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Abstract
Research objective is to establish the particular changes of field development at the Sadon
ore cluster in the historical context and assess the future technologies potential taking into
account aspects of interaction with the environment.
Methods of research include generalization of reported data and literature on the technologies
of the past, detailing the results of laboratory tests on metals extraction from ores by block,
heap and activation leaching; giving recommendations on improving environmental
management under the man-made impact.
Research results and application. A historical background of the field development at the
Sadon ore cluster is given together with the mining methods indicators over the past
200 years. The details of the geologic setting and field characteristic are presented.
The features and indicators of mining methods are summarized and mined ore quality
parameters are described differentially for deposits. It was demonstrated that conventional
technologies do not provide competitive indicators of mineral quality. The article systematizes
information on the reagent leaching development originated in the 1970s. It has been
confirmed that tailing storage facilities of processing plants pose a threat to
the environment. A combination of conventional and innovative technologies is
recommended as a way of minimizing the negative impact mining has on ecosystems.
The research results on Sadon ore leaching in high-speed disintegrator mills are reported.
Conclusions. It is possible to reduce the negative environmental impact and qualitatively
change mining operations through transition to combined metal mining technologies.

Keywords: field development; ore mining; development prospects; environment; leaching;
disintegrator, Sadon ore cluster.

Introduction. The Republic of North Ossetia—Alania has a centuries-old experience
in the strategically important minerals extraction.

The Alans mined non-ferrous metals in the deposits of Ossetia in the 3rd—2nd
centuries BC. A more intensive mining was driven by the Alans’ relocation to the
Caucasus mountains in the 13th century under the onslaught of the Tatar-Mongols [1, 2].
The Sadon deposit was systematically prospected in 1842; its commercial exploitation
began in 1843. The year of 1853 marked the beginning of exploration by adits with the
associated production of silver-lead ores [3], and by 1860 an ore resource base was
created. Since 1892, sphalerite production has started improving the economic indicators
of field development. The Kholstinsky and Ardonsky mines [4] started production in 1894,
followed by the Stur-lzdinsky and Kurtatinsky mines. In 1926, Sadon’s productivity
recovered to the 1913 level. In 1927 Ossetia produced 100% of the country’s zinc and
63% of lead. The development of the world’s largest vein deposit of Zgidsky started
in 1945; the Kholstinsky and Buronsky deposits have been in operation since 1953.
The development of the Arkhonsky deposit began in 1960, the Levoberezhny deposit —
in 1967, the the Kakadur-Khanikomsky deposit — in 1969. The Fasnalsky deposit was
developed on and off in 1963—1964 and 1968.
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Based on a comprehensive analysis of effective technologies for the natural-technical
system sustainable development [5], green and resource-saving technologies were
developed [6]. With the advent of new physical and chemical processes for metal
extraction, the relevance of tailings utilization was increasing [7]. Algorithms for
determining the efficiency of combining metal mining technologies were being
developed [8]. Geoeconomic factors of the
North Caucasus sustainable development a
received assessment and recommendations
for practical implementation [9]. =

The problems of backfill optimization to
improve the quality of the mined raw
material [10], rational use of underground
space [11], and the effect new technologies
have on labor organization [12] in course of
the new technologies assimilation [13] were
explored in foreign researches. New solutions
for rock mass state control in course of mining
were presented in [14, 15]. The directions of
metal-containing tailings utilization were
analyzed in [16-18].

Methods of research include detailing the
results of laboratory tests on metals extraction
from ores by leaching.

The methodological basis of leaching is
changing the properties of metal-containing
raw materials by means of mechanical-
chemical-physical impact. The extraction
possibilities were studied on the Sadon ore
processing  tailings using  disintegrator
activators. The results of complex standard ! ! .

. . . flexible ceilings: @ — cross section;
practice analytical and laboratory studies are b plan
to be considered when making  Pucymox 1. Croesoe oGpyueHne M0a
recommendations. TUOKUM TIEpEKPBITHEM: a — pa3pes; b — miaH

Mining features. Quartz-polymetallic
and pyrrhotite ore bodies of complex morphology with bending distortions, swells and
ore pillars, broken by various tectonic faults and intensively dislocated occur at depths
of up to 250 m. Ore bodies are 1-5 m thick on average. The ore body shapes are zones,
veins, lenses, and veinlets. The deposits were developed with natural rock mass state
control with dilution of 15-40% and losses of 5-6%.

The Sadon deposit is located at heights of 1200-2150 m above sea level. The strike
of the deposit is up to 4.5-5.0 km, the pitch is up to 1.5 km. The vein thickness varies
within 0.2-2.6 m, the vein extension is 20-50 m, sometimes more. The deposit is
developed at more than 40 horizons to a depth of more than 1000 m.

During the commercial exploitation, deposit was mainly developed by the mining
method of horizontal-layers and backfilling composed of ore sorting products.

In 1958, the development of reserves left in ground and metal-bearing backfill was
started using caving methods. For the first time in world practice, a top slicing mining
method with flexible ceilings was used (Figure 1).

Figure 1. A top slicing mining method with
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Over the years of exploitation, ore reserves have been mined at an area of about 1 km
in depth and more than 2 km along the strike. The features of the mining method applied
depend on the ore quality requirements. Before zinc production technology was
mastered, galena had been mined in Russia, while sphalerite and substandard galena
were used to fill voids. The total content of lead and zinc in the backfill of that period
reached 10-12%. In 1930-1950, the content of metal in the backfilling material
was 2-3%. In the 1960s, the mined-out space accumulated ore with a metal content
significantly exceeding the planned one. The amount of such backfill is estimated at

—13 m
10"‘"—" 50-63 m

Figure 2. Metal-bearing backfill recovery: a — with one-sided
opening; b — with two-sided opening

Pucynox 2. Brlemka METaJIOHOCHOH 3aKJIAKU:
a — C OJHOCTOPOHHHM BCKPHITHEM; b — C JIByCTOPOHHUM
BCKPBITHEM

1 million tons. From 1958 to 1972, more than 600,000 tons of backfill were mined with
the lead content of 1.4% and zinc content of 2.4%. From 1970 to 1990, more than
100,000 tons of backfill were mined, or 80-85% of total production per year.
The process flow diagram of reworking with one-sided opening from the hanging wall
or the bottom wall every 10—15 m are shown in Figure 2, a; with two-sided opening are
shown in Figure 2, b: in a more stable hanging wall parallel to strike at a distance
of 15-20 m a drift was driven with cross adits and loading cross drifts driven from it
every 50-60 m.
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The backfill extraction did not exceed 50%. In course of development, not only
metal-bearing backfill but also rotted host rock was drawn, therefore, dilution
exceeded 50%.

Zgidsky mine. Large faults of the Upper Zgidsky and Lower Zgidsky deposits
intersect ore bodies and separate them into sections. The faults act as screens for
mineralization.

Reserves are localized in the lode ore of the Upper Zgidsky and Lower Zgidsky
deposits. The ore bodies 0.15-3.0 m thick are not continuous along the strike and pitch.
The ore hardness coefficient according to M. M. Protodiakonov is 1015, the bulk
density is 3.0-3.2 t/m’, the humidity is 5-7%. Ore minerals: galena, sphalerite, pyrite,
chalcopyrite, magnetite, and tetrahedrite. Host rock, namely granites, granodiorite,
quartz diorites and covering keratophyres are strong, weakly fractured and stable.
The ore hardness coefficient according to M. M. Protodiakonov varies from
8 (keratophyres) to 18 (granodiorite). The bulk density of rock is 2.8 t/m3. Exploitation
began in 1945. The production capacity reached 200 thousand tons, 10—12 thousand of
which being metal. In the upper part of the deposit, the lead content was 10-25%,
zinc — 2—4%. Open stope mining methods with backfilling were used:

— shrinkage with backfill;

— shrinkage without backfill (about 10 options);

— horizontal layers with layer-by-layer cemented backfill;

— sublevel drifts (layer-by-layer shrinkage).

Arkhonsky mine. The quartz-polymetallic veins are 1-8 m thick. Granites and
albitophyres make up host rock. Ore hardness coefficient is 10—-12, rock hardness is
from 6-8 to 10-15.

Mining methods:

— ore shrinkage with a scrapper level, under the vein thickness over 0.6 m and pitch
over 55°;

— partial shrinkage in layers 4-6 m high broken by the longwall method from the
bottom to the top;

— ore shrinkage and drawing to loading cross drifts with machine loading;

— ore shrinkage and breaking by boreholes from raise faces;

— ore shrinkage and drawing through hatches;

— sublevel caving.

Kholstinsky mine. The deposit is represented by steeply pitching ore veins
0.2-0.8 m thick. The veins thickness varies both along the strike and along the pitch at
an angle of 60°-90°. The vein minerals are represented by galena, sphalerite, and pyrite.
Granites and albitophyres make up host rock. Ore and host rock hardness according to
M. M. Protodiakonov is 8—14.

Mining methods:

— ore shrinkage and drawing 30-35% of the broken ore; losses during ore drawing
from chambers up to 50%, dilution 50—70%;

— selective mining and backfilling, where the block was divided into the “ore” and
“rock’ half-blocks by means of driving a haulage drift and block raise face; the maximum
possible amount of broken host rock to be placed in one part of the block and the optimal
length of ore haulage were taken into account (Figure 3);

— shrinkage and combined drawing of the stored ore onto the drift floor and machine
loading;

— combined method with sublevel shrinkage that involves stoping the required
sublevels under the ore of the overlying sub-level and onto the sub-console space created
by hole firing.
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Fiagdon mine. The Kakadur-Khanikomsky deposit is composed of a series of
transverse zones 2—3 m thick. Ore minerals: pyrite, marcasite, sphalerite, and galena.
The ore hardness coefficient is 3—10, rock hardness coefficient is 3—5. Ore bulk density
is 2.7-2.9 t/m>. Vein thickness is 0.3—6.0 m, pitch is 35°-90°.
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Figure 3. A mining method with shrinkage and machine loading: a — stored

ore; b — cross section; ¢ — block bottom; B — the thickness of the ore body

Pucynok 3. Cucrema ¢ Mara3MHHPOBAaHHMEM C MANIMHHOW MOTPY3KOM:

a — Mara3wuHUPOBAaHWE Py.bl, b — pa3pes; ¢ — quuine O0ioka; B — Tommuna
PyAHOrO Tena

Mining methods:

— top slicing by stopes up the pitch and dividing into sublevels with an inclined
height of 10—15 m and using an ascending method of breaking when mining the sublevels
by the descending method;
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— sublevel caving with ore breaking in horizontal layers, used for steeply pitching
ore bodies 3—5 m thick;

— sublevel drifts and mass-breaking of ore into the mined-out space by a blasthole
ring and drawing ore into the scraper drift;

— forced level caving with ore breaking in a clamp;

— sublevel caving (closed ring) with division into sublevels.

Geotechnological processes of the Sadon mines. Geotechnological processes
developing in the Sadon mines goaf result in zinc and lead being removed by water.
Losses are estimated at 2 million tons with a lead content of about 2.6% and zinc 3.6%.
Mine waters contain up to 400 mg/I of zinc and up to 11 mg/l of lead.
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Figure 4. Plants for ore precipitation at mines: a — Arkhon; b — Fiagdon
PucyHok 4. YCTaHOBKH Al OCaKAEHHS METANIOB Ha PYIOHUKAX: d — ApPXOHCKHIA;
b — ®uarponckuit

Fiagdon mine. In spring, the zinc content in mine waters reached 0.71%. Salt and
sulfuric acid are the reagents. Sodium carbonate and zinc dust are the precipitants.
Product solutions of the first stage contained 210 g/m*® zinc and 200 g/m’® lead.
Productivity — 150 m*/hour.

Arkhon mine. Up to 150,000 tons of ore, up to 7,000 tons of zinc and up to
3,000 tons of lead were lost in the mine. In the discharge at the mouth of adit no. 22,
the concentration of zinc is 60-70 mg/l and lead 6.5-7.0 mg/l under pH 5.5-6.0.
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Over 51 working days, 40 tons of zinc were precipitated in gel at the precipitation plant
with sodium carbonate as a precipitant. Under humidity of 65-78%, the gel contains
zinc up to 25%, lead — 0.3-0.5%, copper — 0.15-0.28%, cadmium — 0.054%,
cobalt — 0.08%, iron — 6.0%, nickel — 0.075%, and quartz — 4-20%.

Sadon mine. More than 1 million tons of metal-containing backfill with a content of
0.6-1.2% of metals is leached in the mined-out space of the Sadon mine. The zinc
content in mine water reaches 308 g/m?, lead — 10 g/m°.

Metals were extracted from backfill with a zinc content of 0.55 % and lead of 0.15%.
Size: 80% passability through a 15 mm screen. Chlorine water with a chlorine content
of 0.8-1.2 g/l is a reagent. Extraction, %: zinc — 75, lead — over 21%. Content in
solutions, mg/l: zinc — 40—460, lead — 4.5-6.0 (Figure 4).

Table 1. The results of metals extraction into solution
Tabauna 1. Pe3yabTaTsl H3BJI€YeHUS] METAJIOB B PACTBOP

Series number Lead, % Zinc, %
1 24.6 393
2 33.8 44.5
3 35.8 46.2
4 134 10.4
5 21.6 21.5
6 21.7 21.8

In the tailing storage facilities of the Sadon lead and zinc plant (Unalsky and
Fiagdon tailing storage facilities), discharge is stored containing 0.08% of zinc,
0.16% of lead, 2% of sulfur, and 64% of silica. The area of the Unalsky tailing
storage facility is 61 hectares, the amount of tailings is 2960 thousand tons.
The area of the Fiagdon tailing storage facility is 56 hectares, the amount of tailings
is 2313 thousand tons.

Metallurgical treatment of raw materials causes environmental degradation. The city
waste dumps reach 2.7 million tons within an area of 16 hectares. They contain useful
components that were not fully extracted (up to 1% of zinc, up to 0.7% of copper, up to
1.55 g/t of gold, up to 300 g/t of silver, etc.). The Sadon ore processing tailings were
used to justify the phenomenon experimentally. The metals extraction into solution is
shown in Table 1.

It was established by experiment that activation in a disintegrator and leaching
outside the disintegrator increases extraction from the processing tailings (by 1.4 times
for lead, by 1.1 times for zinc); approximately equal extraction is achieved 2 orders of
magnitude faster.

When extracting metals in situ, in situ leaching tailings become analogues of
hardening mixtures. Combining indicators are improved if a smaller part of ore is
brought to the surface and the larger part is leached underground. The through extraction
coefficient can be comparable to the extraction coefficient of a conventional
technology (Figure 5).

At comparable costs, a greater amount of metal is extracted from explored, opened,
developed and extracted raw materials. When leaching into a solution, almost all metals
contained in the tailings are extracted. Under the selective extraction of metals from
a colligative solution, it can increase the gross recoverable value.
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North Ossetia—Alania is a pioneer in a number of technical innovations, including:
high-speed mining; improvement of the method of ore caving under ceilings;
block leaching of commercial ore; metals leaching in high-speed disintegrator
mills, etc.

I I = R = N 7]
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Figure 5. Combined development: / — leaching heap; 2 — ore quality control station;
3 — concentration station; 4 — stowage facility; 5 — reagent solutions preparation station; 6 — rich
ore; 7 — low-grade ore;
Pucynok 5. KomOunmpoBaHHas pa3pabOTKa MECTOPOXKASHWS: [ — Kyda BBIIIEIAYNBAHYS,
2 — pyIO-KOHTpOJIbHAsI cTaHIms; 3 — oOoraTHTEeNbHAs CTAaHIUS;, 4 — 3aKIAIO0YHBIH KOMIUIEKC;
5 — 1IeX IPUTOTOBIICHUSI PACTBOPOB PEAareHTOB; 6 — OoraThie Pybl; 7 — OCAHBIE PY/IbI;

Conclusion. Miners of Ossetia have a centuries-old experience which is a major
contribution to the world’s mining science. This experience should be used to restore the
lost potential of an enterprise. It is recommended to combine metal mining technologies
based on the criterion of complete development of various ore reserves and extraction
of metals using leaching methods with mechanochemical activation.
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COBepHIeHCTBOBaHI/Ie TEeXHOJIOTH I p33p360TKH MECTOPOKACHUSA
CaoHCKOro PyaAHOro y3Jjia

Tomuk B. 1.
! MOCKOBCKHIA MOMTEXHIMYIECKHH yHIBepcuTeT, Mocksa, Poccust.

Pecpepam

ILlenv uccnedosanus — ycmanosienue 0COOEHHOCMEN USMEHEHUs. MEXHONOUU pPa3pabomku
mecmopooicoenuit CadoHcko2o pyoHO20 Y3id U OYeHKa NEPCneKmue mexHonocuu oyoywezo c
VUemom acnekmog 63auMo0eticmsus ¢ OKpyscarowell NPUpoOHOtl Cpedoll.

Memoodonozusn. Obobwenue omuemnbx U IUMepamypHbiX OAHHbIX O MEXHOLOSUSX NPOULIO20.
Jemanuzayusi pe3yiomamos 1a60pamopHuix SKCHEPUMEHINOE 1O U3BIEYEHUIO MEMAILIO8 U3 Pyo
sblwyenauusanuem 6 0Oaokax, Kyuax u axmusamopax. Iloocomoexa pexomenOoayuil no
COBEPULEHCNBOBANUIO  YNPABIICHUSL  COCMOSIHUEM — OKpYJIcalowell  npupooHotl  cpedbl  npu
MEXHO2EHHOM BMEULAmenbCmee.

Pesynemamut pabomel u 001acmos ux npuMeHeHus. J[ana ucmopudeckas Cnpaska 00 0ceoeHuu
mecmopooicoenuti CadoHCKOU 2pynnvl U nokazamenel cucmem paspabomku 3a NocieoHue
200 nem. Jlemanu3uposanvl 2eoiocuyeckas no3uyus U Xapakmepucmurxa MeCmopOoNCOeHU.
0O600wenvt ocobenHocmu U noKazameny Cucmem paspabomku ¢ YmMOYHEHUuem Napamempos
Kauecmea 000618aemMblx Pyo, OUphepeHyuposanto 05 pasHolx mecmopoxcoenuil. Ilokazano, umo
MPAOUYUOHHBLE MEXHONO2UU He 0DECReYUBAION KOHKYPEHMOCNOCOOHbIX NOKA3QMeNell Kauecmed
MUHepanbio2o cuipbsi. Cucmemamusuposanvl c8eoeHust 00 0C60eHUU MEeXHON02UL 000bIYU

24



Golik V. I. / Minerals and Mining Engineering. 2025. No. 3. P. 16-26 GEOTECHNOLOGY

MEMANN08 Pea2eHmHbIM Bblyelauusanuem, komopoe oviio navamo ¢ 1970-x 22. ¢ mom uucnue,
enepevie 6 Mupogoll npakmure. I100meepaicoeno, ymo XeoCMOXPAHUIUWA 0002AMUMETbHBIX
@abpux npedcmasnsirom yeposy okpyxcarowei cpede. Pexomenoosarno rkombunuposarnue
MPAOUYUOHHBIX U HOBLIX MEXHONO2UL KAK CNOCOO MUHUMUZAYUU HE2AMUBHOLO GIUSIHUS 20PHOO
npouszeodcmea Ha oKocucmemvl. I[lpusedenvi pesyiomamol UCCIEOOBAHUL  GbIUEIAUUCAHUSL
CadoHcKux pyo 8 CKOPOCMHBIX METbHUYAX — Oe3UHMeSPamopax.

Bb1600b1. Peanvhoe ymenvuieHue HeeamusHo20 GIUSHUSL HA OKPYICAIOUVIO CPEOY U KAYECMEEHHOe
UBMEHEHUE 20PHO20 NPOU3BOOCINEA BO3MOJICHO NPU NEPEXo0e HA KOMOUHUPOBAHHbIE MEXHOLO2UL
000bIYU MEMATILOB.

Knruesvie cnosa: paspabomra mecmopodicoeHutl;, 000viua pyosl, NePCneKmusbl OCE80eHUs.,
OKpyHcarowas cpeoa, sviujenaqusanue; oesunmezpamop; CadoHcKul pyoHblil y3ei.
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