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Abstract
Relevance - the study and description of rare and new minerals for the Ural emerald mines. To do this, within the
framework of the work, we made a study of the compositions and relationships of previously known, but poorly stud-
ied sulfides, with minerals newly discovered for the Mariinsky deposit.
The purpose of the work is to study the features of the structure and material composition and the conditions for
finding rare sulfides and native elements for this type of deposits.
Research methodology. The main diagnostics and study of the compositions of minerals from the discovered asso-
ciation was carried out using a Zeiss AxioScope.Al optical microscope and a Tescan Vega 3 sbu scanning electron
microscope with Oxford Instruments X-act EMF (South University Federal Scientific Center MiG, Ural Branch of the
Russian Academy of Sciences, analyst M. A. Rassomakhin). The detection limits for the contents of chemical elements
do not exceed 0.2 wt. %. Some of the minerals were studied using a VEGA 4 LMS scanning electron microscope with
an Xplore 30 energy-dispersive attachment (FSFEI HE UGGU RTL VSPiR, analyst L. A. Demina).
Results. Data are given on the structural features and chemical composition of rare minerals for the Mariinsky depos-
it: galena, zinc greenockite, bismuthine, matildite.
Conclusions. A mineralogical study was carried out and the chemical composition of sulfide mineralization rare for
the Ural emerald mines was studied. Previously, zinc greenockite and matildite were not described, so this is the first
find of these minerals at the Mariinsky deposit.

Keywords: Ural emerald mines, sphalerite, chalcopyrite, galena, zinc greenockite, bismuthine, matildite, electrum.

Introduction

Deposits and occurrences of rare metals and precious
stones in the eastern frame of the Murzinsko-Aduisky an-
ticlinorium, known throughout the world as the Ural emer-
ald mines (UEM), are a unique ore and mineralogical object
known since 1831. During this time, dozens of deposits and
occurrences with various mineralization; tons of mineralogical
samples of precious stones, hundreds of tons of semi-precious
and collection raw materials, hundreds of thousands of tons
of ore concentrates were mined. Currently, about 290 miner-
als and varieties are known and described on the territory of
the UEM. Every year, new minerals are discovered that are not
typical for objects of this type.

At present, based on the results of studying newly dis-
covered emerald deposits, two main geological and industrial
types of deposits of this gemstone have begun to be distin-
guished in the world. The first type is represented by carbon-
ate-albite-pyrite-quartz veins and tectonic breccias in carbo-
naceous and carbonate shales [1, 2]. Sometimes they form
in terrigenous-carbonate and sulfate-terrigenous-carbonate
rocks [3]. Since the main large deposits of this type are located

in Colombia, the type was called “Colombian”. Deposits of the
second type are located at the contacts of massifs of basic and
ultrabasic compositions or in zones of junction of non-meta-
morphosed ultramafic rocks with felsic rocks. Such contacts
can be both intrusive and tectonic. This type of deposits is of-
ten referred to as “shale”. In view of the fact that for the first
time such objects were found in the Urals in 1831 (Sretenskoye
deposit, UEM), many researchers call the second type “Ural”.
Host rocks occurring in “suture zones” usually form “tectonic
mélange” [4, 5]. In addition, rocks hosting emerald mineraliza-
tion are often metamorphosed volcanic rocks of basic compo-
sition. These can be epidote-chlorite-actinolite rocks, chlorite
and talc-chlorite schists (Kafubu deposit, Zambia) [6], mafic
gneisses and amphibolites (Tanzania, Madagascar) [7]. Most
emerald deposits have described minor sulfide mineraliza-
tion that accompanied the formation of the gemstone. These
are numerous finds and inclusions of pyrite in crystalline raw
materials (Columbian type) and molybdenite, pyrite, chalco-
pyrite in ore bodies with emerald (Ural type). Within the ore
region of the UEM, the main geological and genetic types of
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rare-metal mineralization were identified: vein, metasomatic
ores, and hydrothermalites [8, 9].

Brief geological structure of the Mariinsky deposit. The
Mariinsky (Malyshevskoye) deposit is the largest in Russia
and one of the most famous emerald deposits in the world,
which was discovered in 1833. Quartz-plagioclase veins are
quite common at the deposit and are confined to northeast-
ern cracks. They mainly occur in diorite porphyrites, as well as
talc schists and serpentinites, and are represented by lenticular
bodies, 1-3 m thick and 5-15 m long along strike [10]. The
morphology and size of quartz-plagioclase veins depend on the
conditions of their occurrence (shearing zones, intersections
of tectonic faults). Quartz-plagioclase veins are in close genetic
connection with emerald-bearing mica, but they are located
in different geological and structural settings, as if they cross
mica veins. Therefore, significant series of quartz-plagioclase
veins with industrial rare-metal (Ta-Nb-Be) mineralization
are found in large emerald-beryl deposits (Mariinskoye, Kras-
noarmeiskoye). On small manifestations, the veins are rep-
resented by single bodies. In composition, they are close to
rare-metal pegmatites of the region, but differ from them in
structural and textural characteristics and mineral associations
of secondary minerals [11].

Beryl in quartz-plagioclase veins forms nest-like accumu-
lations, which are filled with medium-large crystalline crystals.
The shapes and sizes of beryl are different — from short-pris-
matic, reaching several tens of centimeters in diameter, to
parallel-columnar aggregates oriented perpendicular to the

M. I1. ITonos u dp. / Ussecmus YITY. 2023. Bon. 3(71). C. 25-31

contacts. Large-flake muscovite often contains prismatic trans-
lucent crystals of colorless and slightly bluish beryl of later
generation. Sulfide minerals (sphalerite, pyrite, chalcopyrite)
are often found in quartz-plagioclase veins, which are formed
together with prehnite, late chlorite, beryl, fluorite, bavenite.

A detailed study of granular sphalerite aggregates growing
on late-generation beryl crystals from voids in a quartz-pla-
gioclase vein from the Mariinsky deposit revealed the fol-
lowing rare minerals for the deposit: galena, zinc greenock-
ite, bismuthine, matildite. When studying a fragment of a
quartz-plagioclase vein from the Mariinsky deposit, dust-like
segregations of electrum and native bismuth were found, which
form several elongated sections located in the oligoclase ma-
trix. Together with the described minerals, plagioclase con-
tains laths of phlogopite and separate isolated segregations of
bismuth sulfosalt.

Methodology for studying the features of the compo-
sition of rare mineralization. To study the relationships be-
tween minerals, polished sections were made. The diagnostics
and study of the compositions of minerals from the discovered
association was carried out using a Zeiss AxioScope.A1 optical
microscope and scanning electron microscopes: Tescan Vega
3 sbu with EMF Oxford Instruments X-act (Southern Univer-
sity Federal Scientific Center MiG, Ural Branch of the Russian
Academy of Sciences, analyst M. A. Rassomakhin, chemical el-
ements do not exceed 0.2 wt. %) and VEGA LMS with Xplore
30 energy dispersive attachment (FSFEI HE UGGU RTL
VSPiR, analyst L. A. Demina).

SEM HV: 20.0 KV
View field: 5.77 mm

WD: 15.00 mm
Det: BSE

VEGA3 TESCAN
' 4

1 mm

Figure 1. A granular aggregate of sphalerite (light grey) and beryl (Be) with inclusions of chalcopyrite (Ccp) and a complex intergrowth
of bismuthine, matildite, native bismuth (large white spot in the upper left part of the aggregate. Photo in BSE

PucyHok 1. 3epHucTtbin arperat cchaneputa (cBetno-cepoe) u 6epunna (Be) c BknoyeHnssMu B HeM xanbkonuputa (Ccp) u cnoxHoe
cpacTaHue BUCMYTUHaA, MaTUNbAUTA, CaMOPOAHOro BUCMyTa (bonbLioe 6enoe NATHO B BepXHeN neBon YacTtu arperata). ®orto B BSE
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SEM HV: 20.0 kV WD: 15.00 mm VEGA3 TESCAN
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View field: 75.9 um

Det: BSE

Figure 2. Complex intergrowth of galena (Gn, point e), native bismuth (Bi), greenockite (Gr, point f), and chalcopyrite (Ccp) in sphalerite

(Sph). Left — reflected light, right - BSE

PucyHok 2. CnoxHoe cpactaHue raneHurta (Gn, Touka e), camopogHoro BucmyTa (Bi), rpuHokuTa (Gr, Touka f) u xanbkonuputa (Ccp) B

ccanepute (Sph). CneBa — oTpaxeHHbIN cBeT, cnpasa — BSE

Table 1. Chemical composition of sphalerite, chalcopyrite, galena and greenockite, wt. %
Ta6nuua 1. XuMmnueckun coctas ccpaneputa, xanbKONupuTa, raneHnuTa u rpuHokuTa, mac. %

Analysis S Fe Zn Cu Cd Pb Bi Total Formula
bdl 1 (pointq)  32.81 1.56 65.2 bdl 0.43 bdl bdl 100.00 Zn, 5;F€;,0,Cd; 0005,
2 (point a) 33.83 30.93 0.46 34.19 bdl bdl bdl 99.42 Cu, soFe, 1:ZN00:S: o
3 (point e) 13.13 2.10 7.10 2.28 bdl 69.92 6.29 100.18 PDBy 702N, 25F€4.05CU0 07
%i0.07 1.15§0.85
4 (point f) 24.23 6.05 10.63 4.98 54.11 bdl bdl 100.00 Cd,.,Zn ,.Fe ,,Cu .S, o

Note: The formula is calculated on the number of f.u., bdl — below the detection limit. EMF, operator M. A. Rassomakhin.

Results

Sphalerite is represented by a medium-grained aggregate
5 x 7 mm in size, which grows on the verge of bluish beryl
of late generation. The color of the mineral is yellow-brown.
At the boundary between beryl and sphalerite, there is a joint
growth boundary. Inside, zinc sulfide contains emulsion dis-
semination of chalcopyrite and inclusions of bismuthine, na-
tive bismuth, and matildite (fig. 1). Intergrowths are observed
between minerals. Sphalerite contains an insignificant admix-
ture of iron and cadmium (table 1, analysis 1).

Chalcopyrite occurs as an emulsion dissemination in
sphalerite (fig. 1), which can grow together with matildite and
in complex inclusions with bismuthine, native bismuth, and
matildite (fig. 3), as well as with greenockite and galena (fig. 2).
Quite rarely, the mineral contains inclusions of native bismuth,
bismuthine. The size of chalcopyrite varies from emulsion
to 0.25 mm. The chemical composition is shown in table 1
(analysis 2).

Galena and greenockite occur as single inclusions in
sphalerite (fig. 2), where they are in a complex intergrowth
with chalcopyrite and native bismuth. The size of sulfides is
4-7 microns. The chemical composition of minerals is
displayed in table 1 (analyzes 3 and 4). The elevated contents
of Zn, Cu, and Fe in galena are most likely associated with
the partial capture of elements from nearby sphalerite and
chalcopyrite. The found greenockite, according to the
Zn-Cd-S ternary system, can be attributed to zinc
greenockite [12].

Bismuthine is found in sphalerite as the basis of a complex

inclusion (fig. 3), which grows together with native bismuth,
chalcopyrite, and matildite. The size of the accretion is 0.8 mm.
No impurities were found in the composition of bismuthine
(table 2, analyzes 1 and 2).

Matildite is noted as dissemination in sphalerite, which
can grow together with chalcopyrite and with bismuthine +
native bismuth. May contain submicron inclusions of native
bismuth. The size of matildite is 10-15 pm, single 30 pm.
The composition of matildite is displayed in table 2 (analyzes
3 and 4).

Electrum is represented by small lamellar segregations
with uneven edges, the size of which reaches from 3 to 15
microns. The mineral was found together with grains of
native bismuth (fig. 4). Native metals are well diagnosed by
the element distribution map and EMF spectra (figs. 2, 3).
Electrum has a fairly stable composition, in which the silver
content varies from 39 to 42 wt. % (table 1). A small amount
of silicon most likely comes from the substrate of the sample.

Results discussion

The formation of minerals of the described association
occurred at the late stages of hydrothermal processes
superimposed on quartz-plagioclase veins of the Mariinsky
deposit. Rare sulfide mineralization - galena, zinc greenockite,
matildite, is found in association with beryl, which is a
rather rare case. Bismuth and silver sulfides in the Urals
were previously described in gold deposits [13], polymetallic
[14], and porphyry deposits in the Southern Urals [15, 16].
The association of matildite and beryl is described only
in the cassiterite-silicate-sulfide type of tin deposits (field
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SEM HV: 20.0 KV

WID: 15.00 mm VEGA3 TESCAN

- -
Det: BSE [ 100 um i

View field: 500 pm |

Figure 3. Complex intergrowth of bismuthine (Bin, point r), matildite (mtd, point s), native bismuth (Bi, point t), and chalcopyrite (Ccp)

in sphalerite (Sph). Left — reflected light, right - BSE

PucyHok 3. CnoxHoe cpacTaHue BucMyTuHa (Bin, Touka r), matunbguta (mtd, Touka s), camopogHoro BucmyTta (Bi, Touka f) n
xanbkonupuTta (Ccp) B cchpanepute (Sph). Cnesa — oTpaxeHHbIN cBeT, cnpaBa — BSE

Table 2. Chemical composition of bismuth and silver minerals, wt. %

Tabnuua 2. XuMuyeckuin coctaB MMHeparnoB BUCMyTa U cepebpa, mac. %

Analysis S Fe Cu Zn Te Ag Pb Bi Total Formula
1 (point r) 18.72 bdl bdl bdl bdl bdl bdl 81.28 100 Bi,S,
2 (point r’) 18.44 bdl bdl bdl bdl bdl bdl 81.56 100 Bi, 1,5, o5
3 (point s) 16.21 bdl bdl bdl bdl 28.79 bdl 55.00 100 AQ, 45Bi; 0,51 05
4 (point c) 16.49 0.68 147  3.31 bdl 12.45 8.82 56.63 99.85 Ag, 6sZNg 16 CU, 1.Pby B, .S, oo
5 (point t) bdl bdl bdl bdl bdl bdl bdl 100 100 Bi, o

Note: The formula is calculated on the number of f.u., bdl — below the detection limit. SEM, operator M. A. Rassomakhin.

Figure 4. Segregations of electrum (Au-Ag) and bismuth (Bi) in
plagioclase (Pl) together with phlogopite (Flg) and bismuth sul-
fosalts (Tetr)

PucyHok 4. Bbigenenus anektpyma (Au—-Ag) n Bucmyra (Bi) B nna-
rnoknase (Pl) coBmecTtHO c chnoronutom (Flg) u cynbcoconammu
BucmyTa (Tetr)

Alyaskitovoye, Eastern Yakutia) [17]. Bismuth mineralization
in mica and quartz-plagioclase veins of emerald-beryl deposits
is developed quite intensively and is represented by native
bismuth, bismuthine, tetradymite, tellurobismuthite and other

Table 3. Chemical composition of electrum from a quartz-pla-
gioclase vein of the Mariinsky deposit, wt. %

Tabnuua 3. XMMUyecKkuin cocTaB aneKkTpyma U3 KBapL-nnarvokna-
30BOW Xunbl MapunHckoro mectopoxaeHus, mac. %

Analysis num-

ber Au Ag Si Total
1 59.13 40.14 0.71 99.98
2 40.69 57.15 0.61 98.45
3 41.24 58.01 bdl 99.25

Note: The analyzes were performed on a TESCAN VEGA-4
LMS SEM at the VSPIR laboratory of the Ural State Mining University
(analyst L. A. Demina). Bdl — below the detection limit.

minerals. The formation of unusual Bi, Bi-Te mineralizations in
quartz-plagioclase veins at the deposit is directly related to the
formation of rare-metal pegmatites of the nearby Adui granite
massif, which is part of the Murzinsko-Adui anticlinorium
[18]. Electrum is a fairly rare mineral that occurs in the Urals
at gold deposits: Blagodatnoe (Middle Urals) [19]; Kochkarskoe
(Southern Urals) [20], and at the Yubileynoe (Cu-Zn) deposit
(Southern Urals). Previously, native gold was found at the
Mariinsky deposit [21].

Conclusions

1. A rare mineralization for emerald deposits was studied,
which reflects the late stage of the formation of the Mariinsky
deposit.

2. Rare minerals for the Mariinsky deposit and for the
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Ural emerald mines are described for the first time: galena, zinc ~ metals (gold, electrum) and various forms of Ag-Bi-Te

greenockite, bismuthine, matildite, electrum. mineralization.
3. On the territory of the ore region of the Ural
emerald mines there are deposits of native gold The study was conducted as part of the implementation of

Rudnichnoye (native) and Shamei placers. At the the federal program of strategic academic leadership “Priority
Mariinsky emerald deposit, there are minerals of native 2030 (Ural State Mining University).

REFERENCES
1. Banks D. A., Giuliani G., Yardley B. W. D., Cheilletz A. 2000, Emerald mineralization in Colombia: fluid chemistry and the role of brine mixing.
Mineralium Deposita, vol. 35, no. 8, pp. 699—713. https://doi.org/10.1007/s001260050273
2.KazmiA. H., Lawrence R. D.,Anwar J., Snee L. W., Hussain S. 1986, Mingora emerald deposits (Pakistan): suture-associated gem mineralization.
Economic Geology, vol. 81, pp. 2022-2028. https://doi.org/10.2113/gsecongeo.81.8.2022
3. Nassau K., Jackson K. A. 1970, Trapiche emeralds from Chivor and Muzo, Colombia. The American Mineralogist, vol. 55, no. 3—4,
pp. 416-427.
4. Giuliani G., Silva L. J. H. D., Couto P. 1990, Origin of emerald deposits of Brazil. Mineralium Deposita, vol. 25, pp. 57-64. https://doi.org/10.1007/
BF03326384
5. Laskovenkov A. F., Zhernakov V. |I. 1995, An update on the Ural Emerald Mines. Gems and Gemology, vol. 31, no. 2, pp. 106—113.
6. Seifert A. V., Zagek V., Vrana S., Pecina V., Zacharias J., Zwaan J. C. 2004, Emerald Mineralization in the Kafubu area, Zambia. Bulletin of
Geosciences, vol. 79, no. 1, pp. 1-40.
7. Vapnik Ye., Sabot B., Moroz |. 2005, Fluid inclusions in lanapera Emerald, Southern Madagascar. International Geology Review, vol. 47, issue
6, pp. 647-662. https://doi.org/10.2747/0020-6814.47.6.647
8. Kupriyanova I. |., Shpanov E. P. 2011, Beryllium deposits in Russia. Moscow, 353 p. (In Russ.)
9. Popov M. P. 2014, Geological and mineralogical features of rare-metal mineralization in the Eastern exocontact of the Aduisky massif within the
Ural emerald belt. Ekaterinburg, 136 p. (In Russ.)
10. Zolotukhin F. F. 1996, Mariinskoe (Malyshevskoe) emerald ore deposit, Middle Urals. St. Petersburg, 70 p. (In Russ.)
11. Popov M. P. 2022, Peculiarities of rare-metal mineralization and genetic connection of mineral associations in the eastern frame of the
Murzinsko-Aduisky anticlinorium (Ural emerald-bearing strip). Zapiski Gornogo instituta [Notes of the Mining Institute], vol. 255. C. 337-348.
(In Russ.) https://doi.org/10.31897/PMI.2022.19
12. Hurlbut C. S., Jr. 1957, The wurtzite-greenockite series. The American Mineralogist, vol. 42, no. 3—4, pp. 184—190.
13. Sustavov S. G. 2002, Minerals of the Berezovsky deposit — a list (269 minerals, of which 179 min. species) and bibliography on the page
(120 names). (In Russ.) http://www.igg.uran.ru/minural_serg/Mineralog/MinKadastrBerez.htm
14. Bortnikov N. S., Laputina I. P., Safonov Yu. G. 1987, A new group of minerals of the Ag-Pb-Bi-S system from the Kanimansur ore field
(Karamazar). DAN USSR [Reports of the Academy of Sciences of the USSR], vol. 292, no. 5, pp. 1235-1238. (In Russ.)
15. Plotinskaya O. Yu., Novoselov K. A. 2015, Mineralogy of precious metals in porphyry Cu deposits of the Southern Urals. Mineralogy throughout
the entire space of this word. Materials of the XII Congress of the RMS. St. Petersburg, pp. 134—136. (/In Russ.)
16. Plotinskaya O. Yu., Grabezhev A. |., Groznova E. O., Seltmann R., Lehmann B. 2014, The Late Paleozoic porphyry-epithermal spectrum of
the Birgilda-Tomino ore cluster in the South Urals, Russia. Journal of Asian Earth Sciences, vol. 79, part B, pp. 910-931. https://doi.org/10.1016/].
jseaes.2013.01.015
17. Gamyanin G. N., Anikina E. Yu. 2014, Model of the formation of the alaskitic tin-tungsten deposit. Geology and mineral resources of the North-
East of Russia: Proceedings of the All-Russian Scientific and Practical Conference. Yakutsk, pp. 113-117. (In Russ.)
18. Popov M. P., Erokhin Yu. V., Hiller V. V. Bismuth mineralization in emerald mica of the Mariinsky deposit (Middle Urals). Proceedings of the
International Scientific Conference dedicated to the 300th anniversary of the Mineralogical Museum named after A. E. Fersman RAS. Moscow,
pp. 149-151. (In Russ.)
19. Yarosh N. A. 1955, On the mineralogy of the oxidation zone of the Blagodatnoye deposit in the Middle Urals. Trudy Gorno-geologicheskogo
instituta UFAN SSSR [Proceedings of the Mining and Geological Institute UFAN USSR, issue. 26, pp. 50-67. (In Russ.)
20. Spiridonov E. M. 1995, Mineralogy of the metamorphosed Kochkar plutogenic gold-quartz deposit (Southern Urals). 1. Gold-telluride ores (new
minerals Bi—-Pb—Te-S; kochkarite, raklidzhite, alexite, gold, montbreuite, Bi tellurides and sulfides). ZVMO [Notes of the All-Union Mineralogical
Society], part 124, issue 6, pp. 24—-39. (In Russ.)
21. Popov M. P., Erokhin Yu. V. 2012, On the discovery of gold and copper in chromitites of the Ural Emerald mines. Geodynamics, ore deposits
and deep structure of the lithosphere: XV Readings in memory of A. N. Zavaritsky. Ekaterinburg, pp. 203-205. (/n Russ.)

The article was received on June 07, 2023

M. P. Popov et al. Rare mineralization from quartz-plagioclase veins of the Mariinsky deposit (Ural emerald mines)//W3Bectua 29
YITY.2023. Boin. 3 (71). C. 25-31. DOI 10/21440/2307-2091-2023-3-25-31



HAYKU O 3EMAE M. I1. ITonos u dp. / Ussecmus YITY. 2023. Bon. 3(71). C. 25-31

VIIK 553.08 http://doi.org/10.21440/2307-2091-2023-3-25-31

Peakast MMHEpaAm3aums U3 KBapL-TNAArMOKAA30BbLIX >KUA MapuUMHCKOro
MeCTOpOKAEeHMST (YpaAbCkme U3YyMPYAHLIE KOMK)

Muxaun Metposuy MNOMNOB'
Muxaun AHatonbesu4y PACCOMAXUH>~
Jo6oBb AHgpeeBHa JEMUHA'*

"Ypanbckuii rocyaapCTBEHHbIV TOpHbIN yHUBEpcuTeT, EkatepunHbypr, Poccusi
2HOxHO-Ypanbckuin heaeparnbHbld Hay4YHbIA LEHTP MUHepanorumn u reoakonorun YpO PAH, MnbmeHckuin 3anoeegHuk, Muace,
YenabuHckasa obnactb, Poccus

AHHOTaLwMs
AxmyanvHocmev — U3ydeHNe U ONMCaHMEe PENKMX M HOBBIX I YPanbCKUX M3YMPYAHBIX KOIIEVl MMHEpAsoB.
[l aToro B paMKax paboThI ObIIO IPOBEIEHO M3YyUYeHNe COCTABOB Y B3aIMOOTHOLIECHMII paHee N3BEeCTHBIX, HO C/la-
00M3y4YeHHBIX CYIb(UIOB C BHOBb OTKPBITHIMU PEIKMMI /i1 MapUMHCKOTO MECTOPOXK/ICHN A MUHEPATaMIA.
Llenvto pabomvt sBnseTCA U3ydeHNe 0COOEHHOCTEN CTPOEHMA U BEelleCTBEHHOTO COCTABa 1 YCTIOBMIT HAXOXKACHMA
PENKMX I HOOOHOTO THIIA MECTOPOX/eHNIT CynbhuoB. IlonydeHHbIe JaHHbIE TO3BOJIAT PACUIMPUTD MIHEPAIb-
HBIJ KaJJaCTp TEPPUTOPUN YPaIbCKUX USYMPYIHBIX KOIIEIL.
Memooonozus uccnedosanus. OCHOBHAs IMaTHOCTUKA U M3y4YeHVe COCTABOB MIHEPA/IOB 13 0OHAPY>KeHHOI acco-
I[MalMy IPOBeeHbl C MIOMOIIBI0 ONTUYECKOT0 MUKpPOCKoMa Zeiss AxioScope.Al 1 CKaHUPYIOI[ETO 3/1eKTPOHHOTO
mukpockona Tescan Vega 3 sbu ¢ 9IC Oxford Instruments X-act (FOY ®HL] Mul YpO PAH, ananutuk M. A. Pacco-
maxuH). [Tpenenpl 06Hapy)XeHMs COfep)KaHMIT XMMIYECKVX 37IeMEeHTOB He npebinrator 0.2 Mac. %. YacTb MuHepa-
0B OBUIA M3YyYeHa Ha CKaHupywleM 37eKTpoHHOM MuKpockorne TESCAN VEGA 4 LMS ¢ sHeproancrnepcnoHHOM
npuctaskoit Xplore 30 AZtecLite (PT'BOY BO YITY HUWJI BCIIuP, ananutux JI. A. [lemuna).
Pesynvmameut. I1pyiBefieHbI JaHHbIE IO 0COOEHHOCTAM CTPOEHMS, XUMIYECKOMY COCTaBY PeAKUX [1sg MapumHcKo-
rO MECTOPOXK/JIeHNA MMHEPA/IOB: FaJIeHNTa, IMHKIUCTOTO ITPMHOKNTA, BUCMYTIHA, MaTU/IbINTA.
Bwvi6oowt. IIpoBeneHO MMHepanornyeckoe MCClIefoBaHme M U3ydeH XMMUYECKVIT COCTAaB PEfKOil I YpalTbCKUX
U3YMPY[AHBIX Kolleil CynrbduaHoil MyuHepammsanyuy. ONcaHHas MMHepanu3alys MO3BOJAET OXapaKTepu3oBaTb
3aBepIIAONIYIO CTA[VII0 MUHEPATo0OpasoBaHMs B IO3JHETUPOTEPMAIbBHOM IIpOLiecce, MIPOSBIEHHOM Ha MeCTO-
poxjieHnn. PaHee IMHKUCTBI TPUHOKNT, MATU/IbAUT He ONMUCHIBAINCD, I0O9TOMY 3TO IepBasi HaXOKa JAHHBIX MU-
HepasioB Ha MapuIHCKOM MeCTOPOXKIEeHNA.

Knioueesvte cnosa: Ypanbckue n3yMpynHble KON, C(aepuT, XaIbKOIMPUT, Ta/IEHUT, IMHKVCTHIV TPMHOKNUT, BUCMY-
TUH, MaTUJIbJUT, 97IEKTPYM.

Hccnedosarue nposedeHo 6 pamkax peanusauuu gedepanvHoil npozpammpl CHpamezutecko20 akademuueckozo 1udepcmea
«Ipuopumem 2030» (PI'EOY BO «Ypanvckuii 2ocy0apcmeeHHvlil 20pHbLLL yHUBEPCUMem»).
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