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The age of detrital zircon
from metasedimentary rocks of the Ternuvate strata
(West Azov block of the Ukrainian Shield)

Presented by Academician of the NAS of Ukraine O.M. Ponomarenko

The Ternuvate strata comprise metamorphic rocks that make up the Haichur arcuate structure, which is about 72 km
long. Its western part lies within the Andriivka fault zone, which separates the Vovcha and Huliaipole blocks, while the
eastern part is located within the Ternuvate fault zone, traced on the Remivka block. The rocks composing the Haichur
structure have irregular and laterally variable composition, changeable thickness, and exhibit dynamometamorphic
structures of boudinage and schistosity. The upper part of the Ternuvate strata mainly consists of metasedimentary
rocks, including gneisses, biotite schists, garnet-biotite, magnetite-amphibole, and feldspar quartzites. The lower part
comprises volcanogenic rocks such as amphibolites, metaultrabasites, and biotite-amphibole gneisses. Using the LA-
ICP-MS method, 38 zircon crystals from muscovite-biotite gneisses in the upper part of the Ternuvate strata were
analyzed. Based on the geochemical data, these zircons are metamorphosed graywackes. The zircon crystals belong
to several age populations (3.65-3.45 and 3.3-2.95 Ga), corresponding to the major stages of Archean crust formation
in the West Azov domain, including the formation of the oldest basement and granite-greenstone complexes of the
Paleoarchean and Mesoarchean ages. Identical populations of detrital zircon were found in the early Precambrian
metaterrigenous rocks of the Krutobalka Formation in the Sorokyne greenstone structure. The correspondence between
the Paleoarchean crust (3.45-3.65 Ga) of the West Azov block of the Ukrainian Shield and the Kursk-Besedine granulite-
gneiss area of the Kursk Magnetic Anomaly block is evident, while the Paleoarchean and Mesoarchean complexes (2.9-
3.3 Ga) correspond to the Mykhailivka and Orel-Tim granite-greenstone area of the Kursk Magnetic Anomaly block.
The Archean complexes of Sarmatia are of the same age as similar formations in the Kaapvaal craton in South Africa,
Bastar craton in India, North China Craton, Slave craton in Canada, and others, which formed during the Eoarchaean.
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Introduction. The Haichur arcuate structure is a complex trough-shaped structure that extends
for approximately 72 km, with a monoclinal structure present in its southern part (Fig. 1) [1]. Its
western part is located within the Andriivka fault zone, which separates the Vovcha and Huli-
aipole blocks, while the eastern part occurs in the Ternuvate fault zone, traced on the Remivka
block. The metamorphic rocks that comprise the Haichur structure exhibit irregular and lateral-
ly variable composition and changing thickness. They display dynamometamorphic structures,
including boudinage and schistosity. The Haichur structure consists of metavolcanogenic and
metassedimentary rocks, as well as granitoids that have been strongly affected by dislocation
metamorphism, and rocks from the old basement that have been displaced due to tectonic pro-
cesses. The metamorphosed volcanogenic and sedimentary rocks within the Haichur structure
belong to the Ternuvate strata, which are divided into two formations [2]. The upper formation,
with a thickness of up to 800 m, primarily consists of biotite, muscovite-biotite, garnet-biotite,
sillimanite-garnet, locally with cordierite, graphite, biotite-garnet, magnetite-tremolite-garnet
gneisses and schists, magnetite-amphibole, feldspar, and amphibole-magnetite quartzites. In
the eastern part of the structure, there are layers of amphibole-magnetite quartzites that extend
for 0.5—1.0 km [1].

The lower formation, with a thickness of up to 350 m, consists of amphibolites, metaultraba-
sites, and amphibole-biotite gneiss. The Ternuvate strata reaches its maximum thickness of 1.0 km
on the eastern flank of the Haichur structure, while the minimum thickness of about 100 m is
observed on its western flank. Paleoproterozoic granites dated at 2.2 Ga cut through the metamor-
phic rocks of the Ternuvate strata [3]. The Haichur structure is considered by the authors [1, 2] as a
greenstone structure similar to the Kosyvtseve greenstone belt, with the upper terrigenous section
of the Haichur structure having escaped denudation. On the other hand, other authors [4] suggest
that the lower part of the Ternuvate strata consists of rocks from the West Azov Group, while the
upper part belongs to the Central Azov Group.

\,v)("(/}(}‘

H/—7"/'7"
A
. )/u(/ VA

Pl
XpE Iy
"{2(//”&/5/ /

/ <

/ //

Fig. 1. A schematic geological map of the junction zone of the Huliaipole, Vovcha and Remiv-
ka blocks [1], with changes and additions
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Dh. 160 Fig. 2. Schematic log of the borehole No. 160 after [7]: I — biotite

— - 133.8 and two-mica plagioclase gneiss; 2 — two-mica gneiss; 3 — two-mi-

Smp. — _ —_]1 < sillima’nite—bearing gneiss; 4 - .silliman.ite-garnet—bio'tite.plagio-
89-227 — _ —1146.0 clase gneiss; 5 — quartzite; 6 — biotite granite; 7 — sampling interval
3 Research Objectives. The research objectives were

4 focused on reconstructing the genesis and determining
o the age of formation of the volcanogenic sedimentary

rocks within the Ternuvate strata. Due to the strong tec-
6 tonic overprint, establishing the genesis of the gneiss-

ol oMY

igg:g s and schists within the Ternuvate strata is challeng-

%gg:g ing. To determine their initial nature, the diagrams of

— 198.3 A.A. Predovskyi (FAK) [5] and AL,O, — (K,0+Na,0O)

206.0 [6] were utilized. Zircon from the biotite gneisses of the

——1209.5 Ternuvate strata was dated using the LA-ICP-MS meth-

° 12149 od (sample 89-227, borehole 160, depth 149.8-154.5 m)
——1220.0 (Fig. 2).

+—1224.7 Research methods. The research methods involved

t
¢

extracting zircon from the rock using a shaking table,
heavy liquids, and a magnetic separator to obtain a heavy
non-magnetic fraction. Zircons were then hand-picked
2454 under a binocular microscope. Zircon morphology was
studied using an optical microscope, and the internal
structure was documented using cathodoluminescence.
U-Pb isotopic data were collected using laser ablation
266.5 inductively coupled plasma mass spectrometry (LA-ICP-
MS) at the GeoHistory Facility, John de Laeter Centre,
Curtin University. Zircon standard OG1 (3465 + 0.6 Ma [8]; all uncertainties at 20) was used as
the primary reference material, and secondary standards GJ-1 (601.2 £+ 0.4 Ma [9]), and Plesovice
(337.13 £ 0.37 Ma [10]) were analyzed for comparison. The secondary standards provided weight-
ed mean **’Pb/**°Pb ages and ***U/**°Pb ages within the uncertainty of the recommended values.
The time-resolved mass spectra were reduced using Iolite 3.7™ [11] and references therein, with
final ages calculated using Isoplot. Silicate rock analyses were carried out at the IGMOF of the
NAS of Ukraine, Kyiv.

Characteristics of the studied muscovite-biotite gneiss of the Ternuvate strata. The stud-
ied muscovite-biotite gneiss from the Ternuvate strata was recovered from borehole 160, located
in the northernmost part of the Haichur arcuate structure (see Figs 1, 2). Beneath the weathering
crust, within the depth interval of 133.8-180.5 m, muscovite-bearing biotite gneiss was retrieved.
The gneiss exhibits indistinct banding, resulting from the alternation of biotite-rich gneiss with
relatively leucocratic (biotite below 10 %) gneiss variety. Feldspar is occasionally observed as
porphyroblasts, ranging in size up to 5 mm, or as lenses up to 5x6 mm. Biotite flakes vary in
size from 0.5x1.0 mm to 3x5 mm. At different intervals, biotite forms clusters, giving the rocks
a spotted structure. The gneisses are intruded by veins of aplite granite, which can reach up to
2 cm in thickness.
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Fig. 3. The FAK diagram [5] is used for the reconstruction of the primary composition of metamorphosed alu-
minosilicate igneous and sedimentary rocks. Fields of sedimentary, volcanogenic-sedimentary and mixed rocks:
I — sedimentary and mixed rocks; II — pelites; III — chemogenic silicites. A — ultrabasites; B — basites; C — sy-
enites, alkaline syenites and their effusive analogues; D — diorites, plagioclase granites and their effusive analogues;
G — granites and their effusive analogues. F = (FeO+MgO+Fe,0,)/SiO; A = AL,O, - (CaO*+K,0+Na,0), where
CaO* = CaO + CO,; K = K,O - Na,O (in molar amounts) [5]

A sample (89-227) representing muscovite-biotite gneiss from borehole 160, with a
depth of 149.8-154.5 m, was selected for the geochronological studies. It is a light gray, fine-
grained, and light-banded rock. The mineral composition (%): plagioclase — 45-60; quartz —
30-35; biotite — 10-12; muscovite — 7; opaque minerals, zircon, and apatite occur in accessory
amounts.

This rock has high silica and a low alumina content (SiO, — 78.62 %; TiO, — 0.38 %;
ALO; — 8.84 %; Fe,0, — 0.71 %; FeO — 2.88 %; MnO — 0.09 %; MgO — 1.94 %; CaO —
2.24 %; Na,0 — 1.66 %; K,0 — 1.40 %; S, — 0.10 %; P,O, — 0.12 %; H,0 — 0.15 %; LOI —
0.96 %; Total — 100.09 %).

In the FAK diagram [5], muscovite-biotite gneiss plots within the field of clastic alumino-
silicate sedimentary rocks such as subgraywackes and arkoses. It partially overlaps with the field
of felsic igneous rocks of similar composition (Fig. 3). The A,O, — (K,0+Na,O) diagram [6]
was used to differentiate subgraywacke from metamorphosed felsic and intermediate igneous
rocks. In this diagram, muscovite-biotite gneiss plots within the field of subgraywackes (Fig. 4).
Another diagram used to distinguish metaarkose and metarhyolite is the (Fe,O,+FeO+MgO)/
§i0, — (Na,0+K,0) diagram [6], where muscovite-biotite gneiss plots within the field of me-
tagraywacke (Fig. 5).

Zircon characterization. The zircon fraction from muscovite-biotite gneiss (sample 89-
227) consists of several varieties of zircon. The predominant form is elongated prismatic crys-
tals with smooth pyramid facets (60 % of the fraction). The crystals have a length along the L,
axis ranging from 0.2 to 0.35 mm, with an elongation coefficient of 2.0-3.0. They exhibit a pink
color and a matte luster. Some grains contain dark cores. Approximately 30 % of the fraction is

52 ISSN 1025-6415. Dopov. Nac. akad. nauk Ukr. 2023. No 3



The age of detrite zircon from metasedimentary rocks of the Ternuvate strata (West Azov block of the Ukrainian Shield)

170 F + Andesite

+ Dacite
+ Quartz Diorite
+ Rhyodacite

150 -
+ Rhyolite

+Alkaline
Granite

20 40 60 80 100 120 140
(K,O + Na,0), mol

Fig. 4. Diagram Al,O, - (K,O + Na,O) (molar amounts)
for discrimination of subgraywacke from intermedi-

0.12 :
o Metagraywackes /
2, 0.08| 2
°0 89-227 /
p=
+
o
()
= -

+ 0.04F "
ON
(9]
-
0 Quartzites

2 4 6 8 10
(Na,0 + K 0), %

Fig. 5. Diagram (Fe,0,+FeO+Mg0)/SiO, - (Na,0+K,0)
for discrimination of metaarkose and metarhyolite [6]

ate and felsic igneous rocks [6]. The trend in the dia-
gram indicates the change of the composition of or-
dinary sub-graywackes and arkoses with a decreasing
amount of quartz

Fig. 6. CL-images of the studied zircon crystals from muscovite-biotite gneiss of the Ternuvate strata (sample
89-227, borehole 160, depth 149.8-154.5 m), with indicated U-Pb analysis numbers (see Table) and 27pp/2%pp
isotope age, Ma

composed of pink zircon, which is more transparent and fractured, with a glassy luster and dark
cores. A small portion (10 %) of zircon grains is either equant or elongated, with a length along
the L, axis ranging from 0.15 to 0.35 mm and an elongation coefficient of 1.0-2.5. These crystals
also exhibit a pink color, a glassy luster, and transparency. The internal structure of the zircon
grains is homogeneous.

The results of geochronological studies of zircon. The LA-ICP-MS method yielded the U-Pb
ages for zircon from the muscovite-biotite gneiss in the upper formation of the Ternuvate strata. A
total of 38 crystals were dated, with 51 age determinations performed (Table, Figs 6, 7, 8). Among
them, 16 dates were highly discordant and were excluded from further consideration. The zircons
with discordant ages exhibited elevated levels of uranium, thorium, and lead. The majority of zir-
con dates (24 crystals) fall within the age range of 3.3-2.95 Ga, while the second most abundant
population (9 crystals) is dated at the age of 3.65-3.45 Ga.
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Fig. 7. U-Pb concordia diagram for zircon from musco- Fig. 8. The *”’Pb/**Pb age distribution curve for detri-
vite-biotite gneiss of the Ternuvate strata (sample 89-227). tal zircon from muscovite-biotite gneiss of the Ternuvate
Discordant results are omitted strata (sample 89-227). Only concordant results are plotted

Discussion and conclusions. This geochronological study of the muscovite-biotite gneiss
from the upper formation of the Ternuvate strata in the Haichur structure represents the first of its
kind. Based on its chemical characteristics, this gneiss is identified as metamorphosed graywacke.
Through the application of the LA-ICP-MS method, 38 zircon crystals were dated, resulting in
51 U-Pb age determinations. These zircon populations exhibit ages corresponding to significant
stages in the formation of the Archean crust in the West Azov domain. Specifically, the ages range
from 3.65-3.45 Ga and 3.3-2.95 Ga, which correspond to the formation of the oldest basement
[12—16] and the granite-greenstone complexes of Paleoarchean and Mesoarchean ages, respec-
tively [12, 17]. Similar populations of detrital zircon have been identified in early Precambrian
metaterrigenous rocks of the Krutobalka formation in the Soroky greenstone structure [18, 19].
Comparisons between the rock associations of the Ukrainian Shield and the Kursk Magnetic
Anomaly provide evidence of a correspondence between the Paleoarchean crust (3.65-3.45 Ga) in
the West Azov block and the Kursk-Besedynsk granulite-gneissic area [20, 21]. The Mesoarchean
complexes (3.3-2.9 Ga) correspond to the Mykhailivka and Orel-Tim granite-greenstone area of
the Kursk Magnetic Anomaly [22, 23]. The Archean complexes in the Sarmatia region exhibit the
same ages as similar formations found in the Kaapvaal craton in South Africa [24], Bastar craton
in India [25, 26], North China Craton [27], and Slave craton in Canada [28, 29]. These cratons
have formed since the Eoarchean period.
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BIK IETPUTOBOTO LIVIPKOHY 3 METAOCAZIOBUX ITOPIJ]I TEPHYBATCBHKOT TOBIIII
(BAXITTHOITPMA3OBCBHKIMY BJIOK VYIII)

TepHyBaTchka TOBIIA MeTaMOPdIYHMX HOpif cKasiae [aliaypcbKy CTPYKTYpy AYromnofi6Hoi ¢popMm 3aBOBKKI
6/msbKo 72 kM. [i 3axi/iHa 9acTMHA 3HAXOAUTHCA B 30Hi AH/IPIiBCHKOTO pO3NIOMY, AKMil posfinsae BoBuaHchbKmit Ta
Tynsitninbcbkuit 670Ky, a cxifHa — y 30Hi TepHyBatchkoro posnomy Ha Pemicbkomy 6moui. [Toponu, o ¢op-
MYIOTb [aii4ypCcbKy CTPYKTYpPY, XapaKTepMU3YIOTbCA CTPOKATUM Ta MiHIMBMM IIO JIaTe€pasli CKIaJOM Ta 3MiHHOIO
MOTY>KHICTIO, B HUX CIIOCTEPIraloThCsl AMHAMOCTPYKTYPU — PO3JIiH3YBaHHSA Ta PO3CIAaHLIOBaHHA. BepxHA cBiTa
TE€PHYBATChKOI TOBIIi CK/Ia/IleHa IIEPEBa)KHO META0CaOBMMM ITIOPOJAMI — THEMCAMU Ta CTIAHUAMMU 6i0TUTOBUMI,
rpaHaT-6i0TUTOBYMH, ITIMHO3EMUCTYIMY, MarHETUT-aM(}ib0TOBIMMY Ta MONBOBOIIIIATOBUMM KBapuyTamu. Hiux-
HsI CBiTa IpeCTaB/IeHa BY/IKAHOTEHHVIMU TTopofaMu — aMdibositamu, MeTaynbrpabasuraMu Ta THercamu 6io-
tut-amepibonosumu. Merogom LA-ICP-MS 6ymo npogaToBaHo 38 KpUCTaliB LMPKOHY 3 MYCKOBIT-610TMTOBUX
THEJICIB BEPXHDOI CBiTU TepHYBATCHKOI TOBILI, AKi 3a IMeTpOXiMiYHMMM HaHVMMU BifIoBifaloTh MeTaMop¢iszoBa-
HuM rpaysakaM. Cepefi HUX BUABIEHO TPU MOMYIALil IUpPKOHY — 3,65—3,45; 3,3 i 3,2—2,95 M/IpA POKiB, AKi Bifi-
HIOBifJal0Th TPHOM eTaraM GpopMyBaHH:A apXelicbKoi Kopy 3aXiHOIPUa30BChKOTO JOMEHY: YTBOPEHHIO HallJaBHi-
moro GpyHmaMeHTy Ta IpaHiT-3e/IeHOKaM STHIX KOMIUIEKCIiB I1ae0apXeiicbKoro i Me30apxeifcbKoro Biky. 3rigHo 3
pes3y/IbTaTaMi 3iCTaBlIeHH:A IOPOJHMX acolialii Ykpaincbkoro muTa Ta Kypcbkoi MarHiTHOI aHOMartii, ogeBugHa
BifMIOBiHiCTh maseoapxericbkoi kopu (3,45—3,65 mypr pokiB) 3axifgHompuasoBcbkoro 6o0ka i Kypcebko-Bece-
IVHCBKOI I'paHyJIiT-THelIcoBOI 06/1acTi, a ajieoapxeli-Me30apxelicbki koMmmiekcu (2,9—3,3 Mipp, pokiB) BifIosi-
maioTh MuxaiiniBebkiit i OpmoBcbKo-TUMCBKIN CTPYKTypaM IpaHiT-3eeHoKaM siHOI o6/acTi Kypcpkoi MaruitHOI
aHoMmaUtii. Apxericpki kommrekcu CapMaTChKOTO KOHTMHEHTY € OFHOBIKOBUMI 3 TIORIOHIMY yTBOPEHHIMU Kpa-
tony KaanBaasns y IliBgenniit A¢puui, bacrap B Inpii, ITiBHiuHo-Knraricpkoro kparony, kpatony Creiis y Kanani
Ta {HIMX, 1[0 POPMYBaINCA HOYNHAIOYY 3 €0aPXEIO.

Kntouoei cnosa: Iniiuypcoka cpykmypa, mepHysamcoka mosuia, myckosim-6iomumosuti enetic, Iynatininvcokuti
6n10x, Bosuarcoxuii 610x, Pemiscvokuti 6710k, yupxon, U-Pb 6ik, memaocadosi nopoou.
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