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It has been established that in the weathering crust and technogenic placers of the Lower Selemdzha
gold-bearing node of the Amur region, newly formed native gold is present both in the rock matrix
directly associated with Au and on the surface of noble metal grains. In the weathering crust, film-
like and isometric Au was found on the surface of native gold samples and porous gold formed by
filling the free space of host loose rocks . Particle size ranges from 0.2 to 3 um. The composition
of authigenic gold is Au-Ag-Cu, Au-Cu, and chemically pure noble metal (1000 %o).

In technogenic placers, film-like, spheroidal, dendritic, thread-like, vermiform, globular,
and spongy newly formed gold has been identified. Particle size ranges from 0.1 to I pm. Gold
composition varies from multicomponent (Pb-Au-Hg-Sn), (Au-Pb-Hg-Ag), (Au-Pb-Hg), (Au-Hg-
Ag), (Au-Hg) to chemically pure Au.

Despite different compositions, the mechanism of newly formed Au formation in natural
(weathering crusts) and technogenic objects (placer dumps) appears to be similar. During
hypergene transformations, Au-concentrating minerals decompose, metals are released, and further
precipitation occurs.

Geochemical barriers for precipitation and concentration of noble metal are the sorption

properties of the host rock, as well as particles of newly formed ultrafine clusters of native gold,
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mercury, lead, copper, tin, and their compounds. Organic/inorganic carbon plays the role of
reducing agent.
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INTRODUCTION

The phenomenon of so-called "new" (autigenic, "in situ") gold in deposits of various
genesis has been established for a long time (Petrovskaya, 1941, 1973). Such gold is revealed in
the natural formations: in the oxidation zone of ore deposits (Elbow, 1980; Roslyakov, 1981;
Sazonov et, 20191; Kalinin etc. 2022), gold-bearing weathering crusts (Petrovskaya, Yablokov,
1974; Novgorodova et al., 1995; Kalinin et al., 2009; Kalinin et al., 2018; 2019; Nikiforova, etc.,
2020), and mineral deposits (Nikolaev, 1958; Yablokov, 1965; Neronski, Safronov, 1988; Khazov
and others 2010; Barannikov, Osovetskiy, 2013; Shuster and Southam, 2015; Litvinenko and
Shilina, 2017; Sokerin et al., 2023). In addition, newly formed gold has been found in man-made
formations and various gold mining wastes (Kovlekov, 2002; Naumov and Naumova, 2013;
Kirillov et al., 2018; Khusainova et al., 2020, 2021; Myagkaya et al., 2020; Sazonov et al., 20192).

The processes of formation of new gold are not yet fully understood. In this regard,
obtaining new data on the morphological and chemical features of such gold is an urgent task.

As arule, autigenic gold belongs to the class of so-called thin (<0.1 mm). It should be noted
that the region under consideration is characterized by a rather high role of fine gold in the overall
balance of the native precious metal. In weathering crusts, up to 78% belongs to Au < 12 microns
in size (Kuznetsova and Dementienko, 2023), in technogenic placers, up to 83% of Au belongs to
fine < 0.1 mm and submicron gold (Kuznetsova, 2011; Kuznetsova et al., 2019).

The presented work focuses on the study of gold "in situ" as one of the components of fine
native gold of the weathering crust and man-made placers of the Nizhneselemdzhinsky gold-
bearing node of the Amur region.The aim of the study: to determine the morphological and
chemical characteristics of the “new” gold in the weathering crusts (WC) and technogenic placers
of the Nizhne-Selemdzhinsky gold-bearing cluster (NZC) of the Amur region.

Research objects: samples of native gold, some of which represent close intergrowths of

noble metal with fine-grained silicate rocks containing fine gold.



RESEARCH METHODS

Large-volume samples for research were collected from the weathering crust of Paleozoic
granitoids (Tatarka River basin) (Fig. Tatar) (fig. 1, point 1), as well as in technogenic placers of
NZU (Neklya River basin) (Fig. Neklya) (Fig. 1, point 2).

Native gold in the form of separate grains and intergrowths was isolated according to the
published methodology ( Moiseenko, 2007; Moiseenko V.G., Moiseenko N.V., 2012).

Studies of micromorphology and elemental composition of native gold and its host rock
were conducted using analytical scanning electron microscopy (SEM). The main part of the work
was performed on an "EVO 40XVP" electron microscope (Carl Zeiss, Germany), equipped with
an INCA Energy energy-dispersive X-ray analysis (EDA) system (Oxford Instruments, UK), at
IBM FEB RAS. Some samples of gold and host rocks were studied using an electron microscope
JEOL JSM-6390LV (Jeol, Japan) at AC IGiP FEB RAS. The presented images were obtained in
secondary (SE) and back-scattered electrons (BSE). Newly formed gold is very brittle; during
sample polishing, it often deforms, and the possibility to establish its morphological and chemical
characteristics is lost. Therefore, all presented analyses of the chemical composition of gold and
associated mineral aggregates were obtained from volumetric grains. Although the obtained data
cannot be considered quantitative, they are quite applicable for the purposes of this study, as they
reflect the elements included in the mineral substance and their ratios. Some gold particles were
carbon-coated to create a conductive film. Some samples were not coated to evaluate their carbon
content. When determining the composition of the fine gold fraction, a previously developed
methodology was used (Safronov, 2011). Measurements were conducted at an accelerating voltage
of 20 kV, with a current of 600 pA in EDA mode, in SE microscopy mode from 20 to 50 pA, in
BSE mode from 100 pA to 300 pA depending on the sample type.

BRIEF GEOLOGICAL CHARACTERISTICS

The Lower Selemdzha gold-bearing cluster belongs to the central part of the Zeya-

Selemdzha gold-bearing region (Amur region) (Melnikov, Polevanov, 1995), which is confined to



the Mamyn uplift of the Bureya median massif. The uplift covers the interfluve of the Zeya and
Selemdzha rivers, to the south of the Dzhagdy Ridge. Here, Paleozoic granitoids predominate,
among which relics of folded formations of the Archean, Riphean, Cambrian, Silurian, and Middle
Devonian are preserved. At the same time, Mesozoic (predominantly Cretaceous) intrusive and
volcanic formations are also developed within the uplift (Geological map, 2001) ( Fig. 1).

The stratified formations of the Lower Selemdzha gold-bearing cluster form a large
anticlinal structure of northeastern strike, in the core of which shales and metasandstones of Late
Proterozoic-Early Cambrian age are exposed, intruded by granitoid intrusions of Ordovician,
Carboniferous, and Cretaceous age, and on the flanks - sandstones with interlayers of
conglomerates, gravelites, and siltstones of Silurian age. Within the LGC, occurrences of gold,
silver, lead, tin, niobium, and other elements have been established.

The entire territory under consideration is characterized by placer gold content. Placer
mining has been carried out since the beginning of the last century. The sources of native gold are
thin quartz veins in sedimentary rocks metamorphosed under greenschist facies conditions, and
products of chemical weathering of bedrock.

To date, most of the deposits have been mined out, but the exploitation of technogenic gold
placers continues.

More detailed geological features and mineral composition of weathering crusts and
technogenic placers of the region under consideration are presented in (Kuznetsova, 2011;
Safronov, Kuznetsova, 2017; Kuznetsova et al., 2019; Kuznetsova, Safronov, 2021; Kuznetsova,

Dementienko, 2023).

RESEARCH RESULTS
Weathering Crusts of the Nizhneselemdzhinskiy Gold-Bearing Node of the Amur Region

The weathering crust section (from top to bottom) is represented by silt-clay-sandy and
quartz-hydromica-kaolinite layers. In the weathering crust on Paleozoic granitoids of NGN, the
gold-bearing zone is quartz-hydromica-kaolinite. The heavy fraction contains ore minerals (in
descending order): ilmenite, magnetite, martite, pyrite, zircon, sphene, scheelite, galena, cassiterite,
monazite, chalcocite, rutile, covellite, and gold.

The morphology of native gold is quite diverse. Almost 2/3 of the examined grains have

homogeneous structure, are partially rounded, and practically without inclusions. The fineness of



such gold is 802—844 %o, and it is likely of endogenic origin. Some gold appears as aggregates of
intergrown Au grains of various morphology and fineness ( fig. 2-4), but overall it is chemically
purer (870990 %o) and probably has a hypergene origin.

The surface of gold grains is often covered with thin plates of higher fineness ( fig. 2, 3).
Also, plates of copper-rich gold were diagnosed on the surface of lower fineness gold (860—863%o)
(fig. 2, table. 1, sp. 2, 3).

Sometimes the thin-plated formations represent chemically pure gold — 1000%o
(fig. 3, sp. 1-5), with numerous caverns filled with high-carbon aluminosilicate-ferruginous
mineral mass (fig. 3, table 2, sp. 6-7)

Particularly interesting are samples with an openwork microstructure ( fig. 4). The gold
particle consists of multiple thin foliate ( fig. 4c, d, Au,) and globular segregations, some of
which have a hypidiomorphic appearance ( fig. 4c, d, Au ). The composition of thin-plated
formations corresponds to copper-rich gold of rather high fineness ~930-970%o (table 3, sp. 2-
7). Along the periphery of these films ( fig . 4c) and on their surface ( fig . 4d) numerous
spheroidal formations of Au (Au ) have been established. Their size is ~0.2—1.0 um. There are
isolated specimens that reach ~2-3 um in size. The spheroidal particles are characterized by a

higher fineness of 985-992%o and do not contain silver ( fig. 4c, d, table 3,sp. 1, 8).

Technogenic placers of the Nizhneselemdzhinskiy gold-bearing node of the Amur Region

The technogenic placers of the Nizhneselemdzhinsky gold-bearing cluster are characterized
by the predominance of the heavy fraction (in descending order): ilmenite, native lead, monazite,
Fe oxides and hydroxides, galena, magnetite, zircon, mercury and gold (Kuznetsova, 2011;
Safronov, Kuznetsova, 2017). The native gold of the technogenic placers of the NZU is a
conglomerate of gold grains of various morphology and fineness, cemented together by a finely
dispersed polymineral matrix of complex composition, and in some cases, gold amalgam. The
following minerals have been identified in the aggregates cementing gold grains (in order of
frequency of occurrence): kaolinite, halloysite, chlorite, sericite, goethite, limonite, quartz,
adularia, pyrite, hydrogoethite, romaneshite; native lead and its compounds are also found: Pb
oxides and hydroxides (red lead, massicot), Pb sulfates (anglesite) and carbonates (cerussite,
phosgenite), Pb chlorides (cotunite, mendipite), phosphates (pyromorphite) and sulfides (galena),

and a number of others (Safronov, Kuznetsova, 2017; Kuznetsova et al., 2019).



In one of the samples ( fig. 5a), smaller gold particles were found in an aggregate of clay
minerals ( fig. S5b—e). Their size ranges from 0.1 to ~0.6 pm, and only isolated specimens reach
~1 pm.

The composition of the mineral aggregate associated with native gold is Fe-Mn-oxide-
hydroxide-aluminosilicate with admixture of carbonaceous matter (table 4). Au, Hg, Pb, Sn were
recorded in the composition of this mass ( fig. 5c; table 4, sp. 1—sp. 6).

Spherical gold particles identified in the non-ore mineral aggregate correspond (without
considering the contribution of the matrix) to chemically pure gold, i.e., their fineness is 1000%o
(fig. 5d, f,sp. 7).In addition to these particles, ultrafine lead-mercurial gold that is invisible to
SEM has been identified ( fig. 5d, table 4, list 12) and, visible as light concentrations,
microgold of the same elemental composition ( fig. 5d, table 4, list 8-11).

Newly formed gold in technogenic placers has also been found on the surface of native Au
grains. The composition of such authigenic gold varies.

Gold neoformations are found both with high lead content (fig. 6a, table 5, list 1)and
with low content (fig. 6b, table 5, list 2, 3; fig. 7, table 5).

Lead is present in the composition of authigenic gold (fig. 6, table 5
fig. 7, table 5, list 1, list 2), in the rock associated with gold (fig. 7, table 5,list 3, 4),
and in the form of anglesite on the surface of the precious metal (fig. 11, table 5, list 4).

Globular authigenic mercury-lead gold is also found (fig. 7, table 5, list 1, 2) with
inclusions of aluminosilicate mineral rock, sometimes containing carbon (list 3, 4).

Some of the newly formed gold is only amalgamated (fig. 8, table 5). Mercury gold
"fuses" grains together. Often, carbon is present in one form or another in the composition of
authigenic gold (fig. 8, table 5).

Sometimes new Au is deposited on the grain surface in the form of thin filamentous
formations (fig. 9). Their length ranges from several micrometers to 20 um or more. The thickness
varies from the first tens to tenths of a micron.

A significant part of the filamentous gold is mercuric high-fineness gold (>900 %o) (fig.
9g). There are also areas with filamentous gold consisting of chemically pure Au (1000 %o). Next
to the "tangle" of pure filamentous gold, there is an almost rounded segregation of impurity-free

gold (size ~4-6 um) (fig.9e).



At the same time, high-fineness (up to 1000%o) newly formed gold has been identified on
the surface of some gold particles, where it is represented by globular, spongy, and thin-plate
formations (fig. 10, fig. 11, Table 5).

The newly formed spongy gold is heterogeneous in composition (Fig. 10). There are dense
segregations of pure gold (Fig. 10, Table 5, sp. 1, 2). Some of them contain mercury — up to
6 wt. % (Table 5, sp. 4). Some formations contain lead ~ 4% (Table 5, sp. 5). The EDA
spectra obtained from spongy gold show nitrogen lines (up to 3%) and carbon (~ 4-5%) (Table 5,
sp. 1, 2, 4).

DISCUSSION OF RESULTS

Detailed studies of native gold from the weathering crust and worked-out placers of the
Nizhneselemdzhinsky gold-bearing node in the Amur region have established the presence of
newly formed precious metal.

Morphology of the studied samples unambiguously indicates the authigenic nature of native
gold. New gold from the weathering crust and from technogenic placers has similar features and is
characterized by a variety of morphological forms (lamellar, spheroidal, spongy, globular, rod-
shaped, filamentous) (Fig. 2-11) (Petrovskaya, 1941, 1973; Yablokova, 1965). Some gold was
formed on the surface of native Au grains. Another part of gold was probably formed directly in
pores or voids of loose rocks ( Fig. 4, 5) (Petrovskaya, Yablokova, 1974; Novgorodova et al.,
1995; Sokerin et al., 2023).

Size of authigenic gold particles, documented using SEM, varies from tenths of a micron
(Fig. 5, 9) to several micrometers and more.
The smallest (0.1-0.6 um) Au particles are found in carbonaceous-clay aggregates associated with
native gold from technogenic placers. Probably, there are also nanosized particles (<0.1 pm), which
are not individualized under SEM but are detected by EDA and have a composition similar to gold-
lead-mercury formations visible under the microscope (on the image, the latter appear as light
concentrations) (Fig. 5, Table 4).

Chemical composition of newly formed gold shows wide variations both in the weathering

crust and in placers. No relationship between Au composition and its morphology has been

established.



Authigenic gold of WC (weathering crust) was identified in 2 forms. The first one (lamellar)
is deposited on the surface, probably on hypogene gold grains of Ag-Au composition with lower
fineness (860—-863%o). Such new gold has a fineness from 890 to 922%o, and may contain Cu and
Ag as impurities (Fig. 12) (Kalinin et al., 2009; 2022; Novgorodova et al., 1995; Osovetsky, 2012;
Hough et al., 2008 ). Some film formations associated with high-carbon aluminosilicate-
ferruginous formations are chemically homogeneous, with 1000%o fineness.

The second authigenic gold (openwork) was probably formed directly in the weathering
crust. Morphologically, it resembles the so-called "mustard" gold, but differs in color, composition,
and brittleness (Gamyanin et al., 1987; Nekrasov, 1991) . It consists of gold, apparently of 2
generations, differing in form and composition: thin-plated Au-Ag-Cu (930-970%o) and spheroidal
Au-Cu (985-992%0) (Fig. 12). The absence of silver in the spheroidal formations could be
explained by leaching as a result of weathering. But the fact that spheroids are found on the surface
of film formations of gold and the difference in compositions indicate their later crystallization. A
distinctive feature of the new gold of WC is the presence of Cu in its composition, which is
probably explained by the presence of copper minerals (covellite and chalcocite) in the WC
deposits.

In the technogenic placers of the Nizhneselemdjinsky gold-bearing node, newly formed Au
was found both on the surface of native gold samples themselves (Fig. 9-14) and in the mineral
mixture cementing the noble metal grains (Fig. 6-8).

For the most part, the rocks associated with gold represent a finely dispersed mixture of
clay minerals, as well as clay and Fe-Mn-oxide and hydroxide minerals characteristic of the
supergene zone (Hough et. al., 2011; Vishitia et. al., 2015; Anand, Salama, 2019). Ore elements
(Au, Pb, Sn, Fe, As, etc.) present in the rock are the result of the destruction of corresponding
minerals, depending on the chemical composition of solutions draining technogenic placers. And
the presence of mercury is characteristic of the tailings of placer gold mining in this area (
Kuznetsova; 2011 ) .

In the ferromanganese aluminosilicate mineral mixture associated with native gold, visible
formations of practically pure and lead-mercurial Au with sizes from tenths of a micron and
invisible under SEM (fig. 7), but detected by EDA clusters of Au, Au-Ag and compounds of Au-
Hg, Au-Hg-Ag, Au-Hg-Pb, Au-Hg-Pb-Sn compositions ( fig. 13) (Safronov, Kuznetsova; 2017)

have been established. Such particles can be active centers for the nucleation and growth of Au in



host rocks. Probably, these clusters of gold and its compounds merge into ultrafine, and then
micrometer-sized formations of the noble metal. This forms both chemically pure visible spheroids
of native gold and Au compounds with a number of elements — Hg, Pb, Sn of various variations
(fig. 13). Possibly, high-grade ultrafine Au formed at the last stages of mineral formation, and
lead-mercurial gold crystallized even later. But it is not excluded that these processes occur
simultaneously.

Among the impurities in the new gold of technogenic placers, the most common are
Hg, Pb, Ag, Sn, and there is practically no Cu. Apparently, this is due to the absence of copper
minerals in the considered technogenic deposits.

Gold "in situ" on the surface of the samples is identified as both low-grade and practically
chemically pure. The composition of newly formed gold varies widely (fig. 14), with Au-Hg, Hg-
Au-Ag, Au-Hg-Pb, Au-Hg-Pb-Ag, Au-Pb and Au phases established. The new gold, represented
by Au-Hg complexes, not only covers the surface of the samples but also cements various gold
grains into a single aggregate (fig. 8, 9).

Almost all spectra contain carbon (from 4.55 to 17.28 %) (table. 4, 5). It can be found
both in intergranular spaces and in the atomic crystal structure of gold itself (Safronov et al., 2023).
The presence of oxygen spectrum is probably explained by its connection with carbon. The
presence of nitrogen and phosphorus, in combination with carbon, indicates the organic origin of
the latter. Gold, lead, and mercury in varying amounts have been identified not only in the
composition of gold but also in the mineral mixture associated with authigenic Au. Probably,
sedimentary rocks, due to their high sorption properties (caused by the abundance of clay minerals
having a developed surface with a negative charge), well adsorbed the above elements from
draining solutions (Kalinin et al., 2019; Silyanov et al., 2021).

There is no consensus on the formation of authigenic gold. In our case, several processes
likely took place.

The destruction of minerals during hypergene processes with the release of ore elements,
their transition into solutions, and subsequent precipitation ( Craw, Kerr, 2017; Stewart et al., 2017;
Roslyakov, 1981 ) . Loose host rock, good water permeability, relative stability of groundwater,
destruction of organic matter, presence of sulfides and manganese oxides, as well as the dispersity
of gold in the mineral composition of weathering crust and technogenic placers are favorable

conditions for gold migration and formation of individual enrichment areas (Smirnov, 1955).
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Newly formed lead, mercury, copper, iron, etc. (having geochemical affinity with Au), and
primarily, of course, gold itself serve as geochemical barriers for gold precipitation (Craw, 2017;
Shuster, Southam, 2015; Kirillov et al.,, 2018 , Sazonov et al., 2019; Kalinin et al., 2018;
Khusainova et al., 2020; Tolstykh et al., 2019). The high fineness of authigenic gold can be
explained both by purification as a result of electrochemical leaching (Roslyakov, 1981; Fon et al.,
2021), and by the later formation of chemically pure Au (Kalinin et al., 2009; 2022; Novgorodova
et al., 1995; Osovetskiy, 2012; Hough et al., 2008 ) .

The ubiquitous presence of carbon in matter creates reducing conditions that promote the
deposition and concentration of native gold (Amosov et al., 1997; Safronov, Kuznetsova, 2021;
Moiseenko, Kuznetsova, 2014, Xianhai et al., 2018; Dunn et al., 2019; Hastie et. al., 2021). The
presence of characteristic nitrogen and phosphorus lines in the spectra, high gold fineness, and its
morphological features may indicate the biogenic origin of authigenic gold (Amosov, Vasin, 1993;
Kuimova, Moiseenko, 2006; Korobushkina, Korobushkin, 1986; Marakushev, 1997; Southam et
al., 2009; Reith et al., 2010; Rea et al., 2016; Shuster et al., 2016, 2017; Zammit et al., 2015; Anand
etal., 2017; Fairbrother et al., 2012; Shuster et al., 2016; Southam et al., 2009; Xianhai et al., 2018;
Petrella et al., 2022).

It is necessary to especially note the fact of establishing a rare morphological form of new
gold — filamentous (Fig. 9). The tendency of native gold to form filamentous shapes has long been
noted by researchers ( Mayorova et al., 2011; Fairbrother et al., 2012). Successful experiments
have been conducted on the experimental growth of gold filaments ( Nadgorny et al., 1959) .
Apparently, under certain physicochemical conditions and favorable geological environment, it is
energetically advantageous to build a rounded-elongated (filamentous) structure from gold atoms

entering from solution due to directional growth.

CONCLUSION
Newly formed native gold of varying shapes, sizes, and composition has been established
in the weathering crust and technogenic placers of the Nizhneselemdzhinsky gold-bearing node of
the Amur region. Authigenic gold is present both in aggregates of aluminosilicate minerals directly
associated with grains of primary gold and on their surface.
Despite the different chemical composition of authigenic gold in weathering crusts and

technogenic placers, the mechanism of formation of newly formed Au is apparently similar. During
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the transformation process, there is decomposition of Au-concentrating minerals, such as tellurides,
gold-containing sulfides and sulfoarsenides, followed by precipitation of Au at geochemical
barriers and formation of new forms of the noble metal, from ultrafine to micro-sized.
Geochemical barriers for gold precipitation are carbon atoms present in aggregates of
aluminosilicate minerals, as well as particles of newly formed ultrafine metal clusters —native gold,

mercury, lead, copper, tin and their compounds.

ACKNOWLEDGEMENTS
The authors emphasize the invaluable contribution to the study of native gold by
Academician of the Russian Academy of Sciences Valentin Grigoryevich Moiseenko. They also
express gratitude to the reviewers and members of the editorial board for valuable comments during

the preparation of the article.

REFERENCES
Albov M.N. Secondary zonation of gold deposits in the Urals. Moscow: Geoizdat,

1980. 68 p.

Amosov R.A., Vasin S.L. Gold microfossils // Ores and Metals. 1993. No. 3. P. 101-
107.

Amosov R.A., Pariy A.S., Vasin S.L., Shchegolkov A.I. Native gold from technogenic
placers of the Oktyabrsky cluster // Ores and Metals. 1997. No. 4. P. 56-57.

Barannikov A.G., Osovetsky B.M. Morphological varieties and surface nanorelief of
native gold from different-aged placers of the Urals // Lithosphere. 2013. No. 3. P. 89-105.

Geological map of the Amur region. Scale 1:500000 (GK-500). Explanatory note.
Petruk N.N., Belyakova T.V., Derbeko 1.M., et al. Blagoveshchensk: LLC "Amurgeologiya",
2001. 221 p.

Gamyanin G.N., Zhdanov Yu.Ya., Nekrasov I.Ya., Lesnova N.V. "Mustard" gold from
gold-antimony ores of Eastern Yakutia // New data on minerals. 1987. No. 34.P. 13-20.

Kalinin Yu.A., Kovalev K.R., Naumov E.A., Kirillov M.V. Gold from the weathering crust
of the Suzdalskoe deposit (Kazakhstan) // Geology and Geophysics. 2009. Vol. 50.No. 3.P. 241
—257.



Kalinin Yu.A., Kuzhuget R.V., Khusainova A.Sh., Gaskova O.L., Butanaev Yu.V.
Evolution of gold in the oxidation zone of the Kopto deposit (Republic of Tuva, Russia) //
Geology and Geophysics. 2022. Vol. 63.No. 7.P. 956-970. DOI: 10.15372/GiG2021162

Kirillov M.V., Bortnikova S.B., Gaskova O.L. , Shevko E.P. Authigenic gold in aged

tailings from cyanidation of gold-sulfide-quartz ores (Komsomolsky ZIZ, Kemerovo region)
/I Reports of RAS. 2018. Vol. 481. No. 6.P. 658 —661.

Kuimova N.G., Moiseenko V.G. Biogenic mineralization of gold in nature and
experiment // Lithosphere. 2006. No. 3. P. 83-95.

Kuznetsova LV. Geology, fine-dispersed and nanosized gold in minerals of placers of
the Nizhneselemdzha node (Amur region). abstract of PhD thesis in Geological and
Mineralogical Sciences. Krasnoyarsk: SFU, 2011. 21 p.

Kuznetsova 1.V., Safronov P.P., Moiseenko N.V. Material-mineral characteristics of
technogenic placers — potential sources of precious metal (on the example of the
Nizhneselemdzha gold-bearing node of the Amur region, Russia) // Georesources. 2019.
Vol. 21,No. 1.P. 2-14. DOIL: 10.18599/grs.2019.1.2-14 .

Kuznetsova LV., Safronov P.P. Native gold of weathering crusts of the
Nizhneselemdzha gold-bearing node (Amur region) // Lithosphere. 2021. Vol. 21, No. 2.
P. 239-255. DOI: https://doi.org/10.24930/1681-9004-2021-21-2-239-255 .

Kuznetsova 1.V., Dementienko A.I. About micro- and nanosized gold in weathering
crusts of gold-bearing territories (on the example of a mineralization site in the Adamikha
River basin, Amur region) // Georesources. 2023 . Vol. 25. No. 3. P. 191 — 197.

Kovlekov 1.1 Technogenic gold of Yakutia. M.: MGGU, 2002. 303 p.

Korobushkina E.D., Korobushkin I.M. Interaction of gold with bacteria and formation
of "new" gold // Reports of the USSR Academy of Sciences. 1986. Vol. 287. No. 4. P. 978—
980.

Litvinenko 1. S., Shilina L.A. Hypergene gold neoformations from placer deposits of
the Nizhne-Myakitsky ore-placer field, Northeast Russia // Ores and Metals. 2017. No. 1. P.
75-90.

Marakushev S.A. Geomicrobiology and biochemistry of gold transformation. Abstract
of dissertation ... Doctor of Geological and Mineralogical Sciences. Moscow, 1997. 47 p.

Melnikov V.D., Polevanov V.P. Gold-bearing regions and nodes of the Amur


http://dx.doi.org/10.15372/GiG2021162
http://www.ipgg.sbras.ru/ru/institute/staff/kirillovmv
http://www.ipgg.sbras.ru/ru/institute/staff/bortnikovasb
http://www.ipgg.sbras.ru/ru/institute/staff/gaskovaol
https://doi.org/10.18599/grs.2019.1.2-14
https://doi.org/10.24930/1681-9004-2021-21-2-239-255

region // Geology and mineral resources of the Amur region. Blagoveshchensk:
Amurgeolkom, 1995. P. 121-127.

Mayorova T.P. , Arteeva T. A., Filippov V. N. Filiform crystals and spherical particles
of native gold from the Niyakhoiskoye-2 ore occurrence (Manitanyrd, Polar Urals) // Bulletin
of the Institute of Geology of the Komi Scientific Center, Ural Branch of the Russian Academy
of Sciences. 2011. No. 5 (173). P. 11 - 13.

Moiseenko V.G. From gold atoms through clusters, nano- and microscopic particles to
nuggets of precious metal. Blagoveshchensk: Far Eastern Branch of the Russian Academy of
Sciences. Amur Branch of the Russian Mineralogical Society, 2007. 187 p.

Moiseenko V.G., Moiseenko N.V. Concentration of gold nanominerals during the
formation of ores of the Pokrovsky deposit // Reports of the Russian Academy of Sciences.
2012. Vol. 444.No. 1.P. 73-76.

Moiseenko V.G., Kuznetsova I.V. Nanogold in ancient limestones and dolomites of
the Oktyabrsky ore field (Amur region ) // Reports of the Russian Academy of Sciences. 2014.
Vol. 456,No. 4.P. 468-471.

Nadgorny E.M., Osipiyan Yu.A., Perkas M.D., Rozenberg V.M. Whisker crystals with
strength close to theoretical // Advances in Physical Sciences. 1959. Vol. 67. P. 625-662.

Naumov V.A., Naumova O.B. Transformation of gold in technogenic placers // Modern
problems of science and education. 2013. No. 5. P. 531-532.

Nekrasov I.Ya. Geochemistry, mineralogy and genesis of gold deposits // Moscow:
Nauka, 1991. 302 p.

Neronsky G.1., Safronov P.P. et al. "New" gold in placers of the Amur region // Deep
structure of the Pacific Ocean and its continental framing. Part 3. Blagoveshchensk:
AmurKNII FEB USSR Academy of Sciences, 1988. P. 55-56.

Novgorodova M 1., Generalov M.E., Grubkin N.V. New Gold in the Weathering Crusts
of the Southern Urals (Russia) // Geology of Ore Deposits. 1995. Vol. 37. No. 1. P. 40-253.

Nikiforova Z.S., Kalinin Yu.A., Makarov V.A. . Evolution of Native Gold in Exogenous
Conditions // Geology and Geophysics. 2020. Vol. 61. No. 11. P. 1514-1534.

Nikolaeva L.A. "New" Gold in the Placers of the Lena Region // Proceedings of
TsNIGRI. Issue 25, book 2. M., 1958. P. 19-122.



Osovetsky B.M. Nanosculpture of Gold Surface. Perm: Perm State University, 2012.
232 p.

Petrovskaya N.V. Morphology and Structure of "New" Gold. Reports of the USSR
Academy of Sciences. 1941. 32 (6), 424-426.

Petrovskaya N.V. Native Gold. M.: Nauka, 1973. 347 p.

Petrovskaya N.V., Yablokova S.V. Gold in Weathering Crusts. Ore-bearing
Weathering Crusts. M.: Nauka, 1974. 173-182.

Roslyakov N.A . Geochemistry of Gold in the Hypergene Zone. Novosibirsk: Nauka,
1981. 228 p.

Sazonov A.M., Zvyagina E.A., Silyanov S.A., Lobanov K.V., Leontyev S.I,

Kalinin Yu.A., Savichev A.A., Tishin P.A. Ore Genesis of the Olimpiada Gold Deposit
(Yenisei Ridge, Russia) // Geosphere Research. 2019 ,. No. 1. P. 17-44.

Sazonov A.M., Zvyagina E.A., Silyanov S.A., Babenkov D.E. Study of Gold
Occurrence Forms in Ores and Tailings of the Olimpiada Mining and Processing Plant //
Mining Journal. 2019 ,. No. 4, P. 54-59. DOI: 10.17580/gzh.2019.04.12.

Safronov P.P. () Method for Conducting Approximately Quantitative X-ray Spectral
Measurements of the Composition of Nanoscale Mineral Phases on SEM with EDX
Spectrometry / VII All-Russian Conference on X-ray Spectral Analysis. Novosibirsk: SB RAS
Publishing House, 2011. P.  71.

Safronov P.P., Kuznetsova 1.V. Features of the Composition of Native Gold from
Technogenic Placers on the Example of the Nizhneselemdzha Gold-bearing Node (Amur
Region) // Bulletin of Tomsk Polytechnic University. Geo Assets Engineering. 2017. Vol. 328,
No. 2. P. 46-58.

Safronov P.P., Kuznetsova I V. Authigenic mineral formation as an objective factor
in the transformation of technogenic placers // Geology and mineral resources of Siberia. 2021.
Ne 3(47). P. 83-93. DOI: 10.20403/2078-0575-2021-3-83-93.

Safronov P.P., Kuznetsova I.V. Maksimov S.0O. Carbonaceous matter in ore-placer
systems with noble metal mineralization // Bulletin of the FEB RAS. 2023. Ne 5. P. 52-81.

Safronov P.P. On the origin of nanoscale gold in nature // Geological processes in the

setting of subduction, collision and sliding of lithospheric plates. Proceedings of the VI All-



Russian Conference with International Participation (September 19-22, 2023, Vladivostok).
FEFU Publishing House, Vladivostok. FEGI FEB RAS. 2023. P. 442-446.

Smirnov S. S. Oxidation zone of sulfide deposits. Moscow: Publishing House of the
USSR Academy of Sciences, 1955. 131 p.

Sokerin M. Yu. , Glukhov Yu. V., Makeev B. A. , Parkhacheva K. G. , Saldin V.
A., Simakova Yu. S. , Sokerina N. V. Typomorphism of authigenic gold in Riphean
sandstones of the Kyvvozh gold placer field (Volsko-Vymskaya ridge, Middle Timan) //
Proceedings of the Russian Mineralogical Society. 2023. Vol. 152. Ne 1. P. 50-60.

Khazov A.F., Silaev V.1, Fillipov V.N. Authigenic mineralization in river placers as
a natural scientific phenomenon // Proceedings of the Komi SC UB RAS. 2010. Ne 2. P.
54-60.

Khusainova A.Sh., Gaskova O.L., Kalinin Yu.A., Bortnikova S.B. Physicochemical
model of gold transformation in the processing products of pyrite-polymetallic deposits
(Salair Ridge, Russia) // Geology and Geophysics. 2020. 61(9). P. 1181-1193.
https://doi.org/10.15372/GiG2020120

Khusainova A.Sh., Kalinin Yu.A., Gaskova O.L., Bortnikova S.B . Typomorphic
characteristics of gold from tailings of pyrite-polymetallic deposits in Siberia //
Georesources. 2021. Issue 3. Vol. 23. P. 149-163.

Yablokova S.V. Formation of "new" gold in some placers of South Yakutia. Geology
of placers. Moscow: Nauka, 1965. P. 152-155.

Anand R., Lintern M., Hough R., Noble R., Verrall M., Salama W., Balkau J.,
Radford N. The dynamics of gold in regolith change with differing environmental
conditions over time // Geology. 2017. V. 45. Ne 2. P.127-130.

Anand R., Salama W. Gold dispersion in transported cover sequences especially in
chemical (palaeoredox front) and physical (unconformity) interfaces linked to the landscape
history of Western Australia / Explore: The Newsletter for the Association of Applied
Geochemists. 2019. V. 183. P. 1-40.

Dunn S., Von der Heyden B., Rozendaal A., Taljaard R. Secondary gold
mineralization in the Amani Placer Gold Deposit, Tanzania // Ore Geology Reviews. 2019.

V. 107.P. 87-107. DOI: 10.1016/j.oregeorev.2019.02.011 .


http://dx.doi.org/10.1016/j.oregeorev.2019.02.011

Craw D. Placer gold and associated supergene mineralogy at Macraes flat, east Otago,
New Zealand // New Zealand Journal of Geology and Geophysics . 2017. V. 60, N 4,
P. 353-367. DOI: 10.1080/00288306.2017.1337644 .

Craw D., Kerr G. Geochemistry and mineralogy of contrasting supergene gold alteration
zones, southern New Zealand // Applied Geochemistry . 2017. V. 85 (A ). P. 19—
34. DOI:10.1016/j.apgeochem.2017.08.005

Fairbrother, L., Brugger, J., Shapter, J., Laird, J. S., Southam, G., & Reith, F.
Supergene gold transformation: Biogenic secondary and nano-particulate gold from arid
Australia /! Chemical Geology. 2012. 320-321(8), 17-31.
doi:10.1016/j.chemgeo0.2012.05.025

Fon AN, Suh C.E., Vishiti A., Ngatcha R.B., Terence Cho Ngang, Shemang E.M.,
Egbe J.A., Lehmann B. Gold dispersion in tropical weathering profiles at the Belikombone gold
anomaly (Bétaré Oya gold district), east Cameroon // Geochemistry. 2021. V. 81, No 4.
P. 125770. DOI: 10.1016/j.chemer.2021.125770 .

Myagkaya I.N., Lazareva, E.V., Zaikovsky V.1, Zhmodik S.M. Interaction of natural
organic matter with acid mine drainage: Authigenic mineralization (case study of Ursk sulfide
tailings, Kemerovo region, Russia) // Journal of Geochemical Exploration. 2020. V. 211. Ne3-
4. 106456. https://doi.org/10.1016/j.gexplo.2019.106456

Hastie E.C.G., Schindler M., Kontak D.J. Lafrance B . Transport and coarsening of
gold nanoparticles in an orogenic deposit by dissolution—reprecipitation and Ostwald ripening
// Commun Earth Environ. 2021. V. 2. P. 57. DOI: 10.1038/s43247-021-00126-6 .

Hough R.M., Noble R.R. P., Hitchen G.J., Hart R., Reddy S.M., Saunders M.,
Clode P., Vaughan D., Lowe J., Gray D.J., Anand R.R., Butt C.R.M., Verrall M. Naturally
occurring gold nanoparticles and nanoplates // Geology. 2008. V. 36. Ne 7. P. 571-574.
DOI: 10.1130/g24749a.1 .

Hough R.M., Noble R.R.P., Reich M. Natural gold nanoparticles // Ore Geology
Reviews. 2011. V. 42.P. 55-61.

Kalinin Y.A., Palyanova G.A., Bortnikov N.S., Naumov E.A., Kovalev K.R.
Aggregation and differentiation of gold and silver during the formation of the gold bearing
regolith (on the example of Kazakhstan deposits) // Doklady Earth Sciences . 2018. V. 482.
P. 1193-1198. DOI:10.31857/S086956520003198-0.


https://www.tandfonline.com/toc/tnzg20/current
http://dx.doi.org/10.1080/00288306.2017.1337644
https://www.sciencedirect.com/science/article/pii/S0883292717302718#!
https://www.sciencedirect.com/science/article/pii/S0883292717302718#!
https://www.sciencedirect.com/science/journal/08832927
https://www.sciencedirect.com/science/journal/08832927/85/part/PA
https://doi.org/10.1016/j.apgeochem.2017.08.005
https://sciprofiles.com/profile/author/TThsaFh2Mmt1QTVpd1crTU5LTjRGUnVjMkhBY0lVelFIakw0L0VuMEZnVT0=
https://www-sciencedirect-com.translate.goog/science/article/pii/S0009281921000325?_x_tr_sl=en&_x_tr_tl=ru&_x_tr_hl=ru&_x_tr_pto=sc
https://www-sciencedirect-com.translate.goog/science/article/pii/S0009281921000325?_x_tr_sl=en&_x_tr_tl=ru&_x_tr_hl=ru&_x_tr_pto=sc
http://dx.doi.org/10.1016/j.chemer.2021.125770
https://www.nature.com/articles/s43247-021-00126-6#auth-E__C__G_-Hastie
https://www.nature.com/articles/s43247-021-00126-6#auth-M_-Schindler
https://www.nature.com/articles/s43247-021-00126-6#auth-D__J_-Kontak
https://www.nature.com/articles/s43247-021-00126-6#auth-B_-Lafrance
https://www.nature.com/articles/s43247-021-00126-6
javascript:;
http://dx.doi.org/10.1130/g24749a.1
https://elibrary.ru/contents.asp?id=36849336

Kalinin Y.A., Palyanova G.A., Naumov E.A., Kovalev K.R., Pirajnoe F. Supergene
remobilization of Au in Au-bearing regolith related to orogenic deposits: A case study from
Kazakhstan // Ore Geology Reviews . 2019. V. 109. P. 358-369. DOI:
10.1016/j.oregeorev.2019.04.019 .

Khusainova A.S., Gaskova O.L., Kalinin Y.A., Bortnikova S.B. Physical-chemical
model of gold conversion in products of ore processing of silver-polymetallic deposits (Salair
Ridge, Russia // Russian Geology and Geophysics . 2020. V. 61(9), P. 964-975.
DOI: 10.15372/GiG2020120 .

Petrella L., Thébaud N., Fougerouse D., Tattitch B., Martin L., Turner S., Suvorova A.,
Gain S . Nanoparticle suspensions from carbon-rich fluid make high-grade gold deposits //
Nature Communications . 2022. V. 13(1), Ne 3795. P. 1-9. DOI. 10.1038/s41467-022-
31447-5.

Silyanov S.A. , Sazonov A.M., Zvyagina Y.A., Savichev A.A., Lobastov B.M. Gold in
the Oxidized Ores of the Olympiada Deposit (Eastern Siberia, Russia) // Minerals. 2021.
V. 11.P. 190. https://doi.org/10.3390/min11020190 .

Southam G., Lengke M. F., Fairbrother L., Reith. F. The biogeochemistry of gold //
Elements. 2009. Ne 5. P. 303 - 307.

Shuster J., Lengke M., Marquez-Zavalia M., Southam G. Floating Gold Grains and
Nanophase Particles Produced from the Biogeochemical Weathering of a Gold-Bearing Ore //
Economic Geology. 2016. V. 111. Ne 6. P. 1485-1494. DOI: 10.2113/econgeo.111.6.1485

Shuster J. , Reith F., John G.C., John E.P., Southam M.P.G . Secondary gold
structures: Relics of past biogeochemical transformations and implications for colloidal
gold dispersion in subtropical environments // Chemical Geology . 2017. V. 450. Ne 5.
P. 154-164.

Shuster J., Southam G. The in-vitro "growth" of gold grains // Geology. 2015. V. 43.
P. 79 - 82.

Stewart J., Kerr G., Prior D., Craw D. Low temperature recrystallisation of alluvial
gold in paleoplacer deposits / Ore Geology Reviews . 2017. V. 88. P. 173. DOLI:
10.1016/j.oregeorev.2017.04.020 .


https://www.sciencedirect.com/journal/ore-geology-reviews
http://dx.doi.org/10.1016/j.oregeorev.2019.04.019
https://elibrary.ru/title_about_new.asp?titleid=9464
https://doi.org/10.15372/GiG2020120
https://www.nature.com/articles/s41467-022-31447-5?error=cookies_not_supported&code=97ee7522-5c42-4487-9489-06ec4d29ce2d#auth-Laura-Petrella
https://www.nature.com/articles/s41467-022-31447-5?error=cookies_not_supported&code=97ee7522-5c42-4487-9489-06ec4d29ce2d#auth-Nicolas-Th_baud
https://www.nature.com/articles/s41467-022-31447-5?error=cookies_not_supported&code=97ee7522-5c42-4487-9489-06ec4d29ce2d#auth-Denis-Fougerouse
https://www.nature.com/articles/s41467-022-31447-5?error=cookies_not_supported&code=97ee7522-5c42-4487-9489-06ec4d29ce2d#auth-Brian-Tattitch
https://www.nature.com/articles/s41467-022-31447-5?error=cookies_not_supported&code=97ee7522-5c42-4487-9489-06ec4d29ce2d#auth-Laure-Martin
https://www.nature.com/articles/s41467-022-31447-5?error=cookies_not_supported&code=97ee7522-5c42-4487-9489-06ec4d29ce2d#auth-Stephen-Turner
https://www.nature.com/articles/s41467-022-31447-5?error=cookies_not_supported&code=97ee7522-5c42-4487-9489-06ec4d29ce2d#auth-Alexandra-Suvorova
https://www.nature.com/articles/s41467-022-31447-5?error=cookies_not_supported&code=97ee7522-5c42-4487-9489-06ec4d29ce2d#auth-Sarah-Gain
https://www.nature.com/ncomms
https://doi.org/10.3390/min11020190
http://dx.doi.org/10.2113/econgeo.111.6.1485
http://dx.doi.org/10.2113/econgeo.111.6.1485
http://www.sciencedirect.com/science/article/pii/S0009254116306878?via%3Dihub#!
http://www.sciencedirect.com/science/article/pii/S0009254116306878?via%3Dihub#!
http://www.sciencedirect.com/science/article/pii/S0009254116306878?via%3Dihub#!
http://www.sciencedirect.com/science/article/pii/S0009254116306878?via%3Dihub#!
http://www.sciencedirect.com/science/article/pii/S0009254116306878?via%3Dihub#!
http://www.sciencedirect.com/science/journal/00092541
https://www.researchgate.net/scientific-contributions/2126543082_James_Stewart
https://www.researchgate.net/profile/Gemma_Kerr2
https://www.researchgate.net/scientific-contributions/2143758235_Dave_Prior
https://www.researchgate.net/scientific-contributions/2120205828_Dave_Craw
https://www.researchgate.net/publication/316453045_Low_temperature_recrystallisation_of_alluvial_gold_in_paleoplacer_deposits
https://www.researchgate.net/publication/316453045_Low_temperature_recrystallisation_of_alluvial_gold_in_paleoplacer_deposits
https://www.researchgate.net/journal/0169-1368_Ore_Geology_Reviews
http://dx.doi.org/10.1016/j.oregeorev.2017.04.020

Tolstykh N.D., Palyanova G.A., Bobrova O.V., Sidorov E.G. Mustard Gold of the
Gaching Ore Deposit (Maletoyvayam Ore Field, Kamchatka, Russia) // Minerals. 2019. V. 9.
P. 489. https://doi.org/10.3390/min9080489.

Vishitia A., Suha C.E., Lehmannc B., Egbe J.A., Shemang E.M. Gold grade variation
and particle microchemistry in exploration pits of the Batouri gold district, SE Cameroon //
Journal of African Earth Sciences. 2015. V. 111. P. 1-13. DOI: 10.3390/min8100425.

Zammit C., Shuster J, Gagen E. , Southam G. The geomicrobiology of supergene metal
deposits //  Elements. 2015. V. 11.  No. 5:  P. 337-342.
https://doi.org/10.2113/gselements.11.5.337

Rea M.A., Zammit C.M., Reith F. Bacterial biofilms on gold grains-implications for
geomicrobial transformations of gold // FEMS Microbiology Ecology . 2016. V. 92.No. 6.P. 1
—12.

Reith F., Fairbrother L., Nolze G., Wilhelm O., Clode P.L., Gregg A., Parsons J.E.,
Wakelin S.A., Pring A., Hough R., Southam G., Brugger J. Nanoparticle factories: Biofilms
hold the key to gold dispersion and nugget formation // Geology. 2010. V. 38. P. 843 — 846.

Xianhai Li, Zhang Qin, Jun Xie , Zhihui Shen . [ Au(CN)2] — Adsorption on a Graphite
(0001) Surface: A First Principles Study // Minerals. 2018. V. 8. No. 10. P. 425. DOI:
10.3390/min8100425.


https://digital.library.adelaide.edu.au/dspace/browse?type=author&value=Zammit%2C+C.
https://digital.library.adelaide.edu.au/dspace/browse?type=author&value=Shuster%2C+J.
https://digital.library.adelaide.edu.au/dspace/browse?type=author&value=Gagen%2C+E.
https://digital.library.adelaide.edu.au/dspace/browse?type=author&value=Southam%2C+G.
https://doi.org/10.2113/gselements.11.5.337
http://femsec.oxfordjournals.org/
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://www.researchgate.net/profile/Xianhai_Li
https://www.researchgate.net/scientific-contributions/2060085569_Qin_Zhang
https://www.researchgate.net/scientific-contributions/2140111426_Jun_Xie
https://www.mdpi.com/search?authors=Jun%20Xie&orcid=
https://www.researchgate.net/scientific-contributions/2139718962_Zhihui_Shen
https://www.researchgate.net/publication/327933519_AuCN2-Adsorption_on_a_Graphite_0001_Surface_A_First_Principles_Study
https://www.researchgate.net/publication/327933519_AuCN2-Adsorption_on_a_Graphite_0001_Surface_A_First_Principles_Study

Table 1 . Composition of native gold (fig. 2 b, c, spectra 1 and 4) and film formations on
it(fig. 2 c, spectra 2 and 3), wt. %

Spectrum | Cu Ag Au Total
1 13.66 | 13.66 | 86.34 [ 100.00
2 1.25 9.73 | 89.02 | 100.00
3 1.27 6.52 | 92.21 | 100.00
4 13.98 | 13.98 | 86.02 | 100.00

Note. — content below detection limit

Table 2. Composition of  high-carbon  aluminosilicate-ferruginous  formations
(fig. 3, spectrum 6 and 7), filling cavities between newly formed Au films on the surface of

gold particle (fig. 3, spectrum 1-5), wt. %

Spectrum | Cu | Fe Ti Ca | K Cl Si Al [Mg [Na [O C
6 29712971044 1431 ]0.65[1.77[8.11 | 417 |2.82]2.02)3997] 3277
7 0.83]1250]0.79[0.79 | 1.45|1.19 593 ]1432]0.722.04 | 35.48 | 44.75

Note. — composition of spectra 1-5 is not provided, as it corresponds to 100% Au

Table 3 . Composition of lamellar (fig. 4 ¢, d spectrum 2-7) and spheroidal
(fig. 4 ¢, d spectrum 1, 8) gold formations, wt. %

Spectrum Cu Ag Au
1 150 | — 98.50

1.45 | 4.87 | 93.69
1.66 | 1.48 | 96.87
1.89 | 5.19 | 92.92
1.69 | 3.04 | 95.27
2.04 | 3.87 | 94.09
1.08 | 2.04 | 96.88
0.81 — 99.19

[o2}l RN Ko § RO, | RSNy (VS Y § 9}




Table 4 . Composition of native gold and aluminosilicate aggregate containing ultrafine gold

(fig. 5 c,e),wt. %
Element Spectrum

1 2 3 4 5 6 8 9 10 11 12
C — 5.19 5.21 3.54 5.27 3.61 4.81 6.72 7.27 12.34 3.94
(0] 36.19 | 38.77 | 48.73 | 44.02 | 40.67 | 21.16 | 18.07 | 19.16 | 20.03 17.1 25.23

Na — 0.3 0.37 — — — — — — — —

Mg — 0.63 0.31 — 0.31 — — — — — —
Al 14.89 | 10.28 | 12.61 | 1046 | 11.85 4.15 5.43 4.58 6.71 4.34 10.7
Si 1433 | 10.83 | 1331 | 1044 | 11.22 5.35 5 4.61 6.7 5.08 10.57

— 0.22 0.24 0.39 0.29 — — — — — —

S — — 0.21 0.33 0.02 — — — — — —
Cl 0.56 0.44 0.64 0.55 0.36 0.78 0.77 0.98 0.88 0.89 0.65
K 0.95 2.29 1.12 0.63 1.09 0.9 0.53 0.36 0.81 1.41 1.12
Ca 0.37 0.81 0.42 0.73 0.65 0.1 0.19 0.41 0.12 0.3 0.42
Ti 1.36 0.45 0.23 0.44 0.5 0.72 0.64 0.4 0.37 1.11 0.82
Mn 3.49 3.5 3.82 2.61 3.06 1.93 2.25 1.85 2.13 33 4.35
Fe 5.44 18.1 5.19 11.39 | 19.03 2.86 3.61 3.94 6.72 5.86 15.79
As — — — — — — — — — — 0.25
Sn 0.86 — — — — 10.45 2.66 5.14 241 5.09 1.11
Au 13.72 4.79 5.57 11.47 3.43 17.5 1699 | 1833 | 1836 | 14.02 | 16.11
Hg 241 2.15 0.96 1.05 0.93 3.01 4.9 3.89 5.67 4.47 2.45
Pb 5.43 1.25 1.06 1.95 1.32 27.48 | 34.15 | 29.63 | 21.82 | 24.69 6.49




Table 5 . Composition of native gold and mineral inclusions in it (fig. 6-8, 10-11), wt. %
& *g Element
& | C N (6] S Mg | Al Si Cl K Ti Mn Fe As Ag | Au Hg Pb
1] - - |- - |- |- - - - - |- |- ~ | 086 | 6509 | 1355 | 205
6| 2|- - |- - |- |- - - - - |- |- ~ |- | 9204 | 607 189
3| - - |- - |- |- - - - - |- |- ~ |- |ota8| 255 627
1] - - |- - |- |- - - - - |- |- - |- | 8862 9| 238
2| - - |- - |- |- - - - - |- |- — |- | 8435 | 1221 | 3.44
71 3| 787 - 397 |- |- | 1546 | 165 - |- |o064|046| 798|017 |- 11| 137 875
4 - ~ | 2668 |- |051| 1011|1469 | 096|085~ |o091|1674| - |- 251 | - 26.04
5 - - | s463| - |- |2017 2166 |- |o042] 1.03]- 20 |- |- |- - -
1| 1162 | - 70| - |- |- - - - - |- |- - |- | 7133 | 1003 | -
2| 455 - 13- |- |- - - - - |- |- - |- | 8532 883 -
3| 525(325| 049 |- |- |- - - - - |- |- - |- |89 722 -
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Figure captions

Fig. 1. Schematic map: geographical location (marked on the inset), geological structure of the
research object, using (Geological map..., 2001). Legend: Holocene : 1 — pebbles, sands, clays,
sandy loams; Neopleistocene : 2 — loams, clays, sands, pebbles, silts; 3 — clays, sands, pebbles;
Neogene-Quaternary : 4 — silts, clays, sands, pebbles (Belogorsk Formation); Neogene : 5 — sands
with gravel, pebbles, kaolinite clays (Sazanka Formation); Paleogene : 6 — clays, silts with
interlayers of brown coal, pebbles and tuffs (Kivda Formation); Cretaceous system : Carboniferous
system : 7 — sandstones, siltstones, phyllites, volcanics, limestones, tuff conglomerates
(Gramatukha Formation); Devonian system : 8 — sandstones, siltstones, clay shales, tuff siltstones,
tuffites (Orlovka strata); 9 — siltstones, limestones, clay shales, sandstones, conglomerates,
gravelites (Polunochka strata); Silurian system : 10 — sandstones, tuff sandstones, siltstones, tuff
siltstones, tuffites, gravelites, breccias, crushed rocks (Mamyn Formation); Ordovician system : 11
— rhyodacites, dacites, rhyolites, andesites, their tuffs, lava breccias of dacites and rhyolites
(October strata); Cambrian system : 12 — siltstones, limestones, marls, dolomites (Kosmatka strata);
Riphean (?) : 13 — marbleized limestones, metagravelites, metaconglomerates (undifferentiated
strata); 14 — calcareous metasandstones, sericite-quartz and actinolite-chlorite schists, lenses of
marbleized limestones (Dagmar strata); 15 — biotite-quartz schists, quartz-sericite schists with
interlayers of schistose, calcareous metasandstones (Nekla strata). Intrusive formations :
Cretaceous : 16 — granites, granite-porphyries, granodiorites, quartz monzonites, diorites (Burinda
complex); 17 — andesites, diorite-porphyrites, dacites (Taldan complex); Late Permian or Early
Triassic : 18 — syenites, granosyenites, quartz monzonites (Khara complex); 19 —rhyolites (Manegr
complex); Paleozoic : 20 — granites, leucogranites, granodiorites, quartz diorites (Tyrmo-Bureya
complex); 21 — a) leucogranites, granites, granodiorites; b) granosyenites, quartz diorites; c)
trachyrhyolites, trachyrhyodacites, rhyodacites (October complex); Proterozoic : 22 — granites,
subalkaline granites, granodiorites; 23 — quartz and gneissoid diorites, granites, plagiogranites and
granodiorites (Gara complex); 24 — metagabbro, gabbro, gabbro-diabases; 25 — modern gold

placers; 26 — location of the research object; 27 — sampling points.

Fig. 2 . Grain of native gold from the WZ of LGD (a, b), with high-fineness authigenic thin-
lamellar aggregates (c). Photos (a) and (c) in SE; (b) in BSE.



Fig. 3. Chemically pure (1000 %o) authigenic thin-lamellar formations (spectra 1-5), on the
surface of native gold from the WZ of LGD, with caverns filled with high-carbon alumosilicate-

ferruginous formations (spectra 6-7). Captured in BSE.

Fig. 4. Grain of native gold (a, b), consisting (c, d) of authigenic thin-lamellar formations (Au ,),
on the surface of which spheroidal gold segregations (Au ,,) are found. Photos (a, b) in SE; (¢, d)
in BSE.

Fig. 5 . Native gold (a) with inclusions of clay material aggregates containing fine and ultrafine
gold particles (b-d). Points of EDA analysis are shown. EDA spectrum with the composition of
one of the chemically pure Au particles is provided (d, e, Spectrum 7) ( here the electron beam

partially captures the mineral matrix ). Photo in BSE.

Fig. 6 . Lead-mercury newly formed gold: a - low-fineness films with high lead content; b - spongy

authigenic gold with low lead content. Composition is shown in Table 5. Photo in BSE.

Fig. 7. Globular authigenic gold (composition shown in Table 5). Photo in BSE.

Fig. 8. Spongy mercuric gold consisting of individual rod-like and lamellar individuals covering
the surface of native gold: a - general view; b-e - different areas at different magnifications.

Composition is shown in Table 5. Photos a-d in BSE, e - in SE.

Fig. 9. Authigenic gold on the surface of one of the samples (a, b); sample areas at different
magnifications (c-g); f - newly formed high-fineness (1000 %o) gold (spectrum 1), g - filamentous
mercuric gold (spectrum 2). Below are the corresponding EDA spectra. Photos a - in SE, b-g in

BSE

Fig. 10 . Newly formed high-fineness spongy native gold: a - general view of the sample: b, ¢ -

areas at different magnifications. Composition is shown in Table 5. Photo in BSE.



Fig. 11 . Newly formed high-fineness spongy, thin-lamellar and globular native gold (sp. 1-3, 5-
7), with authigenic anglesite deposited on the surface (sp. 4). The composition is shown in Table

5. Photo in BSE.

Fig. 12. Truncated ternary diagram of Au-Ag-Cu compositions of native gold from weathering

crust. EDA of different samples are plotted in descending order of gold fineness.

Fig. 13. Diagram of compositions of fine and ultrafine native gold from technogenic placers of
NZU (Fig. 5, Table 4) of the Au-Hg-Pb* system (where Pb* = Pb+Sn). Approximate formulas of

intermetallic compound compositions are provided.

Fig. 14. Diagram of compositions of authigenic gold from technogenic placers of the Au-Hg-Pb*
system (where Pb* = Pb+Sn) (Fig. 6-11, Table 5). Approximate formulas of intermetallic

compound compositions are provided.
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