples of mineral raw materials of primary and oxidized
ore types of the Pioneer deposit (n —number of samples)

®pakums, NepBuyHble pyabl, N = 24 OkucnexHble pyabl, N = 24
MKM Au, macc. % Ag, macc. % Au, macc. % Ag, macc. %
3000-1000 0,38 0,21 0,24 0,12
1000-160 74,2 77,35 76,06 77,47
160-80 2,83 5,14 2,13 3,18
80-40 1,19 1,17 2,1 2,43
40-16 12,56 8,1 11,8 5,38
16-10 3,72 2,12 131 1,74
10-1 3,25 2,1 1,15 2
1-0,45 0,84 0,89 2,23 1,89
0,45-0,2 0,67 1,01 0,94 1,61
0,20-0,1 0,15 0,72 0,8 1,19
0,10-0,05 0,11 0,97 0,66 1,57
0,05-0,001 0,1 0,22 0,58 1,42
KoHueHTpauus, ppm 0,76 0,35 0,57 0,32

Tabnuua 3. KoHueHTpaumm 6naropogHbIX MeTannoB B MUrpupyroLwmnx oopmax u NOBEPXHOCTHbIX
BOAax 30n0TopyaHoro mectopoxaeHus MuoHep (Ymcnutenb — MHTEPBan onpeaenseMbiX COAePXaHUN,
3HaMeHaTenb — CpegHee 3Ha4YeHue, N — YUCNo Npob), a TaKke MX MATPALIMOHHBIN NOTeHUMan

Table 3. Concentrations of noble metals in migrating forms and surface waters of the Pioneer

gold deposit (numerator —the interval of determining contents, denominator — average value,

n —number of samples) and their migration potential

KoHueHTpauus, ppm y
SneMeHT Murpupytouime opmel, n = 24 loBepXHOCTHbIE BOAbI, h = 24 MurpaLmoHHei noTeruwan, B
AU 0,04-0,17 0,0002-0,0005 013
0,09 0,00035 '
0,005-0,036 0,00011-0,00016
Ag 0,01 0,00014 0,24
Pt 0,02-0,052 0,00002-0,00004 01
0,022 0,00003 '
0,001-0,009 0,00002-0,00001
Ru 0,005 0,00002 0,14
0,0001-0,0002
Os 0,0002 0,00001-0,00003 0,22
0,0002-0,0008 0,00002
Pd _’—I_O,OOOG -0,19
0,0001-0,0014
Ir 0,0006 0,00001-0,00001 0,13
0,0003-0,0006 0,00001
Rh —'—‘—0’0004 -0,14

OTNMYaeTCsl BbICOKOW PeHTabenbHOCTb, YTO
MO3BONSET 3KOHOMMYECKN 3 DEKTUBHO Nepepa-
HaTbiBaTh pyabl ¢ MaccoBbiMK gonamu 1-4 ppm
30/10Ta, XapakTepHble AN MECTOPOXAEHMS.
[MaBHbIM M3BMEKAEMbIM KOMMNOHEHTOM MO 3TON
TEXHOMNOrMK SBMSIETCA 3051070, a cepebpo n me-
Tannbl rpynnbl NAaTWHbI NPUCYTCTBYIOT B MpPO-
MbILUMEHHbIX NPOAYKTax B Buae npumecen. K

HACTOALEMY MOMEHTY 3anachl nerkounaHupye-
MbIX OKUCIEHHbIX Py Ha MECTOPOXAEHUN 3aKOH-
YMIIUCb, @ BO3MOXHOCTW pacLUMPEHNS rpaHuL 3a
CYET COCedHUX PyaonpOSBIIEHNA JOCTUMNN npe-
nena peHtabensHocTu. ng npogosmkeHnus npo-
W3BOACTBEHHON AeATenbHOCTM Ha  habpuke
ObiN0 yCTaHOBMEHO YeTbipe asToknaea [Ans
OTKWra Cynb(UOHOW Cepbl B «YMNOPHbIX» Ans
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LMaHMPOBaHUA NepBUYHbIX TUNax pya. B aBTo-
KnaBax KOHLEHTpaTbl CyNbMUAHBIX Py OKUCHS-
totcs npu 500 K B TeyeHue nonyyaca v fanee
nepepabarbiBalOTCa NO TPagWLMOHHON CXEME,
OMNMUCAHHON BbIlle. JTa TEXHOMOMMS OTNNYaeTCs
Bonblen rmybuHoON Ae3vHTErpaunm mMuHepanb-
HOrO CbIpbS, YTO YBENUYMBAET U3BMIEYEHNE KaK
rMaBHOrO KOMMOHEHTa — 30/10Ta, TaK U COMyT-
CTBYIOLLMX eMy npumecen apyrux 6naropoaHbIx
meTannos. Kpome TOro, npu 3ameHe OTKPbITOro
cnocoba nepepaboTkM Ha 3aKpbITbIl  3HAYM-
TENbHO YMEHbLIAETCH TOKCUYECKoe BRUSHUE
NPOV3BOACTBA, OKa3blBAEMOE Ha OKPYXKatoLLyto
cpeqy.

Takvum 06pa3om, Ha OCHOBE BCEro BblLLeCKa-
3aHHOro MOXHO cAenaTh crnegytoLme BolBOAbI:

1. [Ina pyn mectopoxaeHus NnoHep Bynka-
HOMEHHOTO Kracca, OTHOCALLMXCA K HOOTEHHbIM
NEPBUYHBIM W 3K3OTEHHBIM OKUCAEHHBIM TUMaMm
pyd, BrepBble BbIMOSIHEHA TMAPOXMMUYECKAS
knaccudukaums no pasmepam pyaHbIX MUHeEpPa-
NOB W onpefeneHbl CpefHWe COMyTCTBYHLLME
KOHLEHTpaLMy MeTannos rpynnbl NaTUHLI,

| Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) \)
Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

2. Mo knaccam KpynHOCTW BbIAENSOTCA MU-
Hepanbl CaMOPOAHOro 30510Ta B pyAax nepsuy-
HOro TWNa, CBA3aHHbIE C MUHEpanamu BMeLLato-
Lwen cpeabl knacca kpynHoctn 1-40 MKM, Ha Ko-
Topble npuxoautcs 16,5 % BblaeneHwii MuHepa-
NOB 30M10Ta, U MUHEparnsl CaMOpPO4HOro 30510Ta
OKWCIIEHHbIX pyA, CBfI3aHHble C MuHepanamu
knacca kpynHoctn 160—-1000 mkM, Ha KoTopble
npmxogutcs 76 % BblAENeHUi CamOpOLHOro 30-
nora.

3. CpeaHue KOHLEHTpauum conyTCTBYHOLMX
nnaTUMHOMAO0B AN NEPBUYHBIX U OKUCIIEHHBIX TU-
NoB pyA Haxoaatcs B uHTepBane <1 ppm u He
LOCTUraloT 3HaYeHUN WHAMBUAYaNbHOW peHTa-
6enbHOM NPOMLILLNEHHON NepepaboTKu.

4. MeTogamu TepmoanHaMuUKM onpegeneHsl
WHTEpPBasbl KOHLEHTpaUUN OKUCIEHHbLIX U BOC-
CTaHOBIEHHbIX (hopM BraropofHbIX MeTannos, a
Takxe COOTBETCTBYIOLLME UM MUTPALIMOHHbIE MO-
TeHUmMansl, UMetoLLne oTpulaTenbHble 3HaYeHus
W COEPXMBAKOLLME TPAHCTPAHWUYHYIO MUTPaLnio C
PYOHOro NONs MECTOPOXAEHNS.
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BypeHue CKBaXXUH ¢ KOMOMHUPOBAHHbLIM
perynupoBaHueM OaBrneHus

Butanui UBaHosuy 3aiues?, AnekcaHap Bnagummposuy Kapnukos®
ablpkymekuli HauuoHarbHbIl uccredosamenbCKuli mexHuyeckuli yHusepcumem, . Mpkymck, Poccus
ABTOp, OTBETCTBEHHbI 3a nepenucky: 3anues Butanuin MieaHosumy, zaicshev@istu.edu

Pestome. B pamkax 4aHHOro NccneaoBaHus NPOBEAEH aHanus HOBbIX TEXHOMOTWIA BypeHns HedTAHbIX U rasoBbIX CKBa-
XMH, K YMCNy KOTOPbIX OTHOCUTCS TexHonorus BypeHnsi ¢ perynupyembiM aasneHuweM. B xoge nccnenosaHns paccMoT-
peHo obopyaoBaHue Ans cosgaHus anddepeHunansHOro AaBrieHNs B CUCTEME «CKBaXWHa — NnacT», NocTaBnsemMoe
TakMK MeXayHapoaHbIMM KoMnaHusamu, kak Schlumberger, M-I SWACO, AKPOC w ap. lNposeaeH aHanus npumeHeHuns
6asoBoro komnnekca obopynosaHus 4ns BypeHus ¢ perynupyeMsiM JaBNeHMeM, B KOTOPbIM BXOASAT YCTaHOBKa ynpasne-
HUS NPOTMBOAABIEHMEM, a30THAs KOMNPECCOPHAs CTaHUMS, WTYLEPHbIA MaHudonea, cenapaTop, POTOPHbIN YCTLEBOW
repmeTu3aTtop, dakenbHas BbIlLKa C CUCTEMOWN 3aXMraHWs U MPOrpaMMHO-annapaTtHbIi komnnekc. PaccMoTpeHsl Bapu-
aHTbl peanusauum TexXHoNorum 6ypeHus ¢ perynupyembimM JaBneHnem nyTeM NpuMeHeHNs repMeT3MpoBaHHOM CUCTEMBI
LIMPKYNALMK, KOTOpas ynpoLiaeT CXeMy NpOMbIBKM CKBaXWHbI W obecneymBaeT nnaBHOE perynmpoBaHve 4aBreHus npo-
MbIBOYHOrO areHTa Ha 3aboii. iccnegoBaHa peanbHas BO3MOXHOCTb NpeacTaBnsemoro 6aszosoro obopyaosanus gns by-
PEeHUs € perynupyemMbiM JaBneHWeM C NOMOLLbIO KOMMeKca nporpaMMHo-annaparHoro obecneyeHus onpeaenatb onyc-
Kaemble 3Ha4YeHUs JaBneHus rnapopaspelBa nnacrta v NnacTtoBoro AaBfeHUs AN NOBCEMECTHOrO KOHTPONs npodwuns
AaBneHus B 3aTpybHOM NpOCTpaHCTBe. YCTaHOBMEHO, 4TO BypeHue ¢ perynupyeMbiM AaBMEHUEM Kak MPUHLMNWANbHO
HOBas Ans rmapoavMHaMUYECKUX YCROBUIM 3anexu TEXHOMOrMS NepBUYHOrO BCKPbLITWUS NiacTa nossonseT peanu3osatb
BypeHne B 30Hax NpakTU4ecku ¢ NobbIM N0 Ha4YanbHOW MHTEHCUBHOCTU NOrMOLWEHWEM: B xoAe paboT Mbl He OcTaHaBMu-
BaeM NpoxoaKy (To eCTb LUMPKYNALMIO) U HE NMOBbILLAEM SKBUBAIIEHTHOE AaBMEHNE «HA FOPU3OHTY, 3aBUCSLLEE OT JKBUBA-
NEHTHOW LMPKYNSALMOHHON MNOTHOCTM — PErynupoBaHne 3akmnioyaeTcs B NpUbNvxXeHnn SKBUBANEHTHOrO AaBMneHUs «Ha
FOPU3OHT» K MIacTOBOMY AaBIIeHWI0. TEXHOMOrMYECKMn npouecc bypeHnst ¢ perynmpyemsimM faBneHneM C UCnonb3oBa-
HUeM paccmaTpuBaeMoro obopyaoBaHus NOMoxXeT 6ypoBOMy nepcoHany nyyie NoHATb 3MPEKTUBHOCTb AaHHON MeTo-
Anku Bypenns n 6ygeT cnocobcTBoBaTH €€ Honee 0CMbICIEHHOMY NPUMEHEHUIO OTEYECTBEHHBIMU (hUpMaMM.

Knroyeenle cnioea: konnekTop, nepeuYHOE BCKPbITHE, BypeHne, NnacToBoe AaBneHue

Ana yumupoeaHus: 3aiues B. W., Kapnukos A. B. BypeHne ckBaXuH ¢ KOMOUHUPOBaHHLIM PErynupoBaHueM LaBne-
Husa // Haykn o 3emne n Hegpononb3oBanue. 2022, T. 45. Ne 1. C. 60-72. https://doi.org/10.21285/2686-9993-2022-45-1-
60-72.

EXPLORATION AND DEVELOPMENT OF MINERAL DEPOSITS

Original article

Well drilling with combined pressure control

Vitaly I. Zaitsev?, Alexander V. Karpikov®
ablrkutsk National Research Technical University, Irkutsk, Russia
Corresponding author: Vitaly I. Zaitsev, zaicshev@istu.edu

Abstract. The research deals with the analysis of new technologies for drilling oil and gas wells including the technology
of managed pressure drilling (MPD). A consideration is given to the equipment for creating differential pressure in the well-
reservoir system, which is supplied by the foreign companies Schlumberger, M-l SWACO, AKROS, etc. The analysis is
given to the application of the basic complex of managed pressure drilling equipment, which includes the installation of
back-pressure control, nitrogen compressor station, choke manifold, separator, rotary wellhead dock, flare tower with igni-
tion system and hardware and software complex. The article also deals with the implementation options of the managed
pressure drilling technology through the use of a sealed circulation system, which simplifies the well flushing scheme and
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ensures smooth adjustment of the flushing agent pressure at the bottomhole. A viable possibility of the presented basic
MPD equipment and the attached software and hardware complex to determine the permissible values of reservoir frac-
turing pressure and formation pressure is studied in order to monitor the pressure profile in the casing annulus. It has been
found that managed pressure drilling as a fundamentally new primary penetration technology for the hydrodynamic condi-
tions of the reservoir allows to perform drilling in the zones with almost any initial absorption rate. That means that we do
not stop sinking by boring (i.e. circulation) and do not increase the equivalent pressure on the horizon that depends on the
equivalent circulating density. The adjustment involves the approximation of the equivalent pressure on the horizon to the
formation pressure. The technological process of managed pressure drilling with the use of the discussed equipment will
enable better understanding of the efficiency of this drilling technology by the drilling personnel and contribute to its more

conscious application by domestic companies.

Keywords: reservoir, primary penetration, drilling, formation pressure

For citation: Zaitsev V. |., Karpikov A. V. Well drilling with combined pressure control. Nauki o Zemle i nedropol'zovanie =
Earth sciences and subsoil use. 2022;45(1):60-72. (In Russ.). https://doi.org/10.21285/2686-9993-2022-45-1-60-72.

BBepeHue

TpaguumoHHas TexHonorua npeanaraet npu-
MeHATb npu BypeHMn HedbTeraszoBblX CKBaXWH
3HAYUTENbHYH penpeccuto Ha 3aboW 1 Ha CTEHKK
CKBaXMWHbl. OTO AenaeTcsi rnaBHbiM 06pa3om
ANS npeaynpexaeHns rasoHedTeBogonposiee-
HUA W NpPefoXpaHeHWUs YCTOMYMBOCTM CTEHOK
CKBaXWHbl. TEM He MeHee NpUMEHEHWe TaKoW
TEXHOMOMMN NPUBOAUT K CHUXKEHUIO MeXaHuye-
CKON CKOPOCTM MPOXOAKU U YXYALIEHWUIO KOMek-
TOPCKMX CBOWCTB NNacToB.

PasnnyHoro poga MeToabl yBENUYEHUS Npu-
TOKa CMecu Ha 3abon npu BCKPLITUM 3amnexu,
HanpuMep rmapopaspbIB Nnacrta, ero KUCNoTHas
obpaboTka v apyrue, Kak npasuno, TpebytoT 3Ha-
YUTENbHbIX KaNUTanbHbIX BNOXEHWI U HE Onpas-
[blBaOT ce0s1 C TEXHUYECKOM U SKOHOMUYECKON
TOYKM 3peHns. OgHaKo cerogHs ykasaHHble Tpa-
AMLMOHHbIE  Ccrocobbl  pelleHns  npobnembl
MOXHO 3aMEHWTb HOBbIM TEXHOMOrMAMU, He
HapyLwawwmmm  unbTpaUMOHHbIE  CBOWCTBA
nnacra [1-4].

K HOBbIM TEXHOMOIMSIM OTHOCHATCA TEXHOMO-
rns GypeHus ¢ perynupyembiM fasnenvem (bP[,
aHen.. Managed Pressure Drilling, MPD) u ee
PasHOBWOHOCTW. [MaBHbIM Ha3HaYeHeM JaHHOM
TexHonornn sBnseTca obecneyeHne nNoaaepxKKu
Heobxo4MMOro MMHUMAsbHOIO AaBneHns Ha 3a-
6oe. BmecTe ¢ Tem TpebyroTca AanbHenwme KoH-
CTPYKUMOHHbIE pa3paboTky NPUMEHSEMON Tex-
HUKW 1 COBEPLUEHCTBOBAHME TexHonorum Gype-
HUSA. Hanpumep, NnpuMeHsieMble 4ns peanuaauum
TEXHOMOMMN pacyeTHble MeTOAbl OnpeaeneHns
3abonHOro Apuratenst HeCoBepLUEHHbI N0 MHO-
TMM MpUYnHam, OpOCCEnupytolwue yCTponcTea
B ycnosusix abpasusHon cpeabl 6ypoBoro pac-
TBOpa 06nagatoT orpaHMYeHHo pabotocnocob-
HOCTb. HepgocTtaTouHO 3DPEKTUBHO peLleH

BOMPOC O paHHEM OBHapyXeHWn npuToka grto-
uoa U3 nnacta B CKBaxuHy. TpebyeTca paspa-
60Tka aBTOMaTUYECKON CUCTEMBI, KOTOpas ByaeT
BblJaBaTb OnepaTMBHOE oOnpefesieHne aHo-
MarnbHO BbICOKMX NMACcTOBbIX AaBreHui nocpes-
CTBOM BbISIBIIEHWS MO NPOMbIBOYHOW XNAKOCTU U
Lnamy Npu3HaKoB, yKka3blBaloLLMX Ha Npubnke-
HUEe K BbICOKOHAMOPHOMY CKOMSIeHUo hnonaos,
W OaBaTb KONMUYECTBEHHYIO OLIEHKY OXUAAeMbIX
NnacToBbIX AaBNEHW. [Tpuyem npu MHTepnpeTa-
LMW pe3ynbTaToB UccnefoBaHuii 6ypoBoro pac-
TBOpa ¥ LWama HeobxogMMo y4uTbiBaTh Aaslb-
Hewwwee yrnybneHme cKBaxuHbl. Takoe OTCrnexu-
BaHWEe aHOMasbHO BbICOKMX MNAcTOBbLIX AaBre-
HUN JOMMKHO BECTUCH Cpa3y NO HECKOMNbKUM Mpu-
3HaKaM: cogepXaHuio B HeM HedbTH 1 rasa, gopme
Lfama, U3MEHEHUIO MoKasaTesien CBOMCTB pac-
TBOpa 1 np.

MexgyHapogHas accouuauus 6ypoBbix noa-
psaunkoB (aHen.: International Association of
Drilling Contractors, IADC) onpeaensiet bP[] kak
«apanTuBHbIA mpouecc BypeHusi», ucnosnb3ye-
MbIA 4119 TOYHOrO KOHTPONSA Npoduns gaBneHus
B KOJSIbLLEBOM MNPOCTPAHCTBE MO BCEMY CTBOMY
CKBaXWHbI. Llenbto sBnseTcs yctaHoBneHwe npe-
[ENOB [aBfieHns B 3a00OMHOM NPOCTPaHCTBE U
ynpaBfieHne rmapaBivyeckod CUCTEMON B 3a-
TpybHOM npocTpaHcTBe. B HacTosiwee Bpems
[anbHenwee passutue TexHonorum 6PL npu By-
PEHWUN NyBOKMX JKCMyaTaLUMOHHBIX CKBAXWUH U
€e YCOBEpLUEHCTBOBaHWE SBNAETCH aKTyanbHOW
3aga4yen.

Matepuanbl u meToabl
nccnenoBaHuA
B xoge nccnenosaHvs aBTopaMu aHanuaupo-
Banucb ony6mkoBaHHble paboTbl MO OCYLLECTB-
NEHWNI0 TOYHOTO KOHTPONS NPOdMNsA AaBNEHMS NO
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BCEMY KOMbLIEBOMY NPOCTPAHCTBY CTBOSIA CKBa-
XuHbl [5-8]. M3yyanock cneunansHoe 06opyao-
BaHue (3apybexHoe), a Takke nporpaMmHo-an-
napaTHbIn KOMMNEKC AN OCYLLECTBNEHUS KOH-
Tpons npocouna OasrneHus B 3aTpybHOM npo-
cTpaHctBe. PaccmaTtpuBanuce M aHanvavpoBsa-
nucb bonee apdeKkTUBHLIE TEXHONOTMI NEPBUY-
HOrO0 BCKPbITUS TPELUMHOBATBIX U KaBEPHO3HbIX
aHW30TPOMHO-NPOHULIAEMbIX  KOMNEKTOPOB  C
TOYKM 3peHus fobblum, 4Yto Gonee cooTBeT-
CTBYET reofIormyeckuM 0COBEHHOCTAM CTPOEHUS
u rnapoguHamukn 3anexm [9-11]. C nomoubto
TexHonorun BP[] nccnepgosanock 3aboriHoe AaB-
neHve ¢ npoTuBodasneHnem Grnoka gpoccenu-
poBaHus BP[. Onpeaensnucb BO3MOXHOCTH HO-
BOW TEXHOMOrMM OnepaTMBHO pearnpoBaTb Ha
M3MEHEHWE CKBAXWMHHbIX YCNOBUI (NOrMNOLLEHNE,
NPOsIBMEHNE) yBENUYEHUEM AaBNEHUS B 3aTpyD-
HOM MPOCTPaHCTBE 3a CYET APOCCENUpPOBaHWS
MOTOKa MPOMbBIBOYHOW XXMAKOCTWU WK MOHUXKE-
HWEM €ero 3KBMBASIEHTHOW LMPKYNALMOHHON
nnotHoctu (ALIM) 3a cyeT aspauum aTON XULKO-
cTu. B uensax 6esonacHocTu nepcoHana u 6ypo-
BOW YCTaHOBKM aHanu3npoBanoch YyCTPOWUCTBO, a
TakKe 3Kcnnyarauus poOTOPHOro YCTbEBOTO rep-
meTu3aTopa, obecneumBaoliero OTBOL BO3-
Bpata OT nosia 6ypoBoK YCTaHOBKM.

Pe3ynbTaTtbl ucCnegoBaHusA

[ns KayeCTBEHHOro BCKPbLITUS MPOOYKTMB-
HOrO TOPU30HTA HYXXHO OTOMTW OT MPUBbLIYHOM
NPaKTUKK WUCMONb30BaHUSA YTSHKENEeHHbIX Oypo-
BbIX pacTBOpoB. TpebyeTca pa3paboTka HOBbLIX
TEXHOMOMMA N TEXHUYECKUX PELLEHUI, KOTopble
He yxyawaT unbTpaLMOHHblEe CBOMCTBA NacTa
1 CHU3AT BEPOSATHOCTb OCMOXHEHW 1 aBapuii 40
MUHUMyMa. TexHonorus BPL, npumeHsiemas B
CUCTEME «CKBaXWHa — NfiacT» OTBevaeT Takoro
poda TpebosaHusam (puc. 1) [12, 13]. Ucnonb3o-
BaHWe cneunanbHOro 060pyLoBaHNs U TEXHOSO-
TMK NO3BONSET AOCTUYb 3HAYUTENBHOTO CHUXE-
HUS BO34EWNCTBUA MPOMbIBOYHOW XWMOKOCTU Ha
NPOAYKTUBHBIN MNacT (CHWXeHUe CKUH-apekTa
B Npn3aboiiHOM 30HE CKBaXMHbI), 4AeT BO3MOX-
HOCTb MPOBOANTL BypeHne TpeLmHOBaTbIX KOS-
nektopoB 6e3 HeobxogMMOCTH KoSbMaTUpOBa-
HUS MPOOYKTUBHBIX 30H, CNOCOBCTBYET yBENNYe-
HUIO KO3hMUMEHTa U3BNIEYEHNS HEQTU U CPO-
KOB NPOAYKTUBHOCTWN CKBaXWH. Takxe npeagnara-
eMasi TEXHOMNOrns yBenmunBaeT MexaHW4ecKyto
CKOpOCTb BypeHusi, CnocoBCTBYET CHMXKEHMIO
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AnepeHumanbHblXx  NMPUXBaToOB, MNOBbIWAET
HOPMaTWBHbIA pecypc AOMOT M MOXET npumMe-
HATbCA NpU BegeHun [obbluM HedbTerasoBom
cmecun (nocnefHee MCMonb3yeTcs TOMbKO Mpw
HeobxoaumocTw).

Puc. 1. Cxema 068513KU CK8a)XXUHBbI:
1 — epawarowjuticss npeseHmop;
2 — WmyuepHbIl MaHuosbO;
3 — asmomamu3upoeaHHas cucmema ynpaeneHus
Fig. 1. Well piping diagram:
1 — rotating preventer; 2 — choke manifold;
3 — automated control system

Paccmotpum o6opynoBaHue, NprMEHSEMOE
Ans 6ypeHns ¢ KOMBMHMPOBAHHBLIM perynupoBa-
HMEeM JaBneHus (puc. 2), npeanaraemoe Komna-
Huamm AKPOC n M-I SWACO [14, 15]. 3T0 ycTa-
HOBKa ynpaBneHus npoTveodasneHveMm 12 (cm.
puc. 2, cnpasa). OHa npegHasHayeHa ans one-
PaTUBHOIO AWUCTAHUMOHHOIO YynpaBneHus npe-
BEHTEPOB C MOMOLLbI0 MMAPOYNpaBnsemMblX 3a-
LBWKOK. YCTaHOBKa ynpaBneHus npoTueoaasse-
Huem komnaHum AKPOC c nomoulblo 3akayku
asorta (aHesn.: Nitrogen Back Pressure) ssnsietcs
YHUKanbHbIM pelleHnem ans onepauuin bP[, Tak
KaKk OHa YCTpaHsSeT 3aBMCMMOCTb OT CUCTEMbI
LUMpKynsuum 6ypoBoro pacteopa noaaepxaHuns
HY)XHOTO NMPOTUBOAABINEHUS HA NOBEPXHOCTU BO
BPEMS OTKIMOYEHNS HACOCOB.

Bmecto Toro u4tobel 3akaumBatb BypoBon
pPacTBOP C MOMOLLbIO BCOMOraTeNbHOro Hacoca
WU OTAENbHOrO MaHMMOnbAa, YCTaHOBKa Mo3-
BONSET 3akaumBaTb HeOOMbLIOE KONMYECTBO
asoTa C 3adaHHbIM AaBneHveM (onpeagensiercs
nonb3oBaTefieM B COOTBETCTBMM C MOTPebHo-
CTAMU CKBaXuHbl) B Tpybonposoabl BP[ ans
NoAAepXaHusi COOTBETCTBYIOLLErO [AaBfieHUs
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Puc. 2. lpuHyunuanbHasi cxeMa 3aMKHymou 2epMemu3upoeaHHol cucmembl YUPKYIsyuu
npu 6ypeHuu Ha denpeccuu (penpeccuu):

1 — cenapamop; 2, 8, 10 — emxocms; 3, 4, 7, 22, 23 — cucmema asmomamuku; 5 — 6asnioH;

6, 12 — koHmporns; 11 — knanaH; 13 — npeseHmop; 14 — ycmee; 15, 17, 21 — mpybonpoeod;
16 — donus; 18 — brok; 19 — ambap; 20 — 3adsuxka

Fig. 2. Schematic diagram of a closed pressure-sealed circulation system
under drilling on depression (overbalanced drilling)
1 - separator; 2, 8, 10 —tank; 3, 4, 7, 22, 23 — automation system; 5 — gas cartridge;
6, 12 — controller; 11 — valve; 13 — preventor; 14 — wellhead; 15, 17, 21 — pipeline;

16 —fill-up line; 18 — block; 19 - pit; 20 — gate valve

Ha NOBEPXHOCTU B Cryvae, eCN OHO HE MOXET
ObITb 06ecneyeHo gpoccenem unv nagaert B cTa-
TUYECKMX YCMOBMSIX, HANPUMEP NP BbINOSTHEHWN
TPYOHbIX COEANHEHU,

MpenmyLiecTBa 3TOM YCTAHOBKM 3aKmuva-
0TCA B OTCYTCTBMM HEOOXOOAMMOCTU MOHTaxa
TpybonpoBOAOB K 3aKauvBatoLLLeMy MaHUGONbAY
unu emkoctn ans Byposoro pacteopa. YcTa-
HOBKa MHTerpupoBaHa B cuctemy bP[: cuctema
aBTOMaTWYeCKM BKMKOYAET nogady asoTa npu
HeobxoauMOoCTV nopaepKaHus NpoTUBOLaBne-
HUS Ha NOBEPXHOCTW.

A3oTHas KomnpeccopHas ctaHuusa TIA-10/
250 [195 aKktvBMpYyeTCs C MOMOLLbLIO perynupye-
MOr0 KnanaHa, KOTOpbli HEMEAJIEHHO Ha4YMHaEeT
3aKkaumBaTb as30T C TpebyeMbiM faBrieHnem 6e3
HEeOBXOAMMOCTM BKIMKOYEHUA HAcOCa UMK 3aKpbl-
TMS | OTKPbLITUS KnanaHoB MaHudgonbaa. Mo-
BunbHas ycTaHOBKA MUHUMU3UPYET 3aTpaThbl Ha
TPaHCMNOPTUPOBKY, MOHTaX W BbIBO3, a TaKXe
BIMSIHWE Ha OKpyXaloLyto cpedy, obecneunsas
npu 3TOM MaKCUManbHyr 3Q@EKTUBHOCTb W
Tpebyss MUHUMANbHOIO TEXHUYECKOrO 0BCNyXK-
BaHMS.

MpuHUMNManbHas cxema 3aKpbiTON LUpKyns-
UM npu koMOuHMpyemom cnocobe OypeHus

C perynmpoBaHuem JaBfieHuns (CM. puc. 2) BbIrms-
ouT cnepytowmm obpasom. SUIM B ckBaxuHe
CHMXaeTcs NyTeM Nodayn asoTa B IMHUIO HarHe-
TaHus BypoBOro pacteopa 1 B CKBaxuHy. [lanee
rasoXuaKkoCTHas CMeCh NMPOXOAUT Yepes Bypunb-
HYI KOJIOHHY, 3ab0nHOE 1 3aTpybHOEe NpocTpaH-
CTBa W NOCTYNaeT B POTOPHbIN YCTLEBOW repme-
T3aTtop 14, nogaeTcs B ApoccenbHbi 6nok 12
(cm. puc. 2, BHM3Y cneBa) U punbTpyeTcs B ce-
napatope 1.

A30T 1 NnacToBbIN ra3 B razocenapartope oT-
LensTcs, 1 0CBOBOXAEHHbIA pacTBop CrnvBa-
eTcsa Ha Bubpocuta. [anee paerasvpoBaHHbIN
pacTBOp HacoCaMu 3aKa4ynBaeTcs B MaHU(OsbA,
r4e BHOBb NPOUCXOAMT €ro HacblLeHWe a3oToM.

WTyuepHbn  gpoccerbHbid - MaHUdonba
npeacrasnser cobon  aBTOMATU3MPOBAHHbIN
KOMMIEKC, BKMOYatoLmii B cebs Takue arperartbl,
KaKk MacCOBbIN pPacXOOOMETP, MPeLUn3NOHHbIE
KBapLEBblEe AaTYMKM faBIIeHUs, MMapaBnnyeckas
cunoBas ycraHoBka (HPU), «ymHbI» 610K
ynpasnexus (ICU) n cuctema uHTepnpetauuu
[aHHbIX B PEXUMe peanbHoro spemeHn. MaHu-
thonba ocHalleH AByMSA WTyLepamu, npu 3TOM
O[MH MOXET MCMOoMb30BaTbCA NOCTOSAHHO, @ BTO-
POl — B @aBapMNHOW CUTYaLMK1, MACCOBbIN pacxo-

WwWw.nznj.ru

|63


http://www.nznj.ru/

2022:45(1):60-72 |

AOMETP YCTAHOBMEH Ha MaHudonbae nocne
LITYLLepOoB no xoay AswxeHns dnounga. Wryuep-
HblI MaHWUOSb SABMSETCA Y4aCTbl YCTbEBOIO
obopynoBaHus 14, npegHa3Ha4YeHHOro [Ans
YCMELUHOro ynpaBneHns BbIbpOCOM 13 CKBaXWHbI
W BbINOSIHEHWS TEXHOMOMMMW KOHTPOISA AaBNEHNS
Ha HeTSAHbIX M ra30BbIX CKBaXWHaxX B npouecce
BypeHus. B HacTosiLee Bpems yCTPOWUCTBO WC-
nonb3yeTcs AN BbINOMHEHWS TeXHUKU BanaHca
[ABMEHNS Ha HOBOW OypOBOI CKBaXWHE, TaKUM
obpasoMm  npegoTBpallaeTcs  3arpssHeHue
HETAHOro Cnosl, yBENMYMBaeTcs CKopocTb By-
PEHUst U KOHTponb ¢poHTaHa. CbanaHcupoBaH-
Hoe OypeHue JocTuraeTcsi npuM MUHUMANbHOM
LaBMNeHNMN.

MapaBnunyeckas cunoBas ycTaHoBKa pacno-
noxeHa Ha pame, 4to obecneymBaeT NPOCTOTY
ee TPaHCNopTUPOBKK M nogknoyeHuns. MNHeBma-
TUYECKMN HAcoC, CKPLITLIN BHYTPU HEE, UCMONb-
3yeT cuUCTeMy TeXHUYecKoro Bosgyxa ©ypoBoii
YCTAHOBKM ANS HarHeTaHWs AaBMNEHWUs B ruapas-
NIMYECKYI0 CUCTEMY aKKyMynsTopa, KOTopbIn ne-
pefaeT rmapaBIMYECKY0 3HEPTUI0 Ans nepeme-
LeHWs WTYLepoB, a Takke No3BoNseT B aBapun-
HOM pexumMe, TO eCTb NpU 0TKa3e NHEBMATUKN U
ANEKTPUKK, YNPaBnsATh WTyLEepaMmn 3a CHET akKy-
MYNUPOBAHHOIO AaBMeHus.

«YMHbIV» BNOK ynpaBneHus ABNseTcs «Mo3-
rOM» CUCTEMBbI, Kyda HanpaBnaTCcs Bce cobpaH-
Hbl€ JaHHbIE, N U3 HEro e OCYLLEeCTBASETCA MO-
HUTOPWHI U KOHTPOSb BCEX onepauuii. Bce Bax-
HeWlne CpeacTBa YNpaBneHus, anropuTMbl K
ycTpoiicTBa cbopa [aHHbIX YCTaHOBMEHbI B
6roke Bo usbexaHne noTeHUumanbHbIX Npobnem
C KOMMYHUKaLMEN 1 AN NOBbILWEHUS HadeXHo-
CTU cuctembl. Cuctema nonyvyeHnUss U KOHTPONS
[laHHbIX B peasnibHOM BpeMEHU BKMoYaeT B cebs
UHTepeNc «nonb3oBatenb — MalnMHay, B TOM
yucne naHenb onepatopa CUCTEMbI, NaHenb Oy-
pUnbLiMKa W OUCTAHUMOHHYIO MaHefNb, ecnu
Heobxoamnmo. 3abonHbLIN KnanaH ycTaHaBfMBa-
eTca Kak 4acTb npegblgywein obcagHow Ko-
NOHHbI. [lpMHUMN OEenCTBUS KnanaHa 3aknuva-
€TCS B ero OTKPbITUK / 3aKPBITUM C MOBEPXHOCTYH
C MOMOLLbIO rMapaBnNYEeCcKon NaHenm, ¢ KOTopou
[laBfieHue nepefaeTcs K KrnanaHy nocpeactsoM
rmopaBnuyeckoro kabensi.

Bnok gpoccenbHOro MaHUMonbaa KoMnaHuu
M-I SWACO no3sonset aBToMaTU4eckun perynu-
poBaTb AaBfEHWE Ha CTosike npu nobbix ycno-
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BUSIX, B TOM YUCNe B CryYae perynupoBkK nycka
WNn OCTaHOBKM GYpOBOro Hacoca, CBUHYMBAHUSA
W pa3BUHYMBaHUS TPy, aBTOMaTMYECKON pery-
NMPOBKK OTBEPCTUS Apoccens.

Cenapatop npegHasHayeH Ans pasgeneHus
Ha ¢hasbl ra3oXUAKOCTHON cmecn BypoBoro pac-
TBOpa C MnacToBbiM OUAOM, HanpaBneHus
NOTOKa ra3oBON (pasbl Ha paccenBaHue B aTMO-
cdpepy nnu Ha pakenbHbIN CTOSK A1 CKUraHUS,
Bo3BpaTta OypoBOro pactesopa B LMPKYMSLMOH-
Hyt0 cucTemy OypoBOW YCTaHOBKWM B npouecce
NUKBMAALMK ra3oHedTENPOSBEHUS NPK CTPOU-
TenbCcTBe rNybOKMX CKBaXWH Ha He(Tb WU ras.
[ByxdasHbIn cenapaTtop (ra3ooTaenuTenb) KOM-
naHun AKPOC npumeHsieTcs Bo BpeMsi bypeHus
C KOHTpofieM [aBneHus u BypeHus Ha Manow
ckopocTu, Korga TpebyeTca yaaneHue rasa u3
cmecu BypoBoro pacTeopa v wWama. Yetbipex-
(hasHbIN rOpU3OHTanNbHbIN cenapaTtop KOMMNaHum
AKPOC paspabotaH ana rnybokoro 6ypeHus
CKBaXWH C NOMOLLbI0 a30TUPOBaHHOro 6ypoBoro
pactBopa. OH MOXeT pasfensTb CKBaXKWUHHYO
CMEeCb Ha He(Tb, ra3 u Boay unm GypoBon pac-
TBOp U Wwnam. Mogynb cenapatopa paspaboTaH
B YTENneHHOM BapuaHTe ansg paboTbl B 3MMHUX
ycnosusx. MNpenmyLlectsamm gaHHbIX cenapaTo-
pOB  SABMSAKTCA aBTOMATUYECKWA  KOHTPOMb
YPOBHS XMOKOCTU B cenapatope, NpUMeHeHue
pacxo4oOMepoB Ha NUHMSAX cOpoca XKUAKOCTH,
KrnamnaHoB aBTOMaTUYECKOro KOHTPOSA AaBneHns
M BM3yanbHbIX YpOBHEMEPOB. ITO 0bopyaoBa-
HWe TaKkKe MMeeT BUMHTOBOWM Hacoc Ans cbpoca
wnama.

PoTopHbIN yCTbEBOW repmeTU3aTop npeaHa-
3Ha4yeH [ns aBTOMATUMYeCKOW repMeTusauuu
YCTbSi CKBaXWHbI BOKpYr ntobown yactu Bypunb-
HOW KOMOHHbI, B TOM YKCIE BEAYLLEN, YTAKENEH-
HbIX, HACOCHO-KOMMNPECCOPHbIX, a TakxKe 3aMKo-
BbIX COEAMHEHWI BypunbHbIX TpY6, Npu Bpalle-
HUW KONOHHBI, €e pacxXxaXxuBaHuu, HapaLLMBaHum
W BbIMOMTHEHMM CMYCKO-NOABEMHbLIX Onepauui.
PoTOpHbIN YCTbEBOW repMeTusaTop KOMMaHuu
AKPOC cepuun TITAN nossonsieT Bectn bypeHue
C KOHTpOnem AaBnieHuns Ha nbon 3agaHHow rny-
BrHe. POTOPHbIN YCTbEBOW repMETU3aTOP MapKu
RCD3, paspabotaHHbin cupmont M-I SWACO,
MMeeT MacCMBHbIE YMIIOTHEHWS, CNOCOBCTBYHO-
wme GbICTPOMY OTBOAY M3 CKBaXMHblI MaTepua-
NOB — ra3a, XWaKoCTu 1 BbIBYpeHHOro wnava —
Ha cenapauuio npu BypeHun C paBHOBECHBLIM
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[aBfieHMeM unu  BypeHun Ha  genpeccum.
YctponictBo RCD3 sBnsieTcs KOMNaKTHbIM po-
TOPHbIM YCTbEBLIM TEPMETU3aTOPOM. B KOM-
MIeKT YCTPOWCTBa BXOAWUT MOSHbIA KOHTYP Bbl-
PaBHMBAHWSA OaBNEHUs U MMAPaBANYECcKUA Kna-
NaH C AMCTaHLUMOHHbIM yNpaBneHneM, yCTaHOB-
NEHHbIN Ha GOKOBOM BbIXOAHOM MNaTpybke, yTO
NO3BONSET MCNOMb30BaTb AaBfieHME Ha YCTbe
CKBaXMWHbl ANs repmeTu3aumm OypunbHOM Ko-
NOHHbI BO BpeMSI BCeX BypuIbHbIX onepauui co
cbanaHcMpoBaHHbLIM JaBfEHNEM.

Cuctemy BP[] komnanum AKPOC pononHstoT
(bakenbHble BbIWKW: OHA BKMKOYAKT TparnHyo
YCTAQHOBKY W BbiLUKY Npu BypeHun CKBaKMHbI C
6onbLuyM rasoBbiM (aKkTOPOM, a TakKe ra3oBbIX
ckBaxuH. ®akenbHas BbilwKka Beyond npeacras-
nsieT cobow UHTErpupoOBaHHOE peLLEHUNE, BKIO-
yaroLLee YyCOBEPLLEHCTBOBAHHYHO CUCTEMY 3aXK-
raHMa M nnameracutens ¢ Gawnacom ans wmc-
NONb30BaHWS B aBapUHbIX CUTYaLMAX.

OxomeTp «[eocTap» — 3TO KOMMMEKC MNpo-
rpaMmHo-annapaTHoro obecneyeHusi, KOTOPbIN
onpegensieT ypoBeHb XWUOKOCTW W BENUYMHY
[aBneHnss B 3aTpybHOM npocTpaHcTBe HedTs-
HbIX CKBaXXMH. YCTaHaBNMBAETCS Ha KOMOHHYHO
rONOBKY.

[a30BbIN kKapbOOHTpakep M3MEPSIET CKOPOCTb
notoka ot 0,03 7o 84 %. TOYHOCTb M3MEpPEeHUN —
+5. TOYHOCTb MaccoBOro pacxofa yrneBogoposa-
Hon cmecun — oT 3 o 7 %.

Mpu npouepype Cnycko-nogbLEMHbIX onepa-
LM NPOU3BOAST YCTAHOBKY BA3KOYNPYrow Nayku,
nMeroLlenn renenodoOHbIi cocTaB Ha OCHOBE
clumtoro Guononumepa, € LenNbl pasgeneHus
PacTBOPOB C Pa3fMYHbIMK NIIOTHOCTAMU ANS
cTabunm3aumm CKBaxwuHbl OT ra3oHedTeBOAO-
NPOSIBIIEHUA B CTAaTUYECKOM pexume npu Bype-
HUW Ha Aenpeccuun.

BaxHbIM chakTopoM SABNSETCS TO, YTO NPU UC-
nonb3oBaHun obopyaoBaHusa cuctembl BP[
yCTbEeBasi U OKONOYCTbeBas 0OBsA3Ka HE 3aMEHSI-
eTCs, a NWWb [JOMONHSAETCH, NpWM 3TOM COB-
MECTHO WUCMOSb3YeTCs U CTaHA4ApTHOE MPOTUBO-
BbiGpocoBoe 06opyaoBaHME, M BCE 3MEMEHTHI
CTaHZapTHOrO KomnekTa GypoBOW YCTaHOBKM.
OT0 He gocTaBnsieT HeyaobCTB 1 NoBbIWAET 6e3-
OnacHOCTb Onepauuii, NOCKONbKy 0bBsi3ka faeT
6onbLue BO3MOXHOCTEN ANS MaHWNYNAUWA Npu
ynpaBfieHnn CKBaXWMHOW. POTOPHbIN YCTbEBOW
repMeTn3aTop He sIBNSETCA MPOTMBOBLIOPOCO-
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BoiM  obopydoBaHMeM W yCTaHaBMMBaeTCs
csepxy 6n1oka npotneoBbIGpocoBoro obopyaosa-
HUsi. POTOPHbIA YCTbEBLIA repmeTnsaTop obec-
NneYymBaeT repmeTM3aumto CTBoMa CKBaXMHbI Mpu
HaxoX4eHUW B Hel BYpOBOro MHCTPYMEHTA, No3-
BonseT 6e30nacHo OTBOAMTL MOCTynawowme u3
CKBaXMWHbl ra3, GypoBoM pacTBop, MfaCTOBbIN
chntong v BeIBYpEHHY0 nopoay.

ABTOpamMu cTaTbW M3y4YeHbl npegnaraemble
cneuuanuctammn upkytckoro cunuana «PH-by-
peHune» C. A. CepkyHoBbIM 1 A. . Baxpomee-
BbIM HOBbIE TEXHOSIOTMM BCKPbLITUS YrNEBOLOPOA-
HOW 3anexu [16]. PacCMOTpeHbl ropHO-reosnoru-
4eckne yCnoBusi NPUMEHEHUSI AaHHbBIX TEXHOMO-
A npu BypeHun ropu3oHTanbHOro CTBONa B
KONMeKkTopax C aHOManbHO HWU3KAMW M aHO-
MarnbHO BbICOKMMW NNAacToOBLIMU AABMEHUSMU.

B psge pabot BblleyKkasaHHbIX Crneuuanu-
cToB [17, 18] npeanonaraeTcs Npon3BoauTb Oy-
PEHWE NPU MOMOLLM PErYIMPYEMOro AaBMEHNS,
NPUMEHSS COBMELLEHHYIO TEXHONOruno BypeHus
Ha Aenpeccun ¢ TeXHOMOornen Ha penpeccum, Ho
[enatb 3T0 Tak, YTobbl AManasoH TekyLlero 3a-
6onHoro aaBneHuns 6bin oveHb Brn30K K NNacTo-
BOMY AaBrneHuio B mecte BypeHus. [Monyyaetcs,
4TO, BO3MOXHO, BypeHune ByaeT NpouCXoauTb TO
C MOrJIOWEHNEM, TO C NPOSBMEHNEM, TaK Kak Te-
KyLLiee NnnacToBOe AaBrieHMe ToXe MeHsieTcs. To
ecTb npegnaraetcs 6ypuTb Ha AaBneHUN, Makcu-
ManbHO GMM3KOM K «paBHOBECWIO», rae OaBne-
H1e Ha 3aboe NpUMePHO paBHO NNacTOBOMY AaB-
nenuto (puc. 3). Mpwn atom Byget HabnogaTbes
NPUTOK NMacToBOro ouaa B CKBaXWHY BO
BpeMsi aenpeccuu. MNpy noMOLLM CTaHLumM ynpae-
neHns obbeM NpUTOKa MOXET ObiTb YMEHbLUEH
[0 He3HaAYUTENbHOW BENUYUHLL. B crnyyae, ecnu
[axe Npu NOSTHOM OTKITIOYEHWUN BO34yXa UHTEH-
CMBHOCTb BbIBpOCa yBEeNMYNBaETCS, BKIOYAKOT B
paboTy perynupyemMbin WTyLep, CO3aalT C ero
NOMOLLBI0 HA YCTbe NPOTUBOLABMNEHNE: YMEHb-
AT NpPOXO4HOe CeyeHue O Tex nop, noka
cnongonposieneHne  ctabunuampyetca  Ha
YPOBHE M30bITOYHOrO AaBMeHUs Ha yCTbe nepes
wryuepom nopsigka 0,4-0,6 MIMa. NHbIMK cno-
BaMu, ynpaBneHne rmapoamHaMuyecknm gasne-
HUeM Ha 3ab01 OCyLLECTBASIOT PErynmpoBaHmem
nogayn Bosagyxa B OypunbHYH KOMOHHY U pac-
XOAa ra3oXnaKOCTHOW CMECU Yepes LUTYLIePHYHO
6aTapeto Ha BbIx04e U3 CKBaXMWHbI. Takum obpa-
30M, no cytm 6ygetr npoucxoguTb OypeHwue
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Puc. 3. Tunoeoli epaghuk daeneHuli npu 6ypeHuu c peaynupyembim dassieHueM
Fig. 3. Typical pressure graph under controlled pressure drilling

C perynupyemblm ra3oHedTeBOAOMNPOSBIIEHNEM.
[laHHy0 TEXHOMOrNID MOXHO HasBaTb TEXHOMO-
rmel ¢ «KOMOWHMPOBAHHLIMY Perynupyembim
LaBNeHNEM.

LlenecoobpasHbiM  npeactaBnseTca B
Ha4ane npouecca 6ypeHus ucnonb3oBaTb AaH-
Hble OT BypeHus npeaplayLmx CKBaXuHbl. Mpu-
HATb BO BHUMaHMWe rpaHuLbl uana3oHoB Aasne-
HUI Ha genpeccumn n penpeccumn ans JobbIYHOro
nnacra, a TaKkke ero remnepaTypHble n 6apuye-
CKMe XxapaktepucTukun. B npouecce OypeHus
CTBOMA CKBaXMHbI (C 3aMKHYTbIM KOHTYPOM) Te-
Kywee 3abonHoe AaBneHve OyaeT MeHATbCS C
OypeHusa Ha genpeccun Ha BypeHue C penpec-
cueit npy nomoLLy 6rnoka aBToMaTUYECKUX gpoc-
cenen. PerynupoBaHue OaBneHus Opoccensmm
MPOUCXOAMT 3a CHET U3MEHEHUS JaBNEHNS B 3a-
KONMOHHOM MPOCTPAHCTBE M onpeaenseTcs Ha 3a-
60oe 0Obl4HLIMM MaHOMETpaMu, a Ha yCTbe 06-
pasLOBbIMU MAaHOMETPaAMU.

[Npeanaraemblii 4OMYCTUMbIN AMaNa30H pery-
NUpyemoro faBneHns B 3ab60e ropu3oHTanbHoro
CTBOMA CKBaXWHbl OMWUCLIBAETCS W3BECTHLIMM
HepaBeHCTBaMMU:

Prm + Apenp = P3a6 Prm - A,qenp-

BennunHa paBneHus gpoccenupoBaHus B
pexumMe fenpeccuu onpegenseTcs Kak

>

Prm - P3a6 2 PApOCC 2 (Prm Aenp) 3a61
B peXunume penpeccmmn — Kak
(Prm + AAel‘lp) - P336 2 P,qpocc 2 Prm - Psa6-

MNpumeHeHne TexHonormn BPL pgenaer He-
HYXHbIMX Gonbluve 3aTpaTbl Ha XWMWUYECKME

peareHTbl 1 BypoBOW pacTBOp, MOrnoLliaemMble
NP1 aHOMasibHO HU3KOM NACTOBOM AABMEHUN, U
NO3BONSET NOBLICUTb YPOBEHb TEXHWKM Besonac-
HOCTW NPW CTPOMTENBCTBE CKBaXMHbI. [TocTynne-
HWe ra3oHeTAHON CcMecu U3 nnacTa nerko ob-
HapyXuBaeTcs, a ero 006bemM 3HaYNTENbHO
yMeHbLUaeTCs Nof AasneHneM. brok apoccenei
ObiCTPO noBbIWAET 3abonMHOe [aBneHue ans
OrpaHWYeHns aanbHenLWero NpMToKa.

KoHTyp ynpaBneHuss GypeHMeM CKBaXMHbI
obecneumBaeT TOYHbIA KOHTPOMb 3abOMHOrO
[ABMNEHMst NpW Npokayke MPUTOKOB HedpTeraso-
BOOSHON CMECH.

B koHTyp BXOguT cneaywowee obopynosa-
Hue:

— Bnok aBTOMaTUYECKNX APOCCENEN;

— CUCTEMA U3MEPEHUS JAaBNEHUS U KapoTaxa
B npoLiecce bypeHus;

— CUCTEMA U3MEPEHNS AaBNEHNS NPOMbIBOY-
HOro pacTBopa, ero o6bEMOB M pacxoda npu
LMPKYNALMN.

PaccmatprBaemoe obopyaoBaHue M TEXHO-
nornsa BP[ ycnewwHo npyMeHaTCH B HEKOTOPbIX
CTpaHax 3apybexbsi npu OypeHun 30H C aHo-
ManbHO BbICOKMM MNacToBbiM AaBneHuem. Vic-
Nonb3ylTCa Takke OypoBble pacTBOPLI Manon
MAOTHOCTH, HO C Y4ETOM BO3MOXHOCTY CO3[,aHUA
NPOTMBOAABIIEHNS Ha YCTbe CKBaXMHbl. Bce
bonblee npumeHeHne npu OGypeHUM HaxogsAT
Taxenole GypoBble pacTBopbl 6e3 TBepaon
¢hasbl, Kak NpaBMIIO 3TO paccornbl Ha OCHOBE CO-
nen 6poma — Mx 4acTo WUCMOMb3YIT HeTAHbIE
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V

KOMNaHun mupa. Kicnonb3yloTca uMu U apyrue
TEXHOMOrMK, B TOM Y1Cne Ha Aenpeccum.

BoamoxHocTn metoga BPL no koHTponto u
CHWXEHWUIO [aBMNeHWss B CKBaXuHe obecneuu-
BalOT YNyyLlEHWE W OONONHEHNE TPaAULLMOHHbBIX
MeTOOB ynpaBfieHUst CKBaxuHOW. B kayecTBe
LONOMHUTENBHOrO YPOBHS YNPaBNEHNs CKBaXW-
HOW MX MOXHO MCMOfb30BaTb HAa pPaHHMX CTa-
AMNsX, YTO 06ecneyunT BbICOKYH 3(PEKTUBHOCTb
¥ MUHMManbHbIe HapyLLEHWs npouecca, a Takke
Bonee H13KME NO CPaBHEHUIO C TPAAULMOHHBIMM
TexHonornsMu 3atpatel. Metog BP[L Takke
npenocTaBnseT BO3MOXHOCTb NPOBEAEHUA M-
HaMU4YECKMX UCMbITAHUIA HA FTEPMETUYHOCTb U UC-
MblTaHWA Ha TMAPOPaspLIB AN OnpeaeneHns
npeaenbHbIX 3Ha4YeHWW NOPOBOro AaeneHust /
rpagueHTa rugpopaspeiBa nnacra. bnarogaps
3TOMY MHXEHepbl B peXxuMe peanbHOro BpeMEHN
Mony4alT TOYHblE AaHHble C rNybuHbl CkBa-
XWHbI, YTO MO3BONSIET MM TOYHO OnNpeaenuTb
thakTmyeckoe okHO BypeHus 1 nepemeLlatsb ero,
ynpaenss 3ab0MHbIM JaBneHnem.

Mpn NpaBWiIbLHOM UCNONbL30BaHUM W ynpaB-
nenun metod BP[] MoxeT noMoYb 3HAYUTENbHO
CHM3UTb 3aTpaThbl M CTENEHb HEONPEAENEHHOCTH,
a TaKke cnocobCTByeT NMOCTENEHHOMY U3MeHe-
HUIO 3KOHOMMWYECKMX MNoKasaTenein OypeHus.
YHMBEPCANbHOCTb, TOYHOCTb M MBKOCTb
HaCTPOMKN 3HAYEHWNI JaBMNEHNS B CKBaXMHE Npu
ucnono3osaHum BP[ unameHunu cam npuHumn
TPaAWLUMOHHOIO YNpaBrneHns CKBaXMHOW. [laH-
HbIn MeToh SBNAETCA YNyyleHHON (OPMON
yNpaBeHns CKBaXWHOW, B KOTOPOW COYETAKTCH
MPOTOKOMbI KakK TPaAWUMOHHOMO BypeHus, Tak K
OypeHusa Ha genpeccum (puc. 4) [19-21].
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PaccmaTtpvBaemasi TEXHOMOrns CynTaeTcs
Hanbonee COBEPLUEHHOW Ha [aHHbIA nepuon
BPEMEHM, TaK Npu NoMOLLM HEE MOXHO KOHTPO-
nupoBaTtb AaBneHne no Bcew rnybuHe ckea-
XuHbl, perynupys 3UIM pacteopa. MepmeTny-
HOCTb LMPKYMSLMOHHOW CUCTEMBI «HAcoc —
nnacT» AaeT BO3MOXHOCTb YBENMUMBATL AaBne-
HWe B 3aTPyOHOM MPOCTPAHCTBE 3a CYET NpUMe-
HEHUS CUCTeMbl Apoccenen wunm, HaoboporT,
yMeHbLIaTb 3TO AaBfeHue 3a CYeT a3oTupoBa-
HUs BypoBoro pacteopa. [lpy BO3MOXHbIX
OCMOXHEHMSIX, Hanpumep Npu NPOSIBNIEHUNA NN
nornowieHun, npumeHsisa 6asoBoe obopynosa-
HUe, uHxeHep BP[ MmoxeT onepaTvBHO BMeELLU-
BaTbCA U WU3MEHATb ycrnoBusi BypeHns B CkBa-
XVHe, B MEPBYK oyepedb Yepe3 aBToMaTude-
CKYI0 CUCTEMY OpOoccenen.

PaccmatpmBaemas TexHonormss bP[, kak u
COOTBETCTBYOLEE en obopyaoBaHME, MOXET
NPUMEHATLCA AN BCEX MECTOPOXAEHWUN YrNeBo-
LOPOAOB C y4eTOM A0pabOoTKM, ECNN 3TO HEOOXO-
AMMO Npu anpobaumn KOHKPETHOW CKBaXWHbI
[22-25]. Tak, npn BypeHnun Ha geNpeccun OYeHb
onacHbIM hakTOpoM SBNSETCS MOCTOAHHbIN NPK-
TOK B CKBaXWHY pacTBOPEHHOrO rasa u nnacro-
BOM HedTW. YCTbeBOE AaBfieHWe MOXeT npu
aToMm yBenuumsaetcs o 4-8 Mrlla, a npu ocTa-
HoBkax BypeHus go 20 Mna, 4To HebesonacHo u
MOXET NPMBECTY K aBapui. [leGuT cKkBaXmHbl Npu
nputoke HedtM MoxeT pgocturate 200-600
M3/m3. B HEKOTOpbIX KapOOHATHBLIX KOMNEeKTopax
npu GypeHnn Ha genpeccumn Npu BXoge Ha ropum-
30HTanbHbIA y4acTok Aebut rasa gocturan 30—
38 Tbic. M3/cyT., nornoliexve — 4-6 m3/y, a no-
cTynneHue rasa — 105 Tbic. M3/cyT.

ﬂaBneHme rMapaBrnyecKkoro paspbisa nnacra

MopoBoe aasneHue

Bypetue Liupkynsiyms

3aboiiHoe aaBneHue, psi

Hacocbl

CoepauHenvne

BypeHue Ha genpeccuu

CTabunbHoe
...................... - qaaﬁoﬁHoe
OnTumanbHblit

nepenag AaBnexns Aasnexne

Ha fenpeccun
MpenenbHbIi nepenas
AaBneHns Ha aenpeccuu
(P1CK pa3pyLUEHst CKBaXUHBI
VN YCKOPEHWst fo0bIun)

>

L

Bpewmst / anuna, vacsl / yTbl

Puc. 4. Tunoeas 2udpasnuyeckasi npoepamma 6ypeHus Ha denpeccuu
Fig. 4. Typical hydraulic drilling program on the depression
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B kayectBe HarnsgHocTu npumeHeHus BP[
Ha KOpyB4eHO-TOXOMCKOM MECTOPOXAEHWN NPK-
BeaeM npumep BypeHuns ropu3oHTanbHOWM CKBa-
XWHbl AnuHon 897 M. lMpuHUMasi BO BHUMaHWe
Y€ YCTaHOBMEHHOE OKBMBANEHTHOE AaBneHue
nnacTa, nnoTHocTb GypoBoro pacTeBopa Obina
onpeneneHa B npepenax 0,94 r/cm®, nomaya
asoTa M3 YCTaHOBKM MpousBoAufiachk B Auana-
30He 14-18 m3/muH. B pesynbtate OUM po-
cturna 0,95 r/cm®. TeM He MeHee 13-3a MonyYeH-
HOro 0OMIbHOrO nornouleHns notTpeboBanoch
CHM3UTb NIOTHOCTL BypoBoro pacteopa Ao 0,86
r/cm3 M NpodoMmkuUTb GypeHne CKBaxWHbl C Npo-
SIBMEHNEM NnacToBoro rasa fo 2—-3 m3/y, 4To 8-
nsetcs npuemnemsiM. B pesynbTaTte Obinv nogo-
OpaHbl OKOH4YaTenbHble NapamMeTpbl npolecca
BypeHus npu 3UIM B npenenax 0,78-0,82 r/cms —
NpPOu3BOAMTENBHOCTL HacocoB 11 n/c n nogava
asoTa okono 20 mM3/muH. Mpu noMoLLM 3amepoB
ObIN0 YCTAaHOBMNEHO, YTO NPOTUBOAABIEHME MPU
umpkynsauum gocturano 0,2 MIMa, a npu HapaLm-
BaHuM konoHHb! — 2,4 Ma. B kayecTBe cBA3N Cu-
ctembl Tenemetpun SlimPulse ¢ gHeBHoOW no-
BEPXHOCTbIO MCMONb30Bancs rmapaBnnyeckun
kaHan cs3u. B npouecce bypeHus gns onpege-
nenusa n perynuposaxus SUIN npumeHsncs raso-
BbIl pacxogomep. C ero nOMOLLbH0 B peXUME pe-
anbHOrO BPEeMeHW onpedensnacb WHTEHCUB-
HOCTb NPOSIBMIEHNSA NNACTOBOrO ra3a, Nocne Yero
MonyYeHHble AaHHble UCMNOoNb30BannCh ANns Mo-
LENUPOBaHNUSA TMAPOAUMHAMUYECKMX YCMOBUN B
CKBaXWuHe ¥ onpeaensnacb Heobxogumas SLMM.
Bo Bpems cnycko-nogbemHbIX onepauuin ans
NPOTMBOAABIIEHNS HA MNacT B CKBaXUHY cOpa-
cblBanacb Baskoynpyras nadka. OHa 3amellana
npUMeHsieMbln BypoBOM PacTBOP Ha YTSKENeH-
HbIA MnoTHOCTbIO 1,05 r/em3.

BaxHo 3ameTuTb, 4TO BP/[] HE 3aMeHseT Tpa-
AVLMOHHbIE METOAbI CTPOUTENLCTBA CKBAXMHbI,
a Tonmbko pononHaet ux. BP[l obecneuynBaet
6e3onacHocTb BypeHnst CKBaXMWHbI 1 B KOHEYHOM
cyeTe ABNSAETCH SKOHOMUYECKU BbIroaHbIM. Oco-
OEHHO 3TO 3aMETHO B MOPCKMX apKTUYECKUX
YCINOBUSIX C aBTOHOMHbIM XapakTepom BypeHus,
roe TpebyeTca cneumanu3npoBaHHoe obopyao-
BaHMe, a TakkKe pernameHTbl 1 KBanuguumpo-
BaHHbIV MEPCOHan ¢ HaBblkamu paboTbl UMEHHO
B NOA0OHBIX CIOXHbIX YCIOBUSIX.

3akniouyeHue
Ha ocHoBe aHanu3a npvBeAEHHbIX AaHHbIX
MOXHO cfenaTb BblBOJ 0 HE0OX0AUMOCTU BHES-
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PEHUSI TEXHOMOTMM MNEPBUYHOTO BCKPbLITUS C
[anbHENLWUM ropu3oHTanbHbIM GypeHneM noj
KOHTPONEM PEerynmpyemMoro AaBfeHus Kak COB-
MELLEHHOW BEPCUM PENpeccun 1 aenpeccum, To
ecTb BypeHusi, 6rM3Koro Kk paBHOBECHIO.

OTHocuTenbHO Bonblias 3aTpaTHOCTb ATOW
TEXHOMNOMM Ha atane BHeapeHus ByaeT 3akoHo-
MEPHO CHWXaTbCS MPU CEPUNHOM ee NpUMeHe-
HUM B 3KCMNyaTaLMOHHOM FOPU3OHTaNbHOM Oy-
peHun. Kak nokasbiBaeT npakTuka, ra3oxuakocT-
Hasi CMECb C NPUMEHEHNEM a30Ta MOXET NpumMe-
HATCS ONA LMPKYNSAUMM pacteopa U 4OCTUXKEHUS
cbanaHcMpoBaHHOTO AABMNEHUS, KOraa AaBreHne
Ha 3a60€ CKBaXWHbl HAXOAMTCS NOYTU HA YPOBHE
nnactoBoro AasneHus. OCHOBHOW OCOOEHHO-
cTbto cuctembl BP[] siBnseTcs ee nonHas repme-
TUYHOCTb Ha y4acTke «OypoBOWM HAcoc — ras3oce-
napatop», YTO MNO3BONSET YNpaBnsATb BCEMM
npoueccamu Ha 3aboe CkBaxuHbl BO Bpems Oy-
PEHVS U CYLLECTBEHHO MMHUMWU3NPOBATb PUCK
BO3HMKHOBEHWS ra30HeTEBOAONPOSIBIIEHWIA.

MNpumeHeHne cuctem OypeHUst CKBaXWH C
KOMOWHMPOBAHHLIM YNPaBSEMbIM [aBNEHUEM
NO3BONSET CHU3UTbL BCE PUCKK Npu BypeHum, no-
BbICUTb €ro 3PMEKTUBHOCTbL, a Takxe BypuTb pa-
Hee He nognexatime pa3bypuBaHUIO CKBaXWHbI.
BP/l no3songer:

— MUHUMUW3NPOBATL 3arpsi3HeHns BypoBbIM
pacTBOPOM NPOAYKTUBHOIO NnacTa;

— npou3BoauTb OypeHne nnactoB C aHo-
ManbHO HWU3KMM MNacToBbiM AaBneHnem 6e3 no-
rnoweHns 6ypoBoro pacteopa;

— YBENNYUTb MEXAHUYECKY) CKOPOCTb B
CBS131 C OTCYTCTBUEM MOTTOLLEHWI;

— NOBbICMTb 6E30MacHOCTb PaboT B CIOXHbBIX
FOPHO-re0NOrNYECKMX YCIOoBUSX;

— ynpaBnsaTb NpoguiemM LaBneHus B CKBa-
XWHE Ha nobon rnybuHe;

— onpepensTe hakTn4yeckne rpaaueHTbl aas-
NEeHns B ANHAMUKE;

— ONepaTUBHO MOBbIWATb [daBMeHWe Ha 3a-
6oe 6e3 Heobx0aMMOCTM 3aMelLeHns1 pacTBopa
NpW NPOSIBNEHUAX W HECTabUNbHOCTU CTEHOK
CKBaXWHbI;

— KOHTPONMPOBaTb OCHOBHblE MapameTpbl
CUCTEMbI: MPOTMBOAABIEHNE, NNOTHOCTb (OIHO-
noa, ero peonornyeckne CBOMCTBA, YPOBEHb B
3aTpy6HOM NPOCTPaHCTBE, NOTEPU LMPKYNSLN-
OHHOTO [aBfEeHMst Ha TPeHNe B 3aTpybHOM npo-
CTpaHcCTBe.

K HegocTtaTkam BP[l cnegyet oTHECTH Cnox-
HOCTb TEXHONOrMYeckoro npotecca, Heobxoau-
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MOCTb BbICOKOrO YPOBHS MOATrOTOBKM NepcoHana
W NOBBILEHHbIN PUCK NOMyYeHns Bolbpoca gnto-
naa.

Ha cerogHsawxui aens BP nonyyaet pac-
npocTpaHeHne B KomnaHusax Poccun. OnblTHO-
MPOMbILWNEHHbIE pPaboTbl C  MCMNONb30BaHUEM
BP[ nposogstca B komnanusax UIMC-HIY, «las-
npom» n apyrux. V13 npegcraBneHHoro Bollle Ma-
Tepvana BMAHO, Y4To BypeHne ¢ KOMOUHNPOBaAH-

| 2022:45(1):60-72

HbIMW perynupoBaHvuem AaBrneHns UMeeT Orpom-
Hble NepCcneKkTUBbl Pa3BUTUA U NMPUMEHEHUS KaK
Ha AaBHO paspabaTbiBaeMbIX MECTOPOXAEHNSAX
(B ycnoBusix MpOCaXeHHbIX NNacToBbIX AaBre-
HUIN), TaK U Ha HOBbIX pa3BedaHHbIX MECTOPOX-
AeHUaX Ang MUHUMU3aLUUM PUCKOB BO3HUKHOBE-
HUS  ra3oHed)TEBOAONPOSABIEHUA U OpYruX
OCMOXHEHWN.
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UccnenoBaHue Ha TpexMepHOU Moaenu nposiBrieHnA 60KOBOro
AaBNeHUA BO BCKPbIWHbIX NOpPOAax COOpyKaeMoro B yuienbe oTBana

AHyuw AwotoBHa KasapsH?
flepHamemanypauau uHemumym, [K «Bannekc», e. EpesaH, Pecnybnuka ApmeHus

Pestome. Ha coBpemeHHOM 3Tane oTpaboTkn HaropHbIX kapbepoB POPMMPOBaHNE MHOTOSPYCHbLIX OTBANOB BCKPbILIHBIX
MOPOA B CIOXHbIX YCMOBUSX FOPUCTON MECTHOCTM M OTPaHUYEHHOCTM 3eMeNbHbIX PECYpCcoB OoCTaeTcs NnpobnemHoi 3aga-
yel. AHanwa nokasarn, YTo Ha NPaKTUKe NPOEKTUPOBaHWS MHOTOSAPYCHBIX OTBAOB B YLLENbAX COOTBETCTBYHOLLMM 06pa3om
HE paCCMOTPEHbI BONPOChHI, CBA3AHHbIE C YCTAHOBIIEHWEM pacnpeaeneHns HanpshkeHW B Tene oTBana B 3aBUCUMOCTM OT
BENWYMHBI ABYrPaHHOrO yrna, 06pa3oBaHHOro 0Tkocamu 6OKOBbIX rpaHen yuenbs. [leno B ToM, 4TO B npoLiecce O TChINKK
BCKPBILLHBLIX MOPOA Ha LEHTPanbHyl 0CEeBYH0 MIOCKOCTb (hOPMUPYEMOrO B YLUENbe OTBaNa CO CTOPOHbI HAKMOHHBIX MO-
BEPXHOCTEN yLUeNbs NepegatoTcs Cuilbl HANPSHKEHWIA, MPU 3TOM HaKNMOHHOE COCTaBNsOLWEee HanpshkeHnin 0bycnoBneHo
MacCOl OTCbIMAeMbIX Ha HaKIOHHble GOKOBbIE MOBEPXHOCTW YLUENbs BCKPbILHBIX MOPo4. 3T BOKOBblE HanpsKEHUS
HanpaseHbl NoA YoM K CABUTaKLWMM YCUnaM, eNCTBYIOLLMM B OTBare, 1 B npouecce PopMnpoBaHns oTBana urpaioT
MOMNOXMWTENbBHYIO POSb B YCKOPEHUM NpOoLiecca KOHCONMAALIMM FTOpHOW Macchl B 3axaTton cpeae. CHKeHWe CABMralowmx
YCUNWiA B OTBane NPUBOAMNT K YBENMUYEHWNIO €ro YCTOMYMBOCTH, @ TaKKe K OnpeaeneHunio B CBA3W C 3TUM pauMoHarbHbIX
06bEeMOB YKNaabIBaeMbIX B HEM BCKPbILLHBIX MOPOA M rMaBHbIX NapaMeTpoB MHOrosipycHoro oteana. Heobxogmmo otme-
TUTb, YTO MMEIOTCSH 3HAYUTENbHBIE TPYAHOCTW B BbISBNIEHUM 1 OO BEKTUBHOW OLIEHKe XapakTepa BO3HUKHOBEHWS 1 pacnpe-
AENeHns CUN HaNPSPKEHUIA B COOPY)XaeMOM B yluenbe oTBane rpadoaHanutnyeckumy metogamu. B xoge npeacrasnex-
HOTO 1CCneJoBaHMS aBTopoM Gbina NpeanpuHATa NonbITka BbISBEHUS W perncTpaumum B Tene opM1pyemoro B yulense
MHOrOSIpyCHOr0 OTBana BCKPbILUHbLIX MOPOZ, CWI HAMPSPKEHWI MPY NOMOLLM METOA0B (PU3MYECKOro MogenupoBanns. Ans
aToro paspaboTaH TpeXMepHbIN MOAEMNbHbIN CTEHA MHOTOSPYCHOro 0TBana. [laHHbIN CTEeHA No3BoNseT MeToaoM duranye-
CKOro MofenMpoBaHus peLiatb 06beMHy0 3adady M B 3aBUCUMOCTM OT YroB OTKOCa BOKOBbIX MOBEPXHOCTEN YLUEmNbS
BbISIBM1STb 3aKOHOMEPHOCTU U3MEHEHWUS HaNPshKeHUN B LIEHTPanbHOW OCEBOM MIIOCKOCTW MOAeNu oTeana.

Knroueeble cnoea: TpexmepHblit MOAENbHBLIN CTEHA, YLLenbe, SKBUBANEHTHbIM MaTepuar, ABYrpaHHbINA Yron, LeHTparb-
Has oceBasi NNOCKOCTb, AATYMKU HANPSKEHUs

Ans yumupoeaHus: KaszapsaH A.A. [ccnegoBaHne Ha TpeXMEPHOW MOZENM NpOsiBNEHWUsT OOKOBOro [AaBneHus
BO BCKPbILLUHbIX NOPOAAX COOpYKaemoro B yulenbe oteana // Hayku o 3emne v Hegpononb3oBaHue. 2022. T. 45. Ne 1.
C. 73-79. https://doi.org/10.21285/2686-9993-2022-45-1-73-79.

Original article

A three-dimensional model study of lateral
pressure manifestation in gorge dump overburden

Anush A. Khazaryan?
3L ernametalurgiai Institute CJSC, Vallex Group, Yerevan, Republic of Armenia

Abstract. Today the development of upland quarries with the formation of multi-tiered dumps of overburden rock mass in
complex conditions of mountainous terrain and limited land resources still remains a problem. The conducted analysis has
shown that the practice of designing of multi-tiered dumps in gorges lacks detailed consideration of the issues determining
the stress distribution in the dump body depending on the dihedral angle formed by the slopes of the side faces of the
gorge. The point is that the process of overburden dumping is accompanied with the transmission of stress forces to the
central axial plane of the dump body formed in the gorge from the side of the gorge inclined surfaces. At the same time,
the inclined component of stresses is due to the mass of overburden rocks dumped onto the inclined side surfaces of the
gorge. Being directed at an angle to the shear forces acting in the dump, these lateral stresses play a positive role in the
acceleration of rock mass consolidation in the clamped environment during the overburden dump formation. The decrease
in dump shear forces leads to the increase in dump stability. It also allows to determine the rational volumes of overburden
to be laid as well as the main parameters of a multi-tiered dump. It should be noted that there are significant difficulties
in identifying and objective assessing the nature of occurrence and distribution of stress forces in the dump being
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constructed in the gorge using graphic-analytical methods. In the course of the presented study, the author made an
attempt to identify and register stress forces in the body of a multi-tiered overburden dump formed in the gorge using
physical modeling methods. For this purpose, a three-dimensional model test bench of a multi-tiered dump has been de-
veloped. This test bench allows to solve a three-dimensional problem using the method of physical modeling and, identify
the stress variation patterns in the central axial plane of the dump model depending on the inclination angles of the side
surfaces of the gorge.

Keywords: three-dimensional model test bench, gorge, equivalent material, dihedral angle, central axial plane, stress
Sensors

For citation: Khazaryan A. A. A three-dimensional model study of lateral pressure manifestation in gorge dump
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BeeaeHue

AHanu3 uccrnefoBaHun npeawecTBeHHUKOB
rnokasarn, YTto B HacToslLLiee BpeMs HeLoCTaTou-
HbIM 0Bpa3om uccrnefoBaH psg BOMPOCOB, CBSA-
3aHHbIX C 06OCHOBaHMEM [NaBHbIX NapaMeTpoB
MHOIOSIPYCHbIX OTBanoB, COOPYXaeMblX B CIOX-
HbIX penbedHbIX yCcrnosusax. B gencteyowmnx me-
TOOMYECKUX YKaszaHusX Ons pacyeta napamert-
POB MHOrOSIPYCHbIX OTBAasnoB, COOPYXaemblX B
yLLENbAX, PEKOMEHAYETCH MCNONb30BaTh Te Xe
MEeTOAbl, YTO M NS pacyeTa napameTpoB OTBa-
NOB, pasMeLLEHHbIX Ha POBHbIX MoLiagkax unu
Ha HaKNoHHOM ocHoBaHuu! [1, 2]. Tem He MeHee
B M3BECTHbIX MCCNeOO0BaHUAX NPUBOAUTCH WH-
hopmaLus 0 TOM, YTO XxapakTep pacnpeaeneHus
cun B OTBare, COOpYyXaemoMm B yLiesbe, OTuya-
€TCS OT aHanNorMYyHoOro nokasaTens Ans 0TBasnos,
C(POPMUPOBAHHBLIX Ha POBHbIX WM  crabo-
HAKMOHHbIX Nnowazgkax. B HMX Takxe nokasaHo,
YTO OTBanbHas Macca BCKPbILLIHbLIX NOPOA B yLle-
NbSX HAXOAUTCA B «3aXaToW cpeaey, rae 3Hauu-
TenbHas porb OTBOAMUTCS BIUSHUIO HA Maccy OT-
BanbHbIX NOpPOA ABYrpaHHOro yrna, obpasoBaH-
HOro GOKOBbIMW MNOCKOCTAMM yuenbs [3-5]. B
CBSI3M C 3TUM Npu 060CHOBaHUK U pacyeTe KO-
(puumeHTa yCTOMYMBOCTM COOPYXKAEMOTO B YyLLe-
Nbe MHOrosipyCHOro oTBana NoMuMo onpegerne-
HUS OEUCTBYIOLLMX B Tene oTBana yaepxueato-
WX 1 CABMratoLmx cuin HeobXoanMO y4nTbIBaTb
¥ peakuum cun, nepegaBaemMbix 60KOBbIMM NIOC-
KOCTSIMM yLLeNbs Ha LeHTpanbHY0 OCEBYHO NNOC-
KOCTb OTBana.

MaTtepuanbi u metoabl
nccnegoBaHus
B xogoe paHHoM paboTbl ONs BbISIBMEHUS
W onpefeneHns xapaktepa pacnpegeneHuns cun

B OTBasie BCKPbILIHbLIX NOPOA B yuienbe 6bin uc-
Nnonb3oBaH MeTon (HM3N4eCcKoro Moaenuposa-
HUsi. ABTOpOM paspaboTaHa TpexmepHasi Mo-
[eNb KOHCTPYKLMU MOBOPOTHOTO MOZENBHOIo
CTeHaa, Ha kotopyto B 2019 r. nonyyeH naTeHT
Pecnybnuku Apmenun Ne 3350A [6]. PaspaboTka
MOZENbLHOro CTEHAA M BCE COMyTCTBYHOLLME UC-
cnefgoBaHus 6binu BoinonHeHsl B 3A0 «Jlep-
HameTanypruam nHeTuTyT™ K «Bannekcy.

Pe3ynbTtaTthl uccnegoBaHus
n Ux obcyxaeHue

N3 TexHnyeckon nutepaTypbl M3BECTHO, YTO
MOZENMPOBaHNE reOTEXHUYECKOr0 COOPYXKEHUS
M3 3KBMBAMNEHTHbIX MaTepWanoB BbINOSHAETCS
Ha NSIOCKMX CTeHAdax AByms cnocobamu: Ha Bpa-
WAKLWMXCA M CTauMoHapHbiX cTeHgax [7-10].
OfHaKo Npu NOMOLLM 3TUX KOHCTPYKLUIA CTEHA0B
husnyeckoro mMofenupoBaHus OTBanNoB BBUAY
HeWTpanu3auMm B HUX BO34eNCTBMS OOKOBbIX
CWN HEBO3MOXHO BbISIBUTb CUIIbl HaNpsXKeHUN,
nepefaBaeMblX Ha Maccy OTBanbHbIX NMOPO4 CO
CTOPOHbI OOKOBLIX MOBEPXHOCTEN ywenbsa [11,
12]. Obwwmn BMA MOAENbHOrO CTeHAa TaKoro
poda nokasaH Ha puc. 1 [6].

Pa3paboTaHHbIn aBTOPOM AAHHOW CTaTby
TPEeXMepHbI CTeHA M3nM4eckoro Mogenuposa-
HUS B OTNNYME OT BbILLEYNOMSHYTHIX CTEHA0B
nmeeT GOKOBbIE rPaHM, LAPHUPHO CBSI3AHHbIE C
Kapkacom OCHOBaHus 1 obnagatoline BO3MOX-
HOCTbIO HaKfOHa B HanpaBiieHWXM OCHOBAHUS.
YCTaHOBMEHHbIE AaTyYMKN perucTpauum Hanpsi-
XEHWN pacnonoXeHbl B LEHTPanbHOW OCEBOW
MOCKOCTU Macchl 3KBMBANEHTHOrO Matepuana.
BokoBble CTeHkU (rpaHu) coefuHeHbl C OCHOBa-
HMEeM Koprnyca CTeHAa ropu3oHTasbHbIMK Liap-
HUpaMKW, a CABOEHHble [aT4YMKM HanpsHXEHUN

1 MeToanyeckne ykasaHusi Mo OMpeaereHuIo YrioB HakrioHa 6opToB, OTKOCOB YCTYMOB M OTBASIOB CTPOSILLMXCS W SKCMy-

atupyembix kapbepos. J1.: N3g-so BHUMMW, 1972. 165 c.
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pasMelleHbl B 9KBMBANEHTHOM MaTepuane no
BCEW BbICOTE LEHTParnibHOM OCEBOW MIIOCKOCTM.
INpun aTOM yron, o6pa3oBaHHbI MeXAY NapHbIMMU
AaTtyvkamu, BaBoe Oonblue yrna BHYTPEHHEero
TpeHus, obpa3oBaHHOrO Mexay LeHTpanbHow
BEPTUKANbHON MNIOCKOCTbIO MOAENU U 3KBMBA-
NEHTHOro mMatepuana.

Ha puc. 2 nokasaHa UeHTpanbHas BepTu-
KanbHasi N0CKOCTb pa3paboTaHHOW MoAenu ¢
yKazaHMeM [aT4MKOB HanpsiKeHus B OCEBOW
MAOCKOCTM Mogenu. Yron yCTaHOBKM LaT4MKOB

2022;45(1):73-79

perncTpaLumn HanpsbKeHUn B 3KBUBaNEHTHOM Ma-
Tepuane LUeHTpanbHON BepTWKanbHOW MNOCKo-
CTM B 1 paBHOAENCTBYIOLEE AaBneHNe E B Mo-
LeNbHOM CTeHAe Takxke NPeAcTaBneHbl Ha puc. 2
[13].

Yron 8 MOXHO onpefennTb cornacHo puc. 2
(y3en A), Ha KOTOPOM U3 NPSIMOYrOfbHOIO Tpe-
yronbHuvka abc cnegyert, YTo:

0 +90+ a =180
a =90°-¢;
a+ B +90° = 180°

Puc. 1. YcmaHoeneHue 0am4ukoe HanpsiXeHusi 8 yeHmpasibHol eepmukanbHol nirockocmu
3Keu8aJsleHmMHO20 Mamepuaiia 8 MoOe/IbHOM cmeHde:

1 — kapkac ModernibHo20 cmeHOa; 2 — aKeuBaneHMHbIU Mamepuar,; 3 — 60Ko8ble cmeHKu,; 4 — damyuku;
5 — 20pu3oHmarnbHbie WapHUpPbI KperneHusi 60Ko8bIX epaHel K 0CHO8aHuIo Modenu; 6 — QoMKpamel
Fig. 1. Installation of stress sensors in the central vertical plane
of the equivalent material in the model test bench:

1 — model test bench frame; 2 — equivalent material; 3 — side walls; 4 — sensors;

5 — horizontal hinges for side face fastening to the model base; 6 — jacks
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5+90°+a=180° \ 2
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p=s

Puc. 2. Yanbi pasmeujeHusi Gamyukoe 0511 pecucmpauuu HanpsixeHull 8 yeHmpasnbHol ocesoll
nnockocmu Modesiu OmHocumesibHo pasHodelicmeyouwe20 60k08020 daeseHusI:
1 — yeHmparnbHas ocegasi IoCKOCMb
Fig. 2. Location angles of sensors for stress recording in the central axial
plane of the model relative to the resultant lateral pressure:
1 — central axial plane
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90° -6 + B +90° = 180°,
g =56.

Ha ocHoBe npmBedeHHbIX Bbllle BblpaXeHuUn
MOXHO caenaTtb BblBOA, YTO 3HaveHue obpaso-
BaHHOro ABYMS AaTyvMkaMmu yrna sasoe bonblue
yrna TpeHust 9KBMBANEHTHOro Matepuana c LeH-
TpanbHOW BEPTUKaNbHOW NIOCKOCTbIO Mogenu .
MocnegHwin OQHOBPEMEHHO paBeH Takxe yrny
HaKMoOHa paBHoAeNCTBYyoLLEero 60KoBOro Aasse-
HUA 3KBMBANEHTHOrO matepuana E, npunoxeH-
Horo Kk 1/3 (cuMTas CHM3y mogenu) oT BbICOTHI
LEeHTpanbHON BepTUKaSIbHOM MSIOCKOCTM  MO-
nenw? [14-20].

Ha paspaboTaHHOM MogenbHOM CTeHae BO3-
MOXHO pPerncTpupoBaThb B 3KBUBANEHTHOM MaTe-
puane 3akOHOMEPHOCTU W3MEHEHWUS Hanpske-
HUW, NepefaBaeMblX B OCEBYH MMOCKOCTb MO-
LENN MHOTOSIPYCHOrO OTBana co CTOPOHbI HOKo-
BbIX rpaHew yLiesnbs.

[onoxeHwe OBYx OOKOBbIX rpaHe, He3aBu-
CVUMO ApYr OT Apyra BpaLlatoLlmuxcs BOKPYr npo-
[0MbHON OCU MOAESIbHOrO CTeHAa, MOXET U3me-
HATBCA OT BEPTUKaNbHOIO 40 FOPU3OHTANbHOrO.
Pa3paboTaHHbIN TPEXMEPHBIN CTEHA ANS Mofe-
NUPOBaHNA UMEET BO3MOXHOCTb C MOMOLLbIO
rMapaBAMYeckoro 4oMKpaTa U3MEHSATb CBOE Mo-
NOXeHWe B BEPTUKANbHON NAOCKOCTH.

Ha ocHoBaHum Teopuu KyrnoHa HanpaeneHue
LENCTBMS MOMHOTO 3KBMBaneHTa [fasneHus E
onpenenseTcs YrnoM OTKMOHeHWs E OT Hop-
Manu, nepneHauKynsapHon 6OKOBON CTEHKe noa-
MOPHON CTEHKWU, YTO NPUHUMAETCS PaBHbIM Yrily
TPEHUs rpyHTa & C BEPTUKANbHON OCbIO MAOCKO-
cTm mogenu [6]. lMonHoe paBHoAeWCTBYOLEE
[ABMEHNE Ha rPYHT E un yron TpeHus rpyHTa 0 C
BEPTUKANbHON OCbIO MNOCKOCTU MOAENMN B3aUMO-
CBSI3aHbl:

8= ytg* (45°F 2);
HZ

E=Ctg? (45°-2),
rge y — MNOTHOCTb OTCbIMAHHOW TPYHTOBOM
Maccsbl, r/cm3; ¢ — yron BHYTPEHHero TpeHus Ya-

cTuy, rpag.; H — BbicoTa 3achbinku, CM.

Ha ocHoBe akcnepumeHToB Monnepa ans
NPaKTUYECKMX UCCNeaoBaHUN YCTaHOBMEHO, YTO

yron & namensietcs B npegenax 0,33 p <6< 0,67
P, @ Ha ocHoBe akcnepumeHToB Mionnepa-
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bpecnay & = 0,75 p, roe p — yron BHYTPEeHHero
TPEHWS YacCTuUL rpyHTa.

B cootBeTcTBUM C 3TOW Teopwen onpenene-
HWe paBHOAEWCTBYHOLLEro AaBneHns E asnsetcs
NPUOPUTETHBLIM, O0COBEHHO NpuM BbiGope CXembl
YCTaHOBKM 4aT4YMKOB A5 perncTpaLm Hanpshxe-
HUI, NepegaBaeMblX CO CTOPOHbI BOKOBLIX NOC-
KOCTen pa3paboTaHHOro MOAENbHOrO CTeHAA Ha
LLeHTpanbHyl0 BepTUKanbHyl (OCeBYH) nmoc-
KOCTb MOZENM MHOrOSiPYCHOro oTBana.

WccnenoBaHne OOKOBOro BO3AENCTBUSA Ha
LIeHTpanbHOM YacT MOAENMW MpW BapuaHTe OT-
paboTKM MoAenu C OAQHOBPEMEHHBIM PacKpbl-
TUEM ABYX PaHEen KOHCTPYKUMM MokKasasno, YTo
XapakTep pacnpegeneHuss HanpskeHun, oby-
CINOBMEHHbIN BECOM MOAENbHON CMECU, B OCHOB-
HOM OCTaeTCs HEW3MEHHbIM, KaKk M Npu oTpa-
60Tke Modenu ¢ 0AHOW NOABMXHOMN rPaHbI0.

OnbITbl NOKa3anu, 4To NpW paBHOMEPHOM U3-
MEHEHWUW YrMOB HaKMoHa ABYX GOKOBbLIX rpaHen
CTeHAa JaBneHne Ha perucTpupytoLme aMHamo-
MEeTPbl YBENMYMBAETCS NOYTU BABOE MO CPaBHe-
HUIO C NpeabIaYLLMMI ONbITaMK, BbINONHEHHBIMM
Npyv OAHOW HEeNoABWXHOW WM OAHON MOABWXHON
rpaHsax mogenu. B atom cnyyae npowucxogut
[anbHenwee yBENUYEHNe HanpsKEHUN Ha LieH-
TpanbHOM y4YacTKe MOAENbHOW CMEcH, YTo Mpu-
BOOWT K MHTEHCUBHOMY M3MEHEHMIO HEKOTOPbIX
(PU3NKO-MEXAHNYECKNX XapaKTEPUCTUK 3SKBKBA-
NEHTHOro MaTepuana.

PocT HanpskeHW, 3aperncTpMpoBaHHbIX ro-
PU3OHTANbHO U BEPTUKANIbHO YCTaHOBMEHHBIMM
TEH30MEeTpUYEeCKUMM gatynkamu npubopa AL -
4 B LEHTPanbHO YacTy Modenu, B 3aBUCUMOCTH
OT YrMOB packpbITUs GOKOBLIX rpaHen mogenw
0, 10, 20, 30, 40, 45, 50 n 60° npvBeaeH Ha
puc. 3.

N3 puc. 3 BMAOHO, YTO C YBENMUYEHWEM Yyrna
HaknoHa rpaHuM mogenu o 45° Habnogaetcs
POCT OABNEHMSt HA OaT4YMKKM, YCTAHOBMEHHbLIE B
0CeBOW NIOCKOCTM MoAeNbHON cmecw. [1pu oTpa-
6oTke mogenu C OOHOW NOABWXKHOW rpaHbio
HaNPSKEHUS1 HA TOPU3OHTANbHO U BEPTUKANbHO
YCT@HOBJIEHHbIE OATUMKM YBEMMUYMBAKOTCA COOT-
BeTCcTBEHHO Ha 20 n 12 %, a korga ogHoBpe-
MEHHO U paBHOMEPHO packpbiBaTCA 00e rpaHu
MOZENbHOM KOHCTPYKLUMKN — Ha 36 1 28 %.

2 Amwmkos B. Metoabl u cpeacrtea nccnegoBaHun u KOHTPONA ropHbLIX nopoa M NpoLeccoB: yqe6H|m< ana BYy30B.

M.: Hegpa, 1982. 296 c.
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Yron packpbITus GOKOBOWN rpaHK K BEPTUKaNbHOW OCKM MOAENU, rpaa.

Puc. 3. 3asucumMocmb usmeHeHus1 dassieHUs Ha GamyYyuKu NpuU pacKkpbIimuu 0GHOU 2paHu Modesu u esicome
ycmaHoeku 0amyukoe (c4umasi om ocHogaHusl ModeJiu) 8 IkgugasleHMHOM Mamepuarsie, pasHoU:
1-80;2-60;3-40;4-20;5-0cm
Fig. 3. Dependence of pressure change on the sensors when opening one face of the model and the sensor
installation height (counting from the base of the model) in an equivalent material that equals to:
1-80;2-60;3-40;4-20;5-0cm

3aknioveHue

OtpaboTka co3gaHHON TPEXMEPHOW MOAENK
No3BOMMUA pewWwmnTb CrneaytoLme 3agaqu:

— B 3aBWCMMOCTM OT TOSLLMHbI CNOS 9KBMBA-
NEHTHOro MaTtepvana B Mogenu crana BoOs3-
MOXHa OLeHKa HanpshkeHUi B ee LieHTpanbHON
OCEBOW NMOCKOCTH;

—Obin  yCTAHOBNEH XapakTep W3MEHeHUs
HaNPSXKEHUN B LiEHTpasibHOW OCEBOW MNOCKOCTU
MpW HENOABWXHON M BEPTUKANbHO YCTAHOBIIEH-
HOW OOHOWN rpaHn Modenu U HeM3MeHHOW BbICOTE
MOAENbHOM CMECHK B CTEHE, a TaKXKe Npu n3me-
HEHWW yrna HaknoHa GOKOBOW rpaHM mMogenu B
nHtepsane ot 90 go 0°;

—onpefeneH xapakTep W3MEHEeHUs Hanpsi-
XEHHOTO COCTOSIHMS Ha pPasHblX YPOBHSAX LEH-
TpanbHOW 0CEBOWN NMOCKOCTU MOAENBHON CMECH
npy OA4HOBPEMEHHOM U3MEHEHUN YITI0B HaKMoHa
ABYX BOKOBbIX rpaHew cTeHaa;

— BbISIBIEHO, YTO MaKCMMasibHOe 3HaveHue
HaNPsPKeHUs IKBMBANEHTHOroO MaTepuana B LieH-
TpanbHOW YacTu MOAenu OOCTUraeTcsl Ha Bbl-
cote 55-60 cm npu yrne HaknoHa rpaHen B Mo-
AEenu, paBHOM 45°,

Mpn nomowmn U3NYECKMX MOAENbHLIX WC-
crnefoBaHuii Ha paspaboTaHHOM TpexmMepHOM
CTeHOe CTAHOBMTCS BO3MOXHbIM ONpeaeneHve
XapakTepa U3MEHEHWSI HanpPsKEHWA Ha PasHbIX
YPOBHSIX LIEHTPanbHON OCEBOW MSIOCKOCTM Npu
OLHOBPEMEHHOM M3MEHEHWUM YIII0B HaKNOHa
ABYX BOKOBbIX rpaHel MoaenbHoro cteHga. Obb-
eMHOE (M3MYecKoe MOLENUPOBAHNE MHOrO-
SPYCHOro oTBana rno3BosseT onpeaensaTb pauu-
OHanbHble 00beMbl BCKPbILLHbLIX NOpod, peLlas
TEM CaMUM 3KOMOTMYECKU BaxKHYIO 3afady op-
MMUPOBaHNS MHOrOSIPYCHOrO OTBana B yLlenbe ¢
060CHOBaHWEM €ro YCTONYMBOCTM.
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OueHka cnoco60B U pe3ynbTaToB ONPo6oBaHUA
achenen n 0TBaNoB Ha PyAHOM MeCTOPOXAEeHUU

WUk6onxon Mamaacaxmesuy AsmaxoHos?, Bopuc Jleonngosuy Tanbramep®,

Hopanu KuamoBu4 YcMoHoB®

ablpkymckuli HauuoHasbHbIl uccredosamesnbCKuli mexHuyeckuli yHusepcumem, 8. Mpkymck, Poccusi
¢[opHo-Memannypaudeckut uHcmumym Tadxukucmana, 2. bycmoH, Pecriybnuka TadxukucmaH

ABTOp, OTBETCTBEHHI 3@ Nepenucky: AsnaxoHoB NkbonxoH Mamaacaxuesuy, igbolkhon.zong-90@mail.ru

Pe3tome. Llenbto npeactaBneHHOro MccnefoBaHns SBAsnach OLeHka AOCTOBEPHOCTW pesynbTaToB onpoboBaHus XBoO-
cToB oboralleHus Ha 3KCepuMeHTanbHOM yyactke TepeknukaH mectopoxaenus Kangxon (TamxkuknctaH). B xoge we-
crnefoBaHws 6bino JaHo onucaHue adhenen n 0TBanos AaHHOro yyactka. Obuwas anvMHa onpoboBaHHOMO MHTEpBana co-
craBuna 12 m, No reonornyeckumM npusHakam (KonmyecTBy NPOXUNKOBOrO KBapLEBOro0 MaTtepnana) oH bbin pasgeneH Ha
[Ba nokarbHbIX WHTEpBana AnuHoi 4 n 6 M cooTBeTCTBEHHO. Kaxabli BuA onpoboBaHMa 1 Kaxaas COCTaBHas YacTb
npouecca onpoboBaHus, BKMOYas MCCNeL0BaHNE MUHEPATBHOMO Y XMMUYECKOTO COCTaBa pya, UrpatoT BaXXHENLLYH ponb
B ONPeAeNeHnm kayecTBa 1 KonMn4ecTsa pyaHO Macchl (pyAbl), UCCReaoBaHME e MUHEPabHOTO M XMMWUYECKOro cocTaBa
PY4 NPUMEHSIeTCA NPU NPOM3BOACTBE MOUCKOBO-Pa3BeAOYHbIX paboT Ha pyAHbIe NOMnesHble uckonaemble (CBUHEL, LMHK,
0n0BO, 301070, MeAb, aNlOMUHUIA, MapraHel u ap.). B xoge pabot aBTopamu 6bina obocHoBaHa LienecoobpasHoCTb BO-
BIIEYEHMS B 3KCNNyaTaLMio TEXHOTEHHBIX OTIIOXEHWIA, chopMMpOBaHHbIX Npu Jo6bIve LIBETHBIX MeTansos. [NpeacTrasnexa
meToauka u pesynbTaTtbl 60po3aoBoro onpoboBaHWs, BbINOMHEHA OLEHKa ero AOCTOBEPHOCTW. M3noxeHa MeToaumka u
npuBedeHbl pesynbTatbl (PU3NKO-XMMMYECKOrO MCCIIef0BaHNs XBOCTOB 0BOralleHns ¢ MCNONb30BaHWMEM CNEKTPanbHOMo
aHanusa u aToMHO-abcopbLMOHHOTO MeToAa. YCTaHOBMEHO NMPOMBILLNEHHOE 3HaYeHne ApeBHUX adenei n 0TBasnos, a
Takke JOCTATOMHOE ANs pa3paboTkm codepxaHue B HUX LIEHHbIX KOMMOHEHTOB. peanoxeHa npuemnemast TeXHOnorus
nepepaboTku adenen 1 0TBaNOB NPU BOBMEYEHUN X B AKCTNyaTaLMIo.

Knroyeanble croea: TEXHOreHHblE MECTOPOXAEHMS, BOpo3a0BOE 0NpoboBaHMe, KOHTPONbHOE onpoboBaHue, BELLECTBEH-
HbI aHanu3

Ana yumupoeanusi: AsnsxoHoB . M., Tanbramep b. J1., YemoHoB H. K. OueHka cnoco6oB 1 peaynbTatoB onpoboBaHust
acbenen n oTBanoB Ha pygHOM MecTopoxaeHun // Hayku o 3emne u Hegpononb3oBaHue. 2022. T. 45. Ne 1. C. 80-89.
https://doi.org/10.21285/2686-9993-2022-45-1-80-89.

Original article

Evaluation of methods and results of dredging waste
and dump sampling at ore deposit

lkbolkhon M. Azizkhonov?, Boris L. Talgamer®, Norali K. Usmonov®
ablrkutsk National Research Technical University, Irkutsk, Russia

°Mining and Metallurgical Institute of Tajikistan, Buston, Tajikistan

Corresponding author: Ikbolkhon M. Azizkhonov, igbolkhon.zong-90@mail.ru

Abstract. The purpose of the study is to assess the reliability of sampling results of concentration tailings at the experi-
mental site of Tereklikan of Kanjol deposit (Tajikistan). The study involves the description of dredging waste and dumps of
the site under investigation. The total length of the sampled interval is 12 m. It was divided into two local intervals of 4 and
6 m long according to geological features (amount of veined quartz material). Each type and component of the sampling
process including the study of the mineral and chemical composition of ores is of utmost importance in the determination
of the quality and quantity of the ore mass (ore), whereas the study of ore mineral and chemical composition is used during
prospecting and exploration works for ore minerals (lead, zinc, tin, gold, copper, aluminum, manganese, etc.). The authors
substantiate the feasibility for technogenic deposits formed under non-ferrous metals mining to be involved in operation.
The methodology and channel sampling results are presented and the reliability of the latter is assessed. The methodology
and results of physico-chemical research of concentration tailings via spectral analysis and atomic absorption method are
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80 I WWw.nznj.ru


http://www.nznj.ru/
https://doi.org/10.21285/2686-9993-2022-45-1-80-89
mailto:iqbolkhon.zong-90@mail.ru
https://doi.org/10.21285/2686-9993-2022-45-1-80-89
mailto:iqbolkhon.zong-90@mail.ru

\.) AsusxoHoB U. M., Tanbramep B. J1., YcmoHoB H. K. OueHka cnoco60B 1 pe3ynbLTaTos... |
Azizkhonov I. M., Talgamer B. L., Usmonov N. K. Evaluation of methods and results... |

2022;45(1):80-89

given. The industrial significance of ancient dredging waste and dumps as well as the content of valuable components
sufficient for their development has been established. An acceptable technology of dredging waste and dumps processing

when involved into operation has been proposed.

Keywords: technogenic deposits, channel sampling, control sampling, material analysis

For citation: Azizkhonov I. M., Talgamer B. L., Usmonov N. K. Evaluation of methods and results of dredging waste
and dump sampling at ore deposit. Nauki o0 Zemle i nedropol'zovanie = Earth sciences and subsoil use. 2022;45(1):80-89.
(In Russ.). https://doi.org/10.21285/2686-9993-2022-45-1-80-89.

BeeaeHue

B HacToswee Bpems Ha Tepputopumn Cesep-
Horo TamKuMKMCTaHa CyLlecTBYET HECKONbKO
ropHo-oboraTuTeNibHbiX abpuk, KOTopble Bbl-
MyCKaT KOHUEHTpaTbl, ABNASAIOLWMECA CbipbeM
LS MeTannypruyecknx kombuHatos. Npu aTom
MOMHbIN LMK MeTannypruyeckon nepepaboTkm ¢
BbIMYCKOM FOTOBOrO MeTanna v usgenuim us Hux,
a Takke nepepaboTKON OTXOA0B MeTanypruye-
CKOro NPOW3BOACTBA, K COXaleHuto, 40 Cux nop
He BBeAeH B akcnnyataumio! [1, 2]. BpemeHHoe
Xe 3aXOpOHEeHWe OTXO4OB ropHogobbiBatoLLen
NPOMBbILLSIEHHOCTH, B CBOK OYepedb, ABNsSeTcs
MOLLHBIM Pe3epBOM 4151 NOBbILLEHNS 3 DEKTMB-
HOCTW KOMMNIEKCHOTO MCMOSIb30BaHUS MUHEParb-
HbIX pecypcoB B OyayLiem? [3, 4].

BoBneyeHne B akcnnyatauuio OTXOAO0B rop-
HogoObIBaloLWwen u nepepabatbiBalowen npo-
MbILLIIEHHOCTU SIBNSIETCA BaXHbIM (PAKTOPOM UH-
TeHCUdMKaLmMn pecypcoemMKocTn. ITo NPOUCXo-
VT NOTOMY, YTO B J@HHOM Cfly4ae MOLLHOCTb W
3 PEeKTMBHOCTL MCMNOMb30BaAHUS MUHEPASTbHO-
CbIpbEBOrO KOMMIieKca nosbillatoTes 6e3 ysenu-
4yeHus [o6bIuM Chipbs 3a CYET AOMNOMHUTESbHbIX
06BEMOB M BUAOB NPOAYKLMM, CHKEHUS 0BLLMX
3aTpaT Ha UX NPOWU3BOACTBO, CHWKEHUS TEMMOB
pa3BuTUS COBCTBEHHOW CbipbeBOW 6a3bl U MOLL-
HOCTEN MO ee 0CBOEHWIO [5, 6].

OTBanbHble XBOCTbl COAEPXAT 3HAYUTENb-
HO€ KONMNYECTBO LiEHHbIX KOMMOHEHTOB, U MX KOM-
nnekcHas nepepaboTka MOXET CyLLECTBEHHO
paclMpnTb CbipbeByto 6a3y Ana npou3BoacTBa
BnaropogHelx metannos [7]. Kpome aToro, Bo-
BfIeYEHME B 3KCMyaTauuio XBOCTOB oboralue-
HUA NO3BONSIET CYLLECTBEHHO COKPaTWUTb Hera-
TUBHOE BO3[EWCTBME OTXOAOB rOpHO-oboratu-
TeNbHOro NPOM3BOACTBA Ha OKPYXKatoLLyto cpeay

W 3HAYUTENBHO YMEHbLUUTL NAOLWab HapyLLIEH-
HbIX 3emenb® [8].

BBuay Bcero BbILECKA3aHHOMO HY)XHO OTMe-
TUTb, YTO OOHOW W3 BaXHeWWwux 3agay B pac-
cmaTtpuaemoii obnactu aensetcs paspaboTka
KPUTEPUEB AN CPABHEHWUS NEPCNEKTUB UCMOMb-
30BaHMA OTXOOOB B rOpHOAOObIBaKOLWEN MPO-
MbILLSIEHHOCTU TOTO UM MHOTO BMAA NPOAYKLMM.

Martepuanbi u metoabl
nccnenoBaHus

B nepuopg ¢ 1959 no 1967 rr. mectopoxaeHne
KaHgxon nnaHoMepHoO pa3eeabiBanock KaHaxo-
NICKON reosioropasseoyHon napTuen Ynpasne-
Hus reonorun Tapxukckon CoseTtckon Coumanu-
cTmyeckon Pecnybnuku. B 1976-1978 rr. Cpea-
Hea3mnaTCkonW 3kcneauuuen Obina npoBedeHa
reonoro-akOHOMUYecKkasi nepeoLieHka MecTo-
poxaeHus. MNpn Npon3BOACTBE reonoro-Cbemoy-
HbIX paboT KaHgxonckom reonoropassegoyHon
napTven ObinM NpoBeAeHbl pa3BedoYHble pa-
60Tbl Ha nnowaan 2500 gpeBHUX BbIpabOTOK C
6onblmm KonuyecTBoM OTBanoB. Kpome Toro,
BblAeneHb! nnowaam gpesHux acdenen [9]. bonb-
LUIMHCTBO nnowagen 6bino onpoboBaHo Ha ce-
pebpo oTaenNbHLIMU NEPECEYEHNSIMM (KaHaBaMM)
UnNun B3ATUEM ropcTbeBbIX Npob (puc. 1). B pe-
3ynbTaTte npoBeaeHHbIX CpeaHeasnaTcKon Kc-
neavunen paboT no passeake acpenen n oTea-
NOB LEHTpanbHOM 4Yactu ydvactka TepeknukaH
Bbina ycTaHoBMEHa NEPCNEKTUBHOCTb OCBOEHUS
3anacoB pyAbl APEeBHUX Ahenen 1 oTBanos.

N3yyeHne TeXHONOrmyecknx CBOMCTB nones-
HOrO MCKONaemoro 06bIMHO NPOBOAMTCS C MCMOIb-
30BaHMEM cneumanbHbIX TEXHONMOTMYECKNX npob,
KOTOpble UCCNEeayrTCA B 3aBUCUMOCTM OT YpOB-
HS M3YYeHHOCTM U MacwTaba MecTopoxaeHus

1 O gparoueHHbIX MeTannax 1 aparoLeHHbIX KamHsx: 3akoH Pecny6nuku Tagxukuctad Ne 21 ot 12.05.2001 r. [OnekTpoH-
eI pecypc]. URL: https://base.spinform.ru/show_doc.fwx?rgn=2336 (14.12.2021).

2 Abgypaxumos C. A. Mpobnembl MSMEHEHHS!, paLOHaNbHOIO UCNONb30BaHWS U OXpaHbl reosIorMyeckon cpedbl B Tagku-
KuCTaHe: auc. ... A-pa reon.-muHepan. Hayk: 25.00.36. Mepmb, 2003. 325 c.

3 Tonwuk B. W. MpupoaooxpaHHble TEXHONOrK pa3paboTku pyaHbIX MECTOPOXaeHNI: y4eb. nocobue. M.: UIHOPA-M, 2014,

190 c.
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Puc. 1. Om6op npo6 Ha yuacmke TepeknukaH mecmopoxdeHust KaHdxon:
a — obwut sud bopma kaHasbl; b — mecmo ombopa npobsi aghenel
Fig. 1. Sampling at the Tereklikan site of the Kanjol deposit:
a — general view of the pit wall; b — site of dredging waste sampling

B nabopaTopHbIX, NONYNPOMbILLIEHHbIX U 3aBOA-
CKUX (NMPOMBILLIIEHHBIX) ycrnoBuax. B npaktuke
reonoropasBefoyHbiX paboT npuUMeHsieTcs He-
ckonbKko crocoboB otbopa psgoBeix npob: 6o-
pO340BbIN, 3a4QMPKOBbIA, KEPHOBBINW, LUMYPOBOW,
TOYEUHbIN 1 cnocob BelvepnbiBaHMs. Kaxaplii n3
HUX NMPUMEHSIETCS B KOHKPETHbLIX YCOBUAX U3Y-
4aeMoro MeCTOPOXAEHMUS 1 3aBUCUT Kak OT Tuna
W pa3MepoB PyaHbIX Tes, Tak U OT MeTo40B No-
CKOB M pa3Beku 3Toro mectopoxaerns* [10]. B
X0A4€e NpPeACTaBMNEHHOro WCCneaoBaHMs aBTo-
pamn ObINO NPOBEAEHO OMNpPEeaEeneHne Xummye-
CKOro 1 / MM MUHEPanbHOro COCTaBa U3y4YaeMblX
MWHEpPanoB C LieNbl YyCTaHOBEHNSA COAEPKaAHMS
MONe3HbIX U BPedHbIX KOMMOHEHTOB / MUHepa-
noB. Mcnonb3oBaHHbIA aBTopaMu Tun oTHopa
npob obbl4HO NpUMEHSIETCA Npu pa3Beake pya-
HbIX MUHEepPanoB (CBMHEL,, LMHK, ONOBO, 30J10TO,
medb, antoMuHWiA u T. 4.) [11].

B kayecTBe 0CHOBHOro 06bekTa nccnegosa-
HUS 01 OLEHKM BO3MOXHOCTM nepepaboTku
NPOMbILLSIEHHbIX 0TX040B Obin BbIOpaH y4acTok
Tepeknukan mectopoxaeHus Kagxon. B xoge
nccnegosaTenbCkoi paboThl Obina n3yyeHa Bo3-
MOXHOCTb JOMOMHUTENBHOTO U3BIIEYEHUS U3 OT-
XOA0B LIEHHbIX KOMMOHEHTOB [12, 13].

Pe3ynbTatbl uccnegoBaHus
n Ux obcyxaeHue

Kak n3BecTHO, Haubonee BaxHOW 3agaven
Npu oLeHKe MeCTOPOXOeHW SBNSeTCs BbINon-
HEHne onpoboBaHMs MOME3HOr0 WCKOMaemoro,
TO €CTb U3yYEeHNE ero kayecTsa Ans NonyvyeHns
[OCTOBEPHON WMHOopMaUMK O cpedHem copep-
XaHUM B HEM LIEHHbIX KOMMOHEHTOB. B cBsA3u ¢
3TUM B X0[€e AaHHOro MUccrnenoBaHMst BECb NPo-
Llecc u3yyeHns 6opo3a, NPOBOAUMbIN MEXAHU3K-
pOBaHHbLIM CNOCOOOM C MCMonb3oBaHMeM Npobo-
OTOOpPHMKA anmas3Horo Aucka, Haxoawncs nog
MOCTOSIHHbIM TeONOrM4YeckUM HabnwaeHneMm u
koHTponem. Bec oTobpaHHbIXx Npob perynsapHo
NPOBepANCs NyTeM CpaBHEHWS (haKTUYEeCKOro
Beca npob ¢ TeopeTnyecknm®.

Npegnaraemblii BapuaHT 60po3g0BOro onpo-
6oBaHUA NPUMEHANCA ANS XapaKTEPUCTUKN Mu-
Hepanu3oBaHHbIX PyAHbIX 30H WU 30H OKONOPYA-
HbIX M3MEHEHWI, BCKPbITbIX kaHaBamu. OH ¢ yBe-
PEHHOCTHI0 MOXET ObITb Ha3BaH HOBbIM MOAXO-
LOM K M3Y4EHHOro XBOCTOB OBoralleHus.

Cnocob 6opo3abl Yalle BCEro npuMeHsieTcs
NP1 UCCNeaoBaHNN PYAHBIX TEN B €CTECTBEHHbIX
OOHaXeHMsIX ¥ BblEMKAX TOPHbIX BbIpabOTOK
(TpaHwesnx, paspesax, kapbepax, WwaxTax u T. .)

4 EpmonoB B. A. leonorus: yuebHuk anst By3oB. B 2 4. Y. 2. Pa3seaka 1 reonoro-npombiLLieHHas OLeHKa MECTOPOXAEHWIA

nonesHbix nckonaembix. M.: N3g-so MITY, 2005. 392 c.

5 MeTpyxa J1. M. Pa3Beaka MeECTOPOXOEHN NonesHbIX uckonaemblx: y4eb. nocobue. Ekatepunbypr: Mag-so YITTA, 2003.
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W Ha BCeX 3Tanax pa3Befku, a Takke akcnnyara-
LUMOHHbIX paboT. OH ucnonb3yetca Ans Toro,
4TOObl BbICHUTL MUHEPAnbHbIA U XUMUYECKWI
coctaB pya [14]. bonbwy ponb urpaet npwu
aTom cnocobe onpoboBaHMs BelIGOp Hanpasse-
HUa 6opo3abl. OHO AoMKHO 06A3aTensLHO coBna-
[aTb C HanpaBfieHNeM MakCMMarnbHOW U3MeH4YU-
BOCTY (HEBbBIAEPXXAHHOCTKN) pacnpegeneHns opy-
LEHEHNs B PyAHOM Tene. Takum HanpasneHnem
B OONMbLUMHCTBE CryYaeB SBMSETCH Hanpasne-
HWEe WCTUHHOW MOLLHOCTM pyAHOro Tena -
HanpaBneHWe BKPeCT MPOCTUPaHUS PYAHOro
Tena®.

OnvHa npobbl 6opo3abl onpegenseTcs Ton-
LWMHOW pygHOro Tena unu onpobyemoro uHTep-
Bana u ero paBHoMepHocTbl. OHa U3MeHsieTcs
ot 0,3-0,4 no 3—4 wm. Mpn HeogHOPOAHOM CTpoe-
HUM pygHOro Tena oOTOMPaKTCS CEKUMOHHbIe
npobbl npu anuHe cekumn He meHee 0,2-0,3 m no
KaXgon pasHOBMAOHOCTU pyabl. boposgosble
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npobbl AnnHon 6onee 1 M B3ATbI U3 MOLLHBIX py4
C O[JHOPOZHOW CTPYKTYPON 1 cocTaBoM (puc. 2, 3).

NonepeyHoe cevyeHne 6opo3abl Yalle BCero
SBMSAETCSH NPSAMOYrONbHbIM, PEXe TPEYronbHbIM.
LnprHa 6opo3abl NPMHUMMAETCS, Kak npaBuio,
BonbLe rnybuHsbl. MonepeyHoe cevexne 6opos-
[0BOWN Npobbl 3aBUCUT OT MOLLHOCTW TOMLLMHbI
PYZAHOW 30HbI M XapakTepa pacnpeneneHuns B Heu
PYOHbIX KOMMNOHEHTOB [15].

Takum obpasom, onpoboBaHue sBnseTCA 0a-
HOW W3 rNaBHENLLNX onepauun, NPon3BOAUMbIX
HENOCPEACTBEHHO B MOMEBbIX YCOBUAX Ha pya-
HbIX ¥ OPYrMX MECTOPOXOEHUSIX TBEPAbIX NONes-
HbIX MCKOMaeMblX. ATOT BuA paboT no3sonset
[OCTOBEPHO OKOHTYpUTb pydHble Tena u oue-
HUTb Ka4yeCTBO MUCCNEAYEMbIX pya, BbibpaTh no-
Cre COOTBETCTBYHLMX UCNbITAHUA OOBEKTUB-
HYt0 MeToAMKY oboraLleHns pya v NpoOBOAUTL pa-
LIMOHambHbIN METaNypruiecknii nepeaen MuHe-
PanbHOrO Cbipbs UMM KOHLIEHTpaTa.

Paspes no nuHum A-b.

Macuutab BepTukanbHbii — 1:500, ropusoHTanbHeii — 1:1000.
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OnpoboBaHue sBNSIETCA OCHOBHLIM METOA0M
BbISIBMEHUS1 UCTUHHBIX Pa3MEPOB BbISIBIEHHOTO
MECTOPOXOEHWS NONE3HOro UCKONAEMOro, a Takke
obHapyxeHns ocobeHHOCTeN pacnpegenieHns B
pyAax nonesHbIX U BpeaHbIX KOMMNOHEHTOB.

C uenbto onpeaeneHns 4OCTOBEPHOCTU psi-
A0BOro 60po3aoBoro onpoboBaHUA C CeYEHNEM
8x12 cm (anuHa npob — 2,5 M) B TeX Xe uHTep-
Banax 6binm otobpaHbl 60po3aoBbIe NPOBLI AnK-
HOW 2,5 M C ceyeHuneM 6%24 CM C Kaxgomn CTo-
POHbI psgoBov Bopo3abl ¢ nocneaywmm 06b-
eOVHeHneM ux B ogHy npoby C Lenblo Makcu-
ManbHOro «COMMXEHNsI» PAI0BOrO U KOHTPOMb-
Horo onpoboBanus. Obwasa gnvHa onpoboBaH-
HOro MHTepBana coctaeuna 12 m, no reonoruye-

84 |

CKMM npu3HakaMm (KONMYEeCTBY MNPOXWIKOBOrO
KBapLEBOro Martepvana) oH Obin pa3geneH Ha
[Ba NokanbHbIX MHTepBana amMHon 4 n 6 M co-
OTBETCTBEHHO.

Kaxgbln BMO M COCTaBHas 4acTb npolecca
onpoboBaHusA, BKMYas uccneaoBaHWe MuHe-
panbHOro M XMMWYECKOrO COCTaBa pya, WUrparT
BaXXHEMLLYIO POSib B ONPEAENEHNN KayecTBa W
KonuyectBa pygHon maccel (pyael) [16, 17]. B
CBSI3U C 3TUM KaXOOMY M3 HUX JOSDKHbI COMyT-
CTBOBATb KOHTPOSbHbIE MPOLECCHI: KOHTPOSIHO
npouecca npobootbopa — BECOBOW CMnocob mnu
6onee HagexHbI cnocob onpoboBaHus (Hanpu-
mep, 6opo3noBoe onpoboBaHNE MOXHO NMPOKOH-
TPONMpPOBaTL BanoBbiM OnNpoboBaHWeM); Takum
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xe cnocobam KOHTponsa nognexar cnocobbl 06-
paboTkm npob, cnocobbl XMMUYECKOro, MUHEpa-
nornyeckoro 1 Nbbix Apyrx BUOOB aHanuTu4e-
CKMX METOAOB UCCea0BaHNSA MUHEPATbHOrO Be-
LecTBa.

B coBpeMeHHON Hayke v TeXHUKe Ans onpe-
LeneHnss XMMUYECKOrO COCTaBa BeLLecTB UC-
NoNb3yeTcsl MHOXECTBO pa3fMyHbIX METOO0B
[18, 19]. MuHepan, HanaeHHbIV reonoramu, 1 Ho-
Bble BELLEeCTBa, NONy4YeHHbIe XMMUKaMK, OTNnYa-
0TCS Npexae BCero no coctapy. TOYHOE 3HaHWe
XUMUYECKOTO COCTaBa 3TOr0 Cbipbsi HEOBXOANMO
A5 NPaBWUNbHOMO BbINOSIHEHWS TEXHOMNornye-
CKMX MPOLECCOB B PasfiMyHbIX OTpacnsax npo-
MblLUSIEHHOCTU. MeToabl XMMUYECKOTO aHanu3a
He Bcerga oTBevarT TpeboBaHWsSM TEXHONOMMK
1 Haykn. BBuay aToro B NpakTUKy BBOAATCA (bu-

| 2022:45(1):80-89

3MKO-XMMUYECKME 1 (hm3nyeckne MeToabl uccne-
[I0BaHWs, KOTOpble SBNAOTCA Bonee TOYHbIMM.
OfHVM 13 Hanbornee BaxHbIX cpean 3aTUX MeTo-
[I0B ABNSIETCS METOA CMeKTparnbHOro aHanuaa,
MMEILLMA Heckonbko npemmyllecTts. OTKpbITME
CNeKTpanbHOro aHanuaa npouseeno 6onblioe
BrevaTrieHne Ha COBPEMEHHMKOB 1 MMeno 6onb-
LIOe 3Ha4YeHne Ans pasBuTis 3HaHUN 06 OKpyKa-
toem mupe’ [20].

Mpu n3yyeHun oTobpaHHbIX B X04e npoBe-
LIEHHOrO aBTOpaMu uccnegoBaHus npob ocoboe
BHUMaHvWe ObiNo yaeneHo Wu3yyeHuto Belle-
CTBEHHOr0 COCTaBa X OCHOBHbIX KOMMOHEHTOB C
MCNOMb30BAHNEM XMMMWYECKOTO, hasoBoro u
CNeKTpanbHOro aHanusos (puc. 4). PesynbTaThbl
nccnegoBaHusi coctaBa npob npuBedeHbl B
Tabn. 1un 2.

Puc. 4. lposedeHue cnekmpanbHO20 aHanu3a npob e sabopamopuu

Fig. 4. Spectral analysis of samples in the laboratory

Tabnuua 1. PesynbTathbl aHann3a npo6 aTOMHO-abCoOpOLIMOHHLIM METOAOM Ha 30110TO U cepedpo
Table 1. Analysis results of the samples made by the atomic absorption method for gold and silver

Homep MecTo B3aTMS NpoOkI Rnnka Bec Au, Ag,
npobel Koopaurars! B BblpaboTke (urTepaan) MpoGb!, riT riT
npo6bl, M KK

17008 | 40°36545 | 06945181 2 6,95 0,28 65,3
17009 | 40°36522 | 06945189 1220 m 1,8 5,05 0,15 44,4
17010 | 40°36488 | 06945173 Scpens 12 7,1 0.16 13

17014 | 40°36429 | 06945227 1,7 4,95 ’ 35,7
17015 | 40°36413 | 06945254 | 1127 m 2 5,25 0,19 45,2
17016 | 40°36403 | 06945120 | 1121 ™ 2 6,95 0,1 57
17020 | 40°36714 | 06945180 | 1140 m 1,8 6,1 0,18 18,9
17021 | 40°36709 06945232 1224 m OrtBan 1,9 6,2 0,06 32,9
17022 | 40°36683 1230 M 17 4,95 0,12 30,5
17023 | 40°36980 | 06945613 | 1120 m 1,7 5 0,014 | 291
17024 | 40°36967 | 06945620 | 1100 m Scpens 1,8 5,65 0,22 22,4
17025 | 40°36706 | 06945606 | 1205 m 1,9 5,8 0,38 58,8
17026 | 40°36994 | 06945631 | 1130 m 1,8 6,1 0,48 45,7

" AnekcaHgpoBa 3. A., langykosa H. . AHanuTuyeckas XUMWSi: TEOPETUYECKME OCHOBbLI U NabopaTopHbLIA NPaKTUKyM:
yueb nocobue. B 2 kH. KH. 2. dusuko-xumuyeckue metoabl aHanusa. M.: Konoc, 2011. 352 c.
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Tabnuua 2. PesynbTathl uccneqoBaHMA XMMUYECKOro cocTaBa adhenein u oTBanoB
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Table 2. Study results of chemical composition of dredging waste and dumps

Teno Mrowas CpegHsia | Obbem |O6bemHbIv| 3anachbl CopepxaHue 3anacel
MonesHoro |\u/|42 Ae, MOLLIHOCTb, | pyabl, BEC, pyasl, KOMMOHEHTOB meTanna
1cKonaemoro M m3 /M3 T Pb, % | Zn, % |Ag, r/T| Pb, T | Zn, T | Ag, kr
Adens-2 10854 1,65 17936 35870 0.78 166,5| 108 | 279 | 5973
(3abanaHc.) 512 0,67 344 688 ' 155,6 | 2,06 | 537 | 107
dens-3 2726 1,14 3109 6200 0.77 143 19 48 887
(3abanaHc.) 2402 1,06 2555 5110 03 ' 113,1| 15,3 | 39,3 | 578
Wroro 13580 1,55 21045 42090 0,78 |162,9 | 126,3 | 328 | 6860
no acensam
2u3 2914 099 | 2899 5798 077 |1181| 174 | 44,6 | 685
(sabanaHc.) )
Odens 4 10866 1,07 11585 23180 | 0,15 | 0,14 |112,4| 34,8 | 32,4 |2605,4
Otear 1 19000 15 28500 57000 | - - | 759 | - - [4326;3
B-1-C1 1,8 34200 68400 - - 41,5 - — |2838,6
Wtoro
o acpento 4 1,3 40085 80180 | - | - | 942 | - | - |693L7
n B-1-C1, 29866
otsany 1 1,53 45785 91580 | - - | 594 | - - | 5444
(6anaHc.)
B pesynbTate aHanusa maTtepuanbHOro co- 3akntoyeHue

cTaBa nocepebpeHHbIX pya ApeBHEro adens u
oTBanoB MectopoxaeHus Kanmxon 6bino ycra-
HOBJIEHO, YTO Mpobbl NpeacTaBnalT cepedbps-
Hble YaCTUYHO OKUCMEHHbIE PyAbl, COAEpXaLlime
Kpome cepebpa 30n0T0, CBMHEL, U LMHK. B adhe-
nax u oteBanax npobbl Mo BELLECTBEHHOMY CO-
CTaBy CXOXW W OTNMYAIOTCS KONMMYECTBEHHbLIM
COOTHOLUEHMEM CraratoLmx UX KOMMOHEHTOB.
MNpu aHanuse AaHHbIX onpoboBaHWs, OTNMYal-
LLMXCA BbICOKOW acUMMeETpuen pacnpeneneHus
NONe3Horo KOMMOHEHTa, PEKOMeHAyeTca npeg-
BapuTENbHO NPOBOAUTL YYET BLICOKMX Npob u
OrpaHnM4nBaTh UX BIUSIHUE OOHUM U3 U3BECTHbIX
crnocobos. Mcxogs u3 napameTpoB OTBafioB U
adpeneit, X rOpHOTEXHUYECKON XapaKTepUCTUKM
W MEeCTOMNOSOXEHNS, pa3paboTKy TEXHOTeHHbIX
OTIIOXEHUN LenecoobpasHo OCyLLeCTBNATb C
MPUMEHEHWEM  3KCKaBaTOPHO-aBTOTPAHCMOPT-
HOro KOMMJieKkca C nocneayowmm usBnevyeHnem
LIeHHbIX KOMMOHEHTOB MyTeM KY4YHOro Bbllena-
YymBaHws.

Ha ocHOBe BbILLEN3NOXEHHOTO MOXHO CcAe-
naTb cnegyoLne BbIBOAbI:

—no pesynbtatam 6oposgosoro onpobosa-
HUS ¥ MMHEPanorMyeckoro aHanusa nopos Apes-
HUX 3dhenien 1 OTBaNOB YCTAHOBSIEHO WX MpPO-
MbILLSIEHHOE 3HAYEeHNE,;

— IMaBHbIMW LIEHHbIMW KOMMOHEHTaAMKN 3dhe-
nen n oTBasnIoB SBNAOTCA cepebpo 1 30Mn0To, K
NONYTHbIM (MPOMbILUIEHHO-LIEHHbIM) MX KOMMO-
HEHTaM OTHOCHATCS CBMHEL, U LVHK;

— NPOBeEeHHOE MEXaHU3NPOBaHHbLIM CMOCO-
6om 6opo3goBoe nepeonpoboBaHWe KaHaB
NPEeALLECTBEHHNKOB MOKa3ano 3aHWKeHue Co-
LEepXaHuii cepebpa npy py4HOM (C MOMOLLbHO 3Y-
6una) cnocobe 60po3[0BOro onpoboBaHus:;

— Ans GnaronpusTHBIX YCNOBWIA 3aneraHus
TEXHOrEHHbIX OTIIOKEHUIN PEKOMEHAYHOTCS Mexa-
HU3UPOBaHHbIE CNocobbl ONpoboBaHMs, KOTOPbIE
NO3BONSIOT YBENMYNTL 06bEM NPO6 1 COKPaTUTD
CpOKy nx oTbopa.
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Bce Hagnucy Ha pucyHKax AomkHbl 6bITb pedakTMpyeMblMu U BbINOMHEHHbIMUY 8 KerneM wpudTa
Arial (ocHOBHOW) Ha A13bIKe TEKCTa CTaTbW. B HEKOTOPLIX Criyvasx pa3mep wpudTa MOXET BbITb YMEHb-
LeH 8o 5-6 pt. bykBeHHas Hymepaums pucyHkoB BeinonHsaeTcs 10 kernem wpudta Arial (MOnyXUpHbIA
KypcuB) Ha A3blke TekcTa cTaTbu. [TOMUMO TeKCTa PYKOMUCK PUCYHKN JOMKHbI ObiTh NPpefoCTaBneHbI
oTAenbHbIMK (hannamun. BektopHas rpadumka npegoctasnseTca B popmarax .cdr, .ai ¢ BO3MOXHO-
CTbi0 PEAAKTUPOBaHWA, NPU 3KCMOPTE M3 [pYrux nporpamm Ccrnegyet UCnonb3osatb opmat
PostScript (.eps) ¢ paspewweHvem 300 dpi. oTorpacumn, ckaHMpoBaHHbIE MaTepuansl npeacTaBns-
etca B popmate TIFF unu JPEG (coxpaneHwne B hopmate JPEG Heobxoanmo NponsBoauTb B Mak-
CUMarnbHO BbICOKOM KavecTBe). Pa3pelueHne pactpoBom rpadpuku JOSMKHO cocTaBnsaTb He MeHee 600
dpi ans yepHo-6enbix pucyHkoB 1 He meHee 300 dpi ans doTorpacduin. Cxembl, rpacmku, Anarpammbi
npefocTaBnsanTCa ¢ pacwupenuem .xis (MS Excel).

13. Ccbinkn Ha nuTepaTypHble NCTOYHUKM NPUBOASATCA B KBaApaTHbIX Ckobkax B nopsiake Bo3pac-
TaHus. bubnuorpaduyeckuit cnMcok opMupyeTcs No Mepe YNOMUHAHKUS UCTOYHMKOB B TekcTe. Pe-
KOMeHAYyeMoe KONIMYECTBO MCTOYHMKOB B Brubnunorpacuyeckom cnucke — He meHee 20, 13 HUX He Me-
Hee S CCbISIoK Ha CTaTby U3 UHOCTPAHHbLIX XypHanoB. [1pn 3TOM camoLnUTMpOBaHMe aBTopa He AOIMKHO
npesbiwath 25 % ot 0bLyero KonnyectTBa UCTOYHMKOB 1 MOMHOCTLIO UCKIOYAETCS CaMOLUTUPOBaHWE
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XypHana. He gonyckaloTcst CChIfIKM Ha 3aKOHbI, roCy4apCTBEHHbIe CTaH4apTbl, NONOXeHUs, auccep-
Tauuu 1 aBTopedepartsl, y4ebHUKM 1 y4ebHble N0cobus, CnpaBOYHUKM, CIOBApM W SHUMKNONeAuH, a
Takxe reonornyeckue kapTtbl. [Mpyn HeobxoanMoCTH obpalleHns K 3TUM UCTOYHMKAM CCbISIKY Ha HUX
cnegyeTt pa3smellaTb B MOACTPOYHONM CHOCKe. PegakumoHHas Konnerms pekomeHgyeT B Crucke
NUTEepaTypbl CCbINATbCA Ha CTaTbK U3 XXYPHANOB, BXOASALLMX B MEXAYHAPOAHbIE 6a3bl 4aHHbIX MO rno-
6anbHbIM MHAeKcaM uuTupoBanus (Scopus, Web of Science v gpyrue).

14. Cnucok nuTepatypbl COCTaBnseTca B ABYX BapuaHTax. B Gubnuorpaduyeckom onvcaHum cta-
TbW HEOBXOAMMO yKa3blBaTb BCEX aBTOPOB. [1epBbili BapuaHT (6Gubnuorpaduyeckuii cnncok) ohopm-
nsieTcs Ha sA3blke UcTovHuka B cootsetcTBum ¢ FOCT P 7.0.5 2008. Btopoit BapuaHT (references)
ohopMmnseTcs B BUAE TpaHCNMUTepauum pycckoro TeKCTa B NaTWHULY C NepeBOAOM Ha aHIMUACKUN
A3bIK U CRYXUT NS OTCREXMBAHUS LUMTUPYEMOCTU aBTOpOoB. [puMepbl 0hOpMIEHNS UCTOYHUKOB B
cnuckax MOXHO NOCMOTPETL Ha HalleM caiTe B pasgene « TpeboBaHWs K CTaTbsMy.

15. MNpu nogaye ctatby aBTOpaMU NPELOCTABNSAIOTCA HA aHIMUICKOM A3blke crneaylolime ane-
MeHTbl paboTbl: Ha3BaHMe CTaTbW, CBEAEHNS 00 aBTOpax, aHHOTaUus, KNoYeBble cnoea, bnarogap-
HOCTW, Ha3BaHMs TabnuL, 1 NOAPUCYHOYHbIE NoanucK, Bubnuorpadus.

16. ABTOpbI CTaTen OOSKHbI NPUAEPXKNBATLCH 005S3aHHOCTEN, NPEAYCMOTPEHHbIX «PeaakumnoH-
HOW NONUTUKOMN XypHanay.

17. Pegakums octaensieT 3a coboi npaBo OTKIOHATL CTaTby, HE OTBEYatoLLMe yKazaHHbIM Tpebo-
BaHuaM. NocTynatowwme B pefakumio MaTepuansl BO3BpaTy He noasexar.

18. Pegakums octaBnseT 3a cobon NpaBo Ha Hay4YHOE M NUTEpaTypHOe peaakTUpoBaHWE cTaTei
C nocneaywLMM CornacoBaHWeM ¢ aBTopamu.

19. MNpeacTaBneHHble CTaTbi NPOXOASAT NPOBEPKY Ha HanMuue 3aMCTBOBAHWN.

20. XXypHan BbinyckaeTcs ¢ NepMogMYHOCTLI0 4 HOMepa B rof.

BHumaHwue! MNybnukauua craten asnsetcsa 6ecnnaTHom.

Mbi npuenawaem Bac k yyacmuto 8 Hawem rpoekme 8 kadyecmee aemopos, pekrnamodamernel
u yumamernedu.

Mo Bonpocam ny6nukauuum obpawartbca no agpecy: 664074, Poccusa, r. UpkyTck,
yn. JlepmoHTOBa, 83, WpPKYTCKMN HauMOHaNbHbIN UCCNeAoBaTeNbCKMN TEeXHUYECKUM
YHUBepcuUTeT, peakonnerus, aya. E-317.

MmaBHbIn pepaktop Pauca MouceeBHa Jlobaukaa, Ten.: +7 (3952) 405115,
e-mail: lobatskaya@gmail.com

3amectutenb rnaBHoro pepaktopa Jlapuca MBaHoBHa Ay3uHa, Ten.: +7 (3952) 405108,
e-mail: lauzina@mail.ru

3amecTutennb rnaBHOro peaakTopa Cepren OpbeBuy KpacHowTaHoB,
Ten.: +7 (3952) 405101, e-mail: geo_info@istu.edu

Cratbm cnepyeT HanpaBnsaTb OTBETCTBEHHOMY ceKpeTapit Burtanuio AnekcaHgpoBuuy
XpaMOBCKMX 4epe3 NUYHbIA KabMHET Ha calnTe WWW.Nznj.ru MnuM No 3NEeKTPOHHOW nouTe
nzn@istu.edu; Ten.: +7 (3952) 405069, appec: 664074, Poccus, r. UpkyTck, yn. JllepmoHTOBa, 83,
aya. X-04.
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Obpas3ey, oghopmneHus cmambu

YOK 549.09
MuHepanoro-TexHonorn4yeckue Tunbl pya
TomuHcKkoro mectopoxaeHua meam (KOxHbin Ypan)

EneHa MuxannosHa KypueBckas, MapuHa BnagucnaBoBHa SIXHOP,

Apkagun EBreHbeBnY CeH4YeHKo®

aCHUUlN « TexHonozuu obozawieHus1 MUHepanbHO20 Chipbsi», 2. pkymck, Poccus

bpkymckuli HayuoHanbHbIl uccnedogamenbCKuli mexHudeckuli yHugepcumem, 2. Mpkymcek, Poccusi
ABTOp, OTBETCTBEHHI 3a nepenucky: AxHo MapuHa BnagucnasosHa, ymar@istu.edu

Pe3rome: Ll,enb. U,eJ'Ib AaHHOro uccnenoBaHnA 3akn4aeTca B U3y4eHUN TEXHONOINMYECKUX TMNoB pya TOMMWHCKOro me-
CTOPOXAEHNS Medu, a Takke MUHepanbHOro COCTaBa BMELLAIOLWMX MOPOA W PYA KaXA0ro M3 TPEX TUMOB, BbISIBIIEHWN
MWHEPanornyeckmx 1 CTPYKTYPHO-TEKCTYPHbIX 0COOEHHOCTEN pyA, BbISBIIEHNM B3aUMOCBSA31 M3MEHEHUS PYAHON MUHepa-
nu3auum 1 cTeneHn metamopduama ans kaxgoro Tuna pyn. Merogbl. PygHble Tena TOMUHCKOTO MeHO-NMOpdMpoBOro
MeCTOpOXaeHud, 3aneraroine B AMopmuTax n KBapuesblX AMOpuUTax, npeacrtasnaroT cobon NPOXWUIKOBbIE N NMPOXWUNKOBO -
BKpaniieHHble CKOoNneHnsa B 30HaxX ,qpo6neH|/|;|. Ha MEeCTOPOXAEHUN LLMPOKO pa3BnUTbl METACOMAaTUTbI KBale-CepI/ILl,I/ITOBOI7I
chopmaumu. syyeHne TMNOB pya NPOBOAMIOCH C MCMONMb30BaHWEM MUKPOCKONOB. Pe3ynbTaThbl. B pesynbTate BblaeneHo
TPpX reonoro-TexHoNiorM4ecknx Tuna pya B npegenax TomuHckoro MeCTOpPOXAEeHNA. I'IepBb||7| TN npeacraeneH nepeuy-
HbIMM CYNbGUAHBIMU pyAamu, KOTopble HabnogarTcs B cpeaHeM Himke rnybuHel 50-55 m. Mo cocTaBy 310 XnNOpUT-My-
CKOBUT-KBapLieBble MeTacomaTtuTbl. Bmellatowme nopogbl npedcTaBneHbl CEPULMTU3MPOBAHHBIMU, XTOPUTU3UPOBAH-
HbIMM 1 kapboHaTU3NPOBaHHLIMKM AnopuTamu. B cocTaBe pya npeobnagatot xanskonuput u nupmT. MpakTuyeckn BCs Mefb
COLEPXKUTCA B Xanbkonupute. BTopoi TMn — 370 pyaHbIE 30HbI BTOPUYHOTO CynbdMAHOro oboraleHus. AToT TUM CHOXKEH
NEPBMYHLIMU 1 BTOPUYHBIMK Cynbdugamu meaun. Bce nopoabl aprunnmanpoBaHHble U NpeacTaBneHbl MeTacomaTuTamu
pasnuyHoro coctasa. Bce Buabl nopog HecyT B cebe pyaHyto MuHepanu3aaumio. K TpeTbemy Tny OTHOCSTCS OKUCTEHHbIE
pyabl, KOTOpble 06pa3ytoT 30HY OKUCMEHNS MecTOpoXaeHus. OHW OensaTcs Ha TPWU NOATUNA: TMUHUCTbIE, TMUHNCTO-Leb-
HUCTbIE U U.l,e6HVICTbIe pyAbl. MnHKCTBIE pPyAdbl 3aneratoT B CaMblX BEPXHUX YaCTAX KOPbI BbIBETPUBAHUA, FJ'II/IHVICTO-LIJ,eﬁ-
HUCTbIE pyAbl cnaratoT LUeHTpalnbHY0 ee 4acCTb, a pyabl B LI.I,e6HI/ICTbIX o6pasoBavax OTMEeYeHbl B HWXKHUX TOPU3OHTaX.
MNpenctaBneHo neTporpauyeckoe onncaHne Kaxaoro U3 TMNoB. BelSBNEHbI MUHepanorMyeckme 1 CTPYKTYPHO -TEKCTYp-
Hble 0cOBEeHHOCTH pya. B pesynbTtaTe nsyyeHns netporpadmyeckoro CocTaBa Kaxzaoro Tuna pys yCTaHOBNEHa pasnuyHas
cTeneHb MeTamopduama 1 BCrieACTBUE TOTO — M3MEHEHUEe pyaHO MuHepanu3aumn. BeiBogsbl. MNpocnexvsaeTcs Bnvs-
H1e MeTacoMaTU4ECKMX NPOLLECCOB, U3MEHUBLLIMX CTPOEHWNE U MUHEPASIbHBIA COCTaB pya. [ns nepBoro Tuna pyabl Xxapak-
TEpPHO Hanu4ue NePBUYHbLIX NOPOL — AMOPUTOB C HACBILLEHHON CyNb(UAHON BKPANIEHHOCTBIO U C HE3HAYUTENbHBIMU Me-
TacoMaTU4YeckUMM U3MeHeHNsIMK. B 30He BTOpMYHOro oboralleHnst nopodbl NpeTepnenyt MHTEHCUBHOE MeTacomaTtuye-
CKOe 13MeHeHme. MNopofabl 3TOM 30HbI HACKILLEHBI TMAPOKCUAAMY Xene3a. [1s 30Hbl MHTEHCUBHOIO BbIBETPUBAHWS Xapak-
TEepHbI FMWHUCTBIE U XTTOPUTU3MPOBAHHLIE MOPOALI. PyaoHas MuHepanuaaunst npeacTaBrieHa WCKIMHYUTENBHO OKWUCHIEH-
HbIMK MuHepanamu. Cynbduasl e4uHWYHLL. Pasnuyns B MUHepansHOM COCTaBe Tpex TUMOB pya BNMSIOT Ha BbiBop cro-
coboB nepepaboTku pyabl B npeaenax TOMUHCKOrO MECTOPOXAEHMS.

Knrodesnbie crioea: TOMUHCKOE MeCTOpPOXAEHWE, MeAHO-NOpthMpPOBOe OpYAEHEHWe, MeTaMopdU3M, TeXHonornyeckne
TWMbI py4

®uHaHcupoeaHue:

BnazodapHocmu:

Mineralogical and technological types
of Tominskoye deposit copper ores (Southern Ural)

Elena M. Kurchevskaya?, Marina V. Yakhno®, Arkady Y. Senchenko®

acNIPI TOMS (Scientific Research and Design Institute “Technologies of Minerals Separation’), Irkutsk, Russia
bIrkutsk National Research Technical University, Irkutsk, Russia

Corresponding author: Marina V. Yakhno, ymar@istu.edu

Abstract. Purpose. The purpose of the article is investigation of the technological types of Tominskoe copper deposit
ores; examination of the mineral composition of the host rocks and ores of each of the three types; identification of miner-
alogical and structural-textural features of ores, research of the relationship of mineralization and metamorphism intensity
alteration for each type of ore. Methods. Ore bodies of the Tominskoye porphyry copper deposit occurring in the diorites
and quartz diorites are veinlet and porphyry-stringer clusters in crush zones. The deposit is characterized with the predom-
inant metasomatic rocks of quartz-sericite formation. Results. Three geological and technological ore types are distin-
guished within the Tominskoye field. The first type is represented by primary sulfide ores, which occur on average lower
than 50-55 m depth. By composition they are chlorite-muscovite-quartz metasomatic rocks. The host rocks are repre-
sented by sericitized, chloritized and carbonated diorites. Chalcopyrite and pyrite are predominant elements in ore compo-
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sition. Chalcopyrite contains carbonated diorites. Chalcopyrite and pyrite are predominant elements in ore composition.
Chalcopyrite contains almost all of the copper. The second type includes the ore zones of secondary sulfide concentration.
This type is composed of primary and secondary copper sulfides. All the rocks are dirty argillaceous and are represented
by metasomatic rocks of different composition. All types of rocks feature ore mineralization. The third type covers oxidized
ores, which form the oxidation zone of the deposit. They are divided into three subtypes: clay, claydetrital and detrital ores.
Clay ores occur in the uppermost parts of the crust of weathering. Clay-detrital ores compose its central part, while ores in
detrital formations have been found in the lower horizons. Each of the type is given a petrographic description. Mineralogical
and structural-textural features of ores are identified. The study of the petrographic composition of each type of ores
showed a varying degree of metamorphism that resulted in changes in ore mineralization. Conclusions. The influence of
metasomatic processes is indicated. The last have changed the structure and mineral composition of ores. The presence
of primary rocks — diorites with saturated sulfide impregnation and insignificant metasomatic alterations is typical for the
first type of ore. The rocks in the zone of secondary concentration have undergone intense metasomatic alteration. These
rocks are saturated with iron hydroxides. The presence of clay and chloritized rocks characterize the zone of intense
weathering. Ore mineralization is represented exclusively by oxidized minerals. Sulfides are rare. Variations in the mineral
composition of the three types of ores influence the choice of ore processing methods at Tominskoye ore deposit.
Keywords: Tominskoye field, porphyry copper mineralization, metamorphism, technological ore types
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