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AGE SPAN FORMATION IN GRANITOIDS OF UKRAINIAN SHIELD

(Mpedcmaenexo 4neHom pedakyiliHol konezii 3-pom 2eon. Hayk, npogh. O.B. MumpoxuHum )

The paper discusses Berdychiv type granitoids that have always stirred up interest among researchers of the Ukrainian Shield.
These rocks include minerals that are uncharacteristic of granites - cordierite, sillimanite, andalusite - and are closely related to
rocks of the supposed substratum. At the same time, there still remain questions about the genetic nature of Berdychiv granites.
Despite the fact that most researchers treat these granites as intrusive (anatectic) formations, there are other concepts according
to which these granites are considered to be the products of metasomatic transformation (magmatic replacement) of primarily
argillaceous and marly series of substratum.

The Stryzhavka open pit, which is located in the Upper Bug region of the Ukrainian Shield displays differently cataclised porphyry-like
plagiogranitoids (predominantly, garnet-bearing varieties in its southwestern area, locally rock-forming potassic feldspar varieties), and
garnet-bearing leucocratic granites similar to those of Berdychiv type granites.

The monazites of biotite-garnet granodiorite and biotite-garnet granite were dated by uranium-lead (U-Pb) isotopic dating method. The
monazite of granodiorites is dated 2049,3+3,5 million years based on the upper intersection of concordia with discordia. Significantly lower
values of age (about 15 million years younger) for the monazite selected from granite, approximating 2035,1%+1,9 million years were
established.

We assume it to be caused by prolonged crystallization of granitic melt and rather early crystallization of more basic granodioritic
magma in comparison with granitic one. Thus, the duration of the granitoid formation uncovered in the Stryzhavka open pit exceeds 15
million years, which correlates accurately with the estimates for occurrence duration of the granitic melts, which gave rise to various

granites of the Ukrainian Shield.

Keywords: Ukrainian Shield, Upper Bug, isotopic age, Berdychiv granite, monazite.

Introduction. Berdychiv type granitoids have always
generated considerable interest among researchers, for
these granites are closely associated with the rocks of the
supposed substratum and contain minerals uncharacteristic
of granites — cordierite, sillimanite, andalusite. Besides, the
likely genetic nature of these granites still remains topical
and poorly understood. Some researchers treat Berdychiv
type granites as typical intrusive (anatectic) formations,
while others consider them to be derived from metasomatic
alteration (magmatic replacement) of primary argillaceous
and marly depositions of the substratum. Also, surprising is
the fact that chemical composition of these rocks type
remains almost constant or similar over a large area of their
distribution within the Dniester-Bug mega-block of the
Ukrainian Shield. This can be treated as possible evidence
that PT-conditions for crystallization are consistent or similar
within various locations of Berdychiv type granites.

In 2013, the Stryzhavka open pit was ventured for field
geological excursions in the course of scientific conference
"Granitoids: conditions of formation and their ore-content".
This open pit fully exposes possible varieties of Berdychiv
type granitoids. During the conference run-up, rocks were
sampled for laboratory research and relations between the
established granite varieties were studies in detail. This
paper shares laboratory findings on the monazite age
obtained by uranium-lead dating of the monazites samples
from Berdychiv type granitoids. The Stryzhavka open pit and
its rock varieties outcropped are assumed to be attractive for
geological excursions.

Paper aim. This paper is aimed at estimation of age
span formation between early and evolved granitic varieties

of the Stryzhavka open pit, that typical of the most granitoid
complexes of Ukrainian Shield.

Objects and methods of research. To distinguish the
ages and time span formation in granitoid varieties that can
refer to Berdychiv type granitoids (also characterized as
garnet-bearing granitoids uncommon to the Ukrainian
Shield) uranium-lead isotopic systems are studied in the
monazites selected from the biotite-garnet granodiorite
(sample 14/13), which are outcropped at the western edge
of the Stryzhavka open pit, and those selected from the
biotite-garnet granite (sample P-2), which are located at the
open pit southern edge.

Age is dated according to classical and widely used
uranium-lead methodology. Accessory monazites are
studied by U-Pb isotopic method on the Ilaboratory
equipment at the Department of Radiogeochronology of
IGMOF, NAS of Ukraine. Multigrain fractions of monazite
grains are selected manually under optical binocular.
Selected samples (weighed amounts) are preliminary
treated by chemical reagents according to modified
technique published in papers (Krough, 1973; Scherbak et
al.,1989). Uranium and lead contents are determined by
using mixed (U235+Pb2%%) tracer.

Isotopic ratios are analyzed at multicollector static mode
on 8-collector mass spectrometer MI-1201AT. Mathematical
calculations are carried out applying Pb-DAT and ISOPLOT
programs (Ludwig, 1989; 1990). Normalized age is in error
by 20. To verify zircon metrological parameters standard,
"IGMOF-1" is used (Bartnitsky et al., 1995).

The Stryzhavka open pit is located to the east of
Zhytomyr-Vinnytsia motorway, to the south of Stryzhavka
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village (Fig. 1). Among the main varieties of rocks uncovered
by open mining, there are differently cataclised porhyry-like
plagiogranitoids (south-western edge of the open pit), which
predominantly include garnet and, rarely, potassic feldspar
as rock-forming minerals, and also garnet-bearing
leucocratic granites, which are very similar to Berdychiv type
granites. Granitoids vary in composition depending on the
content of quartz and garnet from pure granite to
granodiorite. They are also characterised by different
percentage of potassic feldspar and plagioclase presence.
The western edge of the Stryzhavka open pit indicates
the presence of separately layered zones of greenish-gray
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plagiocharnokites, and garnet-biotite granitoids (vinnytsite-
like rocks). The latter include xenoliths of pyroxene-biotite
crystalloschists and garnet-biotite gneisses. Locally, there
occur Berdychiv type biotite-garnet granitoids - light gray,
medium-grained, gneissic and indistinctly porhyric rocks.
Among the granitoids, there are also found small-sized
pyroxene crystalloschists (within 12 m). Morphologically,
these are lens-shaped and rarely isometric bodies, which
constantly show sharp and distinct contacts with host rock.
In  composition, biotite-garnet and biotite-hypersthene
varieties are predominant among plagiogneisses.

Fig. 1. Stryzhava open pit, satellite image. Location of granitoid samples studied geochronologically:
1 — sample 14/13, western edge of open pit; 2 — sample P-2, southern edge of open pit

Berdychiv type biotite-garnet granites might also be found
at the southern edge of the open pit, but these varieties of
granites contain much less xenoliths and are more leucocratic
in appearance. The detailed description of the Stryzhavka open
pit and rock varieties distributed here might be found in the
Excursion Guide (Stepanyuk et al., 2013).

Biotite-garnet granodiorite (sample 14/13, the
Stryzhavka open pit) is gray unevenly granular cataclised
rock which includes (%): 40-45 % plagioclase, 15-20 %
quartz, 10-15 % potassic feldspar, about 10 % biotite, and
about 5 % garnet. Among accessory minerals there are
observed apatite, zircon, and monazite. The rock shows

Fig. 2. The Stryzhavka open pit, western edge. Location o sample 14/13

porhyry-like structure with fine-grained granoblastic and
local lepidogranoblastic groundmass. The texture is
massive and slightly directive (Fig. 3).

The plagioclases are presented by strongly
saussuritized porphyroblasts, small unaltered grains of
groundmass and single isometric grains of strongly
saussuritizated plagioclase that occur within potassic
feldspar agrregates.

Potassic feldspar may form both quite big (up to 4 cm in
size) porphyroblastic grains that are intensively pelitized and
rather small unaltered grains of rock groundmass.
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Fig. 3 Granodiorite. Sample 14/13:

a — polished section image; b — image under microscope at crossed nicols

Quartz commonly forms small grains (0,1-0,2 mm) in rock
groundmass. Rarely, mineral aggregates are composed of
small quartz grains (1-2 mm) or agregates which are supposed
to be formed as a result of large grains disintegration.

Garnet forms sizable grains (2-5 mm) and locally occurs
as intergrowths with biotite.

Biotite is presented by two varieties. The first one occurs as
highly deformed flakes which show brown-yellow pleochroism
and different degree of chloritization. The second variety occurs
as small flakes of green color. It commonly forms aggregates
with feldspars and quartz in rock groundmass which usually
look like schlieren, lenses or bands.

The rock has the following chemical composition (wt. %):
Si02-63,98, TiO2—-0,89, AlO3—15,27, Fe203—1,88,
FeO-5,15, MnO-0,13, MgO-2,03, CaO-2,28,
Naz20 - 3,41, K20 - 3,32, P205- 0,06, S— 0,13, H.0- 0,28,
LOI- 0,88, Total — 99,69.

Monazites form two types of crystals: green-yellow
transparent (about 5 %) and dark (almost black) non-
transparent ones (about 95 %). There are gradual
transitions between these two types. Black varieties of
crystals have complex structure with transparent core and
black opaque margin. Black crystals show cake-like
morphology and are characterized by rounded contours.
After treating monazites by weak solution of hydrochloric
acid black, pitch-black crystal varieties became covered with
white crusts.

In thin section the monazite crystals are found rather in rock
groundmass than as inclusions in quartz or potassic feldspar.

The age of biotite-garnet granodiorite is determined by
uranium-lead isotopic method on green-yellow crystals
selected manually under binocular. The contents of
uranium, lead and their isotopic ratio are determined by the
weighed amount of several multigrain fractions of monazite,
which are shown in Table 1.

Table 1
Uranium-lead content and isotopic composition of lead in monazites from Berdychiv type granitoids.
Sample 14/13, Stryzhavka open pit
Fraction Content (ppm) Isotopic ratios Age, Ma

an U Pb zgjpb 206Pb 206Pb ZOGPbr 207Pbr 206|:ybr 207Pbr 207|:>br
pb 207pb 208Pb 238U 235U 238U 235U ZOGPbr

1 5454 7881 1130 7,2474 0,37509 0,43260 7,5396 2317 2178 2048,5

2 6359 7879 9030 7,8413 0,38329 0,38215 6,6492 2086 2066 2045,6
2 6058 8097 16170 7,8548 0,34948 0,38638 6,7455 2106 2079 2051,6
3 5183 7922 10350 7,8345 0,28964 0,38438 6,7037 2097 2073 2049,7
3 5565 8329 11710 7,8431 0,29981 0,38643 6,7399 2106 2078 2049,9
2 5920 7863 7860 7,8174 0,34578 0,38054 6,6302 2079 2063 2048,0
2 4965 6826 28230 7,8753 0,34118 0,39076 6,8229 2126 2089 2051,8

Note. Correction in common lead according to Stacey and Kramers aged 2050 Ma. Monazite fractions: 1 — fine (0,04 mm) light green-
yellow transparent crystals of isometric shape; 2 — green-yellow transparent cake-like crystals (0,04—0,05 mm) with small black inclusions;
3 — green-yellow transparent and semi-translucent crystals with many small black inclusions.

The age of monazites from granodiorite determined on
top intersection of concordia with of regression line and

calculated on data shown in Table 1 makes 2049,3 +
3,5 Ma (Fig. 4).

206Ph

ZJSU

0.44 -

042 -

0.40 |-

038 |-

0.36 -

0.34

ZOTPb
235U

5 6 7 8 9 10
Fig. 4. U-Pb diagram with concordia for monazites from biotite-garnet granodiorite
Sample 14/13, the Stryzhavka open pit
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Biotite-garnet granite (sample P-2, the Stryzhavka
open pit) is light grey inequigranular rock which includes (%):
plagioclase — 35—40 %, quartz — 20-25 %, potassic feldspar
— 20-24 %, garnet — 10 % and biotite — 5 %. Among
accessory minerals, zircon, apatite and monazite are found.

Both granitoid varieties (samples) are quite similar in
mineral composition and textural-structural features. The
main difference is a proportion between rock-forming
minerals. The light variety of granite includes mostly quartz
and some biotite. Structurally, granitoids of both samples

look practically identical. Large porphyroblasts of feldspar,
which are intensively ultered by secondary processes,
evince against the fine-grained groundmass comprised
predominantly by quartz, feldspar, and locally green biotite.

Chemical composition is following (wt. %): SiO2— 69,42,
TiO2-0,10, AlOs— 14,99, Fe203-0,08, FeO-3,57,
MnO-0,04, MgO-1,20, CaO-1,61, Na20- 3,33,
K20 -4,70, P20s - 0,06, S < 0,02, H2O0- 0,06, LOI- 0,44,
Total — 99,60.

Table 2

Uranium and lead contents, and isotopic composition of lead in monazites from granite of the Stryzhavka
open pit. Sample P-2

. Content (ppm) Isotopic ratios Age, Ma
Fraction 206pp 206pp 206pp 206pp 207pp 206pp, 207pp 207pp
Mnz u Pb 204pp 207pp 208pp, 238 ' 235 ' 238 ' 235 ' zoepb:
1 2663 8024 34250 7,9536 0,12138 0,37050 6,4094 2032 2034 2035,4
2 2629 8390 22220 7,9504 0,11262 0,36719 6,3441 2016 2025 2033,2
3 2721 8518 30120 7,9466 0,11720 0,37324 6,4598 2045 2040 2036,2
4 2621 8015 23280 7,9498 0,11935 0,37045 6,4023 2032 2033 2033,7

Note. Correction on common lead according to Stacey and Kramers aged 2050 Ma. 1—4 — light yellow transparent crystals of cake-like
morphology size fractions. Fractions are selected by rolling down along oblique plane.

206py,
238

U

0.39

0.37

0.36

0.35

2035.1+1.9

20

6.2

1
64

6.6

6.0 8.8
Fig. 5. U-Pb diagram with concordia for monazites from biotite-garnet granite
Sample P-2, the Stryzhava open pit

Monazites are generally presented by light yellow
transparent crystals that show cake-like and rarely flattened
morphology with lustrous surface and rounded edges.

The age of granite determined on monazite, which is
indicated by the upper intersection of concordia with the
regression line and quantified in Tabl. 2, makes 2035,1 +
1,9 Ma (Fig. 5). Weighted average value of the age calculated
according to isotopic ratio 2°’Pb/2%°Pb makes 2034,9 + 3,8 Ma.

Conclusion. Thus, two varieties (samples) of granitoids
collected in the Stryzhavka open pit have shown significantly
different age dating. Such difference unambiguously
specifies a fact that the monazites selected from
granodiorite crystallized a little earlier (2049 Ma) than the
monazites selected from granite (2035 Ma). This s
supposed to result from much earlier crystallization of
granodioritic melt or more prolonged evolution of granitic
melt in comparison with granodioritic one. The whole period
of granitoids crystallization (evolution) uncovered in the
Stryzhavka open pit exceeds 15 Ma. This age is in good
agreement with estimates on the possible period of granitic
melt crystallization (evolution) typical of the most granitoid
complexes in the Ukrainian Shield (Stepanyuk, 2017).
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BIKOBUW IHTEPBAIN ®OPMYBAHHSA MPAHITOIOIB YKPAIHCHKOIO LLIMTA

Po3sansidaembcs epaHimodu bepduyiecbko2o0 muny, siki 3aexdu euknukanu iHmepec 6azambox AocnliOHUKie YkpaiHcbko20 wjuma. ani nopodu
micmsimb Hemunoei Ans 2paHimie MiHepanu — kopouepum, cuniMaHim, aHdany3um i micHUM YuHOM noe'si3aHi 3 nopodamu Moxxnueoao cy6cmpamy.
Yce x we 3anuwarombcs €iOKpuMUM NuMaHHs w000 2eHemu4Hoi Npupodu 6epouyiecbKux 2paHimie. Hezeaxaroyu Ha mol ¢pakm, wjo 6inbwicms
docnidHukie eidHocsiMb 2paHimu 6epduyviecbko2o murny 00 iHMpPYy3ueHUX (aHaMeKMUYHUX) ymeopeHb, iCHytomb U iHWi npunyujeHHs, 32i0Ho 3
sAKUMU yi 2paHimu po3ansidarombcs siKk MPoOyKmu MemacoMamu4yHo20 epemeopeHHs (MacMamu4HO20 3aMiujeHHs1) Nep8uHHO 2/ITUHUCMO-Mepaenu-
cmux moeuw, cy6cmpamy.

CmpuiaecbKuM Kap'epom, sikuli po3mawoeaHuli y pe2ioHi BepxHboz2o lMobyxxs YkpaiHcbko20 ujuma, HepieHOMIPHO PO3KpuMi Kamakna3oeaHi
nopghiponodi6Hi nnazioepaHimoiou (2paHamemicHi piz3Hosudu — nepesaxxHo 8 nie0eHHO-3axiOHili YacmuHi kap'epy ma s10KkanbHO — Pi3HO8UOU 3 Mo-
podomeipHuM Kaniwnamom) i paHamemicHi nelikokpamosi epaHimu, siki € Nodi6HumMu do 2paHimie 6epduyiecbko2o0 muny.

YpaH-ceuHyesum izomonHum Memodom 6ysio eu3Ha4yeHo 8ik MOHayumie 3 6iomum-2paHamoeo2o 2paHodiopumy i 6iomum-zpaHamoeoz20 2pa-
Himy. Bik MoHayumy 3 2paHodiopumy, sikuli 6ye po3paxoeaHuli 3a 8epxHiM nepemuHom KoHKopdii 3 duckopdieto, cmaHosums 2049,3 * 3,5 mniH pokis.
IcmomHo meHwi 3HaYyeHHs1 eiKy (Malbke Ha 15 MsIH pokie Mmonoduwe) 6ys10 ompumaHo Onsi MOHayumy 3 2paHimy — 2035,1 * 1,9 msH pokie. Ljeii gpakm,
Ha Haw noansd, o6ymoesieHUli mpusasor Kpucmarniszayieto 2paHimHozo po3snnasy Ui 8i0HOCHO paHHbLOK Kpucmainizayiero 6inbw oCHOBHOI 2paHo-
diopimoeol MazMu nopieHsIHO 3 2paHimHoro. TakuM YuHOM, 3a2asibHuli nepiod (mpueanicms) ¢popmyeaHHss 2paHimoidie, po3kpumux Cmpuxaecb-
KuMm kap'epom, nepesuuyye 15 MnH pokie, ujo dobpe y3200)xyembcs 3 oyiHkamu mpueasniocmi icHyeaHHs1 2paHimoioHuUX po3nnaeie, ki cnpuyuHUNU
ghopmyeaHHs1 pi3HOMaHimMHux 2paHimoidie YkpaiHcbko20 wyuma.

Knroyoei cnoea: Ykpaincbkuli uyum, BepxHe [Mo6yxoksi, isomonHul eik, 6epduyiecbkull epaHim, MoHayum.
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BO3PACTHOW UHTEPBAIlI ®OPMUPOBAHWA TPAHUTONOOB YKPAUHCKOIO LUUTA

Paccmampusatomcsi epaHumoudbi Bepduyeecko2o muna, Kkomopbie ecez20a 6bi3bléaslu UHMepec MHoa2ux uccredoeamereli YKpauHCcKo20
wuma. [JaHHble Nopodbl codep)xam Hemunu4yHble 07151 2paHUMO8 MUHepasibl — Kopouepum, CUIZIUMaHUmM, aHoay3um U mecHbIM 06pa3oM cesi3aHbl
¢ nopodamu npednonazaemoz0 cy6¢cmpama. B mo xe epemsi, ece ewe 0ocmaromcsi OmKpbIMbIMU 80MPOChLI OMHOCUMEsIbHO 2eHemu4ecKol npupodbl
6epduyeeckux epaHumoe. Hecmompsi Ha mom ¢ghakm, ymo 6osbwWUHcMeEo ucciedosamerieli omHocsim 2paHumsbi 6epdu4eecko20 muna K UHmpys3u-
8HbIMU (aHameKmu4eckum) obpa3sosaHusimM, cyujecmeyiom u dpyaue npedcmassieHusi, Co2/1acHO KOmopbIM 3Mu 2paHuUMbl paccMampuearomcsi Kak
npodykmbl Memacomamu4yecKo2o npeobpa3oeaHusi (Mazmamu4ecKo20 3aMeujeHus1) NepeuvyHoO 2/IUHUCMO-Mepaenucmbix monau, cy6cmpama.

CmpujxaeCKUM KapbepoM, KOmophbIl pacrosnoxeH e peauoHe BepxHezo [Mo6yxbsa YkpauHCKo20 ujuma, 8 pasu4yHol cmerneHu packpbimsbie Ka-
makna3upoeaHHbie nopguposudHbie nnazuoepaHumMoudbl (2paHamemMewjaroujue pa3Ho8UGHOCMU — MPEUMYW,eCME8EHHO 8 I020-3anadHol Yacmu
Kapbepa, u pa3HoeudHocmu ¢ Mopodoobpasyrowum Kaauwnamom — 10KasbHO) U 2paHameMeujaroujue selikokpamoebie 2paHUMbl, CXOOHbIE C 2pa-
Humamu 6epduyeacko2o muna.

YpaH-ceuHyo08bIM uzomonHbIM Memodom 6bi onpedesieH o3pacm MOHayumoe u3 6uomum-zpaHamogoz2o 2paHoduopuma u 6uomum-zpaHa-
moeozo epaHuma. Bo3pacm moHayuma u3 epaHoduopuma, Komopsli 6b11 pacc4umaH Mo eepxHeMmy rnepeceyeHuro KOHkopduu ¢ duckopaduel, coc-
maensiem 2049,3 * 3,5 mnH nem. CyujecmeeHHO MeHbuWuUe 3HaYyeHUs1 o3pacma (moYymu Ha 15 MnH nem monosxe) 6bi1u nony4YeHsbl O51s1 MOHayuma,
8bldesiIeHHo20 u3 2paHuma — 2035,1 * 1,9 maH nem. 3mo, Ha Haw 83251510, 06ycrioeneHo nNpodosmKumesibHOU Kpucmasnnu3sayuel 2paHUmMHo20 pacr-
J1aea u omHocumesibHO paHHel Kpucmannu3ayuel 6osiee 0CHOBHOU 2paHOOUOPUMOEOLU Ma2Mbl 10 CPABHEHUIO € 2paHuUmHoul. Takum o6pa3om, npo-
do/mKkumenbHOCMb hOPMUPOBaHUS 2paHUMoudos, packpbimbix CmpuxaécKuM Kapbepom, npesbiwaem 15 MJIH siem, 4mo Xopowo coaacyemcsi ¢
oueHkamu npodo/mKuUMenbHOCMU Cyuw,ecmeo8aHusi 2paHUMOUBHbIX pacrniasoe Komopbie 06ycrnosunu ¢hopmMuposaHue pasnuyHbIX 2paHumoudos
YkpauHckozo wuma.
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