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NATIVE GOLD AND DIAMONDS FROM THE PALAEOPROTEROZOIC

TERRIGENOUS ROCKS OF THE BILOKOROVYCHI BASIN,
NORTH-WESTERN REGION OF THE UKRAINIAN SHIELD

The Bilokorovychi basin is located in the North-Western region of the Ukrainian Shield. It is a 2 to 6 km wide and 22 km
long weakly deformed and metamorphosed volcano-sedimentary basin that was formed between c. 1.98 and 1.80 Ga. The
Palaeoproterozoic conglomerates and sandstones of the basin host unusual association of native gold and diamond. Native
gold from conglomerates is variable in terms of its morphology and chemical composition. Massive fine anhedral gold
grains prevail. Grains of the porous gold and grains with numerous autoepitaxic overgrowths of the secondary gold are
also common. The microscale overgrown crystals are very variable in terms of their morphology and range from crystal-
lographically undefined grains to ideal octahedrons and their intergrowths, including twins, fivelings, and skeletal octahe-
drons. Chemical composition ranges from pure gold to medium-grade, silvery, and cuprous gold. Pure gold prevails. Gold
and quartz intergrowths are common. Several types of native gold were distinguished according to the mineral assem-
blages and to the morphology and chemical composition of gold crystals. These types are detrital gold which is rather
rare, and a prevailing authigenic gold including biogenic and secondary gold. Diamonds from conglomerates of the
Bilokorovychi basin are the oldest so far found in Europe. In terms of the crystal morphology, carbon isotope systematics,
and the concentration and state of nitrogen admixture, Bilokorovychi diamonds resemble mantle-derived diamonds from
kimberlites and lamproites. In terms of the degree of nitrogen aggregation, some of the Bilokorovychi diamonds are simi-
lar to the Archaean diamonds which crystallized in quiet conditions and a low thermal gradient in the mantle. Rest of the
studied diamonds, according to the degree of nitrogen aggregation, had grown at higher temperatures which are more
common for the Proterozoic diamonds. An average nitrogen concentration evidence that the studied diamonds are closer
to the mantle eclogitic assemblage than to the peridotitic assemblage. The heavy roundness of diamond crystals indicates
their prolonged transportation from the bedrock source to the site of deposition. The bedrock source may be represented
by kimberlite, lamproite or other rock with the age exceeding or close to 1800 Ma. The most favorable model of the
Bilokorovychi diamonds origin is a subduction model. Available data indicate that the North-Western region of the
Ukrainian Shield was formed between c. 2150 and 1980 Ma due to continuous subduction of the oceanic lithosphere and
gradual accretion of the newly-formed continental crust. A large-scale magmatic event that started at c. 1815 Ma could be
a suitable transporter of the mantle-derived material, including diamonds, to the surface.
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Introduction. The Bilokorovychi sedimentary basin
is relatively small and located in the North-Western
region of the Ukrainian Shield. It attracts attention
due to its geological setting and to the unusual
association of native gold and diamond that was
found in its rocks. Numerous grains of native gold
and 90 diamond crystals were found in the
Bilokorovychi metasedimentary rocks at the early
1980s [36]. Among those diamond crystals, 42 were
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found in conglomerates of the lower part of the
Bilokorovychi Suite (see below), 2 were revealed in
basal sandstones of the same suite, 45 occurred in
the sandstones ofthe upper part of the Bilokorovychi
Suite, and 1 crystal was found in sandstone of the
Tovkachi Suite. The weight of the largest diamond
is 22.8 mg. Most of these diamonds and particularly
large grains were found in the southern part of the
Bilokorovychi basin. In this communication we
present data regarding native gold and diamond
mineralization in the Bilokorovychi basin and
discuss their origin.
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Geology of the Bilokorovychi basin (geological
setting, composition, and age of the rocks). Geological
setting. The Bilokorovychi basin is 2 to 6 km wide
and 22 km long volcano-sedimentary basin filled
with rocks of the Topilnya Series [27, 29] (Fig. 1).
The Topilnya Series rocks are generally gently slo-
ping (15—30°) and weakly deformed. Rocks are
weakly metamorphosed and cut by veins and dykes
of felsic and mafic compositions [33]. The Topilnya
Series unconformably rests on the 2150—1980 Ma
[15, 37] crystalline basement composed of gneis-
ses of the Teteriv Series, and granites of the Zhy-
tomyr and Osnitsk complexes.

Stratigraphy of the Topilnya Series. The thickness
ofthe Topilnya Seriesisup to 1100 m; itis subdivided
into the lower Bilokorovychi and the upper Oze-
ryany Suites [29]. The lower part of the Bilokoro-
vychi Suite reaches 69 m in thickness and comprises
siltstone, conglomerate, gravel, and sandstone that
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Fig. 1. Geological position and schematic geological map
of the Bilokorovychi basin, simplified after Kostenko
(2011) [33]: 1 — metamorphic rocks of the Horodska Suite
of the Teteriv Series; 2 — granitoids of the Zhytomyr and
Sheremetiv Complexes; 3 — granites of the Osnitsk and
Perga Complexes; 4 — granites of the Korosten Complex;
5 — effusive rocks of the Zbranki Suite; 6 — terrigenous
rocks of the Tovkachi Suite, Topilnya Series; 7 and & —
Bilokorovychi Suite (7 — Lower Bilokorovychi Subsuite,
& — Upper Bilokorovychi Subsuite); 9 — Ozeryany Suite;
10 — dolerite and gabbronorite of the post-Ovruch dyke
complex; and // — ancient (pre-Bilokorovychi) gabbro
and gabbro-dolerite
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form three rhythms and can be traced throughout
in the basin. Conglomerates of the lower part of
the Suite are multi-colored rocks made of the well-
rounded pebbles and boulders of the spherical or
elliptical shape that can reach 10—12 cm in size
(Fig. 2). Pebbles are mainly made of quartz; the
bright red, brown or dark-gray jasper pebbles are
less common. Pebbles made of reddish-brown and
light-gray quartzite, brown and dark-gray felsite,
metarhyolite (quartz porphyry) are also present.
Rare types of pebbles are represented by white
sericite and muscovite schists, and albite-tour-
maline and quartz-tourmaline greisen. Two thin
(up to 6.5 m) basaltic flows are known in the lower
part of the sedimentary sequence [33, 38].

The upper part of the Bilokorovychi Suite has a
thickness of 250—320 m and it spreads over the
whole basin and crops out in several open pits.
These sediments include quartzite and prevailing
sandstones with well-developed horizontal and
cross-bedding. The detrital material is represented
by angular, semi-rounded and rounded quartz
grains. Fragments of feldspar, muscovite, biotite,
zircon, ilmenite, and tourmaline crystals are also
present. Rocky fragments of metarhyolite, argillite,
siliceous rocks and sandstone are rare.

Sandstones of the Bilokorovychi Suite are gra-
dually replaced upwards by mudstones, siltstones,
sericite-quartz schists and feldspar-quartz sands-
tones of the Ozeryany Suite. Thin (1.7 to 25 m)
basaltic flows are also present in the lower part of
the suite. Terrigenous rocks of the Ozeryany Suite
contain very fine acute-angled fragments of quartz,
fresh plagioclase and microcline. The maximum
thickness of the Suite is 567 m [33]. The sediments
are cut by series of dykes, veins and sheet-like
igneous bodies of mafic and felsic compositions. At
contacts with the intrusions sedimentary rocks are
thermally metamorphosed and transformed into
hornfelses and schists.

Age of the Topilnya Series. Several attempts to
date rocks of the Bilokorovychi basin were un-
dertaken. According to results of K-Ar dating [27],
chlorite-sericite schists were formed at 1300—
1480 Ma, while dykes and metabasalt flows crys-
tallized at 1000—1640 Ma. Gorokhov et al. (1981)
[6] employed Rb-Sr isochron method to date the
age of metagenetic alteration of the Ozeryany Suite
schists at 1574 £ 31 Ma, whereas U-Pb zircon
dating indicated that WE-trending dolerite dykes
intruded deposits of the Bilokorovychi basin at
1799 £ 10 Ma [39], and rhyolite dykes were empla-
ced at 1781 = 3 Ma [1]. Shumlyanskyy et al. (2015)
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[18] studied U-Pb age and Hf isotope compositions
in detrital zircons from sandstone of the Biloko-
rovychi Suite. The studied zircon grains have a wide
spectrum of ages that vary from 3530 £ 17 to 2031
+ 7 Ma, whereas the majority of zircons fall into
the 2200—2000 Ma age interval and have positive
eHf | values, indicating the juvenile nature of their
source rocks. In terms of their age and Hf isotope
compositions, most of the zircons from the Biloko-
rovychi sandstones resemble those from granites of
the Zhytomyr Complex and from metamorphic
rocks of the Teteriv Series. Older zircons (>2500 Ma)
often have negative eHf . values. Such zircons are
absent in the local rocks and were probably derived
from Archaean rocks of the Dniester-Bug Domain.

Summarizing, the geological relationships and
results of U-Pb isotope investigations of zircon
indicate a Palaeoproterozoic age of the sedimentary
rocks of the Bilokorovychi basin. They were depo-
sited between c. 1980 Ma (age of the underlying
eroded rocks of the Osnitsk Complex) and 1800 Ma
(age of the Bilokorovychi dyke).

Samples and methods. Samples collection. Dia-
mond and native gold crystals were provided over
the long period of time by the Zhytomyr geological
enterprise. Sampled rocks were collected at out-
crops and prospecting shafts. Isolation of mineral
fractions was done employing conventional me-
thods that included crushing and grinding of the
rock samples, and further gravitational and elec-
tromagnetic separation and flotation. Diamond and
native gold crystals were picked up manually under
the binocular microscope.

Native gold. Morphology and chemical com-
position of >150 native gold grains isolated from
conglomerates in the south-western part of the Bi-
lokorovychi basin have been studied. Those grains
were yellow in color, but some of them had copper
tint. Their size varied from 0.2 to 2—3 mm, and a
few of them were up to 5 mm in size. Morphology
and chemical composition of native gold were
determined using a JSM-6700F field emission
scanning electron microscope equipped with a
JED-2300 energy-dispersive spectrometer (JEOL,
Japan) at the M.P. Semenenko Institute of Geo-
chemistry, Mineralogy and Ore Formation, Natio-
nal Academy of Science of Ukraine. The conduc-
tive coating of gold grains by carbon was applied.
The SEM-EDS method was applied both for iden-
tification of native gold and various mineral inter-
growths, and for determination of the chemical
composition of gold. Operating conditions were as
follows: 20 kV accelerating voltage, 0.6 nA beam
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Fig. 2. Conglomerate of the Lower Bilokorovychi Subsuite

current, 2 um beam size and a counting time of
60 seconds for one analysis. Pure Si, Ti, Al, Fe, Cr,
Cu, W, Au, Ag, pyrite and synthetic Na,AlF, KCI,
MgO, CaF, were used for calibration. Raw counts
were corrected for matrix effects applying the ZAF
algorithm implemented by JEOL.

Diamond. We have studied the morphology of
20 diamond crystals isolated from conglomerates
of the south-western part of the Bilokorovychi
basin. This study was carried out in the M.P. Se-
menenko Institute of Geochemistry, Mineralogy
and Ore Formation employing an electron micro-
scope JSM 6700F. The conductive coating of dia-
mond crystals by carbon was applied. Most of the
crystals were less than 1 mm in size; the largest
crystal was 3.25 mm in size. The infrared spec-
troscopy was applied for investigations of 14 dia-
mond crystals from conglomerates, and of a single
diamond crystal that has been isolated from Qua-
ternary sediments near Zubkovychi village, some
20 km southwestward to the Bilokorovychi basin.
In terms of morphology, these crystals were rep-
resented by octahedrons and their twins, cubes,
crystals with a combination of forms {100} +
+ {110} + {111}, dodecahedrons, one rounded
crystal, and crystal fragments. Infrared spectra of
eleven microdiamonds in the optical range 600—
4000 cm~! were obtained with use of the Fourier
spectrometer Bruker IFS-66 at the German Re-
search Centre for Geosciences, Potsdam. The re-
solution of the spectrometer is 2 cm~!. Diamonds
were not subjected to mechanical or any other kind
of destructive treatment.

Results. Native gold. Morphology. Most of the
gold grains are anhedral due to crystallization in
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Fig. 3. Anhedral and euhedral native gold crystals from the
Bilokorovychi conglomerates under the SEM, SEI mode:
a, b — fracture infilling forms; ¢ — pile-like form, d — film
form, e — octahedron in combination with cube and
rhombic dodecahedron faces on the anhedral grain, f —
rounded grain

Fig. 4. Micro-polyhedrons of secondary native gold on primary gold grains from the Bilokorovychi conglomerates under
the SEM, SEI mode: a, b — the overgrowths of secondary gold on the primary native gold, ¢ — secondary gold, octahe-
drons and complex twin of octahedrons after (111) (the twin is indicated by the arrow), d — secondary gold, skeletal octa-
hedrons

microcaves and fractures that controlled their shape.
They occur as massive lump-shaped grains, films,
plates and wires (Fig. 3). The ball-shaped grains
ornamented by micro-pores and the continuous
balls with signs of rounding represent other mor-
phological types of this mineral. Gold grains
complicated by autoepitaxial overgrowths repre-
sented by the irregularly-shaped microcrystals and
polyhedra are quite common (Fig. 4). These over-
growths may cover gold grains in whole or in part.
We consider the autoepitaxial overgrowths as se-
condary gold, which has a characteristic appearance
(micro-sized imperfect crystals and polyhedra,
filamentary overgrowth, dendrites etc.), earthy or
collomorphic structure of fine-grained aggregates,
and significant variability of crystal chemistry.
Crystallography. Octahedron is the main variety
of the growth form for microcrystals of both prima-
ry and secondary gold in the Bilokorovychi basin
(Figs. 3 and 4). However, geometrical forms of the
secondary gold polyhedra are especially diverse.
These are well-shaped octahedrons and their flat-
tened along the triple axis varieties (triangular pla-
tes), skeletal octahedrons, twins and fivelings of
octahedrons in the (111) plane (Fig. 4). The se-
condary gold also occurs as thread-like forms and
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grown on the (111) plane layers which have formed
the almost ideal octahedrons on the endpoint of
the thread. A clear geometrically expressed auto-
epitaxial growth is typical for secondary gold.

Topography of the gold surface. There are several
main types of the native gold surface in the
Bilokorovychi conglomerates: typical for primary
gold the large-block surface; typical for the sites of
the secondary gold nucleation the fine-block sur-
face; the porous surface that prevails on the sphe-
rical gold grains; and typical for secondary gold the
spongy surface.

Chemical composition. Silver and copper are the
major admixtures in native gold from the Biloko-
rovychi conglomerates (Fig. 5), whereas many of
the gold crystals contain Fe (up to 3.5 %), and some
of them contain a small amount of Ni and Ti. Up
to 85 % of the gold crystals contain some Ag, up to
50 % of them contain Cu, and 44 % of the crystals
contain both Cu and Ag. Concentration of these
elements is very variable. Most of the gold grains
contain 1—5 % of Ag, and few of them contain
6—15 % of Ag. Very few grains contain over 21 %
and even 40—44 % of Ag. Copper has a similar
distribution: over the half of gold grains contains
from 1 to 5 % of Cu, less than half grains contain
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6—10 % of Cu, and few grains contain from 11 to
43 % of Cu. There is no apparent relationship bet-
ween gold morphology and chemical composition,
whereas there is a tendency for Cu enrichment in
the gold grains having secondary overgrowths.

Mineral assemblages of native gold. Intergrowths
of gold and quartz are the most common. Very fine
inclusions of quartz were found in gold, whereas
inclusions of gold in massive quartz crystals are
even more common (Fig. 6). Microcrystals of na-
tive tungsten were found in a few grains of native
gold that had secondary gold overgrowths (Fig. 6).
Tungsten microcrystals are found in association
with imperfectly to perfectly faceted overgrown
microcrystals of secondary gold and often grow
over them. Tungsten is present as individual
scattered grains with sizes from 2 to 10 pm, or forms
groups of 2—3 crystals. Gold that hosts tungsten
overgrowths is relatively pure and contains up to
2—7 % Ag and 1.5—8 % Cu. Tungsten microcrys-
tals form almost ideal octahedrons or combina-
tions of octahedron and cube. Most of the tungs-
ten octahedrons are flattened along the triple axis;
the flattening plane is more or less parallel to the
surface of the gold grain over which it is grown.
Some overgrowths of the secondary gold on tung-
sten crystals were also noticed. Tungsten crystals
are free from impurities; a small amount of Cr (up
to 0.16 %) was found in rare cases.

Chlorite, mica, kalsilite (Fig. 6), chalcosine,
native copper and copper carbonates also occur as

Au, %
Au. % 0,100

50 25 50
Cu, % Ag, %

Fig. 5. Chemical composition of native gold from the Bilo-
korovychi conglomerates [32]

intergrowths with native gold. Aggregates of native
gold with chlorite and mica are rather widespread
and probably correspond to the mineral composi-
tion of the conglomerate matrix, whereas chalco-
sine and copper carbonates belong to the latest
mineral assemblage.

Diamond. Crystal morphology. Diamonds range
in size from 0.1 to 3.25 mm. Colorless and yello-
wish octahedral crystals prevail, while colorless do-
decahedron and grey cuboctahedron are less com-
mon, and colored cubic crystals are rare (Fig. 7).

Fig. 6. Intergrowths of quartz (a, b), micro-polyhedrons of native tungsten (c), mica (d), chlorite (e), and kalsilite (f) with
native gold under the SEM, SEI mode
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Fig. 7. Diamond crystals from the Bilokorovychi conglomerates under the SEM, SEI mode: a — octahedron, b — twin of
octahedrons after (111), ¢ — cube with {111} and {110} forms, d — cube, e — rhombic dodecahedron with {100} form,
f— rounded crystal

Fig. & Surface forms of the diamond crystals under the SEM, SEI mode: ¢ — parallel striation on the octahedron face;
b — inverse parallel triangular pits on the octahedron face; ¢ — positive triangular figures of polycentric growth on the oc-
tahedron face; d — twin striation on contact of two octahedrons; e — rectangular pits on the cube face; f — drop-like fi-
gures on the rhombic dodecahedron rounded face; g — tile-like figures on the rhombic dodecahedron rounded face; & —
disk-like figures on the rhombic dodecahedron rounded face

Many of crystals are damaged or broken, heavily
rounded crystals are also present. Topography of
the Bilokorovychi diamond crystals which is typical
for kimberlitic and lamproitic diamonds is shown
in Fig. 8. Diamonds from the Bilokorovychi basin
have some indicators of their "antiquity" which are
common for Precambrian placer diamonds from
various regions around the world. These indicators
are a very contrasting size distribution of diamonds,
a presence of both green and brown pigmentation,
a large amount of dodecahedron and cubic crystals
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and a very intensive mechanical deterioration of
crystal surface.

Infrared spectroscopy of diamond crystals. We
have applied the infrared spectroscopy for inves-
tigation of fifteen diamond crystals. Ten of them
belong to the physical type Ia; five diamonds which
are mainly microcrystals, belong to the low nitrogen
type Ila [31, 36]. The Ia type is represented by
crystals that belong to two subtypes: 1aA (4 crystals),
and IaAB (6 crystals). Crystals of the laA subtype
contain only A nitrogen centers. Crystals of the
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Fig. 9. FTIR spectra of the Bilokorovychi diamonds. Sample numbers correspond

to the numbers in Table

IaAB subtype contain nitrogen centers A, B1, and
many of them have also B2 centers (so-called
platelets, i. e. few-atoms-thick linear defects which
develop by the accumulation of the interstitial
carbon during B1 defects formation [26]). In terms
of the degree of nitrogen aggregation crystals of the
IaAB subtype are intermediate between subtypes
IaA and IaB. Figure 9 displays a typical infrared
spectra of the Bilokorovychi diamonds which were
obtained using the Fourier spectrometer Bruker
IFS-66. Nitrogen concentrations were measured in
five diamonds (Table). The concentration of the
aggregated nitrogen (A centers) in the JaAB subtype
of the Bilokorovychi diamonds varies from 34 to
332 ppm with the average of 174 ppm. These dia-
monds also contain from 24 to 182 ppm (77 ppm
in the average) of the aggregated nitrogen that be-
longs to B1 centers. The total nitrogen concentra-
tion (N, + Ny,) in these crystals varies from 60 to

356 ppm, and the average concentration is 251 ppm
which is close to the average nitrogen concentration
in kimberlitic and lamproitic diamonds. The degree
of nitrogen aggregation (% B = Ny, /(N, + Ng,))
varies from 7 to 54 %, with the average around 35%.
Four crystals of this subtype have a B2 center, with
two of them having a rather high abundance of
this center (1.0 and 2.1 mm~'). There is a notable
rise in the amount of the B2 center along with the
B1 center increase. The main non-nitrogen centers
are >CH=CH, and CH, and CH,. Most of the
spectra have carbonate absorption bands (1400—
1480 ¢cm™!), and weak carbonate bands 850—
890 cm~! and 680—710 cm~!. The three-dimen-
sional investigations of some of the diamond crys-
tals have revealed differences in the spatial
distribution of A, Bl and B2 centers, and of
hydrogen centers with bands in the range 2800—
3000 cm~! (CH, and CH, bonds) and band

FTIR analyses of nitrogen concentration and its aggregation (% B) in the Bilokorovychi diamonds

Center A— N, | Center Bl — Ny, | (N, +Ng)
Age of the sediments Habit, sample # % B =Ng,/(N,+ Ng))
ppm

Palaeoproterozoic Fragment, Bkl 332 24 356 7
Fragment, Bk2 296 0 296 0
Octahedron, Bk3 156 182 338 54
Octahedron, Bk4 34 26 60 43

Quaternary Octahedron, Zub 18 176 194 91

Range 18—332 0—182 60—356 0—91

Average value 167 82 249 38
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Fig. 10. Biogenic gold and different "gold remnants” of microorganisms in na-
tive gold grains from the Bilokorovychi conglomerates under the SEM, SEI
mode: a — hyphae, b — a spongy surface; ¢, d — "bacteriummorphic"” texture
of gold. The remnants are indicated by arrows

3107 cm™! (>CH=CH, bonds). Some of the
crystals have a correlation between the abundance
of A centers and intensity of the 3107 cm~! band.
Discussion. The genesis of native gold. A wide
spectrum of morphological types of native gold in
the Bilokorovychi conglomerates and a large
variability in its chemical composition suggests its
complex origin and a possibly of petrological va-
riation in its primary sources. We distinguish detrital
and authigenic (including secondary) types of nati-
ve gold. If we accept that gold was introduced to the
conglomerates and was not formed in situ, i.e. that
detrital gold (of primary hydrothermal origin) do-
minates, then the following model may be proposed.
The bedrock sources of Cu-rich native gold may
include both silicic rocks and mafic-ultramafic
igneous rocks. The pure native gold most probably
originates from granitic sources, whereas Ag-rich
gold may be derived from volcanic rocks. However,
a problem with postulating a detrital origin of gold
in the Bilokorovychi conglomerates is that most
gold crystals do not exhibit sufficient mechanical
deterioration or rounding. Most of the gold grains
do not have any signs of deterioration and often
occur in intergrowth with quartz, mica, and chlo-
rite. This mineral association is an important in-
dicator that the gold formed directly in the con-
glomerate and was not detrital in origin. It is
important to note that many of the native gold
grains from the Bilokorovychi conglomerate have
indications of the later gold overgrowth that include
crystallization of the secondary gold and of the
biogenic gold. The secondary gold is represented
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by microcrystalline autoepitaxic overgrowths of
native gold that occur as spongeous gold and micro-
polyhedrons of gold (Fig. 4). The biogenic gold
includes typical forms of the porous gold and
characteristic traces of the microorganisms activi-
ty (Fig. 10). The pseudomorphous replacement of
bacteria and fungi by gold in nature and in ex-
periments has been repeatedly described [12, 22,
34]. The ability of microorganisms to extract and
accumulate gold from the environment has been
even considered as a possible mechanism of forma-
tion of low-temperature sedimentary gold deposits.
Hence, two main stages of gold formation in the
Bilokorovychi conglomerates may be considered.
During the first stage, the main amount of gold
crystallized in situ, and the range in local conditions
of crystallization had influenced variability of gold
morphology and chemistry. The second stage
included autoepitaxic deposition of secondary gold
that was often enriched in Cu. Under certain
conditions, the authigenic formation of native gold
was possible during diagenesis of the Bilokorovychi
sediments through recrystallization of the detrital
fine-dispersed gold. However, it is most likely that
the main part of gold mineralization was formed
during the regional metamorphism of the Biloko-
rovychi sediments. This assumption is supported by
the presence of gold intergrowths with matrix
minerals and by the predominant anhedral shape of
the gold crystals. In such case, the mineralization
may be classified as metamorphic-hydrothermal.
What was a source of the visible and fine-dis-
persed gold in the Bilokorovychi sediments? The
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basement crystalline rocks, and first of all silicified
and pyrite-rich gneisses and crystalline schists of
the Teteriv Series which are known to be gold-
enriched were considered as a possible source of
gold [30]. The underlying rocks of the Teteriv Series
in the southern part of the Bilokorovychi basin
contain up to 2 ppm Au. However, there are no
published details on the morphology and chemistry
of this gold. The common impurity in native gold
hosted by gneisses is Cu, and in native gold hosted
by schists is Zn. Gold occurences in association
with sulfides of As, Ni, Co, Zn, and Cu are rare.

Gold mineralization of various mineralogical-
geochemical types is known in the neighboring
areas. These include Stryivsky, Kyiansky and Iva-
nivsky occurrences of the gold-arsenite type in the
Palaeoproterozoic metamorphic rocks of the Novo-
hrad-Volynsky area, Mezhyrychi, Bilka and Po-
tashnya occurrences of the gold-silver-quartz type
in the Palaecoproterozoic metamorphic rocks of the
Kocheriv tectonic zone, and Perga and Hlushko-
vychi occurrences of the gold-sulphide type in
Perga granites [28]. Each of these types of gold
mineralization has a distinct assemblage of indi-
cative minerals: 16llingite and arsenopyrite for the
gold-arsenite type; quartz, tellurides, sulfoselenide,
and sulfides for the gold-silver-quartz type; and
pyrite, chalcopyrite, and sphalerite for the gold-
sulfide type. These occurrences were formed at
2100—1800 Ma [28].

Native gold from occurrences in the Novohrad-
Volynsky area, by their chemistry, resembles gold
from the Bilokorovychi basin. This gold is mainly
anhedral and occurs as elongated, spherical, drop-
like, and equant grains. The purity of gold is up to
84—96 % [28]. According to the electron micro-
probe analysis, this gold contains such impurities
as Cu, Bi, Sb, Fe, Ag, As, S. All analyzed gold
crystals (88—95 % Au, 3—10 % Ag) had Cu
impurity. For instance, the Stryivsky occurrence
contains 0.1—3.3 % Cu, and some occurrences
contain up to 20 % Cu [28].

Hence, taking into account the morphology and
chemical composition of native gold from many
occurrences in the North-Western region of the
Ukrainian Shield, it is considered that the most
probable source of the detrital gold supply was
located to the southwest from the Bilokorovychi
basin (present-day coordinates). The main argu-
ment for such interpretation is the observed geo-
chemical association of gold and copper. It is
hypothesized that all required material, including
the detrital native gold (mainly in the fine-dispersed
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form) and the whole assemblage of associated che-
mical elements (Au, Ag, Cu, W etc.) was introdu-
ced during the weathering and denudation of
crystalline rocks. This material was brought by a
river system to the shore of the Precambrian Bilo-
korovychi basin, and crystallization of the main
amount of gold, as well as further ingrowth of nati-
ve gold and formation of the secondary gold, took
place during conglomerate formation.

The genesis of diamond. Morphological types and
surface forms of the studied crystals are typical for
mantle-derived diamonds from kimberlites and
lamproites. A first insight into the environment of
crystallization of the Bilokorovychi diamonds may
be obtained from carbon isotope studies. Two
diamond crystals yielded the following 5'3C values:
—3.44 and —4.52 for the first crystal, and —27.33
for the second crystal [9]. "Heavy" carbon values
for the first crystal fall into the range of §'3C values
for diamonds of peridotite association, whereas
both "heavy" and "light" values for both diamonds
fall into the range of §'3C values that are common
fordiamonds of eclogite association from kimberlite
and lamproite. In other words, according to their
carbon isotope composition diamonds from the
Bilokorovychi conglomerates can be attributed to
kimberlite and lamproite diamonds that belong to
the peridotite and eclogite associations.

According to the physical classification, the Bi-
lokorovychi diamonds can be described as transi-
tional from subtype IaA to subtype IaAB, with
A-type defects being statistically dominant. The
setting and amount of nitrogen and other revealed
centers in the Bilokorovychi diamonds correspond
to diamonds from kimberlite and lamproite. The
concentration and the degree of nitrogen aggre-
gation can be used to approximate the mantle
residence temperature of the Bilokorovychi dia-
monds, assuming a mantle residence time of 2 Ga.
It must be noted that the estimated temperature is
relatively insensitive to the estimated residence
time, as the relatively large variation (1 Ga) in the
mantle residence time will result in only a minor
change (15 °C) in the temperature estimate [10].
According to the nitrogen thermometry [23], the
average temperature of diamonds with a residence
time of 3 Ga and a variable parent lithology (harz-
burgite, lherzolite, eclogite) is 1141—1174 + 50 °C.
The calculated for the Bilokorovychi diamonds
temperatures range from <1050 to 1185 °C (Fig. 11).
For instance, diamond Bkl is close to the subtype
IaAB and has an average nitrogen concentration of
356 ppm, a low B1 centers concentration, and no
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Fig. 11. Estimates of the Bilokorovychi diamonds crystalli-
zation temperature. Isotherms curves correspond to a
mantle residence time of 2 Ga (after Taylor et al., 1990
[24]). Sample numbers correspond to the numbers in
Table
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Fig. 12. The plot of the Bilokorovychi diamonds on the
"nitrogen diagram" (after Kaminsky & Khachatryan, 2001
[8]) in comparison with diamonds from various areas
worldwide. Isotherm curves correspond to the mantle resi-
dence time of 3 Ga (after Taylor & Milledge, 1995 [25])

B2 centers. The calculated average temperature
of the nitrogen aggregation for this diamond is
<1070 °C. Such temperature is typical for dia-
monds that have spent a long time under the
conditions of the cold lithospheric geotherm
(<40 mW/m?). Diamond Bk2 belongs to the IaA
subtype with a moderate average nitrogen concen-
tration (296 ppm). An absence of the aggregated
nitrogen in a form of B1 centers indicates that this
diamond has resided at lower mantle temperature
conditions (<1050—1060 °C, possibly at shallower
depths), or that it has spent less time in the mantle
compared to diamond Bkl1. Diamond Bk3 belongs
to the subtype IaAB with an average nitrogen
concentration of 338 ppm and a high amount of Bl
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and B2 centers. The average temperature of nitro-
gen aggregation in this diamond is rather high —
1135 °C. Such diamonds either originated from
larger depths or belong to an older generation.
Diamond Bk4 is close to the IaAB subtype and
has very low nitrogen concentration (60 ppm),
significant nitrogen aggregation in the Bl centers
and a small amount of B2 centers. The aggregation
temperature in this crystal is as high as 1185 °C.
Such temperatures are atypical for Archaean dia-
monds. Finally, diamond Zub belongs to the IaAB
subtype with low nitrogen abundance (194 ppm)
and a high concentration of Bl and B2 centers.
The calculated temperature of nitrogen segrega-
tion is about 1225 °C, which is also too high for
Archaean diamonds.

According to the average concentrations of the
aggregated nitrogen and the number of B centers,
the Bilokorovychi diamonds plot on the Taylor et
al. (1990) [24] diagram within the field of the
Yakutia province kimberlite diamonds (Fig. 12).
These diamonds from conglomerates and especially
diamond from the Quaternary sediments (i.e. dia-
mond Zub) are derived from a high-temperature
lithospheric source which is typical for Proterozoic
diamonds. Their crystallization may happen in the
Proterozoic mantle as a result of the orogenic pro-
cesses at the margin of the Archaean craton which
caused thickening of the lithosphere and tectono-
thermal overworking of the primary Archean lithos-
phere. In contrast, a low degree of nitrogen aggre-
gation (subtype IaA) in some of the diamonds
indicates that these diamonds have grown and re-
sided in a lithospheric mantle that had a low geo-
thermal gradient. That could be thick stable cold
lithosphere located beneath the old Archaean cratons.

The average concentration of nitrogen in the
studied diamonds does not allow identification of
their mantle lithology, although the value is quite
close to the average concentration of nitrogen in
diamonds of the eclogitic association. It has been
proved statistically that average nitrogen concen-
tration in diamonds of the eclogite association is
several times higher than that in diamonds of the
peridotite association [14, 23]. This observation is
especially well-defined for kimberlitic diamonds
from the Kaapvaal craton in South Africa which
have average nitrogen concentrations of 519 and
75 ppm for "eclogitic" and "peridotitic" diamonds
respectively [21].

Diamonds and plate tectonics. In the recent 20—
30 years, the subduction model of a diamond
formation in the mantle [14, 23] has been gaining
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more and more support. There is increasing evi-
dence that the mineralogy of mantle diamonds is
controlled by the lithological and geochemical
compositions of the subducted rocks. This is es-
pecially true for diamonds of the eclogitic as-
semblage [14, 23]. This argumentation is based on
the crystal morphology of diamonds, their carbon
isotope systematics and amount and state of nit-
rogen admixture. In contrast to diamonds of the
peridotitic assemblage, eclogitic diamonds have a
wide range of crystal morphological types, large
variations of carbon isotope composition (from
—41.3 to +2.7 §!13C) and a much higher average
concentration of nitrogen.

The Bilokorovychi diamonds are quite variable
and most probably belong to the eclogite type.
Taking into account the mineralogical studies of
these diamonds, and results of the geochronologi-
cal and geodynamical investigations of the area, we
suggest a hypothesis of their subduction-related
origin. The North-Western region of the Ukrainian
Shield that hosts the Bilokorovychi basin was
formed in the Palacoproterozoic. It developed
initially as an accretionary prism at the margin of
the Archaean Dniester-Bug Domain and was con-
sequently metamorphosed and intruded by nume-
rous granite intrusions at 2150—2050 Ma [16]. This
process was induced by continuous subduction of
the oceanic lithosphere in a southward direction in
modern coordinates [4]. At 2000—1980 Ma the
Osnitsk-Mikashevychi Igneous Belt developed on
the northern border of the newly-formed conti-
nental margin [15]. The process of gradual accre-
tion of the newly-formed continental crust conti-
nued until c. 1800 Ma, when the collision of the
Sarmatian and Fennoscandian segments of the
East European platform occurred [2, 5, 35]. Hence,
subduction-related crust-forming processes were
active for some 350 M.y., from 2150 to 1800 Ma.
During this time span, a sufficient portion of the
juvenile continental crust was formed.

At c. 1815—1740 Ma Sarmatia has experienced
a large-scale magmatic event that was caused either
by rotation and accompanied extension after the
collision of Sarmatia and Fennoscandia [3, 20], or
by emplacement of a mantle plume [17, 19]. The
latter model is supported by a wide range of mantle-
derived melts that originated at different levels in
the mantle. Kimberlites known in the central part
of the Ukrainian Shield [41] belong to this as-
sociation of the mantle-derived melts. All these
data indicate that the geological situation, i.e.
long-lasting subduction that was followed by the
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emplacement of kimberlitic melts, was favorable
for the formation of sedimentary deposits bearing
diamonds of eclogitic paragenesis. No kimberlite
bodies are known in the vicinity of the Bilokoro-
vychi basin. However, several bodies of the Pala-
eorpoterozoic alkaline ultramafic rocks are known
in that area [40, 42, 43] indicating the possibility
of a presence of kimberlites and lamproites.

Finally, we should note (Mariusz Paszkowski,
personal comm., 2017) that the Bilokorovychi ba-
sin has a lot features in common with the Rorai-
ma Supergroup in South America that is a major
source of detrital diamonds [13]. The Roraima
Supergroup was accumulated in two separate fo-
reland basins while their sedimentary fill was
derived from the Trans-Amazon and the Tapajos-
Parima orogenic belts. Zircons from the tuffs within
the Supergroup yielded a Paleoproterozoic age of
1873 + 3 Ma, while the minimum age was defi-
ned as 1782 + 3 Ma by U-Pb baddeleyite and zir-
con ages from two mafic sills that represent the
Avanavero LIP magmatism which is probably
equivalent to the mentioned above large-scale
magmatic event in the Ukrainian Shield. The
thickness of the Roraima Supergroup, in which
sandy continental deposits predominate, range from
200 to ~3000 m. So, in terms of the tectonic setting,
age, thickness and lithological composition the
Roraima Supergroup in South America is very
similar to the Topilnya Series that fills the Bilo-
korovychi basin. According to some of the paleo-
tectonic reconstructions [7, 11], in the Protero-
zoic the western margin of Baltica (the East Euro-
pean platform) was located in front of Amazonia.
Accordingly, the Ukrainian Shield was neighbored
by the Guiana shield, i.e. coeval Topilnya Series
and Roraima Supergroup might represent parts of
the same (or similar) regional basin.

Conclusions. According to its morphology, che-
mistry, and mineral assemblages, native gold from
the Bilokorovychi conglomerates can be subdivided
into two types: detrital (rare type), and authigenic
(prevailing type), including biogenic and secondary
gold. Detrital gold includes rare rounded crystals.
The primary authigenic gold is represented by
anhedral massive crystals, whereas the secondary
authigenic gold includes microovergrowths on the
primary gold. Overgrown crystals vary from crys-
tallographically deformed to ideal octahedrons
and their intergrowths, including skeletal octahed-
rons, twins and fivelings of octahedrons. The porous
spherical segregations and pseudomorphic grains
after various microorganisms belong to the bioge-
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nic gold. Chemically gold is variable and belongs to
pure, silvery with a large impurity of Ag and Cu,
cupriferous, etc. Pure gold prevails.

Based on infrared spectroscopy data, the Bilo-
korovychi diamonds belong to medium-low nitro-
gen varieties with variable degrees of nitrogen
center aggregation. It is interpreted that these
diamonds have resided in the mantle at a range of
temperatures that was characteristic for the Ar-
chaean-Palaeoproterozoic age. Results of morpho-
logical, spectroscopic and isotope investigations
can indirectly indicate their source. The most
probable parent rock is eclogite, whereas harzbur-
gite and lherzolite are less probable. It should be
also noted that Precambrian diamonds originate
from various sources, including kimberlite, lam-
proite, lamprophyre, metakomatiite, phyllite etc.,
whereas the Phanerozoic diamonds come mainly
from kimberlite and only a few of them are derived
from lamproite. Taking all these data into account,
we assume that primary sources for diamonds from
the Bilokorovychi conglomerates were kimberli-
tes, lamproites or other rocks whose age exceeded
1800 Ma. Their well-rounded shape may indicate

REFERENCES

prolonged transportation from the source to the
site of accumulation.

Arecentadvancein the investigation of diamonds
favors the subduction model of the origin of this
mineral. Geological, geochemical and geochro-
nological data regarding the North-Western region
of the Ukrainian Shield that hosts the Bilokoro-
vychi basin indicate that the whole area was formed
between c. 2150 and 1980 Ma due to continuous
subduction of the oceanic lithosphere and gradual
accretion of the newly-formed continental crust to
the margin of the Archaean core. A large-scale
magmatic event that started at c. 1815 Ma could be
a suitable transporter of the mantle-derived mate-
rial, including diamonds, to the surface.

Acknowledgements. We are grateful to Richard
Ernst for checking and editing the manuscript, to
Borys Vysotskyi for providing us samples, and to
Mykhail Taran, Ivan Gurnenko, Oleksandra Pavilyuk
and Oleksiy Vyshnevskyi for their valuable help in
carrying out this research. We also thank to Felix
Kaminsky and Bogustaw Baginski for the positive
reviews.

1.

10.

11.

34

Amelin Yu.V., Heaman L.M., Verchogliad V.M., Skobelev V.M. Geochronological constraints on the emplacement his-
tory of an anorthosite-rapakivi granite suite: U-Pb zircon and baddeleyite study of the Korosten complex, Ukraine //
Contribs Mineral. and Petrol. — 1994. — 116. — P. 411—419. — doi: https://doi.org/10.1007/BF00310908

. Bogdanova S.V., Bingen B., Gorbatschev R., Kheraskova T.N., Kozlov V.I., Puchkov V.N., Volozh Y.A. The East European

Craton (Baltica) before and during the assembly of Rodinia // Precam. Res. — 2008. — 160. — P. 23—45. — doi: https://
doi.org/10.1016/j.precamres.2007.04.024

. Bogdanova S.V., Gintov O.B., Kurlovich D., Lubnina N.V., Nilsson M., Orlyuk M.1., Pashkevich I.K., Shumlyanskyy L.V.,

Starostenko V.1. Late Palacoproterozoic mafic dyking in the Ukrainian Shield (Volgo-Sarmatia) caused by rotations
during the assembly of supercontinent Columbia // Lithos. — 2013. — 174. — P. 196—216. — doi: https://doi.
org/10.1016/j.1ithos.2012.11.002

. Claesson S., Bogdanova S.V., Bibikova E.V., Gorbatschev R. Isotopic evidence for Palacoproterozoic accretion in the

basement of the East European Craton // Tectonophysics. — 2001. — 339. — P. 1—18. — doi: https://doi.org/10.1016/
S0040—1951(01)00031-2

. Elming S-A., Mikhailova N.P., Kravchenko S.N. The consolidation of the East European Craton: a palacomagnetic

analysis of Proterozoic rocks from the Ukrainian Shield and tectonic reconstruction versus Fennoscandia // Geoph.
J.—1998. — 20 (4). — P.71—-74.

. Gorokhov I.M., Clauer N., Varshavskaya E.S., Kutyavin E.P., Drannik A.S. Rb-Sr ages of Precambrian sediments from

the Ovruch mountain range, northwestern Ukraine (U.S.S.R.) // Precam. Res. — 1981. — 16. — P. 55—65. — doi:
https://doi.org/10.1016/0301-9268(81)90005-X

. Johansson A. Baltica, Amazonia and the SAMBA connection — 1000 million years of neighbourhood during the Prote-

rozoic? // Precam. Res. — 2009. — 175. — P. 221—234. — doi: https://doi.org/10.1016/j.precamres.2009.09.011

. Kaminsky F.V., Khachatryan G.K. Characteristics of nitrogen and other impurities in diamond as revealed by infrared

absorption data // Canad. Mineral. — 2001. — 39. — P. 1733—1745. — doi: https://doi:10.2113/gscanmin.39.6.1733

. Kvasnitsa V.N., Silaev V.1I., Smoleva 1.V. Carbon isotopic composition of diamonds in Ukraine and their probab-

le polygenetic nature // Geochem. Inter. — 2016. — 54. — P. 948—963. — doi: https://doi.org/10.1134/
S0016702916090020

Leahy K., Taylor W.R. The influence of the Glennie domain deep structure on the diamonds in Saskatchewan kimber-
lites // Rus. Geol. Geoph. — 1997. — 38. — P. 481—491.

Li Z.X., Bogdanova S.V., Collins A.S., Davidson A., De Waele B., Ernst R.E., Fitzsimons .C.W., Fuck R.A., Gladko-
chub D.P., Jacobs J., Karlstrom K.E., Lu S., Natapov L.M., Pease V., Pisarevsky S.A., Thrane K., Vernikovsky V. Assem-

ISSN 2519-2396. Mineral. Journ. (Ukraine). 2018. 40, No 3



NATIVE GOLD AND DIAMONDS FROM THE PALAEOPROTEROZOIC

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

bly, configuration, and break-up history of Rodinia: a synthesis // Precam. Res. — 2008. — 160. — P. 179—210. — doi:
https://doi.org/10.1016/j.precamres.2007.04.021

Reith F., Rogers S.L., McPhail D.C., Webb D. Biomineralization of Gold: Biofilms on Bacterioform Gold // Science. —
2006. — 313. — P. 233—236. — doi: https://doi.org/10.1126/science.1125878

Santos J.0.S., Potter P.E., Reis N.J., Hartmann L.A., Fletcher I.R., McNaughton N.J. Age, source, and regional stratigra-
phy of the Roraima Supergroup and Roraima-like outliers in northern South America based on U-Pb geochronology //
GSA Bulletin. — 2003. — 115 (3). — P. 331—348. — doi: https://doi.org/10.1130/0016-7606(2003)115<
<0331:ASARS0>2.0.CO;2

Shirey B.S., Cartigny P., Frost J.D., Keshav Sh., Nestola F., Nimis P., Pearson G.D., Sobolev N.V., Walter J.M. Diamonds
and the geology of mantle carbon // Rev. Mineral. Geochem. — 2013. — 75. — P. 355—421. — doi: https://doi.
org/10.2138/rmg.2013.75.12

Shumlyanskyy L. Geochemistry of the Osnitsk-Mikashevichy volcanoplutonic complex of the Ukrainian Shield // Geo-
chem. Inter. — 2014. — 52. — P. 912—924. — doi: https://doi.org/10.1134/S0016702914110081

Shumlyanskyy L., Bekker A., Billstrom K., Claesson S., Romer R.L., Albekov A., Rudenko K. Geochronology and geody-
namic setting of Rhyacian (2.25—2.03 Ga) orogenic zones in Sarmatia (SW Baltica) // Proc. of the 14th SGA Biennial
Meeting, 20—23 Aug. 2017, Québec City, Canada. — 2017. — P. 253—256.

Shumlyanskyy L., Hawkesworth C., Billstrom K., Bogdanova S., Mitrokhin O., Romer R., Dhuime B., Claesson S., Ernst R.,
Whitehouse M., Bilan O. The origin of the Palacoproterozoic AMCG complexes in the Ukrainian Shield: new U-Pb ages
and Hf isotopes in zircon // Precam. Res. — 2017. — 292. — P. 216—239. — doi: https://doi.org/10.1016/j.
precamres.2017.02.009

Shumlyanskyy L., Hawkesworth C., Dhuime B., Billstrom K., Claesson S., Storey C. 207Pb/ 206Pb ages and Hf isotope com-
position of zircons from sedimentary rocks of the Ukrainian Shield: crustal growth of the south-western part of East
European craton from Archaean to Neoproterozoic // Precam. Res. — 2015. — 260. — P. 39—54. — doi: https://doi.
org/10.1016/j.precamres.2015.01.007

Shumlyanskyy L., Mitrokhin O., Billstrom K., Ernst R., Vishnevska E., Tsymbal S., Cuney M., Soesoo A. The ca. 1.8 Ga
mantle plume related magmatism of the central part of the Ukrainian Shield // Geologiska FOreningen Stockholm
Forhandlingar. — 2016. — 138. — P. 86—101. — doi: https://doi.org/10.1080/11035897.2015.1067253

Shumlyanskyy L., Billstrdm K., Hawkesworth C., Elming S-A. U-Pb age and Hf isotope compositions of zircons from the
north-western region of the Ukrainian Shield: mantle melting in response to post-collision extension // Terra Nova. —
2012. — 24. — P. 373—379. — doi: https://doi.org/10.1111/j.1365-3121.2012.01075.x

Smart KA., Tappe S., Stern R.A., Webb S.J., Ashwal L.D. Early Archaean tectonics and mantle redox recorded in Wit-
watersrand diamonds // Nature Geo. — 2016. — 9. — P. 255—259. — doi: https://doi.org/10.1038 /nge02628

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

Stachel T., Harris J.W. The origin of cratonic diamonds — Constraints from mineral inclusions // Ore Geol. Rev. —
2008. — 34. — P. 5—32. — doi: https://doi.org/10.1016/j.oregeorev.2007.05.002

Taylor W.R., Jagues A.L., Ridd M. Nitrogen-defect aggregation characteristics of some Australasian diamonds: Time-
temperature constraints on the source regions of pipe and alluvial diamonds // Amer. Miner. — 1990. — 75. — P.
1290—1310.

Taylor W.R., Milledge H.J. Nitrogen aggregation character, thermal history and stable isotope composition of some xe-
nolith-derived diamonds from Roberts Victor and Finch // Sixth International Kimberlite Conference. Extended Abs-
tracts. — Novosibirsk, 1995. — P. 620—622.

Woods G.S. Platelets and the infrared absorbance of Type la diamonds // Proc. Royal. Soc. — 1986. — A407. —
P. 219—238. — doi: https://doi.org/10.1098 /rspa.1986.0094

becnanvko H.A. Teomornyeckoe mojioxkeHue mopon bemokopoBuuckoii cTpykrypsl // Teon. xypH. — 1986. — 46,
Ne 3. — C. 25—-33.

bondapenxo C.M., Coomka B.O., Ipinuenko O.B. EHIOT€HHE 30J10TO B TOKeMOPiChKUX KOMIUIeKcax BoiaumHCbhKOro
Mera6yioka (YkpaiHcekuii muT) // 3arr. Ykp. minepan. t-Ba. — 2015. — 12. — C. 119—131.

bykosuu U.II. Crpaturpadus Bunbuanckoit, OBpyuckoii u berokoposuuckoii Brianus // Teos. xypH. — 1986. — 46,
Ne 2. — C. 102—110.

Bepbuykuii B.H., Komapos A.H. K Bonpocy o 3010ToHOCHOCTH OBpyuckoro najeopudra (ceBepo-3anaaHasi yacTb
Ykpaunckoro muta) // Teon. xypH. — 1993, — Ne 5. — C. 48—52.

Invuenko K.O., Keacnuuys B.M., Tapan M. M. Mixpoanmasu i3 KiMOEpIIiTiB i pO3CHUITHI aiMa3u YKpaiHu: iX 0COOJUBOCTI
3a JaHUMU iH(ppauepBOHOI crieKTpocKortii // 3am. Ykp. miHepai. T-Ba. — 2007. — 4. — C. 13—37.

Keacuuys B.M., Ilasawok O.B., Buwmnescokuii O.A., Keacnuys 1.B., Bucouvkuii b.JI., ['ypnenxo 1.B. CamopoaHe 30J10TO
i3 GLITOKOPOBUIILKMX TPOTEPO30MCHKUX KOHTIIOMepartiB Bomwmni // 3am. Ykp. minepan. t-Ba. — 2015. — 12. —
C.103—116.

Kocmenko M.M. OcobauBocTi MarMatuaMy bBiToOKOpOBHUIIBKOI TMajeo3anaaMHu (IMiBHiYHA YacTHHA YKPaiHChbKOTO
mura) // 36. Hayk. np. YkpAI'PI. — 2011. — Ne 3. — C. 21—49.

Kyumosa H.I., Mouceenxo B.I. buoreHHass MuHepaiu3aius 30J10Ta B pupoje 1 aKcrepumente // Jlutochepa. —
2006. — 3. — C. 83—95.

ISSN 2519-2396. Minepaa. acypn. 2018. 40, Ne 3 35



V.M. KVASNYTSYA, L.V. SHUMLYANSKYY

35.

36.

37.

38.

39.

40.

41.

42.

43.

10.
11.
12.
13.
14.

15.
16.

18.

36

Jlyonuna H.B., boedanosa C.B., Illymaauckuii JI.B. BoctouHo-EBporneiickuii KpaTOH B MajleONpOTEPO30€: HOBbIE
MaJlecOMarHUTHbBIE OMNpeneeHus Mo MarMaTM4ecKuM KoMIuiekcaM YkpauHckoro mura // Teodpusuka. — 2009. —
5. — C. 56—64.
Memanudu C.B., 3apuykuii A.HU., [[eimoan C.H., [lomeons M.T., Keacnuya B.H., Caviut P.A., S36unckuii B. 1. I1epBast
HaxoJKa aJiMa30B B KOHIJIOMepaTaxX BEepXHETo MpoTepo30sl Ha Tepputopun BoctouHo-EBpomneiickoit miaTdopmer //
Munepai. XypH. — 1982. — 4, Ne 3. — C. 20—29.
Illepoax H.I1., Apmemenxo I.B., Jlecnas U.M., [lonomapenxo A.H., Ilymasuckuii JI.B. TeoxpoHOIOTUSI paHHETO
nmokeMOpust YkpanHckoro muta. [Iporeposoit. — Kues : Hayk. mymka, 2008. — 240 c.
Illlepoax H.II., Ecunuyk K.E., bepsenun b.3., Ineeacckuii E.b., pannux A.C., [luiiap IO.K., [loaynosckuii P.M.,
Ckapocunckasn T.A., Conosuyruit B.H., Dmuneogp U.M., busvinckas A.11., Tanouxuii B.U., I'vzenxo I.D., Kucenes A.C.,
Knoukos B.M., Pewiemnsik B.B., bocas H.U., Boponosa C.I., [luaunenxo B. U. CtpaTurpaduyeckue pazpesbl JOKeMOPUs
VkpauHckoro mmta. — Kues : Hayk. nymka, 1985. — 168 c.
Illymasncoxuii J1.B., Mazyp M./l. Bik Ta pe4oBUHHUIA CKJIag HOTYHITIB BiokopoBuiibKoro gaiikosoro nosicy // [eosor
Ykpaiau. — 2010. — Ne 1—2. — C. 70—78.
Lloimban C.H., Ieiko 10.B., Kpueduk C.I., bapan A.H., [leimban 10.C. bonsipkoBcKasi MHTPY3US 1IEJT0YHO-YJIbBTpa-
OCHOBHBIX MOpPOJ (CeBepo-3amnaa YKpanHCKOTO INTa) // AKTyalibHbIe MpoOJeMbl Teoiorun bemapycy 1 cMeKHBIX
Tepputopuii : Tp. MexayHap. Hayd. KoH®. (MuHck, 8—9 nek. 2008 r.). — MuHck, 2008. — C. 35—40.
Lloimban C.H., Kpueouk C.I., Kupvanos H.H., Makueuyk O.®D. BeliecTBeHHbIIA cocTaB KuMoOepanToB KrpoBorpaackoro
reo6soka (YkpauHckuii muT) // Munepan. xypH. — 1999. — 21, Ne 2/3. — C. 22—38.
Lvimban C.H., Illlepoarxos HU.b., Kpuedux C.I., Jlabysneii B.®. 1llenouHo-yasTpaOoCHOBHBIC MOPoabl [OpoTHUIIKOIM
untpy3un (CeBepo-3anan YkpauHckoro mmTta) // Munepai. xypH. — 1997. — 19, Ne 3. — C. 61—80.
Lvimban C.H., Hlymasnckuit JI.B., Cmenaniok JI.M. Bo3pacTt 11eJ0YHO-YJIBTPAOCHOBHBIX MOPOJ TOPOAHUIIKOTO U
TPaHUTOUIOB IIEPEMEThEBCKOIO KOMILIEKCOB CeBEPO-3aMalHOM YacTh YKpauHcKoro mura // 36. Te3 MixHap. HayK.
KoH®. (10 90-ust akan. M.I1. [llep6aka) "[eoxpoHoJIOTis Ta TeoAMHAMiKa paHHBOTO ToKeMOpito (3,6—1,6 mapa pp.)
€spasiiicbkoro koutunenry (Kuis, 16—17 Bepec. 2014 p.) / ITMP HAH Yxpainu. — K. : Komnpunt, 2014, —
C. 121—122.

Hapmiitina 25.01.2018

. Amelin, Yu.V., Heaman, L.M., Verkhogliad, V.M. and Skobelev, V.M. (1994), Contribs Mineral. and Petrol., Vol. 116,

pp. 411-419, doi: https://doi.org/10.1007/BF00310908

. Bogdanova, S.V., Bingen, B., Gorbatscheyv, R., Kheraskova, T.N., Kozlov, V.I., Puchkov, V.N. and Volozh, Y.A. (2008),

Precam. Res., Vol. 160, pp. 23-45, doi: https://doi.org/10.1016/j.precamres.2007.04.024

. Bogdanova, S.V., Gintov, O.B., Kurlovich, D., Lubnina, N.V., Nilsson, M., Orlyuk, M.I., Pashkevich, I.K., Shumlyan-

skyy, L.V. and Starostenko, V.I. (2013), Lithos, Vol. 174, pp. 196-216, doi: https://doi.org/10.1016/j.1ithos.2012.11.002

. Claesson, S., Bogdanova, S.V., Bibikova, E.V. and Gorbatschev, R. (2001), 7ectonophysics, Vol. 339, pp. 1-18, doi:

https://doi.org/10.1016/S0040—1951(01)00031-2

. Elming, S-A., Mikhailova, N.P. and Kravchenko, S.N. (1998), Geoph. J., Vol. 20 (4), pp. 71-74.
. Gorokhov, I.M., Clauer, N., Varshavskaya, E.S., Kutyavin, E.P. and Drannik, A.S. (1981), Precam. Res., Vol. 16,

pp. 55-65, doi: https://doi.org/10.1016/0301-9268(81)90005-X

. Johansson, A. (2009), Precam. Res., Vol. 175, pp. 221-234, doi: https://doi.org/10.1016/j.precamres.2009.09.011
. Kaminsky, EV. and Khachatryan, G.K. (2001), Canad. Miner., Vol. 39, pp. 1733-1745, doi: doi:10.2113/gscanmin.

39.6.1733

. Kvasnytsya, V.M., Silaev, V.I. and Smoleva, L.V. (2016), Geochem. Inter., Vol. 54, pp. 948-963, doi: https://doi.

org/10.1134/S0016702916090020

Leahy, K. and Taylor, W.R. (1997), Rus. Geol. Geoph., Vol. 38, pp. 481-491.

Li, Z.X., Bogdanova, S.V., Collins, A.S., Davidson, A., De Waele B., Ernst, R.E., Fitzsimons, I.C.W., Fuck, R.A.,
Gladkochub, D.P.,, Jacobs, J., Karlstrom, K.E., Lu, S., Natapov, L.M., Pease, V., Pisarevsky, S.A., Thrane, K. and
Vernikovsky, V. (2008), Precam. Res., Vol. 160, pp. 179-210, doi: https://doi.org/10.1016/j.precamres.2007.04.021
Reith, F., Rogers, S.L., McPhail, D.C. and Webb, D. (2006), Science, Vol. 313, pp. 233-236, doi: 10.1126/
science.1125878

Santos, J.0.S., Potter, PE., Reis, N.J., Hartmann, L.A., Fletcher, I.R. and McNaughton, N.J. (2003), GSA Bulletin,
Vol. 115 (3), pp. 331-348, doi: https://doi.org/10.1130/0016-7606(2003)115<0331:ASARS0>2.0.CO;2

Shirey, B.S., Cartigny, P., Frost, J.D., Keshav, Sh., Nestola, F., Nimis, P., Pearson, G.D., Sobolev, N.V. and Walter, J.M.
(2013), Rev. Mineral. Geochem., Vol. 75, pp. 355-421, doi: https://doi.org/10.2138 /rmg.2013.75.12

Shumlyanskyy, L. (2014), Geochem. Inter., Vol. 52, pp. 912-924, doi: https://doi.org/10.1134/S0016702914110081
Shumlyanskyy, L., Bekker, A., Billstrém, K., Claesson, S., Romer, R.L., Albekov, A. and Rudenko, K. (2017), Proc. of
the 14th SGA Biennial Meeting, 20-23 Aug. 2017, Québec City, CA, pp. 253-256.

. Shumlyanskyy, L., Hawkesworth, C., Billstrdm, K., Bogdanova, S., Mitrokhin, O., Romer, R., Dhuime, B., Claesson, S.,

Ernst, R., Whitehouse, M. and Bilan, O. (2017), Precam. Res., Vol. 292, pp. 216-239, doi: https://doi.org/10.1016/j.
precamres.2017.02.009

Shumlyanskyy, L., Hawkesworth, C., Dhuime, B., Billstrdém, K., Claesson, S. and Storey, C. (2015), Precam. Res.,
Vol. 260, pp. 39-54, doi: https://doi.org/10.1016/j.precamres.2015.01.007

ISSN 2519-2396. Mineral. Journ. (Ukraine). 2018. 40, No 3



NATIVE GOLD AND DIAMONDS FROM THE PALAEOPROTEROZOIC

19. Shumlyanskyy, L., Mitrokhin, O., Billstrém, K., Ernst, R., Vishnevska, E., Tsymbal, S., Cuney, M. and Soesoo, A.
(2016), Geologiska Foreningen Stockholm Forhandlingar, Vol. 138, pp. 86-101, doi: https://doi.org/10.1080/11035897.
2015.1067253

20. Shumlyanskyy, L., Billstrom, K., Hawkesworth, C. and Elming, S.-A. (2012), Terra Nova, Vol. 24, pp. 373-379, doi:
10.1111/5.1365-3121.2012.01075.x

21. Smart, K.A., Tappe, S., Stern, R.A., Webb, S.J. and Ashwal, L.D. (2016), Nature Geo, Vol. 9, pp. 255-259, doi: https://
doi.org/10.1038 /nge02628

22. Southam, G., Lengke, M.E, Fairbrother, L. and Reith, E (2009), Elements, Vol. 5, pp. 303-307.

23. Stachel, T. and Harris, J.W. (2008), Ore Geol. Rev., Vol. 34, pp. 5-32, doi: https://doi.org/10.1016/j.
oregeorev.2007.05.002

24. Taylor, W.R., Jagues, A.L. and Ridd, M. (1990), Amer. Miner., Vol. 75, pp. 1290-1310.

25. Taylor, W.R. and Milledge, H.J. (1995), Sixth Int. Kimberiite Conf., Extended Abstracts, Novosibirsk, RU, pp. 620-622.

26. Woods, G.S. (1986), Proc. Royal. Soc., A407, pp. 219-238, doi: https://doi.org/10.1098 /rspa.1986.0094

27. Bespalko, N.A. (1986), Geol. J., Vol. 46, No. 3, Kyiv, UA, pp. 25-33.

28. Bondarenko, S.M., Syomka, V.O. and Grinchenko, O.V. (2015), Proc. Ukrainian Mineral. Society, Vol. 12, Kyiv, UA,
pp. 119-131.

29. Bukovych, I.P. (1986), Geol. J., Vol. 46, No. 2, Kyiv, UA, pp. 102-110.

30. Verbitsky, V.N. and Komarov, A.N. (1993), Geol. J., No. 5, Kyiv, UA, pp. 48-52.

31. Ilchenko, K.O., Kvasnytsya, V.M. and Taran, M.M. (2007), Proc. Ukrainian Mineral. Society, Vol. 4, Kyiv, UA, pp. 13-37.

32. Kvasnytsya, V.M., Pavlyuk, O.V., Vishnevsky, O.A., Kvasnytsya, 1.V., Vysotsky, B.L. and Gurnenko 1.V. (2015), Proc.
Ukrainian Mineral. Society, Vol. 12, Kyiv, UA, pp. 103-116.

33. Kostenko, M.M. (2011), Proc. Ukrainian State Geol. Res. Institute, No. 3, Kyiv, UA, pp. 21-49.

34. Kuimova, N.G., Moiseenko, V.G. (2006), Litosphera, Vol. 3, Moscow, RU, pp. 83-95.

35. Lubnina, N.V,, Bogdanova, S.V. and Shumlyanskyy, L.V. (2009), Geofizika (Geoph.), Vol. 5, Moscow, RU, pp. 56-64.

36. Metalidi, S.V., Zaritsky, A.I., Tsymbal, S.N., Potebnya, M.T., Kvasnytsya, V.M., Slysh, R.A. and Yazvinsky, V.I. (1982),
Mineral. Journ. (Ukraine), Vol. 4, No. 3, Kyiv, UA, pp. 20-29.

37. Shcherbak, N.P., Artemenko, G.V., Lesnaya, [.M., Ponomarenko, A.N. and Shumlyanskyy, L.V. (2008), Geochronology
of the Early Precambrian of the Ukrainian Shield. Proterozoic, Nauk. dumka, Kyiv, UA, 240 p.

38. Shcherbak, N.P., Esipchuk, K.E., Berzenin, B.Z., Glevasskiy, E.B., Drannik, A.S., Piyar, Yu.K., Polunovskiy, R.M.,
Skarzhinskaya, T.A., Solovickiy, V.N., Etingof, I.M., Bilynskaya, Ya.P., Ganockiy, V.N., Gusenko, G.E, Kiselev, A.S.,
Klochkov, V.M., Reshetnyak, V.V., Bosaya, N.I., Voronova, S.G. and Pilipenko, V.1. (1985), The Precambrian stratigraphic
sections of the Ukrainian Shield, Nauk. dumka, Kyiv, UA, 168 p.

39. Shumlyanskyy, L.V. and Mazur, M.D. (2010), Geolog Ukraine, No. 1-2, Kyiv, UA, pp. 70-78.

40. Tsymbal, S.M., Geyko, Yu.V., Kryvdik, S.G., Baran, A.N. and Tsymbal, Yu.S. (2008), Abstract volume of the Int. sci.
conf., Minsk, 8-9 Decem. 2008, Minsk, Belorussia, pp. 35-40.

41. Tsymbal, S.N., Kryvdik, S.G., Kiryanov, N.N. and Makivchuk, O.F. (1999), Mineral. Journ. (Ukraine), Vol. 21, No. 2-3,
Kyiv, UA, pp. 22-38.

42. Tsymbal, S.N., Shcherbakov, I.B., Kryvdik, S.G. and Labuznyi, V.E (1997), Mineral. Journ. (Ukraine), Vol. 19, No. 3,
Kyiv, UA, pp. 61-80.

43. Tsymbal, S.N., Shumlyanskyy, L.V. and Stepanyuk, L.M. (2014), Abstract volume of the Intern. sci. conf. dedicated to the
90-th anniversary of Academ. of the NAS of Ukraine M.P. Shcherbak, Kyiv, 16-17 Sept. 2014, Kyiv, UA, pp. 121-122.

Received 25.01.2018

B.M. Keacnuuys, JI.B. lllymaancokui

IHCTUTYT Teoximii, MiHepasorii Ta py10yTBOPEHHS

iM. M.I1. Cemenenka HAH Ykpainu

03142, m. KuiB, Ykpaina, ip-t Akan. [lannanina, 34
E-mail: vmkvas@hotmail.com; Ishumlyanskyy@yahoo.com

CAMOPO/JIHE 30JI0TO I ATIMA3MU 13 MAJIEOTTPOTEPO30MCbKHX
TEPUTEHHUWX MOPIJ BUIOKOPOBUIILKOT CTPYKTYPHU,
MIBHIYHO-3AXIAHWU M PAMOH YKPATHCbKOTIO IIIMTA

BilokopoBulIbKa CTPYKTypa posTaiosaHa y I1iBHiuHO-3axizHoMy paitoHi YkpaiHcbkoro muTa. Ii mrpuHa ckianae Bin 2
1o 6 KM 3a MoBXWHM 22 KM. CTpyKTypa cKianeHa ciabo neopMoBaHUMU i MeTaMopdi30BaHMMU BYJIKAHOTEHHO-0CAI0-
BUMU MOPOAAMHU, 1110 HaKonuuyBaiucs Mix 1,98 i 1,80 mapa pp. Tomy. [1aneonpoTepo3oiicbKi KOHIJIOMepaTH i MiCKOBUKHU
CTPYKTYpPU MICTSTh HE3BMUAMHY acolliallilto caMOpPOJHOIo 30Ji0Ta Ta ajiMasy. CaMOpoOJHe 30JI0TO i3 OiJIOKOPOBULIBKUX
KOHIJIOMEpaTiB pi3HOMaHITHE K 3a MOP(OJIOTi€l0 BUIIIEHb, TaK i 32 XiMIiYHUM CKJaJ0M, 110 BKAa3y€ Ha MOro pi3Hy
npupony. [lepeBaxatoTh npiOHI KceHOMOP(MHI MacUBHI BUALIEHHS 30J0Ta, 0arato 3epeH MOPUCTOro 30JI0Ta, a TAKOX
3epeH 30JI0Ta 3 aBTOEMITAKCIHHUMU HAapOCTaMM YMCJIEHHUX KPUCTaiB BTOPUHHOTO 3o0sioTa. Lli HaHO-MiKpopo3MipHi
KPUCTaJIM HApOCTiB MaloTh Pi3HY (popMy: Bill KpucTasorpadiuyHO HEMpaBUJIbHOI 0 ieaTbHUX OKTACAPUYHUX KPUCTAJIiB
Ta IXHiX 3pOCTKiB, 30KpeMa JBIHUKIB i M’ ATIpHUKIB OKTAaeJApPiB Ta CKEJIETHUX OKTaeApiB. 3a XiMiYHUM CKJIalIOM 30JI0TO
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JIy>kKe pi3He: BUCOKO- i cepelmHbONpoOHe, cpibaucTe, 31 3HAYHOIO TOMIIIKOM cpibna i miai, migucte. [lepeBaxae Buco-
KorpoOHe. YacTo TparisitoTbes 3pOCTKY 30JI0Ta i KBapily. 3a MOPMOJOTIYHUMM i XiMIYHUMM OCOOTMBOCTSIMU 30JI0TUH Ta
MiHEpaJIbHUMU acolliallisIM1 BUILJIEHO AeKiJbKa TUITiIB CAMOPOIHOTO 30JI0Ta: KJIACTOreHHE (MaJIo MOIIMPEHE), ayTUTCHHE
(repeBaxae), B TOMY YMCJIi OioreHHe i BTopuHHe. BiToKOpOBUIIbKiI anMa3u i3 MajeonpoTepo30MChKUX KOHIIOMEpaTiB
BonuHi € HaiimaBHiIMMHK 3a BikoMm aiMazaMu y €Bporii. 3a MopdoJIOTier0 KpUCTaiB, i30TOMHUM CKJIAIOM BYTJIEIIIO i
BMIiCTOM Ta CTAaHOM JOMIIIIOK a30Ty BOHU € MOAIOHMMM 10 MAHTITHUX aJIMa3iB i3 KiMOepIIiTiB i TJaMnpoiTiB. YacTrHa i3 HUX
3a CTyMeHeM arperaiii JOMIIIOK a30Ty Ma€ XapaKTePUCTUKU, TUIIOBI T apXeliCbKUX aamasiB (CTMOKiliHi yMOBU Kpuc-
Tajizallii, HU3bKWii TepMaIbHUI Tpali€eHT B MaHTil). [HIIa yacTrHaA OiTOKOPOBUIILKUX aJIMa3iB 3a CTYIIEHEM arperariii
JIOMIIIIOK 30Ty Ma€ Oiblll BUCOKOTEMIIEpATypHUIl T€HE3UC, BIACTUBUIA MTPOTEPO3OMCHKUM aiMa3aM. BiloKOpOoBUIIbKi
ajMasu 3a CepeIHIM BMiCTOM JOMIIIIOK a30Ty OiJIbIlIe TSIKIIOTh 10 €KJIOTITOBOI MaHTiTHOI acoltiallii, Hixk 10 MepUI0TUTOBOI.
IHTeHCUBHO 3HOIIIEH] KpUCTAIN aiMa3y MOXYTh CBITYMTH MPO iX TpUBaAJIE i JajieKe TPaHCIIOPTYBAaHHS Bill KOPIHHOTO JXKe-
pena no Miciist akymysisiii. KopiHHuMEY mopogamu 1j1st 6iT0KOpOBUIIBKUX aJIMa3iB CJTiJl BBaXKaTH KiMOEpJIiTH, TaMITPOITH
9y iHIIi mopoau Bikom 1800 MurH pp. um Ginbine. HalioGrpyHTOBaHiIIIA TinmoTe3a MOXOMKEHHs aaMasiB binokopoBuiibkoi
CTPYKTYpU — 11e Mojaenb cyomykuii. HasgBHi mani cBimuarb, 1o [liBHiuHO-3axinHuii perioH YKpaiHCBbKOTO IuTa OyB
yrBopenuit mixx 2150 i 1980 maH pp. BHacainok 6e3nepepBHOI CyOmyKIlii OKeaHiuHOi TiTochepr Ta MOCTYIIOBOTO HAPOC-
TaHHSI HOBOCTBOPEHOT KOHTMHEHTAJIbHOI KOpY. 3HAYHi MarMaTW4yHi BUBEPKEHHSI, 1110 po3noyanucs 6ins 1815 muH pp.
TOMY, MOIJIX OYTH TPAHCTIOPTEPOM MAaHTIHOTO MaTepialy Ha MOBEPXHIO, Y T. 4. aJiMa3iB.

Knrouosi crosa: camopoaHe 30510T0, ajiMa3, bilokopoBulibKa CTPYyKTypa, MajleoNnpoTepo30iChKi KOHIIIOMepaTH, YKpaiH-
CbKUA LLIUT.
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CAMOPOJHOE 30JIOTO U AJIMA3EI U3 ITAJIEOIIPOTEPO30MCKUX
TEPPUTEHHBIX [TOPOJ, BEJIOKOPOBUUYCKOM CTPYKTYPHI,
CEBEPO-3ATIAJIHBIN PAVIOH YKPAMHCKOI'O LIIUTA

BenokopoBuuckasi cTpykTypa pacrnoiiokeHa B CeBepo-3anagHoM pailoHe YKpauHcKoro muTta. Ee mnrpuHa coctapiseT oT
2 10 6 KM npu npoTskeHHocTH 22 KM. CTpyKTypa cjaoXeHa ci1abo aeopMHPOBaHHBIMUA U MeTaMOP(GU30BaHHBIMU
BYJIKAHOT€HHO-0CaIOYHBIMU MOpoaaMu Bo3pacToM Mexay 1,98 u 1,80 mapn siet. [Taneonporepo3oiickue KOHIIIOMepaThbl
U TIeCYAHUKU CTPYKTYPhI cofiepKaT HEOOBIUHYIO acCOLMAllI0 CAMOPOIHOIO 30J0Ta U aaMasa. CaMopoaHoe 30J10TO U3
0EJIOKOPOBUUCKUX KOHTJIOMEPATOB Pa3HOOOPA3HO KaK Mo MOP(OJIOTMU BbIACIECHU, TaK U IO XUMUYECKOMY COCTaBY, YTO
yKa3bIBaeT Ha ero pasHyto npupoy. [Ipeobdnaanaot Menkue KceHoMOp(HbIE MACCUBHBIE BIACIECHUS 30J10Ta, MHOTO 3€pEH
MOPUCTOTO 30J10Ta, a TaKXKe 3epeH 30JI0Ta C aBTOIMUTAKCHMAIbHBIMU HApOCTaMU MHOTOUYMCIECHHBIX KPUCTAIOB
BTOPUYHOTO 30J10Ta. DTU HAHO-MUKPOpPa3MEepHbIe KPUCTALJIbl HAPOCTOB MMEIOT PasiMyHyl0 (HOpMy: OT KPUCTaLIO-
rpacuyecKu HEMpPaBUIbHON 10 MACATbHBIX OKTa3APUYECKUX KPUCTALIOB U UX CPOCTKOB, B YaCTHOCTU TBOMHUKOB U
MATEPHUKOB OKTAd’APOB M CKEJETHBIX OKTadapoB. [lo XMMMUecKOMYy cocTaBy 30J0TO OYE€Hb pa3HOE: BBICOKO- U
cpeaHenpooHoe, cepedpucToe, CO 3HAUUTENILHOM NMTPpUMEChIo cepedpa u meau, meaucroe. [IpeobiaagaeT BbICOKOMPOOHOE.
YacTto BcTpeyaloTcsl CpoCcTKM 3o0yioTa M KBapua. 1o Mopdonornyeckum M XMMUYECKHMM OCOOCHHOCTSIM 30JIOTUH U
MUWHEPaJIbHBIM aCCOIIMALIMSM BbIIEIEHO HECKOIBKO TUIOB CAMOPOIHOTO 30JI0Ta: KJIACTOTeHHOE (MaJlo pacpOCTPaHEHO),
ayTUTeHHOE (IOMUHMPYET), B TOM YMCJie OMOreHHOE Y BTOpUYHOE. belokopoBUUCKUE ajiMa3bl U3 MaJIEONPOTEPO30MCKUX
KOHTJI0MepaToB BosbiHu ecTh ApeBHeinMu anmazamu B EBpone. [To Mopdosioruu KpucTamioB, U30TOMTHOMY COCTaBY
yrJieposia, CONEPXKaHWI0O U COCTOSIHUIO TpUMecell a30Ta OHM aHaJOTMYHbI MAaHTUMHBIM ajiMa3zaM U3 KUMOEpPJIUTOB U
JJaMNpouToB. YacTh U3 HUX MO CTENEHU arperaiuu npruMeceil a3oTa MUMeeT XapaKTepUCTUKU, TUITMYHBIC LTSI apXeMCKUX
aIMa3oB (CIOKOIHbIE YCIOBUSI KPUCTA/UIM3AlMM, HU3KWI TepMaJibHbI IpaIueHT B MaHTUM). Jpyras yacTb 6enoKo-
POBMYCKUX aJIMAa30B I10 CTENIEHM arperaliu puMeceii a3oTa UMeeT 0oJiee BICOKOTEMITepaTypPHBI TeHe3rcC, MPUCYITUi
MPOTEPO30MCKUM aiMa3aM. beJlokopoBUUCKME ajiMa3bl IO CPETHEMY CONEPXKaHUIO TpUMeceil azoTa 6ojee TAroTeloT K
9KJIOTUTOBOM MAHTUIHOM acCOLMallMK, YeM K MepUAOTUTOBONM. MHTEHCUBHO M3HOIIEHHbIE KPUCTAUIBI aiMa3a MOTYT
CBUJIETEILCTBOBATh 00 MX JJIMTEIbHON U NajdbHE TPaHCIIOPTUPOBKE OT KOPEHHOTO MCTOUYHMKA K MECTY aKKyMYJISIIIUU.
KopeHHbIMM TTOpOgaMU 117151 6€JTIOKOPOBUYCKMX aIMA30B CJICAYET CYUTATh KUMOEPIUTHI, TAMIIPOUTHI WX APYTHE MTOPOIbI
Bo3pactoM 1800 MiiH et unu apeBHee. Hanbosiee 000CHOBaHHAsI TUITOTE3a IMTPOMCXOKACHMST alMa30B belokopoBUUCKOi
CTPYKTYpbl — 3TO MoJedb cyomyKiuuu. KMwMeroimiuecsi naHHble CBUACTEAbCTBYIOT, 4To CeBepo-3anaaHblii pervoH
YkpauHckoro 1muTa chopmupoBaics Mexay 2150 u 1980 MutH JieT BeieacTBre HeMPEPhIBHOM CYOIyKIIMU OKEaHUYeCKOM
JUTocdepbl U MOCTENEHHOI0 HapacTaHUsl BHOBb CO3MaHHON KOHTMHEHTAJIbHON KOPbl. 3HAYMTEIbHbIE MarMaTUuyecKue
M3BEPXKEHMS, HayaBIIvMecss okoyio 1815 MIIH JieT Has3aa, MOIJIM TPaHCIOPTUPOBATh MAHTUIHBII MaTepuaa Ha MOBEPX-
HOCTb, B T. 4. aJIMa3bl.

Karouesvie croéa: camopoiHoe 30J10TO, aiMmas, beloKopoBUUCKas CTPYKTypa, IMajeonpoTepo30iicKue KOHIJIOMEepaThl,
YKpauHCKUI LIUT.
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