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The U-Pb age and hafnium isotope composition
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U-Pb BiK Ta i30TONHMI CKNaa radHilo LMPKOHY 3 meTamopgizoBaHOro
QHAE3UTY YOPTOM/LbLKOI CBITU Ta PiogauUTiB rinabicanbHoi iHTpys3ii
CypcbKoro komnnekcy (YopTomnunubkui 3eneHoKam sHNi Nosc)

I.B. AptemeHko", J1.B. LUymnsHcbknin??, [I. YUbto*, ®@. Apakos*, b. Abtonm®, I Mopeupa’

"M.P. Semenenko Institute of Geochemistry, Mineralogy and Ore Formation of the NAS of Ukraine, Kyiv, Ukraine;
2|nstitute of Geological Sciences of the Polish Academy of Sciences, Krakow, Poland; *School of Earth and
Planetary Sciences, Curtin University, Perth, Australia; “ Department of Geology, School of Natural Sciences,
Trinity College Dublin, Ireland; ° Géosciences Montpellier, Université de Montpellier, Montpellier, France

Andesites and felsic volcanic rocks are observed at all stratigraphic levels of the Konka and Bilozerka groups,
which comprise greenstone structures in the Middle Dnieper Domain. Their nature and age are still poorly
known. The youngest felsic volcanic rocks of the Solone Formation of the Konka Group and comagmatic with
the tonalite-trondhjemite-granodiorite (TTG) association of the Sura Complex hypabyssal intrusions were pre-
viously dated by the U-Pb zircon SHRIMP method at ca. 3.1 Ga. The purpose of this study is to determine the
U-Pb zircon age and geochemical features of i) metamorphosed andesites of the Chortomlyk Formation and
ii) low-alkaline metarhyodacite hypabyssal intrusions that cut the rocks of the Sura Formation of the Konka
Group. In the Chortomlyk Greenstone Belt, the thickness of volcanogenic rocks of the Chortomlyk Formation
(dacite-andesite-tholeiite association) reaches 2000 m. The youngest felsic volcanic rocks of the Solone For-
mation and comagmatic hypabyssal intrusions are located within three large volcanic fields located near the
Novomykolaivka* massif. Using the LA-ICP-MS method, U-Pb ages of two zircon populations from metamor-
phosed andesites of the Chortomlyk Formation were dated. Twenty-three crystals of transparent colourless
zircon crystals yielded a concordant age of (3222 + 6) Ma. The U-Pb age of the second population of large, brown,
opaque zircon crystals is 3132-3073 Ma. Interpretation of the obtained ages is not straightforward and at least
two options can be proposed: 1). The studied metaandesites are differentiated mafic magmas and the age of
their formation is defined by the older zircon population, and the young population corresponds to the time
of superimposed thermal processes during later intrusion of plagioclase granitoids of the Novomykolaivka
massif; 2). The age of the metaandesite is defined by the younger population, while the older population is in-
herited from the protolith. We consider the second option as being far more likely. The first option contradicts
the stratigraphic position of the dated rock. The studied metaandesite is low in potassium and belongs to the
sodium series. Relative to TTG, they have higher Nb (16.2 ppm) and Y (25.9 ppm). Rare earth elements are weakly
differentiated, (La/Yb)N = 3.91 with a strongly negative Eu anomaly, Eu/Eu* = 0.44. The U-Pb zircon age from the
low-alkaline rhyodacite hypabyssal intrusion that cuts the Sura Formation of the Konka Group is (3085 = 6) Ma.
It has a highly differentiated REE pattern, (La/Yb)N = 16.2 and a positive Eu anomaly, Eu/Eu* = 1.21. The Nb
(6.7 ppm) and Y (10.8 ppm) contents are low. They chemically resemble TTGs of the Sura Complex. Based on
our data, the andesites of the Chortomlyk Formation of the Konka Group and the low-alkaline rhyodacite
hypabyssal intrusions have the same U-Pb age, but different origins. The former were produced by the melting
of older crustal rocks, and the latter were formed due to the partial melting of metabasites with garnet-bear-
ing restite. Hafnium isotope composition in zircon from both samples reveals their juvenile nature, i.e., they
crystallized from partial melts of rocks with short crustal residence times. Our isotope data agrees with the
neodymium isotope composition of the felsic volcanic rocks of the Sura greenstone belt, which yielded Hf val-
ues of +1.8. These values are lower than the depleted mantle isotope composition at this time (3200-3000 Ma).
*Novomykolaivka massif was formerly known as Chkalove massif.
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Introduction

Andesites and felsic volcanic rocks are an im-
portant element of volcanic sequences and can
represent an indicator of the geodynamic regime
during greenstone belt formation. They occur at
different stratigraphic levels of the Konka and
Bilozerka Groups, which comprise the green-
stone belts sections in the Middle Dnieper do-
main (Semenenko et al., 1967). In the lower part
of the Konka Group (Sura Formation), thin bodies
(10s of cm) of intermediate and felsic volcanic
rocks are rhythmically interlayered with mafic
and ultramafic volcanic rocks and sedimentary
rocks (Semenenko et al., 1967). In the overlying
Chortomlyk Formation of the Konka Group, the
thickness of intermediate and felsic volcanic
rocks reaches several thousand meters (Seme-
nenko et al., 1967; Kushinov, Kuz V.D, 1988; Koliy
et al., 1990). In the Solone sub-formation at the
top of the Konka Group, only felsic volcanic rocks
occur, with a thickness of a few hundred meters
(Bobrov, 1993a, 1993b). In the Bilozerka Group,
which unconformably overlies the Konka Group,
the thickness of felsic volcanic rocks is a few tens
of meters (Semenenko et al., 1967; Strueva, Skar-
zhinskaya, 1979). The nature and age of the an-
desites and felsic volcanic rocks are still poorly
known.

Most of the previous geochronological and iso-
tope geochemistry studies of greenstone belts
in the Middle Dnieper Domain of the Ukrainian
Shield were conducted in the 1980 - early 1990s
e.g., (Shcherbak et al.,, 1987, 1989; Zhuravlev et
al., 1987; Samsonov et al., 1993). According to
these data, the maximum depositional age of the
metasedimentary rocks and the age of mafic and
ultramafic volcanic rocks in the Konka Group was
ca. 3.15 Ga. The mafic-ultramafic rocks yielded an
eNd value of 1.8. Rocks of the Solone sub-forma-
tion yielded U-Pb zircon ages of 3.14-3.10 Ga with
eNd = 1.8. The zircon U-Pb age of the trondhjemite
intrusions cutting the Chortomlyk Formation was
defined at (3115 # 10) Ma. Finally, the maximum
depositional age of the metasedimentary rocks
of the Bilozerka Group was defined at ca. 3.0 Ga.
Recent works, mostly based on the results of LA-
ICP-MS zircon dating (Bibikova et al., 2010; Arte-
menko et al., 2014, 2020, 2023, 2024) allowed max-
imum depositional ages of sedimentary rocks in
the Chortomlyk (ca. 3.1 Ga), Bilozerka (ca. 3.05 Ga)
and Vysokopillya (ca. 3.06 Ga) greenstone belts to
be defined.
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Research objectives. Previous geochronologi-
cal studies of the greenstone belts in the Middle
Dnieper Domain of the Ukrainian Shield were fo-
cused, with a few exceptions, on investigations of
metasedimentary rocks and mafic and ultramafic
volcanic rocks. The 2000 m thick dacite-andes-
ite-tholeiite association in the Chortomlyk Forma-
tion overlying the komatiite-tholeiite association
of the Sura Formation marks an important stage
in the evolution of greenstone belts in the Middle
Dnieper Domain, however its age remains unknown.
The purpose of this work was to define the U-Pb
LA-ICP-MS zircon age and the geochemical features
of metamorphosed andesites of the Chortomlyk
Formation and of hypabyssal metamorphosed dac-
ites cutting the volcano-sedimentary rocks of the
Sura Formation.

Geological structure of the study area. The Chor-
tomlyk greenstone belt is a northeast-trending syn-
cline with a total width of 15-18 km and an area of
up to 500 km? (Semenenko et al., 1967) (Fig. 1). It is
affected by folding and faulting. The most signifi-
cant structures in the belt are the Solone syncline
(1), the Kyslychuvate anticline (1), the Chortomlyk
tectonic wedge (an asymmetric, isoclinal syncline,
1), and in the south — the Hrushivka (V) and Olek-
siivka (V) tectonic wedges (see Fig. 1). In the Chor-
tomlyk greenstone belt, volcanic structures (cen-
tral and fissure types) formed on older basement
(Honchar, 1979; Bobrov, 1993a, 1993b; Kushinov, Kuz,
1988; Kornienko et al., 2001). The initial stages of
the outpouring of the komatiite-basalt lavas of the
Sura Formation were confined to linear fractures
(>30 km) associated with deep fault zones (Fig. 2). In
contrast, formation of the dacite-andesite-tholeiite
association of the overlying Chortomlyk Formation
was related to the central-type volcanoes (Bobrov,
1993a, 1993b; Kushinov, Kuz, 1988). The volcanic
rocks of the Sura and Chortomlyk formations are
intruded by plagioclase granites of the Novomyko-
laivka massif (Kushinov, Kuz, 1988). The youngest
rocks are felsic volcanic rocks of the Solone For-
mation and hypabyssal intrusions, formed with-
in three large volcanic fields located around the
Novomykolaivka massif (North-Novomykolaivka,
West-Novomykolaivka, and East-Novomykolaivka)
(Bobrov, 1993a, 1993b; Bobrov et al., 2004). In the
Middle Dnieper Domain, metamorphosed andes-
ites and felsic volcanic rocks of the Konka Group
are most voluminous in the Chortomlyk greenstone
belt, which has been less affected by erosion than
other belts.
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Research methods. Zircon was separated from
a metamorphosed andesite (sample 85-335) and a
low-alkaline metarhyodacite from a hypabyssal in-
trusion (sample 85-313) using a shaking table, heavy
liquids, and a magnetic separator to produce a heavy
non-magnetic fraction. Zircons were hand-picked un-
der a binocular microscope and their morphology was
studied under an optical microscope. The U-Th-Pb
analyses were conducted by laser ablation-inductive-
ly coupled mass spectrometry (LA-ICP-MS) on crystals
in epoxy mounts at the Department of Geology, Trini-
ty College, Dublin, Ireland. A Photon Machines Analyte
Excite 193 nm ArF excimer laser-ablation system with
a HelEx 2-volume ablation cell, coupled to an Agilent
7900 mass spectrometer was employed. Line scans
on NIST612 standard glass were used to tune the in-
strument, by obtaining a Th/U ratio close to unity and
low oxide production rates (i.e., ThO+/Th+ typically
<0.15%). A circular laser spot of 24 pm, a repetition rate
of 11 Hz and a fluence of 2.25 J/cm? were employed.

The helium carrier gas was fed into the laser cell at
~0.4 |/min', and was mixed with ~ 0.6 l/min Ar make-
up gas and 11 ml/min N,. Each analysis comprised
27.3 s of ablation (300 shots) and 12 s of wash out
time and the latter portions of the washout were
used for baseline measurements. The data reduction
of raw U-Th-Pb isotopic data was undertaken using
the freeware IOLITE package (Paton et al., 2011), with
the “Vizual Age” data reduction scheme (Petrus et
al., 2012). The primary U-Pb zircon calibration ref-
erence material was 91500 zircon (?Pb-28U age of
(1065.4 + 0.6) Ma (Wiedenbeck et al., 1995, 2004) and
the secondary reference materials were PleSovice
zircon (2°5Pb-28U age of (33713 + 0.37) Ma (Slama et
al., 2008) which yielded an age of (338.7 + 1.0) Ma
(206Pb-238U age weighted mean age, n = 109) and WRS
1348 zircon (*5Pb-28U age of (526.26 + 0.70) (Pointon
et al., 2012) which yielded an age of (526.6 *2.0) Ma
(25Pb-28U age weighted mean age, n = 130). Final
ages were calculated using Isoplot (Ludwig, 2011).

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

Fig. 1. Schematic geological map
of Chortomlyk greenstone belt
modified from (Kornienko et al,,
2001; Bobrov et al., 2004). Meta-
komatiite association: 1 — com-
plex KT-1, 2 - complex KT-2, 3 -
dunite-harzburgite association,
4 — complex KT-3, 5 — complex
KT-4, 6 — complex of shale-jas-
pilite-tholeiite SDT; 7 — metad-
acite-tholeiite-andesite ~ asso-
ciation DAT: 8 - lower complex,
9 — upper complex; 10 - rhyodac-
ite and tonalite-plagioclase gran-
ite association; 11 - subvolcanic
facies RD; 12 - hypabyssal facies;
13 - granite of the Tik massif; 14 -
granite-gneissic basement; 15 -
faults; 16 — geological boundaries.
Geological structures: | - Solone
syncline; Il - Kyslychuvate anti-
cline; Il = Chortomlyk syncline;
IV - Hrushivka tectonic wedge;
V - Oleksiivka tectonic wedge. Lo-
cations of the drill holes 088, 090
and of the samples collected for
geochronological studies (85-335,
85-313) are indicated
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Stratygraply Main rocks types Formation Group
N 7 N /
7 RD Ryolites, dacites Solone
N /7 N /
/ \ /7 N\
K
DAT Dacites, andesites, tholeiites Chortomlyk 0
N
NN\ .
SDT BIF, quartzites, metasandstones, tuff- K
sandstones, shales, metamorphosed
plagioclase tuffs and green schists. A
KT BIF, tholeiites, komatiites,
metamorphic schists Sura
Fig. 2. Schematic stratigraphic col-
DAT Dacites, andesites, tholeiites umn of the sedimentary-volcano-
genic succession in the Chortomlyk
greenstone belt (southern profile)
according to (Sivoronov et al., 1990
with modifications). Metamorphosed
74 f ] ) o associations: DAT - dacite-andes-
Plagiogneisses, amphibolites Basavluk AULY ite-tholeiite; KT - komatiite-tholei-
2( ite; K - komatiite; SDT - schist-jas-
pilite-tholeiite, RD - rhyolite-dacite

Lutetium-hafnium isotope analyses in zircon were
performed by LA-MC-ICP-MS at the MILESTONE Lab-
oratory (REGEF ISOTOP-MTP, Geosciences Montpel-
lier, France). A Thermo Scientific Neptune XT was
coupled to a Teledyne Cetac Analyte Excite+ Excimer
laser (193 nm), which was equipped with an option-
al X-Y Theta dynamic aperture allowing rectangu-
lar-shaped beams of any aspect ratio and orientation
to be generated. Analyses were carried out on top of
the U-Pb ablation pits, using a 40x40 pm beam, a la-
ser frequency of 5 Hz and an energy density of 6 )/
cm? Each analysis included a 30 s background mea-
surement and a 60 s ablation period of 60 cycles of
1's each. The accuracy and long-term reproducibility
of the measurements were gauged by performing re-
peated analyses of three zircon reference standards:
Mud Tank ("6Hf/"Hf = (0.282512 + 17), n = 55); Ple3ov-
ice (V6Hf/177Hf = (0.282485 + 15), n = 57), and Temo-
ra-2 ("Hf/"Hf = (0.282673 +24), n = 29). The data
agree with the accepted "Hf/"”Hf ratios for Mud Tank
(0.282504 + 44) (Woodhead and Hergt, 2005), PleSov-
ice (0.282482 + 13) (Slama et al., 2008) and Temora-2

(0.282680 + 24) (Woodhead et al., 2004). All errors
are given at 2 s.d.level. "Hf/"7Hf initial ratios were
calculated using the ™Lu decay constant quoted in
Soderlund et al. (2004). Only analyses with a precision
better than 150 ppm (2 s.d.) were considered for this
study. eHf(t) values were calculated using "Lu/"’Hf =
0.0336 and "eHf/"’Hf = 0.282785 for the CHUR (Bouvier
et al,, 2008).

Research results. Volcanogenic rocks of the
Chortomlyk Formation were described as a dif-
ferentiated dacite-andesite-tholeiite association
(Sivoronov et al., 1981a, 1981b; Kushinov, Kuz,
1988; Lobach-Zhuchenko et al., 1988;). The forma-
tion is dominated by the packs comprising multi-
ple repetitions of andesite + basalt paragenesis.
The three-component basalt + andesite + dacite
paragenesis is of subordinate importance (Kush-
inov, Kuz, 1988). Metamorphosed andesites of
this formation were studied from Drill hole 088,
drilled in the central part of the Chortomlyk struc-
ture, where andesites alternate with dacites in the
section (Fig. 3).
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Drill hole 088 Drill hole 090
NZASY 104,2 \\/\ 7 60,0 1
N Sample_| 7 \
sample | 7,87 85313 |7\ s
85-338 T™—2Z \ 7 o/~ ~
RN NIANG 2
/N s N 7
N/ N 7/ /7 N\ \
, \ \ ~ , Ve N \ ~ /, \/ v S
Sample \\/’\\/ > > 2 106,9 - 3
85-335 D 158,0 —/ — "
A"l 1600 - =
PRI By S 4
169,7 —/
N/ N/
N
m
NN \/ — — ]
>l 1947 — {1507
A A A ' - 1
A A il m 1553 EI 6
~on — — 172,7
A A A J—
AN I
= = 188,7
U o] 1913
~ A~ A~ 2384 vV VvV Vv y
A A — — 197,7
\\/ N /| 2472 — 205,0
~N 7 - -
/N 7/ \ —_ T =
N - N J—
NS - - — Fig. 3. Schematic geological log of
N / _ - _ the drill holes 088 (Solone syn-
S :\ VERVERA LY cline) and 090 (Oleksiivka tectonic
N - _ = 2391 wedge) in the Chortomlyk green-
NANG oo o] 2475 stone belt (Kushinov, Kuz, 1988):
PARAN v v 1- metadacite and rhyodacite; 2 -
LT, NERVERY metaandesite; 3 - amphibolite; 4 -
31,5 v v serpentine-talc, talc rock; 5 - chlo-
v v v rite-tremolite, tremolite schists;
A 6 - quartz-biotite-plagioclase
vov.ov schist, plagioclase-hornblende,
vvvvv 302,7 quartz-muscovite-biotite-
=== 3530 plagioclase, biotite microgneisses
a) b)

Fig. 4. Photomicrographs under cross-polarised light of metamorphosed quartz-plagioclase porphyrite (andesite) of the Chortomlyk For-
mation of the Konka Group: a) drill hole 088, depth 158,5 m; b) drill hole 088, depth 160 m. Images are taken using an ECLIPSE LV100 POL
polarizing microscope

Metaandesite, sample 85-335 (Chortomlyk For- phenocrysts are represented by quartz and pla-
mation of the Konka Group, drill hole 088, depth gioclase. The mineral composition (vol. %) of the
158,0-160,9 m). The rock has a schistose structure. groundmass: chlorite — 6; muscovite - 7; carbon-
The texture is blastoporphyritic with lepidograno- ate - 15-18; quartz + albite - 70; biotite — 1; magne-

blastic texture in the groundmass (Fig. 4, a, b). The tite, apatite, zircon - single grains.
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1000

—0O—85-335 —8—85-313

100

Rocks / Chondrite

10

1 T T T T T T
La Ce Pr Nd Sm Eu

Tb Dy Ho Er  Tm Yb Lu

Fig. 5. Chondrite-normalized REE pattern for the metamorphosed andesite (sample 85-335) of the Chortomlyk Formation and meta-
morphosed low-alkaline rhyodacite hypabyssal intrusion (sample 85-313). Chondrite composition is after Sun & McDonough (1989)

In terms of chemical composition, they corre-
spond to andesite of the calc-alkaline series (Na,0/
K,O = 3.8) (Bogatikov, Gonshakova, 1987) (Table 1).
They are high-magnesian, Mg# = 0.49, and poor in Rb
(31.7 ppm), Sr (92.2 ppm), Ba (81.9 ppm), as well as in
transition elements V (5.68 ppm), Cr (10.4 ppm), Ni
(15.7 ppm) (Table 2). They are rich in Nb (16.2 ppm)
and Y (25.9 ppm). Rare earth elements are weakly
differentiated, (La/Yb)N = 3.9, with a strongly nega-
tive Eu anomaly, Eu/Eu* = 0.44 (Fig. 5).

There are two populations of zircon crystals in
the andesite: small, transparent, colorless and
large, brown, opaque. The average size of the small
transparent zircons is 0.6 x 0.03 mm. Shapeless zir-
con grains predominate; subhedral zircon is much
less common. Their internal structure is homoge-
neous. Crystals of brown opaque zircon reach a size
of up to 0.25 x 017 mm. They exhibit a zonal struc-
ture (Fig. 6).

A total of 30 zircon crystals were analysed in this
sample (Table 3). Of these, 24 small transparent co-
lourless zircon crystals were dated and a concor-
dant age of (3222.3 + 6.0) Ma was calculated for 23
zircon crystals (Fig. 7). The U-Pb ages of six large,
brown, opaque zircons range from 3132-3073 Ma
(Table 3). The concordia age of the three youngest
results is (3082 + 10) Ma.

The hafnium isotope composition was measured
in 10 spots, 6 of them represent zircons having a
concordant age of (3222 * 6) Ma, while the rest was
obtained for crystals with younger ages. All zircon
crystals irrespective of their age yielded positive
eHf values, varying from +3.2 to +1.5 (Table 4, Fig. 8).

Table 1. Chemical composition of the volcanic and intrusive
hypabyssal rocks, Chortomlyk greenstone structure

Oxides, % 1/ 2/
85-335 85-313
SiO2 59.02 68.67
TiO, 0.76 0.46
ALO, 14.06 16.22
Fe,0, 0.79 2.27
FeO 6.05 1.87
MnO 014 0.07
MgO 3.67 2.02
Cao 5.02 1.51
Na,0 3.80 4.0
K,0 1.00 0.99
PO, 030 0.08
Stot. 0.10 =
co, - 176
H,O" 0.02 0.09
LOI 5.16 012
Total 99.89 100.13
Mgt 0.49 0.48

*Note. 1- metamorphosed andesite, Chortomlyk Formation, Solone syncline, drill
hole 088, depth 158-160.9 m (sample 85-335); 2 - metamorphosed low-alkaline rhyo-
dacite hypabyssal intrusion, Oleksiivka tectonic wedge, drill hole 090, depth 65-97 m
(sample 85-313). Mg# = Mg/(Mg+Fe) (molar ratio).
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Table 2. Trace element composition of volcanic and intrusive
hypabyssal rocks from the Chortomlyk greenstone belt

Concentration,

ppm

cr 10.4 93
Co 21 18.9
Ni 15.7 38
Cu 15.2 102
Zn 88 245
Ga 15.5 -
Rb 32 39
Sr 92 171
Y 259 10.8
zr 175 121
Nb 16.2 6.7
Mo 2.5 0.9
Sb 011 =

Cs 0.44 140
Ba 82 294
La 26.9 13.6
Ce 571 241
Pr 6.61 2.62
Nd 253 9.97
sm 5.91 1.90
Eu 0.92 0.69
Gd 6.80 1.59
Tb 115 0.22
Dy 7.22 1.26
Ho 1.59 0.23
Er 5.20 0.61
Tm 0.74 0.09
Yb 493 0.60
Lu 0.80 0.09
Hf 8.52 3.28
Ta 1.29 0.62
W 0.52 -

Pb 2.63 4.57
Th 6.92 3.52

Fig. 6. Optical image of the studied zircon crystals from meta-
u 1.70 0.90 andesite of the Chortomlyk Formation (Chortomlyk greenstone
structure, drill hole 088, depth 158.0-160.9 m, sample 85-335) with

ZREE 151.17 57.57 location of U-Pb analytical spots indicated (see Table 3)
(La/Yb)N 3.91 16.2
Eu/Eu* 0.44 1.21
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The U-Pb age and hafnium isotope composition of zircon from metamorphozed andesite of the Chortomlyk Formation and rhyodacite hypabyssal intrusion of the Sura Complex, Chortomlyk Greenstone Belt
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Fig. 7. U-Pb diagram for concordant zircon from metaandesite of the Chortomlyk Formation (sample 85-335, drill hole 088, depth
158.0-160.9 m). A - all obtained data. Dashed ellipses indicate results obtained for big brown zircon grains; B - concordant data from

the small, colourless population

Fig. 8. Hafnium isotope composition in the studied samples of metaandesite (sample 85-335, drill hole 088, depth 158.0-160.9 m) and

rhyodacite (sample 85-313, drill hole 090, depth 65-97 m)

Low-alkaline metarhyodacite (sample 85-313)
was collected from a hypabyssal body intruding
the sedimentary-volcanogenic rocks of the Sura
Formation (Oleksiivka tectonic wedge, Dh. 090,
depth 65-97 m) (see Fig. 1, 3). The texture is por-
phyritic and the phenocrysts are represented by
quartz and plagioclase (Fig. 9). The groundmass is
fine-grained and composed of quartz, plagioclase,
biotite, muscovite, opaque minerals, apatite and
zircon.

In terms of chemical composition, this rock be-
longs to the sodium series (Na,0/K,0 = 4.0) (Boga-
tikov, Gonshakova, 1987) (see Table 1). It is highly
magnesian, Mgt = 0.48. REEs are differentiated with
(La/Yb)N = 16.2, and a positive europium anoma-
ly is observed with Eu/Eu* = 1.21 (see Fig. 5). The
rock is poor in Nb (6.7 ppm) and Y (10.8 ppm), has
moderate concentrations of Ni (38 ppm) and Cr
(93 ppm), and relatively rich in Cu (102 ppm) and Zn
(24.5 ppm) (see Table 2).
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Table 4. Results of Hf isotope composition studies of zircon from volcanic and intrusive hypabyssal rocks, Chortomlyk greenstone structure

T(DM)(felsic’Ma

Y Y= = (o
I I L T
E g g E
) =] 8 =
T = > T
2 2 2 2

eHf,
20
T(DM), Ma

Sample 85-335, metamorphosed andesite, drill hole 088, depth 158-160.9 m

1 3129 0.280875  0.000007 0.001089  0.000013  0.029739 0.280824 21 0.5 3286 3348 3507
2 3174 0.280915 0.000015  0.002425  0.000140  0.080789  0.280781 17 12 3349 3409 3580
3 3222 0.280849  0.000012  0.001752 0.000032  0.049454  0.280755 1.9 0.9 3379 3438 3595
4 3222 0.280857  0.000009  0.002012 0.000044  0.058114 0.280746 1.6 0.7 3392 3454 3623
5 3222 0.280849  0.000009 0.001483  0.000014  0.045045  0.280771 2.5 0.6 3356 3406 3541
6 3222 0.280839  0.000009  0.001782 0.000025  0.050279 0.280743 1.5 0.6 3396 3460 3634
7 3222 0.280859  0.000011 0.001373 0.000023  0.037976 0.280788 3.1 0.8 3333 3376 3488
8 3222 0.280902  0.000010  0.002019  0.000041 0.057164 0.280790 3.2 0.7 3331 3370 3479
9 3090 0.280904  0.000009 0.001024  0.000043  0.027937 0.280857 2.4 0.7 3242 3302 3457

10 3110 0.280887  0.000007  0.000585  0.000005 0.015605 0.280866 3.2 0.5 3229 3277 3399

Sample 85-313, metamorphosed low-alkaline rhyodacite from the hypabyssal intrusion, drill hole 090, depth 65-97 m

1 3086  0.280907 0.000008 0.000842  0.000015  0.022289  0.280871 2.8 0.6 3223 3277 3417
2 3086  0.280894  0.000009 0.000871 0.000012  0.024867  0.280856 2.3 0.7 3243 3305 3465
3 3086  0.280875  0.000008 0.000558  0.000007  0.015187 0.280856 2.3 0.6 3242 3306 3466
4 3086  0.280893  0.000008 0.000870  0.000013  0.023537 0.280855 2.2 0.6 3244 3307 3468
5 3086 0.280896  0.000008  0.000651 0.000013  0.017274 0.280871 2.8 0.6 3222 3277 3417
6 3086  0.280885  0.000008 0.000437  0.000011 0.011353 0.280873 29 0.6 3219 3274 341

7 3086 0.280892  0.000008 0.000682  0.000009 0.019005  0.280866 2.6 0.6 3229 3287 3433

Fig. 9. Photomicrograph of metamor-
phosed low-alkaline rhyodacite from
hypabyssal intrusion (Oleksiivka tec-
tonic wedge, drill hole 090, depth 65-
97 m, sample 85-313). Images are taken
using a ECLIPSE LV100 POL polarizing
microscope with crossed analysers

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers 13
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Fig. 10. An optical image of the studied zircon crystals from the
metamorphosed low-alkaline rhyodacite (Chortomlyk green-
stone belt, Oleksiivka tectonic wedge, drill hole 090, depth
65-97 m, sample 85-313) with location of U-Pb analytical spots
indicated (see Table 3)

G.V. Artemenko, LV. Shumlyanskyy, D. Chew, F. Drakou, B. Dhuime, H. Moreira

Zircon forms short-prismatic crystals with poor-
ly defined facets. They are light brown and trans-
parent to semi-transparent and zoned. In terms of
their appearance, they resemble zircon of the sec-
ond population, described in the previous sample.
The zircon contains apatite inclusions (Fig. 10).

A total of 27 zircon crystals were analysed, eight
of them were analysed in two spots (see Table 3).
An upper intercept isochron age of (3086 * 6) Ma
was calculated for this sample (Fig. 11). The
weighted mean 2Pb/2°6Pb age for these results is
(3087.9 £ 3.9) Ma. Hafnium isotope composition was
measured in 7 spots, all of which yielded positive
eHf values of 2.8 to 2.2 (see Table 4).

Discussion of the results
and conclusions

Results of the U-Pb dating and Hf isotope mea-
surements in zircon from the rocks of the Chorto-
mlyk Formation shed new light on the evolution
of greenstone magmatism in the Middle-Dnieper
Domain of the Ukrainian Shield. Geochronological
studies of metaandesite of the Chortomlyk For-
mation of the Konka Group and hypabyssal intru-
sions of quartz-plagioclase porphyry (rhyodacite)
of TTG of the Sura Complex were carried out. The
prevailing zircon population in the metaandesite of
Chortomlyk Formation (sample 85-335 is represent-
ed by relatively small transparent colourless crys-
tals. This population yielded a concordant age of
(3222 + 6) Ma. This is the oldest age so far obtained
for the rocks comprising the greenstone belts in
the Middle Dnieper Domain. This age is older than
those obtained for the TTG gneisses ((3196 + 13) Ma
and (3079 + 9) Ma) and amphibolites ((3181 + 5) Ma
and (3078  17) Ma) of the Auly Group (Samsonov
et al., 1996) which comprises the basement to the
greenstone belts. An age identical within age un-
certainty of (3227 + 9) Ma was obtained for tonalite
of the Dnipro Complex that intrudes supracrustal
rocks of the Auly Group (Bobrov et al., 2008).

The second zircon population in the meta-
andesite comprises relatively rare large, brown,
opaque zircon crystals that resemble those found
in hypabyssal intrusions cutting through the rocks
of the Konka Group (sample 85-313). Zircon of
this population are younger and yielded an age
of 3132-3073 Ma. The concordia age of the three
youngest results is (3082 + 10) Ma. The interpre-
tation of the ages obtained in this sample is not
straightforward and at least two options can be
proposed:
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Fig. 11. U-Pb diagram for zircon from the metamorphosed
low-alkaline rhyodacite hypabyssal intrusion (Chortomlyk
greenstone structure, Oleksiivka tectonic wedge, Dh. 090,
depth 65-97 m, sample 85-313)

1. The studied metaandesites are differentiated
mafic magmas and the age of their formation is
determined by dating the older zircon popula-
tion and the younger population corresponds
to the time of superimposed thermal processes
during the intrusion of later plagioclase granit-
oids of the Novomykolaivka massif.

2. The age of the metaandesite is defined by the
younger population, while the older population
is inherited from the protolith. We consider the
second option as being far more likely. In this
case, the age of the metaandesite can be defined
as (3082 + 10) Ma. The first option contradicts the
stratigraphic position of the dated rock.

Two models of the formation of andesites and
felsic volcanics of the Chortomlyk Formation have
been proposed. Lobach-Zhuchenko and Malyuk
(1988) believed that magmas of the andesite-ba-
salt, andesite, and possibly dacite composition of
the Chortomlyk Formation could have formed as a
result of differentiation of tholeiitic magmas ac-
cording to the Bowen’s trend. Another model was
presented by Malyuk and Sivoronov (1990) accord-
ing to which andesites and felsic volcanic rocks of
the Chortomlyk Formation could have formed as a
result melting of the basement of the greenstone
structure during the heating of the upper crust
up to 800-900 °C. Our data indicate the origin of
andesites of the Chortomlyk Formation due to the
melting of the older crust.

The age of zircon from the rhyodacite hypabyssal
intrusion is 3085 + 6 Ma, well in the range of ages de-
fined for igneous rocks composing greenstone belts
in the Middle Dnieper Domain by other researchers
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(Shcherbak et al., 1987, 1989; Zhuravlev et al., 1987;
Samsonov et al., 1993; Artemenko et al,, 2023). It is
also in good agreement with our preferred age of
the metaandesite. In terms of chemical composi-
tion, the rhyodacite is similar to rocks of the TTG as-
sociation of the Sura Complex. Their primary melts
could have formed as a result of partial melting of a
metamorphosed mafic precursor with residual gar-
net and/or amphibole (Samsonov et al., 1993).

The hafnium isotope composition in zircon from
both samples reveals their juvenile nature, i.e., they
crystallized from the melts produced by partial
melting of rocks with short crustal residence times.
Our isotope data agrees with the neodymium iso-
tope composition of the metavolcanic rocks of the
Sura greenstone belt, which yielded €Hf values of
+1.8. These values are below the depleted mantle
isotope composition at this time (3200-3000 Ma).
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AHAE3MTY Ta KMCSi BYNKAHIYHI MOPOAYM CNOCTEPiraloTbCs Ha BCiX cTpaTUrpadiuHmX piBHAX KOHKCbKOT Ta 6ino3epcbKol cepin, Aki
CKNafalTb 3eNeHOKaM'sHi CTpYKTypyu CepeaHbONpPUAHINPOBCbKOrO AOMEHY. iX NpUpoAa Ta i30TOMHMN BiK AOCHIAXKEH We Ayxe
cna6o. HanmonoaLwi Kucni BynkaHiuHi NOpoANM CONOHIBCbKOT CBITW KOHKCbKOI cepil Ta rinabicanbHi iHTPy3ii, KOMarmaTu4Hi go
TOHaNIT-TPOHA'EMIT-rpaHogiopuTosoi (TTI) acoujiauii CypcbKoro KOMNeKcy 3a faTyBaHHAMU LUMPKOHY meTogom SHRIMP matoTb
BiK 3,1 MNpa pokiB. MeTo LbOro AOCNiIAXEHHA € BU3HAUeHHS U-Pb BiKy 3a LMPKOHOM Ta reoXimiuHUX 0co6AMBOCTEN | MeTaMop-
thisoBaHMUX aHAE3UTIB YOPTOMMULbKOI CBiTU Ta il MeTaMopdi3oBaHUX HU3bKOMYXHUX PiofaUMTIB rinabicanbHUX iHTPY3in, AKi
NpopnBaloTb NOPOAN CYPCbKOI CBITW KOHKCbKOI cepii y YopTOMAMLbKOMY 3€1€HOKaM AHOMY NOSACI. Y Wil CTPYKTYPi MOTYXHiCTb
BY/IKAHOr€HHNX NOPiA YOPTOMAULLKOI CBiTH (JauuT-aHae3uT-ToneiToBa acouiauia) gocarae 2000 M. Hanmonoguwi KUCAi BynKaHi-
TN COMOHIBCbKOI CBiTU Ta KOMArMaTUYHi J0 HUX rinabicanbHi iHTPY3iT po3MillleHi TYT y MeXax TPbOX BENUKUX BYNIKAHIYHMX NONiB,
po3TaloBaHuUX nNo nepudepii HoBommkonaiBcbkoro* macusy. Metogom LA-ICP-MS BM3HAUEHO i30TOMHUIA BiK ABOX MOMyNALiN
LMPKOHY 3 MeTaMopi30BaHMX aHAE3UTIB YOPTOMULKOI CBITK. 3@ 23 KpUcTanamu npo3oporo 6e36apBHOr0 LMPKOHY Nepioi
nonynauii otpumano U-Pb Bik (3222 + 6) miiH pokis. U-Pb Bik apyroi nonynauii BeNnkux, KOPUUHEBUX, HEMPO30OPUX KPUCTANiB
LMPKOHY carae 3132-3073 MNH poKiB. IHTepNpeTaLis OTPMMaHMX 3HaUeHb BiKy HE € OAHO3HAYHOI i MOXHA 3anNpPOoMoHyBaTW Npu-
HaWMHi aBa ii BapiaHTu: 1) 4OCNiMKYBaHI MeTaaHAe3NTN € audepeHuiatamm MadiToBOT Marmu i Bik X yTBOPEHHA BM3HAYAETbCA
[JaTyBaHHAM JABHbOIT MONyNALiT LMPKOHY, @ Mosioga nonynsuia BiANOBIAAE Yacy HAaKNAAEHMX TENNOBUX NPOLECIB Nif yac iH-
Tpy3ii ni3Hiwmnx nnariorpaHitoigie HOBOMMKOMATBCLKOrO MAcKBY, Ta 2) BiK MeTaaHAE3UTY BU3HAYAETbCA MOJIOAOKD MONYNALI€El,
a APeBHA — € YCMaAKOBAHO0 Big NPOTOMITY. M BBAXXAEMO, WO APYrMiA BapiaHT € 6inbll NMOBIpHUM. Meplunin BapiaHT cynepe-
YnuTb CTpaTUrpaciuHOMy MOMOXEHHIO 4AaTOBAHOI NopoAun. [locnigXeHi MeTaaHAe3UTU YOPTOM/IMLBKOT CBITM € HU3bKOKAiEBUMM
i HanexaTb [0 HaTpieBoi cepil. BiaHocHO TTI B HUX nigsuuweHnii Bmict Nb (16,2 ppm) i Y (25,9 ppm). PigkicHo3emenbHi enemeHTy
cnaboandeperuinoBaHi — (La/Yb)N = 3,91 3 rMn60oKot HeraTUBHOK EBPOMNIEBOIO aHOManieo — Eu/Eu* = 0,44. BiK LWPKOHY 3 HU3b-
KOMY)XXHOrO piofauuTy 3 rinabicanbHol iHTpy3il, AKMIA NPOPUBAE CYPCbKY CBITY KOHKCbKOI cepil (OneKciiBcbka TEKTOHIUHA NycKa),
CTaHOBMTb (3085 * 6) M/TH POKiB. HN3bKOMYXXHi PiOAALMTM XapaKTepM3yTbCsA CMIbHO andepeHuiiosanmmm P3E - (La/Yb)N = 16,2
Ta NO3UTMBHOI EBPOMIEBOIO aHOManiew — Eu/Eu* = 1,21. B HUX HM3bkuin emict Nb (6,7 ppm) i Y (10,8 ppm). 3a reoximiunmmu xa-
paKTEPUCTUKAMMN BOHM aHaNoriuHi go nopig TTI cypcbKoro Komnnekcy. 3rigHo 3 OTPMMAHUMU JaHUMU, AHAE3UTU YOPTOMULKOT
CBITU KOHKCbKOT Cepii Ta HU3bKOMYXXHi piofaunTm rinabicanbHuUx iHTPy3in MmatoTb ogHakoBui U-Pb BiK 32 LMPKOHOM, ane pi3HUN
reHesuc. Mepwi BUNnaBmnuch 3 6inbll AaBHIX KOPOBUX MOPiA, @ APYri — YTBOPUANCL NMPX YACTKOBOMY NAaBMNEHHI MeTa6asuTiB
3 peCcTUTOM, L0 BK/IOUYAB rpaHaT. I30TONHUIA CKNag radHiio B LMPKOHI 060X JOCMIAXKYBAHUX 3PA3KiB CBIAYMTb NPO X OBEHINbHY
npupoay, TO6T0 BOHM KpUCTanisyBanucs 3 po3nnasiB, yTBOPEHNX B Pe3yNbTaTi YaCTKOBOTO MaBMeHHS MOPiA 3 KOPOTKUM Yacom
nepebyBaHHA y Kopi. Hawi i30ToNHi AaHi y3romxyoTbcs 3 i30TONHUM CKNAAOM HEOAUMY KMCIUX BYNKaHIUYHUX nopia CypcbKoro-
3e/IeHOKaM'AHOro NOoACY, AKMI AaB 3HaUYeHHA € Hf +1,8. Lli 3HaueHHA Aaneki Big MoAeNbHOro i30TONHOrO CKNagy 36iaHeHOT MaHTil
uboro Biky (3200-3000 M/IH pOKiB).
*Hoeomukonaiecbkuli macue paHiwe 6ye gidomuli sk Ykaniecbkuli macuse.
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