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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 

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 of the 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 
of the Topilnya Series is up to 1100 m; it is 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 

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) 

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 8 — 
Bilokorovychi Suite (7 — Lower Bilokorovychi Subsuite,  
8 — Upper Bilokorovychi Subsuite); 9 — Ozeryany Suite; 
10 — dolerite and gabbronorite of the post-Ovruch dyke 
complex; and 11 — ancient (pre-Bilokorovychi) gabbro 
and gabbro-dolerite

V.M. KVASNYTSYA, L.V. SHUMLYANSKYY 
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Fig. 2. Сonglomerate of the Lower Bilokorovychi Subsuite

[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 
εHfT 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 εHfT 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 

current, 2 μm 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 Na3AlF6, KCl, 
MgO, CaF2 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–1 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–1. 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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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 

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.

Сhemical composition. Silver and сopper 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 

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, c — secondary gold, octahe-
drons and complex twin of octahedrons after (111) (the twin is indicated by the arrow), d — secondary gold, skeletal octa-
hedrons

Fig. 3. Anhedral and euhedral native gold crystals from the 
Bilokorovychi conglomerates under the SEM, SEI mode: 
a, b — fracture infilling forms; c — pile-like form, d — film 
form, e — octahedron in combination with cube and 
rhombic dodecahedron faces on the anhedral grain, f — 
rounded grain
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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 µm, 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 

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

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

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 IIa [31, 36]. The Ia type is represented by 
crystals that belong to two subtypes: IaA (4 crystals), 
and IaAB (6 crystals). Crystals of the IaA subtype 
contain only A nitrogen centers. Crystals of the 

Fig. 8. Surface forms of the diamond crystals under the SEM, SEI mode: a — parallel striation on the octahedron face; 
b — inverse parallel triangular pits on the octahedron face; c — 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; h — 
disk-like figures on the rhombic dodecahedron rounded face

Fig. 7. Diamond crystals from the Bilokorovychi conglomerates under the SEM, SEI mode: a — octahedron, b — twin of 
octahedrons after (111), c — cube with {111} and {110} forms, d — cube, e — rhombic dodecahedron with {100} form,  
f — rounded crystal
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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 IaAB 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 (NA + NB1) 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 = NB1 /(NA + NB1)) 
varies from 7 to 54 %, with the average around 35%. 
Four crystals of this subtype have a В2 center, with 
two of them having a rather high abundance of  
this center (1.0 and 2.1 mm–1). 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=CH2 and CH2 and CH3. Most of the 
spectra have carbonate absorption bands (1400—
1480 cm–1), and weak carbonate bands 850— 
890 cm–1 and 680—710 cm–1. The three-dimen
sional investigations of some of the diamond crys
tals have revealed differences in the spatial 
distribution of A, B1 and B2 centers, and of 
hydrogen centers with bands in the range 2800—
3000 cm–1 (CH2 and CH3 bonds) and band  

Fig. 9. FTIR spectra of the Bilokorovychi diamonds. Sample numbers correspond 
to the numbers in Table

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

Age of the sediments Habit, sample #
Center A — NA Center B1 — NB1 (NA + NВ1)

% В = NВ1/(NА + NВ1)
ppm

Palaeoproterozoic Fragment, Bk1 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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3107 cm–1 (>CH=CH2 bonds). Some of the 
crystals have a correlation between the abundance 
of A centers and intensity of the 3107 cm–1 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 

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 

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; c, d — "bacteriummorphic" texture  
of gold. The remnants are indicated by arrows
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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 Palaeoproterozoic 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: löllingite 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 

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 δ13С 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 δ13С values 
for diamonds of peridotite association, whereas 
both "heavy" and "light" values for both diamonds 
fall into the range of δ13С values that are common 
for diamonds 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 °С) 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 °С. 
The calculated for the Bilokorovychi diamonds 
temperatures range from <1050 to 1185 °С (Fig. 11). 
For instance, diamond Bk1 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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B2 centers. The calculated average temperature  
of the nitrogen aggregation for this diamond is 
<1070 °С. Such temperature is typical for dia-
monds that have spent a long time under the 
conditions of the cold lithospheric geotherm  
(<40 mW/m2). 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 °С, possibly at shallower 
depths), or that it has spent less time in the mantle 
compared to diamond Bk1. Diamond Bk3 belongs 
to the subtype IaAB with an average nitrogen 
concentration of 338 ppm and a high amount of B1 

and B2 centers. The average temperature of nitro
gen aggregation in this diamond is rather high — 
1135 °С. 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 B1 centers 
and a small amount of B2 centers. The aggregation 
temperature in this crystal is as high as 1185 °С. 
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 B1 and B2 centers. 
The calculated temperature of nitrogen segrega-
tion is about 1225 °С, 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 

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])

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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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 δ13С) 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 Palaeoproterozoic. 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 

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 Tapajós-
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 

prolonged transportation from the source to the 
site of accumulation.

A recent advance in 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. 
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САМОРОДНЕ ЗОЛОТО І АЛМАЗИ ІЗ ПАЛЕОПРОТЕРОЗОЙСЬКИХ 
ТЕРИГЕННИХ ПОРІД БІЛОКОРОВИЦЬКОЇ СТРУКТУРИ, 
ПІВНІЧНО-ЗАХІДНИЙ РАЙОН УКРАЇНСЬКОГО ЩИТА

Білокоровицька структура розташована у Північно-Західному районі Українського щита. Її ширина складає від 2 
до 6 км за довжини 22 км. Структура складена слабо деформованими і метаморфізованими вулканогенно-осадо
вими породами, що накопичувалися між 1,98 і 1,80 млрд рр. тому. Палеопротерозойські конгломерати і пісковики 
структури містять незвичайну асоціацію самородного золота та алмазу. Самородне золото із білокоровицьких 
конгломератів різноманітне як за морфологією виділень, так і за хімічним складом, що вказує на його різну 
природу. Переважають дрібні ксеноморфні масивні виділення золота, багато зерен пористого золота, а також 
зерен золота з автоепітаксійними наростами численних кристалів вторинного золота. Ці нано-мікророзмірні 
кристали наростів мають різну форму: від кристалографічно неправильної до ідеальних октаедричних кристалів 
та їхніх зростків, зокрема двійників і п’ятірників октаедрів та скелетних октаедрів. За хімічним складом золото 
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дуже різне: високо- і середньопробне, сріблисте, зі значною домішкою срібла і міді, мідисте. Переважає висо
копробне. Часто трапляються зростки золота і кварцу. За морфологічними і хімічними особливостями золотин та 
мінеральними асоціаціями виділено декілька типів самородного золота: кластогенне (мало поширене), аутигенне 
(переважає), в тому числі біогенне і вторинне. Білокоровицькі алмази із палеопротерозойських конгломератів 
Волині є найдавнішими за віком алмазами у Європі. За морфологією кристалів, ізотопним складом вуглецю і 
вмістом та станом домішок азоту вони є подібними до мантійних алмазів із кімберлітів і лампроїтів. Частина із них 
за ступенем агрегації домішок азоту має характеристики, типові для архейських алмазів (спокійні умови крис
талізації, низький термальний градієнт в мантії). Інша частина білокоровицьких алмазів за ступенем агрегації 
домішок азоту має більш високотемпературний генезис, властивий протерозойським алмазам. Білокоровицькі 
алмази за середнім вмістом домішок азоту більше тяжіють до еклогітової мантійної асоціації, ніж до перидотитової. 
Інтенсивно зношені кристали алмазу можуть свідчити про їх тривале і далеке транспортування від корінного дже
рела до місця акумуляції. Корінними породами для білокоровицьких алмазів слід вважати кімберліти, лампроїти 
чи інші породи віком 1800 млн рр. чи більше. Найобґрунтованіша гіпотеза походження алмазів Білокоровицької 
структури — це модель субдукції. Наявні дані свідчать, що Північно-Західний регіон Українського щита був 
утворений між 2150 і 1980 млн рр. внаслідок безперервної субдукції океанічної літосфери та поступового нарос
тання новоствореної континентальної кори. Значні магматичні виверження, що розпочалися біля 1815 млн рр. 
тому, могли бути транспортером мантійного матеріалу на поверхню, у т. ч. алмазів.

Ключові слова: самородне золото, алмаз, Білокоровицька структура, палеопротерозойські конгломерати, Україн
ський щит.
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САМОРОДНОЕ ЗОЛОТО И АЛМАЗЫ ИЗ ПАЛЕОПРОТЕРОЗОЙСКИХ  
ТЕРРИГЕННЫХ ПОРОД БЕЛОКОРОВИЧСКОЙ СТРУКТУРЫ,  
СЕВЕРО-ЗАПАДНЫЙ РАЙОН УКРАИНСКОГО ЩИТА

Белокоровичская структура расположена в Северо-Западном районе Украинского щита. Ее ширина составляет от 
2 до 6 км при протяженности 22 км. Структура сложена слабо деформированными и метаморфизованными 
вулканогенно-осадочными породами возрастом между 1,98 и 1,80 млрд лет. Палеопротерозойские конгломераты 
и песчаники структуры содержат необычную ассоциацию самородного золота и алмаза. Самородное золото из 
белокоровичских конгломератов разнообразно как по морфологии выделений, так и по химическому составу, что 
указывает на его разную природу. Преобладают мелкие ксеноморфные массивные выделения золота, много зерен 
пористого золота, а также зерен золота с автоэпитаксиальными наростами многочисленных кристаллов 
вторичного золота. Эти нано-микроразмерные кристаллы наростов имеют различную форму: от кристалло
графически неправильной до идеальных октаэдрических кристаллов и их сростков, в частности двойников и 
пятерников октаэдров и скелетных октаэдров. По химическому составу золото очень разное: высоко- и 
среднепробное, серебристое, со значительной примесью серебра и меди, медистое. Преобладает высокопробное. 
Часто встречаются сростки золота и кварца. По морфологическим и химическим особенностям золотин и 
минеральным ассоциациям выделено несколько типов самородного золота: кластогенное (мало распространено), 
аутигенное (доминирует), в том числе биогенное и вторичное. Белокоровичские алмазы из палеопротерозойских 
конгломератов Волыни есть древнейшими алмазами в Европе. По морфологии кристаллов, изотопному составу 
углерода, содержанию и состоянию примесей азота они аналогичны мантийным алмазам из кимберлитов и 
лампроитов. Часть из них по степени агрегации примесей азота имеет характеристики, типичные для архейских 
алмазов (спокойные условия кристаллизации, низкий термальный градиент в мантии). Другая часть белоко
ровичских алмазов по степени агрегации примесей азота имеет более высокотемпературный генезис, присущий 
протерозойским алмазам. Белокоровичские алмазы по среднему содержанию примесей азота более тяготеют к 
эклогитовой мантийной ассоциации, чем к перидотитовой. Интенсивно изношенные кристаллы алмаза могут 
свидетельствовать об их длительной и дальней транспортировке от коренного источника к месту аккумуляции. 
Коренными породами для белокоровичских алмазов следует считать кимберлиты, лампроиты или другие породы 
возрастом 1800 млн лет или древнее. Наиболее обоснованная гипотеза происхождения алмазов Белокоровичской 
структуры — это модель субдукции. Имеющиеся данные свидетельствуют, что Северо-Западный регион 
Украинского щита сформировался между 2150 и 1980 млн лет вследствие непрерывной субдукции океанической 
литосферы и постепенного нарастания вновь созданной континентальной коры. Значительные магматические 
извержения, начавшиеся около 1815 млн лет назад, могли транспортировать мантийный материал на поверх
ность, в т. ч. алмазы.

Ключевые слова: самородное золото, алмаз, Белокоровичская структура, палеопротерозойские конгломераты, 
Украинский щит.


