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Abstract 
A comparative analysis of typomorphic features of gold placers and indigen-
ous sources of gold was carried out for the Glukharinsky ore-placer node (the 
Nadezhda deposit and Glukharinskoye, Tyomnoye, and Tyi-Jurye ore occur-
rences). A correlation between fineness of placer native gold and composition 
of relic minerals preserved inside gold particles was obtained for the first time. 
This made it possible to establish mineral parageneses of native gold from po-
tential indigenous sources. The study of placer gold fineness in combination 
with com-position of mineral inclusions allowed us to identify seven types of gold 
paragenesis: petzite-hessite with a fineness of 855‰, pyrite-polybasite-galena (a 
fineness of 670‰), bismuth telluride (900‰), cosalite-vikingite (790‰), galena 
(870‰), glaucodot (950‰), and hydrohematite (840‰). It was also shown 
that the placer contains the material from ore occurrences of different forma-
tion: gold-quartz-porphyry occurrences in granitoids (Au-Te-Bi type) and 
gold-silver occurrences. The method developed by us allows one to estimate 
the percentage of each ore source in placer formation. 
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1. Introduction 

The study of the typomorphic properties of native gold, its morphology, struc-
ture and composition is an integral component of the study of gold ore and 
placer objects during prospecting and exploration. They are carried out using a 
complex of mineralogical data and allow us to obtain a number of additional in-
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formation for judging the conditions of ore formation and formation of placers, 
the patterns of their placement. The first methodological guidelines for the use 
of genetic features of native gold during prospecting and exploration work were 
given by Lidia Aleksandrovna Nikolaeva in 1978, later the work was republished 
with additions [1]. 

Native gold is a mineral that preserves genetic information well. This is due to 
the fact that gold is chemically stable, does not break down for a long time, due 
to its malleability, and mineral inclusions in it are preserved without undergoing 
oxidation. Nina Vasilyevna Petrovskaya wrote about this in detail and convin-
cingly in her book [2]. She described native gold in detail as a mineral, and 
showed that in the search and exploration by the typomorphic features of placer 
gold (probity, size, size, roundness, internal structure), it is possible to judge the 
types of ore deposits involved in the formation of placer, as well as to solve the 
inverse problem—to search for these deposits in the areas of the demolition of 
placer gold. 

The fundamental work of N.V. Petrovskaya [2] was accepted by the world 
community. This was followed by the study of native gold in many regions of the 
world [3]-[22] Next, we give a list of regions where the study of typomorphic 
features of native gold was successfully conducted in the search and exploration: 
(in Russia) The Siberian Platform [3] [4], the Middle course of the Lena River 
[5], the Lower-Amur placer region [6], Kazakhstan [7], the Northeast of Russia 
[8], as well as in a number of regions of the world—Alaska (Klondike and Yu-
kon) [9]-[14], Witwatersrand [15], Australia [16], USA, Alberto Province [17], 
Colorado [18], China [19], Mali [20], Macedonia [21] [22], etc. All the authors 
solved various geological exploration tasks using the indicator properties of na-
tive gold. 

The authors solved various geological exploration tasks using indicator prop-
erties of native gold. Modern methods of regional microspectroscopy analysis 
(RCMA) allow one to determine not only gold fineness but also the composi-
tion of mineral microinclusions in gold particles when studying native gold 
placers. It is the composition of mineral inclusions in combination with native 
gold fineness that is highly informative for deciphering the type of ore sources 
of placer gold. 

A correlation analysis between fineness of placer native gold and composition 
of mineral inclusions was performed for the first time. This made it possible to 
identify seven parageneses for potential indigenous sources. 

The aim of the study was to show that, at the Glukharinsky placer, numerous 
mineral inclusions in native gold particles combined with information about its 
fineness indicate the mineral composition of ores from various gold deposit for-
mations involved in the placer formation. The tasks were as follows: 1) diagnosis 
of minerals in placer gold particles; 2) determination of typomorphic signs of na-
tive gold: fineness, particle morphology, and structure; 3) comparative analysis of 
typomorphism of ore and placer gold, as well as ore mineral parageneses. 
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2. Regional Geological and Structural Position of the  
Glukharinsky Ore-Placer District 

The Glukharinsky placer is located in Srednekansky District of Magadan Oblast, 250 
km north of Seimchan village; it is an integral part of the Shamanikh-Stolbovsky 
ore-placer cluster located in the middle reaches of the Kolyma River (Figure 1) at 
the interfluve of its right tributaries. Geotectonically, the Shamanikho-Stolbovsky 
District belongs to the Prikolymsky terrane of the passive continental margin 
(Figure 2). 

The terrane structure is a set of thrust sheets complicated by late high-angle 
faults. Folds forming a single structural ensemble with thrusts also play a signif-
icant role. Met-amorphosed Proterozoic sandstones, metapelites, carbonate and 
metavolcanic rocks, as well as hyperbasites nonconformably overlain by terri-
genous, volcanogenic-sedimentary, and carbonate Paleozoic and Mesozoic rocks 
determine the terrane structure. Intrusive complexes are represented by small 
Devonian and Cretaceous granitoid bodies, as well as Late Cretaceous basite di-
kes. The scaly thrust structure of the terrane is crossed by rare granite porphyry 
dikes and a granite stock with an area of 1.6 km2. The morphology, composition, 
and conditions of granite formation are similar to the Early Cretaceous alaskite- 
granite complex of Edekal River of the Prikolymsky terrane. Ore occurrences 
and deposits near the placer compose the Glukharinsky ore-placer node, which 
is controlled by sub-latitudinal faults. The node includes the Nadezhda gold de-
posit, Glukharinskoye, Tyom-noye, and Tyi-Jurye ore occurrences, and the in-
dustrial gold placer Glukhariny Creek (Figure 3). 

Other researchers have previously studied the native gold of the Glukharinsky 
ore-placer node (mainly placer and a small percentage of ore gold) (1970-2007) 
[24] [25] [26]. They established the correlation between the composition of na-
tive gold placers and indigenous sources as well as the presence of two gold gen-
erations (500‰-750‰) and (800‰-950‰), in placers: moderately high-grade 
and relatively low-grade generations. The first generation had bismuth-telluride 
geochemical orientation, while the second generation had antimony-lead geo-
chemical orientation, which was confirmed by single tetradymite finds and 
widespread gold-galena associations. Nevertheless, a complex geological struc-
ture, a long history of geological development, and a complex metallogeny of the  

 

 
Figure 1. Kolyma River Valley (a photograph by G.H. Bulyakov). 
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The legend contains: Prikolymsky terrane, subterranes: 1—Spiridonovsky, 2—Shamanihinsky, 
3—Yarhodonsky; 4—other terranes of the Yana-Kolyma orogenic belt; 5—Uyandino-Ya- 
sachnensky volcanogenic belt; 6—Balygychano-Sugoysky rift deflection; 7—thrusts; 8—high- 
angle faults; 9—granitoids, PZ2 and MZ; deposits and ore occurrences of various geological 
and genetic types: 10—mesothermal vein and stockwork Au, 11—epithermal vein and 
stockwork Au-Ag, 12—stockwork and vein Cu-Pb-Zn, 13—stratiform Pb-Zn, 14—strati-form 
Cu, 15—stratiform Fe, 16—vein and stockwork Sn; ore occurrences: 1—Glukharinskoye, 
2—Tyomnoye; deposits: 3—Nadezhda, 4—Tyi-Jurye; inset: 1—Okhotsk-Chukotsky, 2—U- 
yan-dino-Yasachnensky volcanic belts. The rectangular outline shows the Glukharinsky ore- 
placer node area. 

Figure 2. Tectonic and mineragenic scheme of the Prikolymsky terrane according to A.N. 
Glukhov et al. [23]. 

 
Prikolymsky terrane made it possible to identify significantly greater diversity in 
the composition of native gold and mineral parageneses formed by it at the next 
stage of research. 
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Figure 3. Geological structure of the Glukharinsky ore-placer node and the sampling location (a): 1—quaternary alluvial deposits; 
2—Jurassic conglomerates; 3—metapelites, metabasites, carbonate and quartz-feldspar Proterozoic rocks; 4—granites; 5—estab- 
lished faults (a), putative faults (b); 6—thrusts; 7—undiscovered granitoid intrusions (according to geophysical data); 8—gold 
placers; 9—deposits; a): 1—Nadezhda, 2—Glukharinskoye, 3—Tyomnoye, 4—Tyi-Jurye and gold mineralization sites (b) [27] 
[28]; 10—placer samples; fineness histograms fir ore gold deposits of the Glukharinsky ore-placer node (b)-(e): (b)—Nadezhda; 
(c)—Glukharinskoye; (d)—Tyomnoye; (e)—Tyi-Jurye (f)—fineness histogram for gold from the entire Glukharinsky placer area 
(the abscissa axis: fineness intervals, ‰ ; the ordinate axis: frequency of occurrence, %); the nu-merator shows the average fine-
ness, the denominator indicates the spread of values. 

3. Research Methods and Objects 
3.1. Research Objects 

A total of 12 placer samples from the technogenic complex of the Glukharinsky 
and Yunyiy placer deposits were selected for the study. Each sample contained 
15 - 25 particles of native gold: 200 grains in total. Sampling locations are shown 
in Figure 3. 

We performed a comparative analysis of the data on ore gold and its mineral as-
sociations in the ores of Nadezhda, Glukharinskoye, Tyomnoye, and Tyi-Jurye 

https://doi.org/10.4236/nr.2022.1312016


N. E. Savva et al. 
 

 

DOI: 10.4236/nr.2022.1312016 230 Natural Resources 
 

deposits (Figures 3(b)-(e)) studied and published in [27] [28]. 

3.2. Research Methods 

Placer Gold particles were placed in the compound and, after it was solidified, 
au-topsy was performed to obtain a preparation and polished sections, which 
made it possible to see inclusions of ore minerals in them. 

The mineralogy of polished sections was studied by optical microscopy (OM) 
using a Carl Zeiss AXIOPLAN Imaging reflected light microscope (Oberkochen, 
Germany). Minerals intergrown with native gold in these samples were photo-
graphed and analyzed using the MC-LCD Data Visualizer and MMC software 
(LOMO, Russia). 

The internal structure of native gold was revealed by etching polished grain 
surfaces with standard reagents: different concentrations of HCl + CrO3 for 
high-grade gold and HCl + 4HNO3 for medium- and low-grade gold. The nature 
of internal structures was defined according to the recommendations presented 
in [1]. Mineral intergrowths and internal structures of native gold were photo-
graphed using a photomicrographic attachment to a reflected light microscope. 

The fineness of native gold and the composition of ore mineral microinclu-
sions were determined using a QEMSCAN device and the QUANTAX system 
by operator T.V. Sub-botnikova at the North-East Common Use Center of the 
SVKNII FEB RAS, Magadan. Around 60 microinclusions were analyzed in total, 
and gold fineness was determined in the same grains. The method of comparing 
placer gold fineness with ore mineral parageneses preserved inside gold particles 
was used for data analysis. 

Data on ore gold and its mineral associations in the ore of the Nadezhda, 
Glukha-rinskoye, Tyomnoye, and Tyi-Jurye deposits published in [27] [28] were 
used for the comparative analysis. 

4. Results 
4.1. The Morphology of Placer Gold Particles 

A total of 12 placer samples from the technogenic complex of the Glukharinsky 
and Yunyiy placer deposits were selected for the study. Each sample contained 
15 - 25 particles of native gold: 200 grains in total. Sampling locations are shown 
in Figure 3. 

According to the M. Powers scale [29] [30], the roundness coefficient Cr ranges 
from 12 to 21, less than 5% of grains have the Cr of 30, single crystals and crystal 
aggregates are rarely observed (Figures 4(a)-(c)). The described morphology in-
dicates the proximity of ore sources and insignificant spread range of most placer 
gold. 

4.2. The Fineness of Native Gold 

Modern research methods allowed us to significantly expand the data on gold 
fineness range and its mineral paragenesis both in ores and placers. The ranges  
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Figure 4. Morphology of placer gold particles. A) Morphology of native gold particles: (a)—angular and poorly rounded; (b)—a 
crystal aggregate; (c)—ore-like gold particle with numerous protrusions; (d)—the summary diagram (for 200 grains) of the preva-
lence of various morphological types of native gold particles at the Glukharinskoye placer. 
 

for native gold fineness in both ores and placers gold are shown in Figure 3. A 
histogram of placer gold fineness distribution for Glukharinskoye and Yunyiy de-
posits (Figure 3(f)) shows a lognormal distribution ranging from 250 to 1000‰ 
with a pronounced maximum at 850‰ - 900‰ and a less clearly manifested 
small maximum at 650‰ - 700‰ (Figure 3(b)). 

4.3. Mineral Inclusions in Native Gold Particles 

Autopsy of gold grains revealed numerous mineral inclusions (Figure 5). The 
RSMA method revealed the following inclusions: galena PbS, gustavite Ag- 
PbBi3S6, bismuth telluride Bi2Te3, petzite AuAg3Te2, hessite Ag2Te, cosalitelil-
lianit? (Pb,Cu)3Bi3S6, volynskite AgBiTe2, glaucodote (Co,Fe)AsS, polybasite Ag16- 
Sb2S11, and pyrite FeS2. The composition of identified mineral phases is pre-
sented in Table 1. 

4.4. Internal Structures of Native Gold 

Based on measured fineness of placer gold containing inclusions, five associa-
tions were identified with different gold structure: 1) gold-galena-bismuth telluride  
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Table 1. Composition of mineral inclusions in placer gold of various fineness (RSMA wt.%). 

Element concentration, мас.% Formula coefficients The fineness  
of gold, ‰ Au Ag Cu Pb Te Bi S Au Ag Cu Pb Te Bi S 

Galena PbS 

670 - 870 

   92.64   7.36    1.32   0.68 

   91.75   8.25    1.27   0.74 

   93.2   6.8    1.36   0.64 

   91.97   8.03    1.28   0.72 

   91.77   8.23    1.27   0.73 

   90.64   9.36    1.2   0.8 

   92.33   7.67    1.3   0.7 

Gustavite AgPbBi3S6 

785 - 790 

11.0 6.53 4.51 19.63  44.5 13.83 0.75 0.72 0.84 1.12  2.53 5.12 

 7.3 5.31 21.31  52.81 13.27  0.81 1 1.23  3.02 4.95 

 6.76 2.64 26.41  49.84 14.34  0.75 0.5 1.53  2.86 5.36 

 11.94  25.39  54.44 8.22  1.62  1.8  3.82 3.76 

Petzite AuAg3Te2 

855 - 900 

30.68 38.97   30.35   1.14 2.87   1.89   

55.37 30.44   14.19   2.05 2.51   0.99   

30.21 39.82   29.97   1.12 2.92   1.86   

24.16 42.56   33.27   0.9 3.04   2.01   

28.69 39.94   31.36   1.06 2.92   1.94   

Kozalite-lilianite? (Pb.Cu)3Bi3S6 

790   1.52 39.02  44.07 11.62   0.37 2.88  3.22 5.54 

  1.05 38.11  42.1 12.17   0.25 2.82  3.09 5.83 

Tellurovismuthite Bi2Te3 

900 
    44.17 55.83      2.82 2.18  

    44.12 55.88      2.82 2.18  

    44.8 55.2      2.85 2.15  

Volynskite AgBiTe2 
900 

 28.66   39.73 31.61   1.46   1.71 0.83  

Hessiite Ag2Te 

855 - 900 
5.87 61   33.13   0.11 1.98   0.91   

5.49 61.44   33.06   0.1 1.99   0.91   

5.87 61   33.13   0.11 1.98   0.91   
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Continued 

Glaucodote (Co.Fe)AsS 

950 
Au Ag Cu Fe As Co S Au Ag Cu Fe As Co S 

   5.72 43.11 29.17 22    0.17 0.93 0.8 1.11 

   5.77 43.54 29.13 21.56    0.17 0.94 0.8 1.09 

Pyrite FeS2 
670 

   46.56   53.44    1   2 

Polybasite Ag16Sb2S11 
670 

5.24 67.57 2.47  19.94  4.79 0.94 16.4 1.02  6.97  3.91 

A fine mineral mixture (hessian + petzite + gold)? 

850 Au Ag Cu Pb Te Bi S        

6.91 66.4 2.08  19.61  5        

 

 
Figure 5. Mineral inclusions in gold of different fineness from the Glukharinsky placer: in re-flected light: (a) mus-
covite, (b) galena, (c) glaucodote, (d) pyrite, (e) hessite, (f) galena, (h) bis-muth telluride; in reflected electrons: (i) 
galena and cosalite, (j) petzite and volynskite, (k) petzite and hessite, (l) gustavite and galena. 

 
is most commonly found together with medium and coarse-grained 850‰ - 900‰ 
gold with simple twins (Figure 6(a), Figure 6(b)); 2) gold-cosalite-gustavite-gale- 
na-bismutoplagionite-hessite-petzite with native gold fineness of 790‰ - 920‰, 
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signs of granulation and sometimes tourmaline inclusions (Figure 6(d), Figure 
6(e)); 3) gold-pyrite-polybasite-galena is characterized by low fineness of native 
gold (670‰ on average) and the presence of kustelite (Au < 500‰) it usually has 
a clear zonal structure, sometimes contains traces of plastic deformations 
(Figures 6(f)-(i)), it is also characterized by supergene margins indicating its 
presence in the oxidation zone, and possibly also in the weathered layer prior to 
entering the placer; 4) gold-glaucodote is char-acterized by high-purity gold 
(950‰ - 980‰), it is found in high-grade and copper gold (Figure 6(c)); 5) 
gold-hy- drohematite mineral paragenesis is characterized by single crystals of  

 

 
Figure 6. Various internal structures of native gold placers of the Glukharinskoye and Yunyiy deposits revealed by 
structure etching (CrO3+:HCl): ((a), (b)) polygonal-granular structure with simple twins; (c) copper gold with the 
structure of decomposed solid Au-Cu solution; (d) granu-lated structure; (e) tourmaline inclusions in medium-grade 
gold; f—high-grade sheath on low-grade gold; ((g), (h))—zonal structure of low-grade gold and the absence of round-
ness signs; (i) traces of plastic deformations (translation lines); j—l-completely recrystallized native gold (presuma-bly 
clastogenic gold from conglomerates). 
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gold with a fineness of 750‰ - 950‰ with rare inclusions of hydrohematite, 
quartz, carbonate, light mica, and andalusite. The occurrence of the selected as-
sociations of the association is shown in the histogram (Figure 7). 

Approximately 10% of the studied gold turned out to be mercurous gold with 
Hg concentrations of 28 wt% - 33.1 wt% (RSMA data). We assumed it to be an 
industrial contamination, because Glukharinsky District placers have been ex-
ploited since the 60s of the last century when amalgamation was used. 

Rare small-grained (0.1 - 0.3 mm) high-grade (900‰ - 950‰) gold with com-
pletely re-crystallized structure without ore inclusions occupies a separate position 
(Figures 6(j)-(l)). We assume that it may be clastogenic gold from gold-bearing 
conglomerates D2-3 with fragmentary formation either at the Glukharinsky ore- 
placer node (Figure 3). According to L.A. Nikolaeva et al. [1], such a structure is 
interpreted as complete recrystallization dur-ing gold redeposition. We can also 
assume that this gold may originate from the oxidation zone of the Glukhariny 
ore at the Glukharinsky ore-placer node (Figure 3). According to L.A. Nikolaeva 
et al. [1], such a occurrence, where small-size and fine-grained gold is localized in 
oxidized hematite (hydrohematite).entering the placer; 4) gold-glaucodote is cha-
racterized by high-purity gold (950‰ - 980‰), it is found in high-grade and 
copper gold (Figure 6(с)); 5) gold-hydrohematite mineral paragenesis is charac-
terized by single crystals of gold with a fineness of 750‰ - 950‰ with rare inclu-
sions of hydrohematite, quartz, car-bonate, light mica, and andalusite. 

Rare small-grained (0.1 - 0.3 mm) high-grade (900‰ - 950‰) gold with com-
pletely re-crystallized structure without ore inclusions occupies a separate posi-
tion (Figures 6(j)-(l)). We assume that it may be clastogenic gold from gold- 
bearing conglomerates D2-3 with fragmentary formation either at the Glukha-
rinsky ore-placer node (Figure 3). According to L.A. Nikolaeva et al. [1], such a 
structure is interpreted as complete recrystallization during gold redeposition. 
We can also assume that this gold may originate from the oxidation zone of the 
Glukhariny ore occurrence, where small-size and fine-grained gold is localized 
in oxidized hematite (hydrohematite). 

5. Discussion 

The mineralogy of ore gold and its associations at the Glukharinsky ore-placer 
node was studied before [27] [28], which made it possible to compare the typo-
morphic features of native gold placers and indigenous sources. Types of miner-
al associations identified based on mineral inclusions and placer gold fineness 
(Figure 7) are quite consistent with those of indigenous sources (Table 2). How-
ever, as comparison has shown, two, and sometimes three types of gold parage-
nesis and two fineness intervals can be characteristic of individual indigenous 
sources. 

The maximum amount of material in the central part of the upper layer of the 
Glu-kharinsky placer was supplied by the Tyomnoye ore occurrence, which is 
spatially close to the location of placer sampling (see Figure 3(d)): downstream  
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Figure 7. The frequency of occurrence of native gold of different fineness from the Gluk-
harinsky placer in combination with mineral parageneses identified based on mineral frag-
ments pre-served in placer gold particles: mineral parageneses (the abscissa axis—frequency 
of occurrence, % the ordinate axis—the fineness of native gold, ‰ is indicated above the 
frequency values for each paragenesis). 

 
Table 2. Gold parageneses from ore sources and ore minerals accompanying gold mineralization (based on [27] [28]). 

Deposit, ore 
occurrence 

Ore minerals Established mineral 
inclusions in gold 

Native gold 
fineness, ‰ 

Nadezhda 
Au–Te–Bi 
mineral type 

Pyrite, pyrrhotite, galena, sphalerite, chalcopyrite, 
tetradymite/bismuth telluride (?), petzite, hessite, and Pb-Bi 
sulfosalt 

Galena, petzite, hessite, 
tetradymite, and Pb-Bi 
sulfosalt 

910 
763 - 1.000 

Tyomnoye 
Au–Te–Bi 
mineral type 

Galena, pyrite, sphalerite, chalcopyrite, hessite, petzite, Ag 
tetrahedrite, tetradymite, bismuth telluride, and uytenbogaardtite 

Galena, bismuth telluride, 
hessite, and petzite 

853 
783 - 925 
723 
645 - 771 

Tyi-Jurye Pyrite, chalcopyrite, galena, hematite, and tetradymite Hydrohematite, pyrite, and 
galena 

855 
813 - 977 

Glukharinskoye 
Au–Ag 
mineral type 

Hydrohematite, pyrite, pyrrhotite, arsenopyrite chalcopyrite, 
sphalerite, electrum, galena, fahlore, bornite, acanthite, aguilarite, 
uytenbogaardtite?, native Bi?, kustelite, and cinnabar 

Hydrohematite, acanthite, and 
Ag sulfosalt 

895 
802 - 953 
472 
245 - 550 

 
from the upper reaches of the Glukhariny Creek. It has two peaks of placer gold 
fineness, which may correspond to three parageneses and their quantitative content 
in the placer (Figure 7): gold-bismuth tel-luride-volynskite-petzite-hessite with a 
fineness of 900‰ (17%) and gold-cosalite-vikingite-bismutoplagionite with a 
fineness of 790‰ (14%). The list can also include gold-galena with a fineness of 
87‰ (30%), since galena is widespread in this ore occurrence [28], as well as half 
of gold-hessite-petzite parageneses with a fineness of 855‰ (5%). In general, the 
amount of gold in the placer from the Tyomnoye ore occurrence is about 65%. 

The ingress of gold to this part of the placer from the Glukharinsky ore occur-
rence is quite unambiguous, since a high range of gold fineness (250‰ - 900‰) 
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was established for ore and placer gold there (Figure 3(c)). Pyrite, Ag sulfosalts, 
hematite, and hydrohematite are found in the ore. The percentage of gold from 
this ore occurrence includes gold-hydrohematite paragenesis with a fineness of 
840‰ (11%) and partially gold-pyrite-polybasite-galenite with a fineness of 670‰ 
(12%), which comprises about 25% of the paragenesis. 

Ore bodies of the Nadezhda deposit are at a greater distance (Figure 3(a)) on 
the opposite slope. Despite this, a small part of gold migrated to the Glukhariny 
Creek placer in the upper reaches and, to a lesser extent, to the central part. In 
addition to tellurides, glaucodote was also found in the deposit ores. Therefore, 
gold with gold-glaucodote paragenesis with a fineness of 950‰ (5%) and par-
tially gold-petzitehessite with a fineness of 855‰ (5%) was transported form the 
placer. The percentage of gold in this placer part removed from the Nadezhda 
deposit is about 10%. For Yunyiy Creek and Nadezhda placers, the eponymous 
ore deposit is apparently the main source of migration. However, no sampling 
was conducted there. 

Apparently, the reconstruction is approximate, since it was performed using 
60 placer gold grains containing micromineral inclusions. It demonstrates the 
composition of placer gold at a specific area of the Glukharinsky placer, where 
placer samples were collected. The remaining grains did not contain ore inclu-
sions. It is possible that small-size gold with completely recrystallized structure is 
clastogenic and originates from conglomerates, the outcrops of which are ex-
posed on the node territory (Figure 3(a)). 

Thus, the provided interpretation suggests that the material migrated from indi-
genous sources to the placer at this exact proportion. There is no doubt that the tails 
of low-grade gold in fineness histograms both for the ore and placer are comparable 
to those of the Glukharinskoye ore occurrence. Its formation is presumably asso-
ciated with subvolcanic processes. However, it has not been studied sufficiently 
enough, and its geo-logical and structural position has not been deciphered yet. 

The Tyomnoye ore occurrence and the Nadezhda deposit share certain simi-
larities in their composition. At the same time, it is also possible that the differ-
ence in composition of ore-containing rocks affected the increased silveriness of 
the Tyomnoye ores. The carbonate rocks containing it, unlike aluminosilicate 
rocks, are more prone to secondary changes and low-temperature solid-phase 
transformations (skarnification, marmorization). In addition, the carbonate en-
vironment favors silver deposition, while geochemical barriers for its massive 
deposition may occur at the boundary of carbonate and alumino-silicate rocks. 
The predominant forms of silver minerals in these ores are silver-containing gale-
na and fahlores in early parageneses and sulfosalts, silver sulfide, and low-grade 
gold in late parageneses. The proximity of the roof of intrusive rocks allows us to 
expect the existence of gold- and silver-bearing skarns at deeper levels of the 
Tyomnoye deposit. 

Placer sampling and subsequent study of gold typomorphism can serve as an 
effective technique to search for certain types of deposits. According to L.A. Ni-
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kolaeva et al. [1], the general knowledge about potential types of gold minerali-
zation, indigenous sources and their placer-subvolcanic processes. However, it 
has not been studied sufficiently enough, and its geo-logical and structural posi-
tion has not been deciphered yet. 

The Tyomnoye ore occurrence and the Nadezhda deposit share certain similari-
ties in their composition. At the same time, it is also possible that the difference in 
composition of ore-containing rocks affected the increased silveriness of the Tyom-
noye ores. The carbonate rocks containing it, unlike aluminosilicate rocks, are more 
prone to secondary changes and low-temperature solid-phase transformations 
(skarnification, marmorization). In addition, the carbonate environment favors 
silver deposition, while geochemical barriers for its massive deposition may oc-
cur at the boundary of carbonate and alumino-silicate rocks. The predominant 
forms of silver minerals in these ores are silver-containing galena and fahlores in 
early parageneses and sulfosalts, silver sulfide, and low-grade gold in late para-
geneses. The proximity of the roof of intrusive rocks allows us to expect the exis-
tence of gold- and silver-bearing skarns at deeper levels of the Tyomnoye deposit. 

Placer sampling and subsequent study of gold typomorphism can serve as an 
effective technique to search for certain types of deposits. According to L.A. Ni-
kolaeva et al. [1], the general knowledge about potential types of gold minerali-
zation, indigenous sources and their placer-forming potentials, as well as gold 
transformations in placers can be obtained at a scale of 1:500,000-1:200,000, 
while more representative gold characteristics can be determined during pros-
pecting and exploration. 

For the Glukharinsky node, the constant presence of Bi and Te minerals in ore 
and placer gold characterizes not only the telluride-bismuth type of mineraliza-
tion but also the correlation between gold deposits and granitoid magmatism, 
which was established for Yukon deposits in Alaska [31] [32]. Our research con-
firms that gold-quartz mineralization localized in ancient Proterozoic rocks is 
intrusion-related and associated with Mesozoic granitoid magmatism [33] [34] 
[35] [36]. This allows us to talk about the successive stages of gold mineraliza-
tion in gold deposits of the Glukharinsky ore-placer node: early stage, me-
ta-morphogenic-hydrothermal (gold-bismuth telluride) with superintrusive mi-
neralization; late, volcanogenic (gold-polybasite-black ore); as well as a possible 
clastogenic stage, which is associated with conglomeration. This is confirmed by 
the placer gold structure: granulation of early-stage gold, which was affected by 
later volcanic magmatic intrusions, late-stage low-grade gold, which was not af-
fected by metamorphism. We can assume the existence of other types of gold de-
posits on the territory of the Prikolymsky terrane, in weathered layers and skarns, 
as well as gold-bearing Carlin-type jasperoids (not forming placers): there are 
geological prerequisites for this. 

6. Conclusions 

The study of placer gold fineness in combination with com-position of mineral 
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inclusions allowed us to identify seven types of gold paragenesis: petzite-hessite 
with a fineness of 855‰, pyrite-polybasite-galena (a fineness of 670‰), bismuth 
telluride (900‰), cosalite-vikingite (790‰), galena (870‰), glaucodot (950‰), 
and hydrohematite (840‰). 

The performed study has shown that a large number and diversity of mineral 
inclusions in native gold in the Glukharinsky placer have an important indicator 
value. The study of the composition of these inclusions in combination with gold 
fineness (‰) made it possible to identify seven mineral parageneses and estimate 
the frequency of their occurrence (%). Comparison of these parageneses with 
those of ore sources located near the placer allowed us to reconstruct the pri-
mary sources of the placers, as well as to estimate the approximate contribution 
of each ore source to placer formation. This methodology can be applied to sim-
ilar placers. 
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