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AGE AND SULFUR ISOTOPE COMPOSITION OF THE PRUTIVKA

INTRUSION (THE 1.78 Ga PRUTIVKA-NOVOGOL LARGE
IGNEOUS PROVINCE IN SARMATIA)

There are a number of dykes and layered intrusions of the Ni-bearing tholeiitic dolerites and gabbro in the Northwestern
region of the Ukrainian Shield. These dykes and intrusions were considered either as feeders for the completely eroded
continental flood basalts emplaced in an extensional setting or as syn-collisional complexes that crystallized from the man-
tle melts during the collision of Fennoscandia and Volgo-Sarmatia cratons. Recent U-Pb dating of these rocks indicates that
their age is 1780 to 1790 Ma. A U-Pb baddeleyite age is presented for the Prutivka layered dolerite intrusion that hosts the
only known Ni-Cu(-PGE) sulfide deposit on the Ukrainian Shield. The new baddeleyite age (1779.2 £ 6.9 Ma) corresponds
within the error with the zircon age (1777.0 & 4.7 Ma) obtained previously for the same sample (Shumlyanskyy et al., 2012)
and differs from the zircon age of 1990 + 5 Ma reported by Skobelev et al. (1991), which is now considered to be incorrect.
The new baddeleyite age definitively confirms that this intrusion belongs to the Prutivka-Novogol Large Igneous Province
(LIP) and emphasises the potential of gabbroic, layered intrusions belonging to this event to host Ni-Cu(-PGE) sulphide
ores. We have also analyzed sulfur isotope composition of sulfide minerals from the Prutivka deposits. Samples were se-
lected from the near-bottom accumulations of sulfide minerals. Sulfur isotope composition (84S values) ranges from +0.8
to +3.6 %o, which corresponds to the previously established range and indicates mantle sulfur source. Sulfur isotope data
and U-Pb ages are consistent with the emplacement of the Prutivka-Novogol LIP in an extensional setting, developed
shortly after the assembly of Baltica.
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Introduction. The Ukrainian Shield and adjacent
regions of Sarmatia host two Precambrian Large
Igneous Provinces (LIPs) — the Vendian (c. 570 Ma)

Volyn continental flood basalt province of which
a c. 400 m thick pile of basaltic rocks is still pre-
served [26, 39], and the Palacoproterozoic (c. 1790—
1780 Ma) Prutivka-Novogol province that includes
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numerous dolerite dykes and layered intrusions
widely distributed throughout the Ukrainian Shield
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Fig. 1. Geology of the NW Ukrainian Shield. Modified from the map produced by the Zhytomyr geological enterprise.
A — Prutivka massif; B — Kamyanka layered massif; C — Tomashgorod dyke swarm; D — Zamyslovychi dyke; E — Buky
massif. /to 11 — Early Proterozoic: / — mafic dykes and layered intrusions; 2 — rocks of the Korosten AMCG complex
(1.81—1.74 Ga); 3 — granites probably related to the Korosten magmatic event; 4 — ultramafic-gabbro-norite-monzonite
layered intrusions of the Buky complex, 1.99 Ga; 5 — metavolcanites and metasediments of the Ovruch and Bilokorovychi
basins, ¢. 1.9—1.7 Ga; 6—& — Osnitsk-Mikashevychi igneous belt, 2.0—1.95 Ga (6 — granite of the Osnitsk complex, 7 —
mafic intrusions of the Osnitsk complex, &§ — metavolcanics of the Klesiv Series); 9 — granite of the Berdychiv complex;
10, 11 — rocks of the Zhytomyr-Teteriv belt, 2.1—2.05 Ga (/0 — granite of the Zhytomyr complex; // — metamorphic
rocks of the Teteriv Series); /2 — Late Archacan metamorphic rocks and migmatites, c. 2.6 Ga; 13 — major fault zones

and Voronezh Crystalline Massif. Palaecoproterozoic
dykes of the northwestern Ukrainian Shield have
been extensively studied and dated [4, 7, 24, 25,
42], whereas dykes of the central part of the shield
(Ingul domain) are less studied [4, 22, 31, 33, 45].
In the northwestern Ukrainian Shield there is a
group of Ni-enriched dolerite dykes and layered
intrusions of tholeiitic composition that were pre-
viously regarded as either feeders for a now com-
pletely eroded continental flood basalt sequence
formed in an extensional setting [38] or products of
crystallization of a mantle-derived tholeiitic melt
developed in response to the collision of two large
crustal segments that comprise the East European
platform — Fennoscandia and Volgo-Sarmatia [4,
24]. In addition to typical tholeiites, there are also
coeval subalkaline mafic and ultramafic rocks, and
kimberlites on the Ukrainian Shield [4, 26, 35, 43].

92

Tholeiitic rocks of the northwestern Ukrainian
Shield occur as numerous dolerite dykes and lay-
ered intrusions confined to major regional fault zo-
nes (Fig. 1). Dykes are variable in size: the width
varies from few meters up to 500 m and they can be
traced for up to 12 km in length, whereas sets of
dykes can be traced even for 50 km or more. All
dykes of this group, except one, are located outside
of the 1815—1740 Ma old Korosten anorthosite-
mangerite-charnockite-granite (AMCG) plutonic
complex where they cut various country rocks, the
youngest of which are c. 1980 Ma old. However, a
high-Ni and high-Mg tholeiitic dolerite dyke was
recently discovered in the Malyn quarry where it
cuts granite of the Korosten plutonic complex.
Most of the tholeiitic dykes are Ni-enriched (over
100 ppm Ni) and composed of olivine-bearing pi-
geonite and pigeonite-augite dolerites and gabbro-
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dolerites. A low-Ni variety is also known although
it is less common (e. g., Zamyslovychi dyke). In
their central parts, thick dykes often contain pods
of pegmatitic dolerite enriched with felsic intersti-
tial material (quartz, Na-plagioclase and less abun-
dant K-feldspar) [34, 37, 42] that contain abun-
dant baddeleyite and zircon that are suitable for
U-Pb dating.

U-Pb ages of the Ni-bearing tholeiites were re-
ported [4, 24, 25, 44] as follows: zircons from the
Tomashgorod dyke pegmatite pod yielded an age of
1787.4 £ 6.4 Ma, whereas baddeleyite dating of do-
lerite from the same dyke gave an age of 1790.7 +
+ 5.1 Ma; pegmatitic dolerite of the Prutivka intru-
sion yielded a zircon age of 1777.0 + 4.7 Ma (see
discussion below); the Kamyanka massif was dated
at ca. 1.79 Ga; finally, baddeleyite from olivine do-
lerite of the Zamyslovychi dyke yielded an age of
1786 = 3 Ma. These c. 1800 Ma U-Pb ages of tho-
leiitic dolerite dykes of the northwestern Ukrainian
Shield are also consistent with composite, whole-
rock Rb-Sr (1772 =+ 39 Ma) and Sm-Nd (1890 *
* 190 Ma) isochrones [44].

Earlier dating of zircons from the Prutivka intru-
sion was undertaken [34] and a 1990 + 5 Ma age
was reported. This work was carried out at the same
time as dating of the large (ca. 180 km?) Buky lay-
ered, pyroxenite-gabbro-monzonite-granodiorite
intrusion that is located near the Prutivka massif. A
large number of samples from the Buky intrusion
were processed in order to separate zircons; these
zircons yielded ages around 1990 Ma. It was con-
cluded that the Prutivka intrusion was emplaced
simultaneously with the Buky layered intrusion that
led to the erroneous suggestion about the potential
of the Buky intrusion with respect to Cu-Ni sul-
phide mineralization. Subsequent dating of zircons
from the Skobelev et al. (1991) original sample
confirmed the 1990 Ma age for these zircons [44].
However, these zircons are very different from the
zircons separated from mafic pegmatites of the
Prutivka intrusion [24]. Moreover, the Hf isotope
compositions of zircons from the original sample,
calculated at 1990 Ma, (eHf = 1.2 £ 0.4) were very
close to the Hf isotope composition of zircons from
the 1990 Ma Buky massif (eHf = 0.8 + 0.7; [40]),
and significantly different from the Hf isotope
composition of zircons from the Prutivka massif
(eHf = 9.0 £ 0.8 at 1990 Ma). It should be noted
that dolerites (apart from pegmatitic dolerites) of
the Prutivka intrusion are poor in zircon, and the
dated dolerite sample [34] was the only dolerite
(excluding the pegmatitic dolerite) sample among
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Fig. 2. Geological map of the Prutivka intrusion (according
to M.M. Kostenko). Legend: I — rocks of the Prutivka
massif; 2 — gneisses of the Horodska Suite of the Teteriv
Series (biotite, graphite-biotite, amphibole-biotite, and
garnet-biotite gneisses); 3 — plagioclase migmatites of the
Zhytomyr Complex (biotite and amphibole-biotite
migmatites); 4 — rocks of the Buky layered massif (diorite,
gabbroic diorite, monzonite, and gabbronorite); 5 —
dolerite dykes; 6 — faults
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Fig. 3. Vertical cross-section through the Prutivka intrusion
along the A—A line on Fig. 2 (after M.M. Kostenko).
Legend: 1 — rocks of the Prutivka intrusion; 2 — gabbroic
pegmatites; 3 — ore bodies (not to scale); 4 — zones of
dispersed sulphide mineralization; 5 — plagioclase migma-
tite of the host Zhytomyr Complex; 6 — granitic peg-
matites and aplites of the host rocks

over 100 investigated ones that yielded enough zir-
cons for the purpose of a conventional dating. Hen-
ce, we suggest that the original sample of Skobelev
et al. (1991) may have been contaminated during
mineral separation by zircons from the Buky massif.

Zircons from the mafic pegmatites of the Pru-
tivka massif are rich in U (typically over 1000 ppm
U); similarly high concentrations of U were found
in zircons from the Tomashgorod dolerite dyke [24,
44], and in zircons from the Kharaelakh [14] and
Noril’sk-1 [13] mafic-ultramafic intrusions that
both belong to the Siberian continental flood basalt
province. Hence, high concentrations of U may be
a common feature of zircons from continental tho-
leiites. In the absence of other U-bearing mineral
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Fig. 4. Gabbroic pegmatites of the Prutivka layered intru-
sion. The macrophotograph shows the contact between
gabbroic pegmatite (on the right) with medium-grained
dolerite (on the left). Sample 268/165.6, width of the pho-
tois 7 cm

phases in mafic rocks, zircon can accommodate
large amounts of U.

In order to fully resolve the question of the age of
the Prutivka layered intrusion we have separated
baddeleyite from a sample of pegmatitic dolerite
that was taken from the drill core #268 at 162 m
depth. Results of U-Pb dating of zircon from the
same sample (1777.0 = 4.7 Ma) were reported pre-
viously [24, 44]. We should emphasize that, unlike
zircon, baddeleyite is always considered to be a
syngenetic mineral in mafic rocks (e. g., [27]). It
could not be inherited from either source rocks or
country rocks. Hence, U-Pb age of baddeleyite un-
equivocally corresponds to the age of the mafic
rock that hosts baddeleyite.

Prutivka massif. The Prutivka intrusion is a near-
ly concordant sheet-like dolerite body with a thick-
ness varying from 110 to 210 m and extending along
strike for over 3 km. It is hosted by metasedimen-
tary and metavolcanic units of the c. 2.2—2.1 Ga
Teteriv Series [23]. The Prutivka intrusion dips
gently (23—35°) towards the southeast and was
traced in drill holes to a depth of up to 800 m (Figs.
2 and 3) [34]. The syngenetic rock series of the
Prutivka intrusion includes plagioclase-bearing
wehrlite, melanotroctolite, troctolite, olivine gab-
bro, gabbro, quartz-bearing gabbro and gabbro-
pegmatite. Three zones were recognized in a verti-
cal section of the Prutivka intrusion: (1) a contact
zone; (2) a basal zone composed of melanogabbro
and ultramafic rocks and (3) a thick main zone
composed of fine- to medium-grained dolerite that
alternates rhythmically with coarse-grained (peg-

9%

matoid) dolerites. The Prutivka intrusion hosts the
only known (sub-economic) Ni-Cu(-PGE) sulfide
deposit within the Ukrainian Shield [32] and po-
tential for Ni-Cu(-PGE) sulfide deposits was noted
for ¢. 1790 Ma dolerites on the Voronezh massif [36].

Ore beds in the Prutivka massif are located near
the upper and lower contacts of the intrusive body
[32], and partly within the host rocks near the low-
er contact. The thickness of the ore beds varies
from a few meters to 15.1 m with an average thick-
ness of 4.3 m. Concentration of sulfide minerals
varies from 3 to 20 %, reaching 50—70 % in places.
Thin (up to a few cm thick) massive ore veins can
be found locally. Nickel concentration in the min-
eralized rock varies from 0.3 to 3.84 % (with the
average of 0.58 %), copper varies from 0.1 to 2.84 %
(with the average 0of0.26 %) and cobaltisc. 0.022 %.
PGEs were found in low concentrations (ranging
from a few hundredths of ppm to a few ppm). The
predominant ore mineral assemblage includes chal-
copyrite, pentlandite, and pyrrhotite; the pentlan-
dite-cubanite-chalcopyrite-pyrrhotite assemblage
is less abundant [32].

Syngenetic gabbroic pegmatite bodies in the
Prutivka intrusion are of special interest since these
rocks are the best target for zircon and baddeleyite.
These rocks were described in detail [34, 37]. Ac-
cording to [34], gabbroic pegmatites were found in
all parts of the massif, making up about 36 % of its
total volume, but are more abundant in the central
parts of the vertical section (Fig. 3). Contacts bet-
ween fine- to medium-grained dolerites that pre-
vail in the massif and their pegmatitic varieties are
rather sharp, but not intrusive (Fig. 4). Similar syn-
genetic relationships between fine- to medium-
grained and pegmatitic varieties have been seen in
outcrops of the Tomashgorod dyke [42].

Pegmatite bodies are often layered, being en-
riched in mafic minerals in their lower parts and in
quartz and feldspar in their upper parts. There is no
doubt about the syngenetic nature of pegmatite
bodies in the Prutivka intrusion; they are the natu-
ral result of in-chamber evolution of the tholeiite
melt and do not represent later intrusions of melts
from an external source. There is also no reason to
suppose that crystallization of the 110 to 210 m
thick dolerite body lasted ca. 200 myr, as might be
proposed to explain the age between 1990 Ma (age of
zircons in dolerite [34]) and 1780 Ma (age of zircon
and baddeleyite in syngenetic pegmatites [24, 44]).

U-Pb geochronology. The gabbro-pegmatite
sample 268 was processed at the M.P. Semenenko
Institute of Geochemistry, Mineralogy and Ore For-
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mation, Kyiv, Ukraine, where a heavy fraction was
separated using a shaking table, heavy liquids and
magnetic separator. The heavy mineral separate
was examined under the binocular microscope and
rather large (up to 100 pm) grains of dark-brown
baddeleyite of optically good quality were selected
for U-Pb dating. Each fraction, represented by
1—2 grains, was spiked with a 209Pb—233—-236(J jso-
topic tracer solution at the Museum of Natural
History in Stockholm, Sweden. The grains were
dissolved ina 10 : 1 HF : HNO, acid mixture at 190 °C
for 3 days, which was then evaporated on a hot
plate at 100 °C. The precipitates were re-dissolved
in 10 drops of 6 N HCl and 1 drop of 0.25N H,PO,
acids and then dried down on a hot plate at 90°C.
Lead and U were purified using ion-exchange min-
iaturised columns. Uranium and Pb isotopic ratios
were measured on a Finnigan Triton mass-spec-
trometer at the Museum of Natural History in
Stockholm, Sweden (Table 1; Fig. 5). The U and
Pb isotopic composition were analysed using a Se-
condary Electron Multiplier equipped with RPQ in
the peak-switching mode. The procedural total
blank was estimated to be 0.5 pg for Pb and 0.05 pg
for U. The U-Pb data indicate an age of 1779.2 +
+ 6.9 Ma with the lower intercept anchored to 0 Ma.

Sulfur isotope geochemistry. Four samples were
collected from the marginal zone (grading from ul-
tramafic cumulates to dolerites) of the Prutivka
massif from 2 drill cores. In addition, for compari-
son, a drill core sample bearing sulfides from the
marginal zone of the similar-age Kamyanka massif

0.34
206Pb
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0.32 r
0.30
0.28 1580
Intercept at
17792+ 6.9Ma  *py
1500 By
0'26 1 1 1 1
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Fig. 5. U-Pb concordia diagram for baddeleyites separated
from the gabbroic pegmatite of the Prutivka intrusion.
Numbers on the diagram correspond to fraction numbers
in Table 1. Zircon U-Pb data (large ellipses) previously
reported [24] are also shown for comparison

and another drill core sample bearing sulfides from
the middle part of the c. 2.0 Ga Zaliznyaky massif
[34] were also analyzed (Table 2). Sulfur was ex-
tracted from the powdered samples and converted
to Ag,S through a Cr(Il) reduction procedure
following [5] at the Stable Isotope Laboratory of
the Department of Earth and Planetary Sciences
(McGill University). The extracted Ag,S was fluor-
inated at 225 °C in a Ni bomb under ~20x stoi-
chiometric excess of F, for >9 h to produce SF,
which was then purified cryogenically and chroma-
tographically and analyzed on a Thermo Electron

Table 1. Results of the U-Pb baddeleyite dating of the Prutivka gabbroic pegmatite

- Sample Concentrations, ppm Isotope ratios Age, Ma
rac- .
; weight, 207pp + 207pp + 206 pp + 207pp 207pp 206 ppy
N U | Pb, |Pb,, 206pb/ _%:S ’ 235U/ _9; ’ 238U/ _%(; " | Rho zoepb/ 235U/ 238U/
1 3.0 |600.3| 180.5| 8.9 | 0.10883 | 0.064 | 4.44848 | 0.229 | 0.29647 | 0.220 | 0.96 | 1779.8 | 1721.4 | 1673.8
2 5.3 1294.7| 1045 | 9.4 | 0.10898 | 0.080 | 4.98878 | 0.219 | 0.33200 | 0.203 | 0.93 | 1782.5 | 1817.4 | 1848.1
3 | 12,5 [207.2| 67.8 | 3.7 | 0.10864 | 0.060 | 4.79907 | 0.138 | 0.32039 | 0.124 | 0.90 | 1776.7 | 1784.7 | 1791.6
Table 2. Sulfur isotope composition in sulfides
533§ 5348 §36S A33S A36S
Sample Massif
%o V-CDT
201/512.5 Prutivka 1.47 2.9 5.4 —0.02 —0.13
201/521.7 " 0.40 0.8 1.5 —0.03 —0.12
201/528.5 1.30 2.6 4.8 —0.02 —0.09
72/140.2 1.82 3.5 6.6 —0.01 —0.16
3501/695.3 Kamyanka 0.45 0.9 1.6 —0.01 —0.11
63/116 Zaliznyaky 1.39 2.7 5.1 —0.02 —0.12
ISSN 0204-3548. Minepan. acypn. 2016. 38, Ne 3 95
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MAT 253 mass spectrometer for multiple sulfur
isotope ratios in a dual-inlet mode at McGill Uni-
versity. Sulfur isotope compositions are reported on
the V-CDT scale, defined by the §°*S value of
IAEA-S-1 of —0.3 %o. We take the A33S value of
TIAEA-S-1 to be 0.094 %o. Repeat analyses through-
out the entire analytical procedure returned 2c
uncertainties on §°*S and A*3S values that are <0.25
and <0.02 %o, respectively.

Sulfur isotope data for all three studied intrusions
show a small range of §3*S values from +0.8 to
+3.6 %o, similar to the range previously observed
[34, 41] and also to that of the mantle [2]. A®S
values for the whole set range from —0.007 to
—0.026 %o, indicatingthelack of mass-independent
fractionation of S that was previously used as a
signature for crustal assimilation in cases when
volcanic or intrusive units are hosted by Archaean
metasediments [1]. These data are however less de-
finitive in cases when magmatism occurred in ter-
ranes lacking metasediments deposited before the
Great Oxygenation Event [see 10]. Deposition of
the Teteriv Series straddles the end of the c. 2.22—
2.1 Ga Lomagundi carbon isotope excursion in
seawater composition, when seawater sulfate level
dramatically increased [21] and sedimentary sulfi-
des and sulfate show a large range of §3*S values [e.
g., 20]. A small range of 84S values observed in
sulfides of studied intrusionsisthusalso inconsistent
with significant crustal assimilation resulting in
formation of sulfide xenomelt.

Discussion

The 1790—1780 Ma Ni-bearing intrusions (Pru-
tivka-Novogol LIP). The 1779.2 + 6.9 Ma bad-
deleyite age of the Prutivka intrusion confirms its
relation to the 1790—1780 Ma Prutivka-Novogol
LIP (equivalent to the Tomashgorod-AMCG LIP
in [8]). In the northwestern Ukrainian Shield, the
units that belong to the Prutivka-Novogol LIP in-
clude: high-Ni and low-Ni tholeiitic intrusions
(dykes and layered massifs), and dykes of subalka-
line olivine gabbro. In addition, dykes and small
intrusions of alkaline ultramafic rocks of the Ho-
rodnytsya complex with unknown age might be re-
lated. In the central part of the Ukrainian Shield,
the Prutivka-Novogol LIP includes three composi-
tionally different series of intrusions: (1) kimber-
lites; (2) subalkaline mafic and ultramafic rocks;
and (3) tholeiitic dolerites [22]. Tholeiitic dolerite
dykes are also known from other parts of the Ukrai-
nian Shield, however, their ages remain unknown.

Dykes and layered intrusions of tholeiitic com-
position of this age are also common on the Voro-
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nezh Crystalline Massif [36]. Moreover, dykes of
this age and similar composition are known on
other cratons that could have been adjacent to Sar-
matia within the Palacoproterozoic supercontinent
Nuna (or Columbia). There are a number of paleo-
tectonic and paleomagnetic reconstructions for the
Palaco-Mesoproterozoic supercontinent [11, 12,
18, 29, 30]. Some of these reconstructions locate
Sarmatia next to Amazonia in the west, with West
Africa being attached in the south. Position of the
North China craton is less certain, but some mo-
dels (e. g., [6]) place it in the vicinity of Baltica.
Mafic dykes emplaced between c. 1800 and 1750 Ma
are abundant in Amazonia, West Africa and on the
North China craton [3, 16, 17, 19, 28], which
within the framework of these reconstructions
might imply that they are related to a single plume-
induced LIP event [9].

Source of sulfur and origin of the Prutivka de-
posit. Assimilation of large amount of sulfur from
the metasedimentary rocks of the Teteriv Series
should have resulted in a large range of §34S va-
lues than observed in this study. We therefore infer,
following [2], that assimilation of the metasedi-
mentary rocks of the Teteriv Series contributed
only small amount of S with most S of the Prutivka
massif being of mantle origin; furthermore assimi-
lation of silicates could have lowered S solubility
resulting in precipitation of low-sulfide, PGE-rich
mineralization.

As has been shown with an example of sulfide
Cu-Ni-PGE deposits of the Noril’sk type [15], a
large-scale contamination of the initial melt with
sulfur from evaporite deposits widely available in
the Noril’sk area was a key factor in their forma-
tion. An excess of the evaporitic sulfur, indicated by
high &3S values varying from +8 %o to +12 %o, has
resulted in separation of the initial melt into im-
miscible silicate and sulfide liquids [15]. In case of
the Prutivka massif, absence of the large external
source of sulfur did not allow formation of a large
sulfide deposit, though some contamination is evi-
denced from heavier sulfur isotope compositions
seen in ores located in the host migmatites.

The 1790—1780 Ma Ni-bearing intrusions (Pru-
tivka-Novogol LIP) and implications for the regio-
nal economic potential. Potential for finding eco-
nomic sulfide ores is greater for other intrusions of
the Prutivka-Novogol LIP such as the Kamyanka
layered massif, which is much larger than the Pru-
tivka massif (over 1100 m thick) and layered from
peridotite at the bottom to anorthosite in the upper
part. Small amounts of sulfide ore were indeed re-
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vealed by drilling, whereas deep electrical sounding
indicated the presence of zones of low electric con-
ductivity in the bottom part of the Kamyanka in-
trusion [34]. Ni-bearing, layered gabbroic intru-
sions of the same age are also known in the Voro-
nezh Crystalline Massif, where they belong to the
Smorodino-Novogol rock complex.

New geochronological data indicate that the
Prutivka massif is some 200 m. y. younger than the
located nearby layered intrusions of the Buky com-
plex. It was previously assumed [34] that the Pru-
tivka massif is genetically linked to the Buky intru-
sion. This led to the suggestion that the Buky lay-
ered massif and related intrusions are promising for
prospecting for Cu-Ni sulfide ores. The new U-Pb

baddeleyite age of 1779.2 £ 6.9 Ma presented here-
in rules out any genetic link between these two in-
trusive complexes and contests economic potential of
the Buky complex with respect to Cu-Ni sulfide ores.
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BIK TA I30TOTTHU M CKJIAZl CIPKU MPYTIBCbKOIO IHTPY3UBY
(TIPYTIBCBKO-HOBOT'OJIbCbKA MATMATUYHA ITPOBIHLIS
BIKOM 1,78 MJIP PP. V CAPMATIN)

V mexax [1iBHiYHO-3axiTHOroO paiioHy YKpaiHChKOTO LIMTa PO3MOBCIOMKEHA BeJMKa KiUIbKICTh TalioK i po31IapOBaHUX
{HTPY3UBIiB HiKEJICHOCHUX TOJIEITOBUX JI0JepUTiB Ta rabpoinis. Lli naliku Ta MacuBU PO3MJISIHYTO SIK KaHaJu, MO SKUX B
YMOBaX PO3TITHEHHSI BKOPIHIOBAIUCS i BUWIMBAJIKUCS Ha MOBEPXHIO 0a3aJIbTOBI pO3IUiaBu (11i 0a3aJIbTOBI MOTOKU TeNep
MOBHICTIO €pojioBaHi), a00 sIK CUHKOJIi3iliHi MOPOAHI KOMITJIEKCH, 1110 BAHWKJIM BHACTiIOK KpUCTaTi3allii MAaHTIMHHUX pO3-
IJIaBiB TTij yac koui3ii @eHHockaHanHaBChKOTO Ta Bosiro-CapmMaTtchbkoro cerMeHTiB CxigHo-EBpoIeiichbKoi matGopMu.
[IpoBeneHe HenlogaBHO NATyBaHHS LUX MOPiJ BKa3ye Ha ixHill BiK B iHTepBaji 1780—1790 miH pp. s [IpyriBcbkoro
HiKeJIECHOCHOTO JI0JIEPUTOBOIO iHTPY3UBY OTPMMAaHO HOBWI BiK 3a 6aneneitom (1779,2 & 6,9 MJTH pp.), SIKUA, y MeXax Io-
XUOKM BUMIpIOBaHHS, BilnoBigae Biky uupkoHy (1777,0 £ 4,7 muH pp.), OTpUMAHOMY paHillle Uil 1IbOTO X 3pa3ka
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AGE AND SULFUR ISOTOPE COMPOSITION OF THE PRUTIVKA INTRUSION

(Shumlyanskyy et al., 2012). Lle 3HaueHHS BiKy CyTTEBO Bilpi3HSIETbCS Bill OTPUMAHOTO paHiliie 1Jisi UMPKOHiB i3 [1pyTiB-
cbkoro iHTpy3uBy 1990 + 5 muH pp. (Ckobesnes u ap., 1991). 3po6iieHo BUCHOBOK, 1110 OCTAaHHE 3HaYeHHs € XubHUM. HoBa
Jata, OTpuMaHa3a 0aiesIeiToM, OCTaTOUHO MiATBEPIXKY€E HalexXHicTh [IpyTiBecbkoro macusy 1o [IpyTtiBebko-HoBoronbcbkoi
MarMaTU4HOI MPOBiHIII Ta MiAKPECIIO€ MOTEHIial pOo3lIapOBaHUX TaOpoifHUX MacuBiB 1€l npoiHilil mogao Ni-Cu
(-PGE) cynbdinHoro 3pyaeHiHHs. [IpoaHaiizoBaHO TaKOX i30TOMHUM cKJaa cipku B cyabdinHux miHepaiax [1pyTis-
CBKOTO POIOBUILA, 3pa3KM BiliOpaHO 3 MPUIOHHMX PYIHMX ITOKIafiB. [30TOMHMIN cKiTan cipku (BenuuunHa 83*S) Bapiroe
Bix +0,8 o +3,6 %o, 1110 3HAXOIUTHCSI B MeXKax Jialta30Hy Bapialliii, IKWii OyJI0 BCTAHOBJIEHO paHillle, i BKa3ye Ha MaH-
TiliHe JKepesio cipku. [30TomnHi naHi cBiguath npo gopmyBaHHs [1pyTiBcbko-HOBOrosbchbKoOi MarMaTUYHO1 MPOBIHILIT B
yMOBaX PO3TATHEHHS, 1110 BUHUKJIU HEBAOB3i Miciis yTBopeHHs1 CxinHo-EBpomneiicbkoi rmiatdgopmu (bantukn).

Karuosi crosa: 6aneneit, U-Pb BiK, i3oTonHuiit ckian cipku, [1pyTiBCbkuit MacuB, YKpaiHCbKUA IIIUT.
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BO3PACT Y U3OTOITHBIM COCTAB CEPBI TTIPYTOBCKOT'O MHTPY3MBA
(IMPYTOBCKO-HOBOT'OJIbLCKAA MATMATHUYECKAA IMTPOBUHLNA
BO3PACTOM 1,78 MJIPI JIET B CAPMATHUN)

B npenenax CeBepo-3amagHoro paiioHa YKpanHCKOTO IIMTa PACTIPOCTPAHEHO OOJIBIITOE KOTMIECTBO NAaeK 1 PACCIOSHHBIX
WHTPY3UBOB HUKEJIEHOCHBIX TOJIEUTOBBIX TOJIEPUTOB U TaOOPOMIOB. DTU NAliKU M MHTPY3UBBI pacCMaTPUBAJIN JTMOO Kak
MOABOJISIIME KaHAIbI JUISI HBIHE MOJHOCTHIO 3POIUPOBAHHBIX 0a3aJIbTOB (TPANmnoB), cPOPMUPOBAHHBIX B OOCTAHOBKE
pacTsKeHUsl, MO0 KaK CMHKOJUIM3UOHHBIE MTOPOAHbIE KOMIUIEKCHI, BO3HUKIIME B PE3YJbTaTe KPUCTALIA3ALUU MaH-
TUWHBIX PAcIIaBOB BO BpeMsl Kojum3uu PeHHockaHanHaBCKoro U Bonro-Capmarckoro cermenToB Boctouno-EBpo-
rietickoit Tutatcdopmsl. [IpoBeneHHOE HETaBHO NATUPOBAHUE ITUX MOPOJ YKa3bIBaeT Ha MX BO3pacT B MHTepBajie 1780—
1790 mun niet. it [1pyToBCKOTO paccioeHHOTO 10JIEPUTOBOTO MHTPY3UBa, KOTOPbIN COAEPKUT €AMHCTBEHHOE U3BECTHOE
Ha Ykpanackom mute Ni-Cu(-PGE) cynbdunnoe MectopokieHne, ojiydeH BO3pacT 1Mo GammesenTy. DTo HOBOe 3Ha-
yeHue Bo3dpacrta (1779,2 £ 6,9 MiiH JieT) B npesesax omrMOKy U3MEpEeHUsI COOTBETCTBYET Bo3pacTy 1upkoHa (1777,0 +
+ 4,7 MiH J1eT), TToJlydeHHOMY paHee IJist Toro e obpasia (Shumlyanskyy et al., 2012), u oTimgaeTcst oT Bo3pacra Iup-
koHa 1990 + 5 muta net (CxobeneB u p., 1991). Chnenan BbIBOI, YTO TIOCTIeTHEE OTpeesieHre ommnbouyHo. HoBoe 3Haue-
HME BO3pacTa Mo 0aJeIeuTy OKOHYATEIbHO MOATBEPKAAET, YTO JAHHBII MHTPY3UB OTHOCUTCS K [1pyToBcKo-HoBOr0Jb-
CKOI MarMaTU4ecKoii MPOBUHIIMHU, U TOJYEPKUBAET MOTEHI[MAJ PACCIOEHHBIX TAOOPOUAHBIX MACCUBOB 3TOI MPOBUHLIUU
B otHomeHun Ni-Cu(-PGE) cynsbunHoro opyneHenus. Hamu Takske mpoaHaJIM3MpOBaH M3OTOIHBIN COCTAB CEPhl B
cynmbGuaHbIX MUHepanax [IpyroBckoro mecropoxneHus. O6pasibl ObUT 0TOOpaHBI U3 MPUIOHHBIX PYIHBIX 3aJIEXKeN.
M30TONHEINA cocTaB cephl (BeuunHa 634S) BapbupyeT oT +0,8 10 +3,6 %o, YTO COOTBETCTBYET PAHEE YCTAHOBJIECHHOMY
Nana3oHy Bapualluii, U yKa3blBaeT HA MAHTUIHBI UCTOYHUK cepbl. U30TOMHBII cocTaB cepbl 1 U-Pb Bo3pacT yka3blBatoT
Ha ¢popmupoBaHue [IpyroBcko-HOBOroabCKoii MarMaTuyecKoil MpOBUHIIMY B YCJIOBUSIX PACTSXKEHUS, KOTOPbIE YCTAHO-
BWIKCH BcKope nociie opmupoBaHus Bocrouno-EBporneiickoii minatdopmel (bantuku).

Knroueswie crosa: 6annenent, U-Pb Bo3pacT, m30TOMHBIN cocTaB cepbl, [1pyToBCKuUii MaccuB, YKpaMHCKUI IITUT.

ISSN 0204-3548. Minepan. acypu. 2016. 38, Ne 3 101



