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Petrochemical features of the dike complex of the Vorontsovskoye
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Relevance of the work. The Vorontsovskoye deposit has some peculiarities of the Carlin-type deposit and is one of the largest gold fields in the Urals.
However, nowadays, it is almost worked out; similar objects in the region have not been identified. The dike complex of the stockwork type was not
previously studied at the deposit. The undertaken research can help clarify both the model of formation of ore mineralization and the predictive model.
Purpose of the work. Study of the composition and petrochemical features of the dike complex of the Vorontsovskoye deposit as one of the possible
factors for the formation of gold-ore mineralization.

Methods of research. The measurements of the occurrence of dikes within the current open-pit with the results on the azimuth grid were carried out.
A silicate dike sample assay was performed, and available past data was also used. The lithologic study of dikes was accompanied by the study of
samples using the JSM-6390LV scanning electron microscope (JEOL) with the IncaEnergy-450 energy-dispersive spectrometer and the CamecaSX100
electron probe microanalyzer.

Results of the work. At the first stage of the research, the structural position of dikes was specified; results of lithologic and petrochemical studies
and data obtained by microanalyzers were summarized. A significant prevalence of the main dikes with various compositions from picrobasalt to
gabbrodiorite (andesibasalt) has been identified. A group of dikes with increased and high alkalinity (including lamprophyres) with compositions from
moderately alkaline and alkaline picrobasalt to monzodiorite (trachyandesibasalt) has been identified as well. Occurrences of kalifeldspath metaso-
matism with the mineral association of chlorite-quartz- potassium feldspar-pyrite (+xgalena) were recorded in dikes of complete line. Earlier, areas of
kalifeldsparization were observed in tuff siltstones.

Conclusions. Availability of dike stockwork can be considered as a positive structural factor in the formation of the deposit. Its role as a magmatic
factor is unclear; however, it can be assumed that occurrences of kalifeldsparization are allied to dykes of increased alkalinity.

Keywords: Northern Urals, Vorontsovskoye gold-ore deposit, dikes, petrochemistry, kalifeldspath metasomatism, Carlin-type.

ntroduction
The Vorontsovskoye deposit is located near Krasnoturyinsk in the north of the Sverdlovsk region. It is one of the most
significant gold-ore sites in the Urals. Productive gold-sulphide mineralization has Au-As-Hg-TI-Sb trend and can be
associated with the “Carlin-type” for a number of characteristics [1, 2]. At the same time, there are some signs of polygenic and
polychronic formation of the deposit [1-4 et al.].

Regionally, the Vorontsovskoye deposit is located in the eastern part of the Tagil megazone within the Auerbah volcano-plu-
tonic complex; it coincides with the Turinsko-Auerbahovskiy ore district of the Krasnoturyinsk ore zone. It is located 1.2 km
west of the multi-phase Auerbah massif of gabbro-diorite-granite formation. Intrusions of the Auerbah complex, which form the
massif and its associated intrusive bodies, date back to the early Devonian.

Gold mineralization is localized in the volcanogenic-sedimentary formations of the Krasnoturyinskaya suite (D kr), which
form the wing of a slightly pitching monoclinal structure within the volcano-tectonic depression (graben-synclinal fold).
Ore-bearing formations are carbonate (brecciated limestone, carbonate breccia) and igneous-sedimentary (tuff siltstones, tuffa-
ceous sandstones, tuffites) formations of the Lower Devonian. They are intruded with numerous dikes of basic and medium
composition, which actually form a complex ore fold within the deposit (Fig. 1).

According to the geological works of various stages of the Auerbah ore cluster, to which the Vorontsovskoye deposit asso-
ciated with, it is characterized by a large variety of dikes: dolerites and gabbro-dolerites, pyroxene-plagioclase, plagioclase and
amphibole-plagioclase porphyrites, diorite- and quartzdiorite porphyry, lamprophyres of spessartite type, odonite, and kersan-
tite. It should be noted that in most cases their determination is based only on petrographic research data. The dikes of the Vo-
rontsovskoye deposit were slightly studied previously [3, 5], but the systemic work was not carried out. Their mineragenic type
and a possible role in the formation of gold mineralization remains debated. This determines the relevance of the research, the
first results of which are presented in this paper.

Objects and research methods, results of the work

During field works in 2017, more than 30 dikes were tested within the existing open-cut mining; structural measurements
were carried out.

According to the results of measurements of dip azimuth (using historical measures), a graph was constructed (Fig. 2).
It shows that there is a system discrete distribution of the poles in the Vorontsovskoye deposit. The systems of dikes of the
north-northeast (340°-62°), south-southeast (90°-190°) and western (235°-292°) dips are distinguished. Dip angles more than
60° are characteristic for all systems. The first two systems with similar dip azimuth values are also noted in the work of I. V.
Vikentyev [4].
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Figure 1. Plain view of the dike ore fold in the northern part of the Severny open-pit of the Vorontsovskoye deposit.
PucyHok 1. O6wmit BUA AalKoBOro LWITOKBepKa B ceBepHou YacTu CeBepHOro kapbepa BopoHLOBCKOro MecTopoxaeHus.
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Figure 2. Graph of the dip and strike of dikes of the Vorontsovskoye deposit in the azimuth grid. 1 — dikes of basic composition (normal
alkaline condition); 2 — dikes of medium composition (normal alkaline condition); 3 — dikes of increased alkaline condition; 4 — “neighboring com-
position” dikes (moderately alkaline / normal); 5 — no available data for chemical composition (according to TAS-diagram, Fig. 3).

PucyHok 2. lnarpamma pacnpegeneHus aneMeHTOB 3aneraHus Aaek BopoHLoOBckoro MecTtopoxaeHusi Ha asuMyTanbHOM ceTke. 1 —
[Oalikm OCHOBHOIO COCTaBa; 2 — Aalkv CPEAHEro CocTaBa; 3 — AaWKu NOBbILLIEHHOM LLENOYHOCTH; 4 — AalKK «MOrpaHNYHOro coctaBay» (YyMepeHHo-
LenoYHble/HopMarbHble); 5 — HET AaHHbIX MO XuMuyeckomy coctasy. o TAS-guarpamme, puc. 2.

There are no obvious patterns in the distribution of dikes belonging to different groups by chemical composition, which may
be due to a lack of data.

Data on the chemical composition of dikes are given in Table 1 (the analyses were performed in the laboratory of FHMI
IGG of RAS, analyst is N. P. Gorbunov). Petrographic studies showed that all dikes were altered to some extent by the imposed

metamorphic and metasomatic processes. The following Table 1 excludes full metasomatites, intensely sulfidized differences and
analysis with values of the indicator “Pp.p” = 7.
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Table 1. The chemical composition of dikes of the Vorontsovskoye deposit.
Ta6nuua 1. XuMnyeckni coctas faek BopoHLIOBCKOro MecTopoXxaeHus.

Sl. No. 1 2 3 4 5 6 7 8 9
Sample, No. 4/17 6/17 717 10/17 11/17 14/17 21-1/17  21-2/17 25/17
SiO, 50.31 46.88 50.84 54.53 49.63 53.60 50.74 51.50 49.45
TiO, 0.74 0.75 0.99 0.64 0.61 0.66 0.54 0.64 0.67
ALO, 16.09 16.44 16.07 16.06 15.30 18.50 18.52 18.41 18.82
Fe,O, 4.33 7.18 5.33 4.77 5.30 3.88 3.72 5.45 3.43
FeO 6.8 5.6 5.3 4.3 6.0 4.9 3.6 2.8 3.9
MnO 0.13 0.20 0.16 0.14 0.32 0.16 0.20 0.25 0.36
MgO 6.62 7.35 6.08 4.99 6.08 2.86 4.25 3.74 3.92
Ca0O 7.71 6.54 5.57 6.89 7.69 9.40 10.16 9.78 10.59
Na,O 2.25 2.95 3.1 2.47 2.76 2.72 3.05 3.87 2.87
K,O 0.91 0.82 0.55 1.94 0.90 1.53 1.37 1.25 2.24
P,O, 0.24 0.15 0.12 0.21 0.15 0.16 0.19 0.21 0.26
\ 0.026 0.032 0.023 0.020 0.024 0.020 0.014 0.016 0.020
Cr 0.008 0.005 0.005 0.010 0.006 0.012 0.003 0.009 0.007
Percentage of other
impurities 3.6 4.8 5.6 2.8 5.0 1.3 3.4 2.1 3.2
Amount 99.75 99.70 99.74 99.76 99.76 99.69 99.75 100.02 99.73
S 2.10 1.80 n/a n/a 0.02 0.07 1.08 0.46 0.34
Sl. No. 10 11 12 13 14 15 16 17 18 19
Sample, No. 26/17 26-1/17 28/17 29-2/17  29-3/17 30/17 31/17 34-1/17  34-2/17 35/17
SiO, 42.71 41.50 52.69 45.15 51.09 49.48 47.51 54.54 50.80 50.64
TiO, 0.68 0.60 0.58 0.57 0.64 0.72 0.91 0.59 0.84 0.45
ALO, 21.47 19.48 16.29 15.57 18.82 15.02 15.31 15.12 15.85 18.19
Fe,O, 3.60 8.05 3.76 5.76 6.07 7.03 6.31 4.19 6.06 6.51
FeO 1.8 1.4 5.7 4.6 4.2 1.4 3.9 5.3 1.0 3.1
MnO 1.06 0.63 0.14 0.19 0.15 0.12 0.17 0.15 0.09 0.17
MgO 4.82 3.57 6.32 10.78 3.42 9.22 4.48 4.40 7.43 3.38
Ca0O 16.81 16.53 7.88 9.63 8.09 9.44 11.43 7.71 7.75 9.69
Na,O 1.12 1.68 2.28 1.80 3.25 2.52 2.95 3.03 2.58 2.30
K,O 2.06 0.77 1.34 0.39 0.98 0.16 0.67 0.99 2.29 0.80
P,O, 0.24 0.22 0.13 0.06 0.25 0.16 0.14 0.18 0.40 0.16
\Y 0.017 0.014 0.021 0.022 0.019 0.014 0.020 0.021 0.016 0.011
Cr 0.006 0.005 0.008 0.042 0.006 0.039 0.007 0.010 0.016 0.005
Percentage of other
impurities 3.6 5.5 2.5 5.3 2.7 4.7 6.1 3.3 4.9 4.4
Amount 99.98 99.96 99.61 99.85 99.67 100.03 99.95 99.53 100.03 99.82
S 0.83 4.54 N/a N/a N/a N/a N/a 0.05 N/a N/a
Sl. No. 20 21 22 23 24 25 26 27 28 29
Sample, No. 36/17 905 909 913 926 933 934 1590 2 [5] 3[5]
SiO, 46.65 45.95 48.05 53.87 41.0 46.04 49.2 52.55 49.69 52.24
TiO, 0.70 0.77 0.58 0.65 0.75 0.72 0.56 1.19 0.52 0.83
ALO, 16.99 17.58 15.47 18.55 20.47 12.54 14.49 12.08 17.88 18.67
Fe,O, 8.77 5.81 3.06 1.96 215 6.13 3.92 3.44 3.3 2.31
FeO 5.2 5.0 8.55 4.6 6.6 43 5.2 2.8 5.34 5.73
MnO 0.20 0.13 0.14 0.22 0.44 0.16 0.13 0.12 0.19 0.20
MgO 6.87 2.85 5.69 3.15 4.72 13.02 6.3 8.34 7.22 4.22
CaO 9.22 71 7.39 9.52 9.48 8.17 8.22 6.7 9.55 9.75
Na,O 21 3.55 3.2 2.95 2.45 21 2.55 2.4 242 2.62
K,O 0.68 1.59 1.57 2.2 3.12 0.66 1.52 5.0 0.98 0.96
P,05 0.10 0.24 0.15 0.18 0.22 0.15 0.15 0.84 0.10 0.15
\ 0.036 - - - - - - - - -
Cr 0.008 - - - - - - - - -
Percentage of other
impurities 2.2 6.6 4.2 1.6 6.4 5.8 5.0 43 - 1.9
Amount 99.98 97.19 98.00 99.49 97.75 99.75 97.21 99.78 97.19 99.55
S 0.03 0.04 1.4 0.16 2.2 0.22 2.37 0.16 trace N/a

Note: No. 1-20 samples of 2017, No. 21-27 samples of 2009.
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In the classification TAS-diagram (Fig. 3), the dikes of the Vorontsovskoye deposit fall mainly in the area of the main rocks,
and only some of them - in the area of the middle rocks. It is noteworthy that there are not only quartz diorites among the dikes
but also diorites typical of the area as a whole. In addition, the presence of two trends — normal alkalinity condition and hyperal-
kalinity - is clearly visible, and in the latter, there are dikes corresponding in composition to ultrabasic formations — picrobasalts.

According to the petrographic characteristics, several main types of dikes are distinguished (the corresponding numbers are
given in parentheses for Table 1):

1. Porphyric pyroxene-plagioclase dikes (from essentially pyroxene to essentially plagioclase ones) of basalt, less often an-
desibasalt composition (Nos. 1, 2, 3, 5,7, 8, 13, 19, 20).

2. Dolerites, incl. porphyritic ones (Nos. 4, 28).

3. Porphyritic amphibole-plagioclase dikes (+pyroxene) of predominantly andesitic composition (6, 16, 23, 29).

4. Gabbro, gabbro-dolerity, incl. alkalized (Nos. 9, 14, 15).

5. Gabbrodiorite-diorite (Nos. 12, 26).

6. Lamprophyre of spessartite type (Nos. 18, 25) and kersantite (No. 27).

It should be noted that moderate alkaline and alkalized differences (with the exception of lamprophyres and relatively coarse-
grained gabbroids) are quite difficult to identify in conventional petrographic studies; and the presence of potassium feldspar is
mainly determined by using more detailed physical methods of research - a scanning electron microscope (SEM). Micrographs
of individual species of dikes are shown in Fig. 4, 5.

The relationship of dikes of different composition within the field is still unclear, although there are separate observations,
for example, a distinct intersection (pyroxene) -plagioclase porphyry dikes of the average composition of the dike of corniferous
lamprophyre of the spessartite type (Fig. 5).

According to the results of studies of polished thin sections carried out using the JSM-6390LV scanning electron microscope
(JEOL) with the IncaEnergy-450 energy-dispersive spectrometer and the CamecaSX100 electron probe microanalyzer, the
composition was specified of disseminated minerals in the most common porphyritic dikes - pyroxene-plagioclase of basic
composition and amphibole-plagioclase of medium composition (studies were conducted on previously selected samples). It
is determined that plagioclase of disseminated minerals in dikes of both types is represented by labradorite with small differ-

ences in the content of the anorthite minal. The compositions of pyroxene correspond to augite, and amphibole — hornblende
(Table 2).
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Figure 3. The position of the dikes of the Vorontsovskoye deposit in the TAS-diagram. 1 — intrusive rocks; 2 — igneous rocks; 3 — boundaries
of the distribution of plutonic rock; 4 — ambiguity areas; 5 — samples of 2017; 6 — samples of 2009 according to [5]; 7 — reported by V. N. Sazonov
et al. [3]; 8 — composition of dikes in the Vorontsovskoye deposit (according to geological prospecting data; Ufimtsev, 1968).

PucyHok 3. NonoxeHue gaek BopoHuoBckoro mectopoxaeHusa Ha TAS-guarpamme. 1 — MHTPY3UBHbIE NOPOAbl; 2 — ByfIKaHOTEHHbIE MOPO-
Obl; 3 — rpaHuLbl pacnpocTpaHeHnst MarmaTuyeckmx nopoa; 4 — 3oHbl HeonpegeneHHocTH; 5 — npobel 2017 r.; 6 — Nnpobbl 2009 . no [5]; 7 — no
B. H. Ca3oHoBy n ap. [4]; 8 — cocTaBbl faek B panoHe BopoHLIOBCKOro MecTopoxaeHus (no AaHHbIM reonoro-nonckoBbix pabot; Ydumues, 1968).
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Figure 4. Photos of thin sections of individual types of dikes of the Vorontsovskoye deposit (on the left hand side — without an analyzer,
on the right-hand side — in crossed Nicol). Ruler — 500 microns. a, b — Px—Pl-porphyry dike of basic composition, sample 4/17 (No. 1); ¢, d —
(Px)—Pl-porphyry dike of andesite-andesite-basalt composition, sample 6/17 (No. 2); e, f — porphyric gabbro-monzogabbro, sample 25/17 (No 9);
g, h — porphyric gabbro-diorite, sample 28/17 (No. 12).
PucyHok 4. ®oTtorpacdmm wnudoB otaenbHbIX TUNOB Aaek BopoHuoBckoro mecrtopoxaeHus (cneBa — 6e3 aHanusaTtopa, cnpaBa — B
CKpelleHHbIX HuKonsx). a, b — Px—Pl-nopcduposas paika ocHoBHoro coctasa, 06p. 4/17 (Ne 1); ¢, d — (Px)—Pl-nopcduposas favika aHae3nT-

aHpesnbasansToBOro cocrtasa, 0bp. 6/17 (Ne 2); e, f — rabbpo-moHuorabbpo nopduposmgHoe, obp. 25/17 (Ne 9); g, h — rabbpo-guoput
nopcupoBuaHbiin, obp. 28/17 (Ne 12).
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Table 2. The chemical composition of disseminated minerals in the main dikes of the Vorontsovskoye deposit according to microprobe studies.
Tabnuua 2. XuMn4eCcKknih coctaB BKPanyieHHMKOB B OCHOBHbIX Aanikax BopOHLIOBCKOro MecTopoXaeHus No AaHHbIM MUKPO3OHAOBbIX
nccnenoBaHum.

SiO, TiO, ALO, FeO MnO MgO CaO Na,0 K,O N Sample
Plagioclase

51.22 0.03 29.29 0.92 0.01 0.13 13.57 3.9 0.36 4 Bop-91-5a

51.68 0.04 29.11 0.82 0.01 0.11 13.22 4.10 0.34 5 Bop-91-56

52.35 0.04 29.25 0.76 0.01 0.14 11.88 4.13 0.77 7  Bop-103-2

Clinopyroxene

50.68 0.39 2.98 8.13 0.43 12.92 24.16 0.20 0.00 5 Bop-91-5

47.43 0.70 6.60 7.30 0.13 13.18 23.73 0.22 0.00 4  Bop-91-5
Amphibole

48.5-52.99 0.02-0.34 1.59-5.23 14.84-17.2 0.6-0.82 12.23-14.08 10.9-12.69 0.16-0.57 0.04-0.2 7 Bop-103-2

Note: N is the number of identifications; values are italicized < 2g. CamecaMX 100 microprobe analyzer, the Zavaritsky Institute of Geology and
Geochemistry of the Ural Branch of the Russian Academy of Sciences, the analyst is D. S. Zamyatin).

Figure 5. An example of the relationship of dikes of different composition. a — suppression of (Px)—PI-porphyritic dyke of andesite-andesiba-
salt composition (1) with a dike of spessartite (2); bc — general view in thin section (Px)—Pl-porphyry dike, without analyzer (b) and in crossed
nicol (c), sample 34-4-1/17 (No. 17); d, e — general view in thin section of spessartite dikes, without analyzer (d) and in crossed nicol (e), sample
34-2/17 (No. 18).

chyuon(( 5. I'IpM)Mep B3aMMOOTHOLLEHUS AaekK pa3fiM4HOro cocTasa. a—npece4verue (Px)—Pl-nopduposoii gaiikv aHae3vnT-aHae3nbasansrtoBoro
coctasa (1) gavikon cneccapTuTa (2); b, ¢ — 06wuii Bua B wnude (Px)—Pl-nopdurposoii Aankn 6e3 aHanusaTtopa (b) 1 B ckpeLLeHHbIX HUKOMSX (C),
06p. 34-1/17 (Ne 17); d, e — obwuii BUA B Wnudpe Javiku cneccaptuta 6e3 aHanusartopa (d) U B CKpeLLeHHbIX HUKONsIX (e), obp. 34-2/17 (Ne 18).
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Figure 6. Peculiarities of potassium feldspar (fsp) release in the initial rock of normal alkalinity (a) and in the area of quartz-kalifeldspar
metasomatism (b); sample 4/17. ab — albite, cl — chlorite, ep — epidote, pl — plagioclase, py — pyrite, q — quartz, sph — sphene.

PucyHok 6. OcobenHocTu BeigeneHun KLU (fsp) B ucxonHom nopoae HopmManbHOM LWENIOYHOCTY (@) M Ha y4acTKe KBapL-KanuiunaToBo-
ro metacomaro3sa (b); 06p. 4/17. ab — anbbuT, cl — xnopwuT, ep — aNnaoT, pl — nnaruoknas, py — NMpuT, q — kBapL, sph — cdeH.

In addition, in the detailed studies of polished thin sections in dikes similar in composition (samples 4/17, 6/17), occurrences
of quartz-kalifeldspath metasomatism were found. They are small plots and irregularly shaped patches composed by the chlo-
rite-quartz-potassium feldspar-pyrite association (Fig. 6, b). Titanite (sphene) usually occurs, and galenite is sometimes intruded
in pyrite. Potassium feldspar is characterized by the admixture of a small amount of barium (Ba, 0.32-0.53% w.). In the same thin
sections, potassium and sodium-potassium feldspar were observed in the form of uneven discontinuous margins (with intimate
intergrowth) at the edges of disseminated plagioclase (Fig. 6, a) and, in some cases, in the form of patches (antiperthites?) in the
inner parts of large disseminated minerals. It can be assumed that this potassium feldspar is “petrean” or that associated with some
previous process of kalifeldsparization.

In the process of exploratory development in 2009-2010, occurrences of intense kalifeldsparization in tuff siltstones were
identified at the Vorontsovskoye deposit within one of the ore blocks opened by the existing open-cut mining [6]. Optically, these
kalifeldsparized sites did not stand out and were detected by abnormally high potassium levels (up to 7-10% of weight according
to ICP-MS). Potassium feldspar in metasomatites is represented by a fine-grained aggregate (20-50 pm, rarely up to 200 um) in
association with quartz. According to the results of microprobe determinations and X-ray diffraction analysis of rocks, it can be
assumed that these are orthoclase and/or sanidine. It should also be noted that earlier V. N. Sazonov with his coauthors [3] iden-
tified propylitized rocks in the area of the deposit with ice spar replacing plagioclase.

Discussion of results and conclusions

The importance of dikes in the formation of the Vorontsovskoye gold-ore deposit remains debated. Typically, the “dense” dike
ore fold is observed only within the deposit, which confirms the important role of dikes as a factor of structural control [4]. The
dike complexes of most Carlin-type deposits of the state of Nevada (USA) [4, 7, 8-10] and separate objects within the territory of
the PRC [11-13] have the same importance.

The role of dikes as a magmatic factor is more difficult. In the eastern part of Nevada, where a large number of deposits of
this type are found, four cases of magmatic activity are noted; one of them (magmatism of the Eocene period) is considered to
be important in the formation of ore mineralization [4, 7, 10]. As for the Vorontsovskoye deposit is concerned, most researchers
assume some kind of connection of gold mineralization with magmatic and post-magmatic processes, but there is no certain-
ty in this matter. In this regard, an important result is the identification of occurrences of kalifeldspath (quartz-kalifeldspath)
metasomatism, which is presumably associated with dikes of increased alkalinity and may play a role in the formation of gold-ore
mineralization. These dikes are most likely referred to the Auerbah complex, the 2nd and 3rd phases of which have a sub-alkaline
and high-potassium specialization (The tale of the Urals series..., A. V. Zhdanov, 2009). At the same time, occurrences of kalifeld-
spath metasomatism may lend credence to assumptions of O. V. Minina [14], A. I. Grabezhev [15] and some other researchers
concerning the possible belonging of gold-ore mineralization to the upper and/or peripheral parts of a large porphyry system.
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[Merpoxummnyeckne oco6EeHHOCTU AAMKOBOTO KOMIAeKca BopoHLIoBckoro
30AOTOPYAHOro MectopoykaeHusi (CeBepHbI Ypaa)

OkcaHa BopucoBHa ABOBCKOBA',
Muxaun lOpbeBuy POBHYLUKUH",
Enexna UnpgyctpoBHa COPOKA™

WHcTuTyT reonorum n reoxummm um. A. H. 3aeapuukoro YpO PAH, EkatepuHbypr, Poccus

AKTYaALHOCTL pa60oTel. BOPOHLIOBCKOE MECTOPOYKAEHME OBAAAAET XAPAKTEPHLIMM YEPTAMM «KAPAMHCKOTO» TUMA U SIBASIETCSI OAHVM M3 CaMbIX KPYMHDLIX
30AOTOPYAHDLIX MECTOPOXKAEHUM YPAAQ, OAHAKO B HACTOSILIEE BPEMSI OHO MPAKTUYECKM BLIPAGOTAHO, & OBLEKTLI-AHAAOTM B PETMOHE HE BLISIBAEHDI. AAKO-
BLIVi KOMIAEKC IITOKBEPKOBOrO TUMA PaHEE HAa MECTOPOXKAEHWM HE M3Y4aAcsl. [IPOBOAMMbBIE MCCAEAOBAHWMSI MOTYT CTOCOBGCTBOBATL YTOYHEHMIO KAK MOAEAU
chopmMmpoBaHsi OpyA€HEHMs!, TaK U MPOTrHO3HO-MONCKOBOV MOAEAN.

Lleab paboTol. VI3ydeHvie coCTaBa 1 NMeTPOXMMUYECKUMX OCOBEHHOCTEN AAMKOBOrO KOMMAEKCA BOPOHLIOBCKOTO MECTOPOYKAEHMSI KAK OAHOTO M3 BO3MOXK-
HbIX hakTOPOB (POPMUPOBAHMST 30AOTOTO OPYAEHEHMS.

Meroasl nccaeaoBanmii. [poseaeHbl 3amepbl SAEMEHTOB 3aA€raHusl AaeK B MpeAeAax AeVCTBYIOWero Kapbepa C BbIHECEHMEM Pe3yALTaTOB Ha asumy-
TAALHYIO CETKY. BLIMOAHEH CUMAMKATHLIVE aHaAM3 OBPA3LIOB AQ€K, MCMOAL3OBAHLI TAKXKE MMEIOWMECS] AAHHBIE MPOWALIX A€T. [TeTporpacuyieckoe msydeHve
AA€K COMPOBOYXKAANOCH MCCAEAOBAHVEM OOPA3LIOB MPY MOMOLY CKAHUPYIOWLErO SAEKTPOHHOrO MMKpockona JSM-6390LV (JEOL) ¢ DAC-criekTpomeTpom
IncaEnergy 450 11 2A€KTPOHHO-30HAOBOTO MMKpoaHaansartopa Cameca SX100.

Pe3yaLTatel pa6oTbl. Ha nepBom sTare MCCAEAOBAHMI yTOYHEHA CTPYKTYPHAs MO3ULIMSI AQEK, MPOBEAEHO 0BOOIWEHNE PE3YALTATOB METPOrpaconuyecKmX,
METPOXMMMHECKMX PABOT M AAHHDBIX, MOAYYEHHBIX HA MMKPOAHAAM3ATOPax. YCTAHOBAEHO 3HAYMTEALHOE MPEOOAGAAHNE OCHOBHLIX AA€K MPYM BapUaLmsix
COCTaBOB OT MMKpobasaasta A0 rabépoanopura (aHaesanbasansta). BoisiBAeHa rpyrna Aaek C MOBLILEHHOW M BLICOKOW WEAOYHOCTLIO (B TOM YMCAE AaM-
NpOMpDLI) C COCTABAMM OT YMEPEHHO-ILEAOYHOTO U WEAOYHOTO NMMKPOBAa3aabTa A0 MOHLIOAVOPUTA (TpaxmaHaesnbasansta). B aalikax HOpMaALHOTO psiaa
3ahMKCMPOBaHDLI MPOSIBAEHMS KAAMLINATOBOro MeTacomaro3a C MMHepaAbHol accoumnaumeit XxAoput-keapu-KINW-nvput (+ raaeHuT). PaHee y4acTku Kaam-
WraTvMsaumy HaGAIOAAAMCh BO BMELIAIOWMX Ty(POANEBPOAUTAX.

BriBoAbI. HaaMuMe AaKOBOIO IITOKBEPKA MOYKHO PACCMATPMBATDL KaK MOAOXKMTEALHBIM CTPYKTYPHDI (DAKTOP B 0OPAsoBaHNUM MECTOPOXKAEHMsI. Ero poAb
KaK Marmarmyeckoro hakropa HesiCHa, OAHAKO MOYKHO MPEANOAOXKMTD, YTO MPOSIBAEHUSI KAAVLIMNATM3ALMY FEHETMYECKM CBSI3aHbl C AAKaMy MOBLIIEHHOW
LWEAOYHOCTH.

KatoyeBble croBa: CeBeprlﬁ Ypa/\, BO]DOHL[OBCKOe 30A0TOPYAHOE MECTOPOXKAEHMUE, AAVIKU, neTpoxmmmsi, KaAMLIMNATOBLIA METacomMartos, KapAMHCKVlVl TUM.

Paboma evimonnena 6 pamkax memvl eocyoapcmeernnozo 3adanus VIT YpO PAH (eoc. pecucmpayuu NeAAAA-
A18-118052590030-2).
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