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Relevance of the work is the development of new methods for rapid extraction (determination) of ore bodies in the underground mine of the field direct-
ly. Measurements were carried out both on specially prepared samples in the form of cubes of the same size, and under conditions of natural occurrence.
Purpose of the work is to study the magnetic susceptibility and electrical resistivity of the main host rocks and the ore complex (emerald-bearing
glimmerites and quartz-plagioclase veins with beryl) in the most famous Ural emerald-beryllium deposit, the Mariinsky deposit.

Methodology of research. In order to study the magnetic properties of typical rocks and ore bodies of the Mariinsky deposit, the PIMV-M field
magnetic susceptibility meter with a measurement range of 1 - 10°... 1 Sl units was used in the underground mine directly. The relative measure-
ment error does not exceed + 10% in the range of 10 ... 1 SI units. The measurement was carried out by applying the flat surface of the measuring
transducer to the bottomhole wall in a lithologically homogeneous section with subsequent measurement and recording of the obtained value in the
field document. To study the electrical resistivity, standard samples in the form of cubes of 24 x 24 x 24 mm were used; their composition was inves-
tigated with the help of binocular enhancer MBS-10. The measurements were carried out along three axes since almost all samples have anisotropy.
The teraohmmeter E6-13A was used for working.

Results. The data on the magnetic susceptibility and electrical resistance of the main host rocks and the ore complex (emerald-bearing glimmerites
and quartz-plagioclase veins with beryl) from the Mariinsky deposit are presented. All data are adjusted with the petrographic characteristics of rocks.
Conclusions. Possibility in principle is shown for creating a new express-method for isolating quick micaceous veins in wells and mine faces with the
simultaneous measurement of magnetic susceptibility and electrical resistance of rocks during mining operations in an underground mine.

Keywords: The Urals, magnetic susceptibility, electrical resistance, glimmerites, quartz-plagioclase veins, emerald-beryllium deposits, Ural emerald mines.

ntroduction
Currently, the Government of Russia entrusts executives of the Malyshevsky (Mariinsky) emerald-beryllium deposit
with the task to restore beryllium mining in Russia. During mining operations, a very important factor affecting the cost
and quantity of the extracted commercial element is the possibility of isolating and sorting out quick micaceous veins carried
out directly in the mine face while blasthole drilling. Earlier during the active mode of operation of the Malyshevsky mine group
(1950-1990), the enterprise used the photoneutron method for such tasks [1]. The application of this method is associated with
certain managerial difficulties (the use of strong radiation sources, the creation of isotopes storages, and the organization of a
special control service). Therefore, at the early stage of geological exploration, geophysical methods are promising, operational,
and low-cost methods of searching for quick micacious veins and serpentinite contacts [2-4].

According to early literature data [2], the magnetic susceptibility of highly basic rocks of the Emerald-bearing line of the
Urals ranges from 25 ... 63 - 10~ to 2520... 5040 - 10~° SI units, and in some cases up to 12 600 - 10~ SI units. The increased mag-
netic properties of ultrabasic rocks are associated with accessory magnetite. Moreover, a considerable heterogeneity of ultrabasic
rocks was established according to the magnitude of magnetic susceptibility (Table 1), which is mainly due to their serpentini-
zation, carbonatization, and development of talc. Table 1 shows the magnetic susceptibility values obtained by the authors of the
work [2] for rocks typical of the deposit. Unfortunately, the authors did not indicate in their work the way the measurements
were made (using samples or under conditions of natural occurrence). However, according to their data, rocks of the basic and
acidic composition are mainly non-magnetic; amphibolites, gabbros, granitic rock, and glimmerites are distinguished by reduced
magnetic susceptibility.

Additionally, according to literature data [2], the dependence of the specific electrical resistance of ultrabasites on the meta-
morphism intensity is noted:

- slightly serpentized peridotites — 1210 ... 3900 Ohm - m, at an average 1900 Ohm - m;

- serpentinites — 300-960 Ohm - m, at an average 750 Ohm - m;

- serpentinite-talc-carbonate rocks — 16 ... 21 Ohm - m, at an average 18 Ohm - m;

- talc-carbonate rocks - 2 ... 26 Ohm - m, at an average 10 Ohm - m.
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Table 1. Characteristics of magnetic susceptibility X of rocks of the Ural emerald mines [2].
Ta6nuua 1. XapakTepucTvka MarHUTHOM BOCNPUUMYMBOCTU X FOPHbIX Nopod YpanbCckon U3yMpyAoHOCHOW nonockl [2].

X 105SI units
Rock

Number of determinations Measurements range Average
Amphibolites 3646 0...302 25
Gabbro 800 0...126 35
Diorites 3370 0...2520 21...370
Granitic rock 2375 0...630 10
Serpentinites 1226 6...10 000 1612
Dolerines 555 6...3126 831
Chilorite rocks 135 6...1612 227
Apoultrabasite glimmerites 324 9...40 18...21
Apodiorite glimmerites 120 12...50 23...30

Micaceous veins are distinguished among the host rocks by high electrical resistance, which is caused by their composition
- these are shales, consisting mainly of phlogopite with mica scales oriented along shaliness. According to the data of parametric
measurements of samples, the average electrical resistivity is 70 000 Ohm - m, which is significantly higher than the electrical
resistance of the host rocks [2]. However, the measurement technique is also not specified in the work.

The brief geological structure of the Mariinsky emerald-beryllium deposit

The Ural emerald mines are the world-famous ore region, where the largest deposits of beryllium ores and gems are located in
Russia: emerald, alexandrite, and phenakite. Gem-stones mining began in 1831 and do not stop until today. Within the Emerald
Mines, the only source of beryl is micaceous veins, which are found in the contact of serpentinites in talc-chlorite rocks.

The Mariinskoe (Malyshevskoye) deposit is included in a group of fields that goes under the general name of the Emerald
Mines of the Urals. The ore field is attributed to the deposit which is located in the eastern exocontact zone of the large Aduisky
granite massif of the late orogenic type. Granites burst a complex of metamorphic and intrusive rocks, which includes: amphi-
bolites and amphibolite schists, carbon-bearing siliceous schists, serpentinized ultrabasites, serpentinites and dolerines derived
from them, diorites, quartz diorites and diorite porphyry (Fig. 1).

The contact of the granite massif with a complex of metamorphic and intrusive rocks has the east dip with 65 ... 80 ° angle
and is complicated by bends with flat areas and broad warps. The Mariinskoe deposit is confined to one of such downwarps. The
ore field is localized in the eastern flank of the anticlinal bend. The main ore-controlling and ore-distributing structures at the
deposit are spatially connected fault zones and dikes of diorite porphyrites [6]. Fault zones are fixed by highly foliated and broken
dolerines (usually with additions of chlorite, actinolite, and phlogopite); there are lenticular bodies of serpentinites, as well as
dikes of diorite porphyrites and separate sheet-like bodies of carbonaceous silicious schists. Most ore bodies are concentrated in
the fault zones oriented mainly in the near north-south and lateral directions. In the fault zones and adjacent areas, all rocks are
subject to tectonical boudinage and profound metasomatic changes — phlogopitization, fluoritization, and development of talc
(serpentinites). In addition, the most intensive formation of beryllium mineralization is observed in fault zones. In the vertical
sections, schistosity zones often unite and diverge again; wedging out and bulges are often noted. It was also noted that sometimes
separate feathering fractures depart from the main fault zones; large ore shoots are formed in the areas of intersection with faults.
Fault zones can be tracked along the strike up to 1200 m, their thickness varies from 5 to 70 m. Dykes of diorite porphyry play
an important role in the formation of the structure of the ore field of the deposit. Along the strike and the fall of the ore zone,
five largest dykes are observed in accordance with it, the length of which reaches 1150 m with a thickness of 5 to 10 m. Dyke-like
bodies are spatially closely associated with the identified large fault zones, and the development of ore-bearing structures occurs
precisely here, that is, in the areas of occurrence of dykes that create a profound mechanical heterogeneity of the surrounding for-
mation. The ore zone of the deposit has a southern declination at an angle of 50 °. On the strike, it is tracked for 1 100 m (horizon
-30 m), and it has been explored to a depth of 360 ... 500 m [6]. The vein assemblage is represented by emerald-bearing micaceous
and beryl-bearing quartz-plagioclase veins (Figure 1).

Micaceous ore bodies are the only carriers of beryllium raw materials. They contain an overwhelming (more than 95%)
amount of beryl, which is also characterized by the highest (13.4 g/t) content of this component. Micaceous assemblage found
in talc schists is characterized by the highest (16.1 g/t) content of emerald raw materials. They are quite diverse. This diversity
is due to different chemical and mineral composition of protoliths, the duration and polygeneration of metasomatic process-
es. Among the rocks that have undergone metasomatic processing one can mention apohyperbasite and apodiorite rocks [7],
apovulcanite and apocarbonate, apoamphibolite and apogabbroic rocks; according to mineral composition of the central zones:
Biotite-plagioclase-phlogopite, quartz-plagioclase-phlogopite, topaz-plagioclase-phlogopite, and chrysoberyl-phenacite-phlogo-
pite [5]. Within the ore zones of known deposits of beryl and emerald, micaceous assemblage is accompanied by small veins of
talc-carbonate, quartz-epidote, plagioclase, or fluorite composition filling with open cracks.

Methods of studying the magnetic susceptibility of rocks and objects of study

The study of magnetic susceptibility to differentiate the magnetic properties of natural minerals has been repeatedly used
by researchers [8-10]. In order to study the magnetic properties of typical rocks and ore bodies of the Mariinsky deposit, the
PIMV-M field magnetic susceptibility meter with a measurement range of 1 - 10~... 1 SI units was used in the underground mine
directly. Relative measurement error does not exceed = 10% in the range (10~ ... 1) SI units, in the range (10~ ... 10™*) SI units is
not rated. Measurement was carried out at barings in mine workings (layering crossdrifts, dass, ore drifts) at horizons +15, -30,
-120 m. The measurement was carried out by applying the flat surface of the measuring transducer to the bottomhole wall in a
lithologically homogeneous section with subsequent measurement and recording of the obtained value in the field document. At

40 TMMonos M. . n gp. Geophysical criteria for the separation of productive micaceous veins of the Mariinsky emerald-beryllium deposit
(the Middle Urals) // U3BecTus YITY. 2019. Boin. 1(53). C. 39-47. DOI 10.21440/2307-2091-2019-1-39-47



M. P. Popov et al. / News of the Ural State Mining University. 2019. Issue 1(53), pp. 39-47 EARTH SCIENCES

|

siliceous schists

Micaceous veins

Quartz-feldspar veina

Contact lines

NSSOERONE
:
é

Figure 1. Geological structure of the Mariinsky Deposit [5].
PucyHok 1. l'eonornyeckoe crpoeHne MapumHckoro mectopoxaeHus [5].

the same time, the faces under study were uneven (rough), and the gap between the device and the surface under study was from
0.3 to 0.7 mm, 0.5 mm on average. Since the PIVM-M device measures the apparent magnetic susceptibility k ‘, the transition to
the true magnetic susceptibility value k is realized by the formula k = k’/ (1 - 0.5 k). Since all obtained values of apparent magnetic
susceptibility are less than 0.1 (k' < 0.1 SI units), then it was considered to be k = k T11]. Due to irregularities of the face walls, i.e.
an “outshot-lobe” difference, as a result of which the gap between the measured surface and the flat surface of a transducer is 0.5
mm on average, the unevenness-correction factor of 1.41 was introduced to calculate the magnetic susceptibility. Table 2 shows
the measurement data of magnetic susceptibility in the underground mine.

Methods of studying the electrical resistivity of rocks and objects of study

The electrical resistivity of rocks is carried out both using samples in a laboratory and in natural occurrence. This kind of
work has already been done in laboratory setting but with other species of rocks [12, 13]. We used standard samples in the form
of cubes of size 24 x 24 x 24 mm, the composition of which was examined using the binocular enhancer MBS-10 for studying
the electrical resistance. The measurements were carried out along three axes since almost all samples have anisotropy. Table 3
shows the average measurement data for different axes. The teraohmmeter E6-13A was used for working. The measurements
were carried out according to the method described in [14]. In addition, Table 3 shows the average data of magnetic susceptibility
measured along three axes using the same samples in laboratory setting (PIMV-M device).

Discussion of results

The average values of magnetic susceptibility of various rocks and ore complexes of the Mariinsky emerald-beryllium deposit
are close (with the exception of serpentinites). The unevenness in magnetization intensity of rocks indicates the connection of
their magnetic properties with accessory minerals that are found in them. In serpentinites, magnetite Fe O, (magnetic suscepti-
bility is 4 ... 25 SI units) is most common, and chromite is found. In diorite porphyrites — pyrrhotite Fe, O, (magnetic susceptibility
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Table 2. Average data for magnetic susceptibility of the main rocks of the Mariinsky field obtained directly from measurements in an
underground mine.
Tabnuua 2. CpegHve nokasaTenyu MarHUTHOM BOCNPUMMYMBOCTU OCHOBHbIX nopoA MapuMMHCKOro MecTopoXaeHUs, NoNny4YeHHbIe Heno-
CpeACTBEHHO NPU U3MePEHUsAX B NOA3EMHOM pyaHUKe.

Names of rocks

Number of measurements

The average %,

The average, taking into account the coefficient

Sl units - 10 1.41, Sl units
Serpentinites 25 7.2 10.2
Talc schists and rocks 39 3.4 4.8
Diorite porphyrite and quartz diorite 62 5.2 7.3
Tremolite-actinolite schists 13 3.1 4.4
Chlorite schists 7 2.7 3.8
Quartz-plagioclase veins 10 - -
Micaceous assemblage 43 1.5 21
Carbon-bearing-siliceous shales 10 5 7.1

Table 3. Characteristics of the main host rocks and ore complex of the Mariinsky deposit.

Tabnuua 3. XapakTepuCcTUKM OCHOBHbIX BMELLAIOLWMNX NOPoA U pyaHoro komnnekca MapumHCKoro MecTopoXaeHus.

Sample Magnetic Electrical resis-
Rock Texture Mineral composition Peculiar properties susceptibility, S
number . tivity, MOhm
Sl units
Quartz — 80 %, . . .
G e e 20% sumeribetze 0%
9 sulfides (less than 1 %) grayq
2A ) . - . Occasional " 200 000
B Glimmerite Schistic Bastonite ore inclusions 24.10 320 000
) . Small sulphides are
3A ) . . Light-colored micas L " 100
3B Glimmerite Massive sulfides (less than 1 %) distributed 43-10 95
unevenly
4A . . e Brown-colored mica — 90%, Feldspar grains in 4 340
4p  Climmerite Stratified  felgspar — 10 % glimmerite 2:9-10 180
5A - Massive, . o o Ore mineral is not 4 25000
5B Serpentinite cutaxic Serpentine — 90 %, talc — 10 % visible 1.7-10 25 000
6A  Plagioclase Massive, ~ Amphibole — 80 %, feldspar — 2§;2I‘?Z§t‘iﬁ’:'genot 17 104 27 000
6B gabbro spotted 20 % o 28 000
detected
7A Quartz-muscovite  Massive, Quartz — 20%, light-colored mica —  Rare small, sulphide 50.10° 900 000
7B rock eutaxic 0%, brown-colored mica — 50% mineralization ’ 450 000
Serpentine — 68 %, .
8A Talc-serpentinite Knotty talc — 30 %, Rulverous ore inclu- 1.8.10* 400
8B . sion 450
ore mineral — 2 %
. Ore mineral is dis-
9A Massive, o . o ; " 300 000
oB Talc schistic Talc — 95 %, ore mineral (4-5 %) trlbu_te_d e_venly along 6.2-10 170 000
stratification
10A Phlogopite-pla- Knott Plagioclase — 60 %, brown-col- 2/:(';:: e(;l;l;fstes 50.10- 70 000
10B  gioclase y ored mica (40 %) along . : 80 000
in plagioclase vein
1A Silicious-car- Mica — 80 %, Sinale arains of ore 0.36
bon-bearing rock  Massive Carbon-bearing substance —14 %, ngeg 3.2.10* 0.24
11B . . ; o mineral
with mica ore mineral — 1 % 700
Actinolite —70 %, Single grains of ore
_ o,
12A Talc-actinolite Massive tale 15. o, mineral are distribut- 1.4.10* 90000
12B phlogopite —13 %, ed unevenl 17 000
ore mineral (about 1-2 %) y-
13A . . . . o Ore mineral 4 50 000
13B Glimmerite Schistous  Brown-colored mica — 100 %, is not identified 2.0-10 30 000
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Sample Magnetic Electrical
p Rock Texture Mineral composition Peculiar properties susceptibility, resistivity,
number .
Sl units MOhm
14A Plagioclase — 40 %, Single inclusions 2000
Amphibolite Massive amphibole — 45 %, of ore mineral are 3.2-10*
14B . o 1750
mica—5 % noted.
15A Quartz-mica . Mica — 80 %, Ore mineral 4 300 000
158 schist Sehistous  qjartz — 15 %, is not identified 4.0-10 400 000
Ore mineral (vein- 310
16A Serpentinite Massive, Serpentine — 96 %, ore lets) is unevenl 2.8.10* 360
168 P spotted mineral — 4 % 1S) Y € 2400
distributed
3500
17A .. . Serpentine — 90 %, Ore mineral is dis- 5 25 000
17g ~ Serpentinite Massive e mineral — 10 % tributed unevenly 25-10 18 000
18A Diorite Massive, Amphibole — 35%, plagioclase — Ore mineral 15.104 1600
18B knotty 45%, mica — 15%, quartz — 5% is not identified ’ 2400
19A . o Ore mineral 50 000
198~ Quarnzrock Massive — Quartz—100 %, is not identified 400 000
20A . . Talc — 75 %, chlorite — 20 %, ore Ore mineral (silt) is " 9000
oo Chlorite-tale Schistous - ineral (less than 5 %) evenly distributed 2.0-10 320 000
21A Glimmerite . . o . o Ore mineral " 150 000
21B with fluorite Schistous  Mica — 75 %, fluorite—25 % is not identified 1.7-10 100 000
2297 Serpentine — 95 %, Ore mineral (single
Serpentinite Massive talc — 4 %, grains) is distributed 6.5.10* 320 000
22B )
ore mineral — 1 % unevenly 20 000
Talc — 45 %, Ore mineral (single
ggg Tzlr(]:tci)r?i(teeser Massive Serpentine — 40 %, grains) is distributed 1.5.10* 600 000
P ore mineral — 5 % extremely unevenly 80 000
24A Dolerine with Schistous Talc — 65 %, mica — 34 %, Ore mineral in the 29,104 170 000
24B phlogopite ore mineral — 1 % form of small grains ’ 100 000
25A - . Amphibole 5-7 %, feldspar — 65 %, Ore mineral 4 300 000
258 Dlorite Schistous 1 ica — 25.30 % is not identified 13-10 200 000
26A  Talcose ser- Massive  Serpentine — 80 %, talc - 15 %, gsrflg‘gl‘setrr?éé:’: d”Ch' 40104 90 000
26B pentinite ore mineral (about 5 %) e 150 000
very unevenly
- . . Ore mineral (single
27A Actinolite-chlorite . Actinolite — 60 %, talc — 35 %, ore N e 4 110
27B Schist Massive mineral (about 5 %) grains) is distributed 1.7-10 115
unevenly
32
28A Chlorite-talc-ac- Schistic Amphibole — 44 %, chlorite — 25 Ore separation in the 23.10 40
28B tinolite %, talc — 30 %, ore mineral — 1 % form of fine grains e 2300
2200
Ore mineral (fine
29A - Serpentine — 80 %, talc — 15 % impregnation) is dis- 4 4500
29B Serpentinite Knotty ore mineral (5 %) tributed along cracks 1.7-10 4700
and occasionally
30A Serpentine-talc Knotty, Serpentine — 30 %, talc 65 %, ore or;einn;;r}:rgils(tfilgﬂz d 35.104 55 000
30B rock eutaxic mineral (5 %) 9 ’ 320 000

extremely unevenly

is 1072 ... 107 SI units), ilmenite (magnetic susceptibility is 4... 25 SI units) and titanite (less commonly magnetite). There are
magnetite, ilmenite, and titanite in talc, chlorite and tremolite-actinolite schists, which affect the overall magnetic susceptibil-
ity of rocks. Mica complexes mainly consist of phlogopite (magnetic susceptibility is 20 - 10~° SI units), but chromite, ilmenite,
and titanite are rarely found in them. The content of accessory minerals in micas does not exceed two decimal places and three
decimal places [15]. Sometimes fine-grained magnetite is found in apodiorite glimmerites, which increases the overall magnetic
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Figure 2. Values of electrical resistance and magnetic susceptibility for selected samples from the Mariinsky deposit.
PucyHok 2. 3Ha4yeHuWs aneKTPOoCconpoTMBNEHUS U MAarHUTHOM BOCNPUMMYNBOCTM Ha OTOGPaHHbIX 06pa3uax ¢ MapumHCKOro MeCTopoXaeHuA.

susceptibility of these rocks. The magnitude of the magnetic susceptibility of quartz-plagioclase veins is below the measurement
limit of the PIVM-M device (k <10-° ST units) due to the absence of the main “magnetic minerals” (magnetite, pyrrhotite, ilmen-
ite). The location of ore-bearing zones along the boundaries of the contacts of serpentinites with glimmerites makes it possible
to identify zones of these contacts by magnetic susceptibility. Serpentinites have a greater magnetic susceptibility (10 ... 10~ SI
units) than other rocks.

The works carried out by the authors in the mine of the Mariinsky emerald-beryllium deposit followed by laboratory studies
showed that the main carrier rocks of beryllium mineralization (glimmerites and quartz-plagioclase veins) differ in magnetic
susceptibility from other rocks of this deposit. Thus, the magnetic susceptibility of phlogopite schists ranges from 0.2 to 2.3 - 10*
SI units. The magnetic susceptibility of plagioclase-quartz veins is equal to zero. The host rocks (serpentinites), in turn, have a
magnetic susceptibility 30 - 10~ ST units. The obtained values of apparent resistivity also show the difference between unproduc-
tive vein complexes and those containing the ore component (beryl). In addition, there is a dependence of the electrical resistance
values of hyperbasites on the degree of metamorphism:

— peridotites slightly serpentinized - 1600 ... 2400 MOhm, sam. No 18;

- serpentinites —3500... 25 000 MOhm, sam. No 5, 16, 22;

- serpentinite-talc-carbonate rocks — 400 ... 450 MOhm, sam. No 8;

- mica veins — 30 000 ... 320 000 MOhm, sam. No 13, 2.

According to the results of the work, it was found that mica veins are found only in hyperbasites of low-resistivity. It is obvi-
ous that the decrease in electrical resistance is due to a complex of metamorphic processes. Mica veins are distinguished among
host rocks by high electrical resistance, which is caused by their composition - these are schists consisting mainly of phlogopite
with mica scales along schistosity. According to the data of parametric measurements of samples in early studies [2], the average
specific electrical resistance of mica veins is 70 000 Ohm - m, which is significantly higher than the electrical resistance of host
rocks. A similar situation is observed in our research.

If we jointly construct graphs (Fig. 2) of magnetic susceptibility and electrical resistance for various types of rocks found in
the Mariinsky deposit, then it can be noted that the separation of mica veins only according to magnetic susceptibility is impossi-
ble due to a large number of nonmagnetic rocks. The separation of productive mica veins only according to the electrical resistiv-
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ity data is also not possible due to the presence of rocks of the same electrical resistivity. However, the use of these two methods at
the same time when setting certain studied parameters makes it possible to create equipment for the express method of inspection
and selection of promising ore zones (complexes).

Conclusions

The method proposed by the authors is based on difference in magnitude of the magnetic susceptibility and electrical resis-
tance in the ore and ore-free sites. For each of the parameters studied, it is impossible to indicate unequivocally about the degree of
mineralization; however, their complex use and interpretation allow us to identify signs by which ore zones can be distinguished
in the field.

The use of this express method at the site (in mine workings) will allow for prompt determination of the location of ser-
pentinite bodies and talc schists, in contact of which micaceous complexes productive for beryllium mineralization are often
found.

This method (with a large set of statistical data) will allow us to confidently distinguish productive apohyperbasite glimmer-
ites from unproductive apodiorite and other micaceous complexes at the Mariinsky deposit.
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"YpanbCkuii rocyAapCTBEHHBbIN ropHbI YHUBEpcuTeT, Poccusi, EkatepuHGypr

2NHcTuTyT reonorum u reoxumun um. A. H. 3asapuukoro YpO PAH, Poccus, EkatepmHbypr
3AO «MapuunHckuin pyoHuky, Poccus, CeepanoBckasi obnacTtb, r. AcbecT, noc. Manbiwesa
“UHcTuTyT reodmankm um. tO. M. Bynawesunya YpO PAH, Poccusi, EkatepuHbypr

AKTYAALHOCTLIO PABOTLI SIBASIETCS Pa3paboTka HOBLIX METOAOB OMEPATUBHOIO BLIAEAEHMsT (OBHAPYIKEHMSI) PYAHBIX TEA HEMOCPEACTBEHHO B MOA3EMHOM
PYAHUMKE MECTOPOXKAEHUsI. VI3MepeHust ObIAM MPOBEAEHBI KAK HA CMELIMAALHO MOAFOTOBAEHHLIX obpasuax B hopme KyOMKOB OAHOrO pasmepa, Tak U B
YCAOBMSIX €CTECTBEHHOTO 3aAEraHusl.

LleAbro pa6oTLI SIBASIETCSI U3YyYEHWE MArHUTHOM BOCMPUMMYMBOCTM U SAEKTPOCOMPOTUBAEHMSI OCHOBHBIX BMELAMOWYMX MOPOA M PYAHOTO KOMIMAEKCA
(UI3yMPYAOHOCHDIX CAIOAMTOB M KBAPLI-MAArYOKAQ30BLIX JKMA C GEPUAAOM) HA CAMOM M3BECTHOM YPAALCKOM M3YMPYAHO-OEPUAAMEBOM MECTOPOXKAEHWUM
— MapumHckom.

MeToAororMs MCCAEAOBAHMSA: AASI ICCAAOBAHMI MarHUTHBIX CBOVICTB TUMOBLIX MOPOA U PYAHBIX TeA MapUMHCKOro MECTOPOKAEHMSI HEMOCPEACTBEHHO
B MOA3EMHOM PYAHMKE VICMOABL3OBAACS UBMEPUTEAL MArHUTHOM BOCMPUMMYMBOCTY roAeson NMTMMB-M ¢ ananasoHom mamepenus 1 - 107°...1 ea. CUL.
OTHOCHTEABbHAS! TOrPEIHOCTL U3MEPEHMsT He MPeBocxoauT +10 % B ananasoHe 107...1 ea. CU. MiamepeHne NPOBOAMAOCEH MyTEM MAOTHOTO MPUKAQAbIBAHUSI
MAOCKO¥ MOBEPXHOCTY MEPBMYHOTO MPeoBpasoBareAsi MprOopa K CTEHKE 3a00s1 B AUTOAOTMHYECKM OAHOPOAHDIN YHACTOK C MOCAEAYIOUMM M3MEPEHNEM
U 3aMMCbio MOAYHEHHOTO 3HAYEHMsI B MOAEBOW YKYPHAA AOKYMEHTALIMM TOPHLIX BLIPAOGOTOK. AAsl M3yHEHMST SAEKTPOCOMPOTUBAEHMS ObIAV UCTIOAL3OBaHbI
CraHAapTHbIE 06pasLbl B (hopme KyOMKOB pasmepom 24 x 24 x 24 MM, COCTaB KOTOPLIX MAPAAEALHO M3y4aacsi oA 6uHoaynoin MBC-10. Mamepenus
MPOBOAMAMCD MO TPEM OCSIM, TaK KaK MPAKTUYECKM Y BCEX 0OPA3LIOB MPUCYTCTBYET aHU3OTPOMMsl. AAsi PaBOTL MCMOAL3OBAACS TepaommeTp EG-13A.
Pesyavtatil. [puBeaeHbl AAHHLIE MO MArHWMTHOW BOCTIPUMMMYMBOCTM UM SA€KTPOCOMPOTMBAGHMIO OCHOBHLIX BMELIAIOWMX TOPOA U PYAHOTrO
KOMIAEKCA (M3YMPYAOHOCHDLIX CAIOAVTOB M KBapLI-MAATMOKAA30BLIX XKMA C GEPUAAOM) C MapUMHCKOTO MECTOPOXKAEHMsl. Bce AaHHbLIE COrAAcOBaHLI C
neTporpaieckMmm XapakTepUCcTMKamm MopoA.

BriBoAbl. [ToKkasaHa NMPUHUMIMAALHASI BO3MOXKHOCTL CO3AAHUsI HOBOW 3KCMPECC-METOAMKM BLIAGAEHMS MPOAYKTUBHLIX CAIOAUTOBbLIX XKMA B CKBaYKMHAX U
3a605IX MO OAHOBPEMEHHOMY M3MEPEHMIO MArHWUTHOW BOCIPUMMUMBOCTY M SAEKTPOCOMPOTMBAEHUSI MOPOA HEMOCPEACTBEHHO B MPOLIECCE AOOLIMHBIX
PaboT B MOA3EMHOM PYAHUKE.

KatoyeBble cAoBa: Ypaa, MarHWTHasi BOCMPUMMYMBOCTD, SAEKTPOCOMPOTUBAEHUE, CAIOAUTDLI, KBAPL-MAArMOKAA3OBLIE KMALI, U3YMPYAHO-OEpPUAAVEBDIE
MECTOPOXKAEHMSI, YPAALCKME U3YMPYAHbIE KOTIN.

Paboma evinonmnena uacmuuno npu noodepucke IIpocpammor YpO PAH «Paspabomka nempodusuueckux memooos
UCCTIe008aHULL 20PHBIX NOPOO U PYO C UEIbI0 USYUEHUS 2e07102UUECK020 CHPOEHUS MECHOPOXOeHUll U COBePUIEHCINBOBAHUS
Memo008 ux noucka u pazeedxu» (ITpoexm 18-5-5-52) u eocyoapcmeenHoti npozpammol « PexoHcmpykiyus ycnosuti popmuposanus
2a06po-ynvmpabazumosvix Komnuekcos Ypano-MoHzombckoeo ck1aduamoeo nosca u ceA3aHH020 ¢ Humu opyodernenus» (loc. Homep
AAAA-A18-118052590033-3).

JINTEPATYPA
1. WectakoB B. B. fgepHo-reoduranyeckunin akcnpecc-aHanua TpaHCropTupyeMbIX pya U pecypcocbeperatolime texHonorun. Ceepanosck: YHL]
AH CCCP, 1987. 110 c.
2. OueHKka pecypcHOro noTeHuuana W3yMpyAOHOCHbIX dopmaunin Poccum Ha ocHoBe paspaboTkM COBPEMEHHbIX MPOrHO3HO-MOWCKOBbIX
KOMMIEKCoB: COOPHWK CTaTel No oLeHKe MECTOPOXAEHWI NePCNEKTUBHBIX AparoLeHHbIX kamHen. M.: ®IYT «LleHTpkeapu», 2008. 246 c.
3. Everett M. E. Near-Surface Applied Geophysics. Cambridge: Cambridge University Press, 2013. 442 p.
4. Hao J., Gu Z., Zhou J. Anisotropy of magnetic susceptibility of rocks induced by experimental deformation // Annals of Geophysics. 1997. Vol.
40, Ne 2. P. 455-462. https://doi.org/10.4401/ag-3923
5.7KepHakoB B. V1. Tonas-naparoHnToBble METacoMaTU4eckme Komnekcbl MaprumnHcKoro MmectopoxaeHus nsympyaa // Feonorns metamopuyeckmx
komnnekcoB. Ekatepunbypr: YITTA, 1998. C. 94—101.
6. 3onotyxuH ®. . MapuumHckoe (ManbiweBckoe) MecTopoxaeHune nsympyaa, CpegHui Ypan. Acbect; EkatepuHbypr; CIM6.: CI6ry, 1996. 70 c.
7. XepHakos B. /. OnpeaeneHne nonoxeHns N3ympyaHOro opyaeHeHUs B METaCOMaTUYEeCKMX KOSIOHKax CroamToBoro tuna // MetacomaTuam v
pynoobpasosaHue: Te3. gokn. V Becepoc. koHd. (23-25 Hos6.). Knes, 1982. C. 24-25.
8. Hoover D. B., Williams B., Williams C., Mitchell C. Magnetic susceptibility, a better approach to defining garnets // The Journal of Gemmology.
2008. Vol. 31, Ne 3/4. P. 91-103.

X popovm1@yandex.ru
http://orcid.org/0000-0002-0527-8234

™ 0.peleshko@ambercombine.ru

" bazenova_jena@mail.ru
https://orcid.org/0000-0002-2068-7140

http://orcid.org/0000-0002-1174-1301

46 TMonos M. T1. n gp. Geophysical criteria for the separation of productive micaceous veins of the Mariinsky emerald-beryllium deposit
(the Middle Urals) // U3BecTus YITY. 2019. Boin. 1(53). C. 39-47. DOI 10.21440/2307-2091-2019-1-39-47



M. P. Popov et al. / News of the Ural State Mining University. 2019. Issue 1(53), pp. 39-47 EARTH SCIENCES

9. Grimley D. A., Wang J.-S., Liebert D. A., Dawson J. O. Soil magnetic susceptibility: a quantitative proxy of soil drainage for use in ecological
restoration // Restoration Ecology. 2008. Ne 16. P. 657—667. https://doi.org/10.1111/j.1526-100X.2008.00479.x

10. Zhanxiang He, Yunxiang Liu, Xiaodong Suo, Dong Weibin. Application of Magnetic Prospecting in Recognition of Volcanic Reservoirs //
Recorder (official publication of the Canadian Society of exploration geophysicists). 2008. Vol. 33, Ne 01. P. 45-48.

11. ®unatos B. B. MarHuTopassefka: MarHUTHasi BOCMPUMMYMBOCTb, WHOYLMPOBAHHAA W eCTeCTBEHHAs OCTaTo4Has HaMarHWY4eHHOCTW.
Ekatepunbypr: N3p-so YITY, 2008. 236 c.

12. Amadu Casmed Charles, Gawu Simon K. Y, Abanyie K. Samuel. Experimental Study of Electrical Resistivity to Rock Fracture Intensity and
Aperture Size // International Journal of Physics. 2018. Vol. 6, Ne 3. P. 85-92. https://doi.org/10.12691/ijp-6-3-4

13. Permyakov M. E., Manchenko N. A., Duchkov A. D., Manakov A. Yu., Drobchik A. N., Manshtein A. K. Laboratory modeling and measurement
of the electrical resistivity of hydrate-bearing sand samples // Russian Geology and Geophysics. 2017. Vol. 58. Issue 5. P. 642-649. https://doi.
org/10.1016/j.rgg.2017.04.005

14. BaxtepeB B. B. 3akoHOMEPHOCTN U3MEHEHUS SMEKTPUYECKUX NapameTpoB 06pasLoB ropHbIX NOPOA rMnepba3vToBbIX MaccMBOB Ypana npu
BbICOKUX TeMnepaTypax // /3B. By3oB. [eonorusi n passegka. 2015. Ne 2. C. 41-47. https://doi.org/10.32454/0016-7762-2015-2-41-47

15. Laskovenkov A., Fand N., Zhernakov V. An Update on the Ural Emerald Mines // Gems & Gemology. 1990. Vol. 31, Ne 2. P. 106-113.

Cmamabsi nocmynuna e pedakyuto 13 Hosibpsi 2018 e.

Monos M. IN. n gp. Geophysical criteria for the separation of productive micaceous veins of the Mariinsky emerald-beryllium 47
deposit (the Middle Urals) // U3Bectus YITY. 2019. Bbin. 1(53). C. 39-47. DOI10.21440/2307-2091-2019-1-39-47



