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Abstract

The presented research is carried out in continuation of the works connected with studying the nature of
radioactivity of drainage waters of quarries of Novosibirsk region, performed by the Laboratory of Hydrogeology
of Sedimentary Basins of Siberia, INGG SB RAS, which showed that the waters of granite quarries are
characterized by significantly higher radioactivity, than waters of other host rocks. The results of detailed
mineralogical and geochemical studies of granitoids of the Ob-Zaisan region within the Kolyvan-Tom folded
system are presented for the first time. The relevance of the present study is determined by the previously
obtained data on high concentrations of uranium, thorium, and radon in drainage water of quarries developed
in this territory. The granitoids of the Priobsky (Obsky and Novosibirsk massifs) and Barlak complexes were
studied. It was established that the rocks of the complexes differ significantly in the spectrum of accessory
minerals, which acted as the concentrators of natural radioactive and rare-earth elements: in the Barlak,
in addition to apatite, sphene, and zircon, typical for all phases of the intrusion, fluorite, topaz, rutile, and
minerals enriched with rare-earth elements are found: monazite, xenotime, bastnesite, parisite, less often
uraninite. It was shown that a wide range of mineral-concentrators of radioactive and rare-earth elements
determines higher concentrations of radionuclides in groundwater of the Barlak granitoid complex. Maximum
uranium concentrations are one order of magnitude and those of thorium are two orders of magnitude higher
in the groundwater of the Barlak granitoid complex compared to those of the Priobsky granitoid complex.
The following peak concentrations, mg/dm?, were established in the groundwater of the studied granitoid
complexes: 28U up to 1.40 and #*’Th up to 2.16-1073. One can predict a high background of radionuclides in the
groundwater of the Barlak and Priobsky granitoid complexes, within the ranges, mg/dm?: 28U from 0.1-10-3
to 1.40 and *’Th from 1-107¢ to 2.16-1073. Radon ?*’Rn activity in the groundwater ranges 1-50 Bq/dm? in
the contact zones of granitoids with different-aged sedimentary rocks to 600-5,000 Bq/dm? in the areas of
granitoids occurrence.
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AHHOTaUuA

[IpencraB/ieHHOE MCC/IeNOBaHMEe BBIMOJTHEHO B IPOJO/DKEeHME pabGoT, CBSI3AHHBIX C M3YUYEHMEM IPUPOIbI
PaAiMOaKTUBHOCTY IPEHAKHBIX BOI KapbepoB HoBOCMOMUPCKOIT 06/1aCTH, BHIMOJIHEHHBIX JJaOOpaToOpuein Tm-
JIPOTEOJIOTUM 0CamOUHbIX b6acceitHoB Cubupu MHIT CO PAH, roe rmokasaHo, UTO BOAbI TPAHUTHBIX KapbepoB
XapaKTepPU3YIOTCs CYIIeCTBEHHO 00siee BHICOKMMM 3HAUYEHUSIMY PAAVOaKTUBHOCTHU, YEM BOIbI APYTUX BMe-
IIAIOIIMX ITOPOI. BriepBble mpencTaBieHbl pe3yIbTaThl AeTATbHBIX MUHEPAIOTMYECKUX U TEOXMMUUECKUX UC-
cremoBaHmii rpaHuTonmoB O6b-3aiicaHcKoit 061acTy B npegenax KonbiBaHb-TOMCKOI CK/IaAuaTOi CUCTEMBI.
AKTyaJIbHOCTb HACTOSIIETO UCCAeN0BaHUS OINpenensieTcsl MOMyueHHbBIMM paHee NJaHHBIMM O BBICOKMX KOH-
LIeHTpaUMsIX ypaHa, TOPUS U paJoHa B APeHaXKHbIX BOJAX pa3pabaTbIBAeMbIX KapbePOB 3TOI TEPPUTOPUMN.
W3yueHbl rpaHmTOnabI prodckoro (O6¢koi u HoBocu6UpCKMii MacCuBbI) M 6ap/iakCKOTO KOMIUIEKCOB. YCTa-
HOBJIEHO, UTO ITOPOIbI KOMIUIEKCOB CYIIECTBEHHO Pa3jIMJalOTCsI CIIEKTPOM aKI[eCCOPHBIX MUHEPAIOB, KOTO-
pbIe BBICTYIAIOT KOHIIEHTPATOpaMy MPUPOAHBIX PaAMOaKTUBHBIX ¥ PeIKO3eMeIbHBIX 3JIEMEHTOB: B Gap/iak-
CKOM, ITOMMMO aIlaTuTa, cheHa U IIMPKOHA, XapaKTepHbIX 1151 BceX (a3 BHeApeHMsI, PURCUPYIOTCS QIIIOOPUT,
TOIAa3, PyTUI M 00orailleHHbIe peIKO3eMeTbHbIMM 3JIeMeHTaMy MUHepabl: MOHALIUT, KCEHOTUM, 6aCTHE3UT,
Mapu3unT, peske ypaHUHUT. [Toka3aHo, UTO MIMPOKUIL CIIEKTP MUHEPATIOB-KOHIIEHTPATOPOB PagMOaKTUBHBIX
M PeaKO3eMeNbHBIX 3JIEMEHTOB OIpemenseT 60/iee BBICOKME KOHIEHTPALUMM PAAVOHYKINAOB B MOI3€MHBIX
Bofax 6ap/iakCKOro rPpaHUTOMAHOTO KOMILIEKca. MaKc/MaibHbIe KOHIIEHTPAalMY ypaHa Ha MOPSIOK, a TOPUS
Ha [IBa ITOPSIAKA BBIIIE B ITOI3€MHBIX BOJaX 6apiIaKCKOro rPaHUTOMIHOTO KOMILIEKCA, IO CPABHEHMIO C ITPU-
06CKMM. B MoaseMHBIX BOJAX M3YyUYEHHbIX IPAHUTOMUIHBIX KOMILIEKCOB YCTAHOB/IEHbI MaKCHMa/IbHble KOH-
ueHtpauyu, mr/om3: 38U no 1,40 1 2Th mo 2,16 1073. MOKHO TPOTrHO3MPOBATh BHICOKMT (DOH PaiIOHYKITUIOB
B IMMOfI3eMHBIX BOJax 6ap/iakCKOro M MPMOOCKOTO TPAaHUTOMIHBIX KOMILIEKCOB B Ipemenax, mr/ame: 233U ot
0,1-103 10 1,40 u »?Th ot 1-10-° 1o 2,16 10-3. AKTMBHOCTH pafioHa **’Rn B MOA3eMHbIX BOZAX MPU 3TOM OyIeT
cocTaBsITh OT 1-50 BK/IM3 B 30HaX KOHTAKTOB I'PAHUTOMIOB C PAa3HOBO3PACTHBIMM OCAIOUYHBIMU ITOPOJAMU
1o 600-5000 Bx/mm3 B 06/1aCTSIX pa3BUTHUS IPAHUTONUIOB.

KnioueBble cnoBa
TPaHUTOMUIbI, MUHEPAIbI-KOHLIEHTPATOPbl PagMOaKTUBHBIX M PeIKO3eMeIbHbIX 3/IeMEHTOB, ITOJ3€MHbIe
BOJIbI, paAyOHYKINAbL, 23U, 232Th, 2?Rn, HoBocub6upcKas 061acTh, 3ananHas Crubupb
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Introduction
One of the most urgent problems of modern hy-
drogeochemistry is the study of the phenomenon of
radioactivity of natural waters and identification of
factors controlling it. It was shown previously that
waters of granite quarries are characterized by signi-
ficantly higher radioactivity in comparison with wa-

ters of other host rocks on the example of drainage
waters of quarries of the Novosibirsk region [1] and
natural groundwater outlets [2] within the Ob-Zaisan
folded zone.

In many countries of the world, including China,
India, Turkey, USA, Mexico, Norway, Great Britain,
Hungary, Egypt, Asian countries, and others, the pro-
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cesses of radionuclide migration in groundwater are
actively studied and simulated. The studies in south-
eastern Mexico by J.I. Morales-Arredondo et al. have
shown that the concentrations of uranium and tho-
rium isotopes in groundwater are low enough not to
be dangerous for the population, but it is necessary
to control the concentration of radon, which can be
high [3]. According to Chinese scientists C. Yu, Z. Song
and many others, the weathering processes of granite
massifs enhances the dissemination and transfer of
uranium and thorium into the aquatic environment.
The scientists note the important role of changes
in geochemical conditions [4]. P. Bajak, K. Csondor,
D. Pedretti et al. developed conceptual models of ra-
dionuclide mobilityin rocks and groundwater that take
into account the changing redox conditions in aqui-
fers for the territory of Hungary [5]. S. M. Pérez-More-
no, J.L. Guerrero, F. Mosqueda et al. analyzed the
hydrochemical behavior of long-lived natural radio-
nuclides of uranium, thorium and radon in ground-
waters of Spain in different geological conditions and
performed dose estimates for the ingestion of these
radionuclides with water. It was shown that their high
concentrations are connected with the granitic base
and reductive conditions [6].

Radon activity in water is universally assessed as
a potential environmental risk for the population and
is determined by radioactive decay of elements of the
uranium-radium series. At the same time, there is no
direct correlation between uranium concentration in
host rocks and radon concentration in groundwater [3].

The results of studies of groundwater radioac-
tivity in different regions show that the maximum
concentrations of radionuclides such as uranium and
thorium are usually associated with felsic intrusive
rocks, in which the average concentrations (accor-
ding to N.A. Grigoriev) of uranium and thorium
are 3.2 and 14.0 g/t, respectively!. In waters of fel-
sic igneous rocks of the zone of intensive water ex-
change, uranium concentration ranges 2,0-1073 to
3-102 mg/dm?. The previously obtained data on
uranium concentration in water samples allow to
classify the groundwater of granitoids of the Ob-Zai-
san region according to the classification A.N. Toka-
rev as uranium waters and, at higher concentrations,
even to uranium deposit waters.

For the territory of Novosibirsk and its environs
since 2018, the team of the Laboratory of Hydrogeo-
logy of Sedimentary Basins of Siberia, INGG SB RAS,
has been carrying out work to study the chemical and
radionuclide composition, radon levels in ground-

! Geological Dictionary: in 3 vol. Ed. O.V. Petrov; Ed.-
comp.: S.I. Andreev et al. Ed. 3%, reprint and add. St. Petersburg:
VSEGEI Publ. House; 2010-2012. (In Russ.)
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water of various aquifers [7]. The waters both in the
zone of granitoids occurrence and beyond its limits,
in argillaceous shales and marmorized limestones of
Upper Devonian-Lower Carboniferous age, were stud-
ied. The occurrences of radon waters Tulinskoye [8]
and Kamenskoye [9], and drainage waters of Borok
quarry [10] were studied in detail. Data on uranium
and thorium concentrations in the groundwater were
obtained. At the same time sampling of rocks of wa-
ter-bearing horizons was carried out for it’s detailed
mineralogical and petrographic investigation.

Consequently, the main purpose of the study is
to reveal the relationships between the composition,
mineralogy, and spectrum of accessory minerals of
the Priobsky and Barlak complexes of granitoids of
the Ob-Zaisan folded region and the level of radioac-
tivity of groundwater occurring within them.

Research techniques and subject

The study is based on the collection of geologi-
cal rock samples and water samples collected by the
authors of the paper during field work in 2022-2023
within the Ob-Zaisan folded region from the areas of
occurrence of granitoids of the Priobsky and Barlak
complexes. The rocks were sampled at 10 sites from
Borok, Skala, Novobibeevsky, Gorsky, Tulinsky, Mo-
chishche quarries, outcrops confined to groundwater
outlets, and hole cores (Fig. 1).

The microscopic description of 29 petrograp-
hic thin sections of granitoids was carried out by
the classical method. The determination of petroge-
nic element concentrations was performed by X-ray
fluorescence analysis using a SRM-25 unit at the
Center for collective use of scientific equipment for
multi-element and isotopic studies of the Siberian
Branch of the Russian Academy of Sciences (TsKP
MII SB RAS, Novosibirsk). The determination of the
concentrations of rare and rare-earth elements in
granites was carried out by ICP-MS method using
a high-resolution mass spectrometer ELEMENT of
Finnigan (Germany) in the TsKP MII SB RAS (Novo-
sibirsk) according to the standard technique.

The accessory mineral paragenesis in the rocks
of the Novosibirsk granitoid massif was studied in
polished sections by scanning electron microsco-
py at a MIRA 3 LMU electron scanning microscope
(TESCAN ORSAY Holding).

Groundwater collection amounted to 78 sam-
ples; pH, Eh, temperature, dissolved O, concen-
tration were determined directly at the sites using
measuring facilities (Hanna HI9125, oxygen meter
AKPM-1-02L) and a field hydrogeochemical labo-
ratory. The measurements of radon concentration
in natural waters were carried out using a complex
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“Alpharad Plus” in the Laboratory of Hydrogeolo-
gy of Sedimentary Basins of Siberia, INGG SB RAS.
Laboratory study of water chemistry was carried out
by titrimetry, ion chromatography, and inductively
coupled plasma mass spectrometry in the Topical
Research Laboratory of Hydrogeochemistry at the
Engineering School of Natural Resources of Tomsk
Polytechnic University (TRL of Hydrogeochemistry
IShPR TPU).

Geological Setting

Carbonate-volcanogenic-terrigenous deposits of
the Middle Devonian-Early Carboniferous age over-
lain by Quaternary alluvial and subaerial sediments
are widespread within the Ob-Zaisan folded region. In
the Permian-Triassic time, a granite intrusion intru-
ded them, and granitoids of the Novosibirsk massif
were formed. Within the territory of interest, the Priob-
sky and Barlak granitoid complexes are distinguished.

The Priobsky complex is represented by the
petrotypical Obsky and Novosibirsk massifs in the
Novosibirsk folded zone (Kolyvan-Tom folded sys-
tem) and is characterized by a three-phase struc-
ture. The first phase is composed of monzonites and
quartz monzonites (uP;-T,p,), with diorites occur-
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ring less frequently. The second, main phase is repre-
sented by monzogranites (eyP;—T,p,), granosienites,
while granites and granodiorites are less common.
The third phase includes small bosses and dikes of
monzogranites (¢yP;-T,p;), monzoleucogranites, and
their porphyritic analogs [11].

Two intrusion phases are distinguished within
the Barlak complex. The first, main phase is predomi-
nantly composed of medium-grained monzoleuco-
granites (elyT, ,b,), while leucogranites and mon-
zogranites (eyT, ,b,) are observed less frequently.
The second phase is represented by small bodies and
dikes of fine-grained monzoleucogranites (elyT,_,b,).

In the studied area, granitoids are represented by
the second phase of the Priobsky complex (P;—T),) and
the first phase of the Barlak complex (T,_,).

The multiphase Priobsky complex has a rela-
tively simple petrographic composition. Diorites,
quartz diorites, and their moderately alkaline ana-
logues constitute the first phase and have limited
occurrence. The second phase of the Priobsky com-
plex composes the large Novosibirsk massif, located
within the city limits, and is exposed in the Gorsky,
Tulinsky, Bugrinsky, Trolleyny, and Borok quarry
areas, as well as the Obsky massif in the Dubrovinsky
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Fig. 1. Location of the study area and rock sampling sites:
1 - Priobsky complex, 2™ phase of intrusion; 2 — Priobsky complex, 1%t phase of intrusion;
3 - Barlak complex, 1t phase of intrusion; 4 — Barlak complex, 2nd phase of intrusion; 5 — Late Permian-Middle Triassic granites;
6 — study areas (designations in Table 1); 7 — border of Novosibirsk city
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and Novobibeevsky areas (Fig. 2, a—d). The sampled
rocks of the second phase are represented by biotite
and biotite-amphibole granites, monzogranites, and
less frequently leucogranites. The biotite-amphibole
granites contain about 25% of quartz, 20-35% of
K-feldspar and plagioclase, while the content of bio-
tite and hornblende is insignificant, about 2-5 vol.%.
Sphene, apatite, and zircon are present as accessory
minerals. The structure of the rocks is predominant-

Lsm
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ly equigranular, hypidiomorphic with grain size of
2-3 mm, less often porphyritic with grain size up to
15 mm. At the Novobibeevsky area, the rocks show
signs of deformation.

By petrochemical composition the rocks belong
to moderately alkaline granites. The silica content
varies from 66 to 71 wt.%, rarely up to 75% in leuco-
granites. The content of Na,O + K,O lies in the range
of 8.1-9.5 wt.% (Fig. 3, a).

Fig. 2. Main rock types of granitoids of the Ob-Zaisan region:
the Priobsky complex: a — biotite-amphibole granite (Borok area); b — biotite-amphibole granite (Bugrinsky area);
¢ - monzogranite (Gorsky area); d — biotite-amphibole granite (Tulinsky area); e — pyroxene-amphibole-biotite granodiorite
(Dubrovinsky area); f - biotite-porphyritic granite (Novobibeevsky area); Barlak complex: g — biotite monzogranite (Skala area);
h - porphyritic leucogranite (Mochishche area)
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Fig. 3. The composition of granitoids of the Priobsky and Barlak complexes on diagrams:
a - K,0/ Na,0-Si0, diagrams; b — discriminant diagrams. I — Priobsky complex; 2 - Barlak complex;
3 - the granitoid complexes occurrence fields (according to A. G. Babin et al. [11])
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The Barlak complex is characterized by a mono-
tonous composition. It is represented by biotite mon-
zogranites, less frequently by porphyritic leucogra-
nites with yellowish-reddish tints appearing in their
coloring within undulose zones due to weathering.
Dotted sulfide impregnation and cassiterite are found
in quartz veins, while beryl and topaz are found in peg-
matites. Ultra-acid granites belong to moderately al-
kaline potassium granites (rocks of this complex were
sampled in the Mochishche quarry, where the massif
of granitoids of the Barlak complex intrudes the gran-
ites of the second phase of the Priobsky complex, and
at the Skala and Bibikha areas (Fig. 2, h, g).

The rocks are represented by biotite monzogran-
ites and less frequently by leucogranites. The rocks
contain quartz, 30-35%, K-feldspar and plagioclase,
30-40%, and biotite of 2 to 10%. The structure of the
rocks is granitic, hypidiomorphic, can vary from fine-
grained (0.5-1 mm) to medium-grained (2-4 mm).
Zircon and apatite are found as accessory minerals in
granites; in some samples, orthite and monazite occur.

By petrochemical composition, the rocks belong
to the moderately alkaline series that is consistent
with their high content of K-feldspar, and less fre-
quently to the normal- and low-alkaline series. The
content of the sum of K,O + Na,O is mainly in the range
of 6.5-8.6 wt.%, rarely decreasing to 3-4.3 wt/%. SiO,
content (69-82 wt.%) of the granites of the Barlak
complex distinguishes them from the granites of the
Priobsky complex, in which it is mainly at the level of
66—71 wt.% (see Fig. 3, a).

Table 1
Main rock types of granitoids of the Ob-Zaisan region
No. ‘ Area ‘ Rock type
Priobsky complex

Novosibirsk massif

1 |Borok Biotite-amphibole granite
Monzogranite

2 |Bugrinsky Biotite-amphibole granite

3 |Gorsky Monzogranite
Leucogranite

4 |Tulinsky Biotite-amphibole granite

5 |Trolleyny Biotite-amphibole granite

Obsky massif

6 |Dubrovinsky Pyroxene-amphibole-biotite

granodiorite

Biotite granite
Melanocratic diorite
Leucogranite

Biotite porphyritic granite
Barlak complex

Biotite monzogranite
Biotite monzogranite
Porphyritic leucogranite

7 |Novobibeyevsky

8 |Skala
9 |Bibikha
10 [Mochishche

elSSN 2500-0632
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On the discriminant diagrams (Fig. 3, b), the
granitoids of the Priobsky complex according to the
results of ICP assays of the collected rock samples
are located in the field of syncollisional and post-
collisional granites, and the granitoids of the Barlak
complex, in the field of island arc granites that corre-
sponds to the data of A.G. Babin et al. [11].

Mineralogical and petrographic characterization
of rocks

The most widely sampled rocks were the rocks of
the Priobsky complex, where a collection of 15 samples
was taken from 7 areas, and six rock types were iden-
tified. The Barlak complex was studied at three areas
in 14 rock samples, and two rock types were identified.
Table 1 shows the main rock types that were collected
for mineralogical and petrographic study; the general
view is shown in the photo table in Fig. 2, and the de-
scription is given below.

Priobsky complex rocks

Biotite-amphibole granite (Fig. 4, a). These rocks
were sampled within the Novosibirsk massif (Tulin-
sky, Trolleyny, Bugrinsky, Gorsky areas) and Priobsky
massif (Dubrovinsky area).

Its mineralogical composition, rock-forming mi-
nerals, %: quartz 25-30, plagioclase 30-45, microcline
23-35,amphibole 2-5, biotite 3-7; accessory minerals:
sphene, apatite, zircon (see Fig. 2, a). The rock is formed
by idiomorphic crystals of plagioclase and melanic
(mafic) minerals and xenomorphic grains of K-feld-
spar and quartz located between them. Plagioclase
forms prismatic and elongated idiomorphic crystals,
often with pronounced faceting, polysynthetic twins,
and zonal structure. The grain size is predominantly
1.5-2 mm. Microcline forms xenomorphic grains
2-4 mm in size, located between idiomorphic pla-
gioclase laths. The microcline is characterized by
perthitic structures. Quartz forms xenomorphic grains
1-2 mm, the grain shape is isometric or weakly elon-
gated, with irregular boundaries, often with blocky
extinction. Hornblende forms idiomorphic crystals of
1-1.5 mm, elongated up to prismatic, occasionally with
pronounced faceting. The coloration is dark green to
black. Biotite is of tabular habitus 1-2 mm in size, the
color is dark brown; the mineral is partially replaced
by chlorite. Sphene forms well-faceted rhomboid crys-
tals about 0.5 mm in size or larger grains up to 1 mm
without pronounced faceting. Apatite forms long pris-
matic colorless crystals up to 0.2-0.5 mm in size.

Monzogranite porphyritic (Borok area, Fig. 4, b).
The mineral composition, %: quartz about 30, plagi-
oclase 15-20, microcline 45-50, biotite 3—5. Accesso-
ry minerals: zircon, apatite, sphene. The structure of
the rock is porphyritic, the structure of the rock ma-
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trix is hypidiomorphic. The phenocrysts are formed
by crystals of K-feldspar and plagioclase with the
sizes ranging from 4 to 8—10 mm. The grain size in
the rock matrix is about 1-2 mm. Plagioclase forms
elongated crystals, some of which with good faceting,
while others have curved, jagged facets. Microcline
forms isometric grains with irregular edges. Its phe-
nocrysts demonstrate zones of growing, characteri-
zed by abundant quartz inclusions. The microcline is
typically perthitic. Biotite is brown, forms individual
grains and lenticular clusters. The accessory mine-
rals occur as single grains. Zircon occurs as isometric
grains of about 0.1 mm in size; sphene — idiomorphic
rhomboid grains in intergrowths with an ore mineral.
The secondary alteration is presented by minor seric-
itization of plagioclase and pelitization of microcline.

Leucogranite — Gorsky and Dubrovinsky areas
(Fig. 4, ¢). Its mineral composition, %: quartz 30-35,
plagioclase 35-50, orthoclase 15-30, biotite not more
than 2. The accessory minerals are rare and represen-
ted mainly by sphene and apatite. At the Dubrovinsky

i

Fig. 4. Microphotographs of granitoids from the sampled massifs (see Table 1):
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area, garnet occurs as an accessory mineral of leuco-
granites. The structure is uniform, granitic. The grain
size ranges from 0.5 to 1-2 mm. Plagioclase forms
more idiomorphic grains with irregular edges, while
orthoclase and quartz form isometric, xenomorphic
grains. Biotite is dark brown, wide-tabular, partially
replaced by chlorite. Sphene forms rhomboid shape
crystals up to 0.5 mm long. Garnet forms isometric
crystals, colorless, up to 0.2-0.3 mm in size, evenly
distributed in the rock, composes up to 1 vol.% of the
rock. The garnet crystals are often with pronounced
faceting and rhythmic and zonal structure.
Pyroxene-amphibole-biotite =~ granodiorite -
Dubrovinsky area (Fig. 4, d). The rocks are similar in
composition and structure to biotite-amphibole gran-
ites, but are characterized by a lower quartz content
and the presence of an insignificant amount of clinopy-
roxene. Its mineral composition, %: quartz — 20, plagi-
oclase - 30, microcline — 30, biotite — 10, pyroxene — 3,
amphibole - 7. The accessory minerals are represen-
ted by significant amounts of apatite (up to 1 vol.% of

- ~p b -
R pe 2

The Priobsky complex: a - biotite-amphibole granite; b — monzogranite; ¢ - leucogranite; d — pyroxene-biotite-amphibole
granodiorite; e — melanocratic diorite; f — biotite granite; The Barlak complex: g — biotite monzogranite; h — leucogranite.
The photos are given on the left with one polar and on the right with crossed polars. All photos are taken at the same scale.
The mineral designations: Bt - biotite; Hbl - hornblende; Kfs — K-feldspar; Pl — plagioclase; Qz — quartz, Sph — sphene
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the rock), as well as sphene and zircon. The structure
of the rock is hypidiomorphic, with the grain size of
1-2 mm. Plagioclase forms partially faceted grains
with polysynthetic twins, while microcline and quartz
form isometric xenomorphic grains without faceting.
Mafic minerals form clusters and spots. Clinopyroxene
is colorless, often replaced by a rim of light green am-
phibole. Biotite is brown to light brown. Apatite forms
prismatic crystals up to 0.3-0.5 mm with abundant
inclusions of a needle ore mineral. Sphene forms iso-
metric, non-faceted grains up to 0.1 mm in size, while
zircon forms faceted grains up to 0.1 mm.

Melanocratic diorite — Dubrovinsky area (Fig. 4, e).
Its mineral composition, %: plagioclase — 30, horn-
blende - 40, clinopyroxene — 20, biotite — 10; acces-
sory minerals: apatite and zircon. The rock structure
is hypidiomorphic, the texture is inequigranular.
The rock consists mainly of plagioclase and amphi-
bole (the grain size of about 2-3 mm), clinopyroxene
(0.3-0.5 mm), and biotite (0.3 mm). Plagioclase forms
xenomorphic grains located between amphibole grains
and is partially sericitized. Light green colored horn-
blende forms idiomorphic grains, often faceted. Clino-
pyroxene forms smaller grains of isometric habitus,
located as inclusions in plagioclase; sometimes clus-
ters of such grains surround amphibole. Biotite of light
brown color forms growths in the grains of amphibole.
Apatite is frequent, forming elongated crystals up to
1 mm in size with abundant inclusions of an ore mine-
ral. Zircon forms faceted crystals up to 0.15 mm in size.

Biotite granite — Dubrovinsky, Novobibeevsky
areas (see Fig. 2, f). The mineral composition, %:
quartz — 20, biotite — 10, microcline - 15, plagi-
oclase — 55; the accessory minerals: apatite and zircon
(Fig. 4, f). The structure of the rock is hypidiomorphic,
cataclastic. Porphyritic varieties are common at the
Novobibeevsky area. Plagioclase in the rock forms iso-
metric and weakly elongated grains 2-3 mm in size,
partly with faceting, while microcline and quartz oc-
cur as xenomorphic non-faceted grains. Biotite forms
reddish-brown elongated scales 0.5—-1 mm, which are
often located along the boundaries of quartz and feld-
spar grains, deformed in places. In porphyritic vari-
eties, phenocrysts are composed of orthoclase, their
size is about 10 mm. Apatite forms slightly elongat-
ed crystals up to 0.3 mm, the central part of which is
grayish due to dust-like impurities. Zircon forms iso-
metric grains up to 0.1 mm in size.

Rocks of the Barlak complex
The Barlak and Kolyvansky massifs are composed
of similar composition rocks. They were sampled in
the area of Bibikha and Skala settlements respective-
ly. The rocks are represented mainly by equigranular
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medium-grained biotite monzogranites. The rocks are
biotitic; hornblende is subordinately abundant in leu-
cogranites of the Mochishche boss and in rare cases in
monzoleucogranites of the Barlak Massif. In all these
rocks, K-feldspar predominates over plagioclase.

Biotite monzogranites — Skala and Bibikha areas
(Fig. 4, g). Mineral composition of the rocks, %:
quartz — 35, microcline — 30, plagioclase — 25, bio-
tite — 10. The rock structure is granitic. Plagioclase
forms idiomorphic crystals of prismatic habitus
0.5-2 mm in size, microcline forms prismatic crystals
with irregular edges and poikilitic growths of plagi-
oclase. Quartz forms xenomorphic isometric grains.
Biotite is dark brown to black, forms wide tabular
scales, often associated with accessory minerals.

Porphyritic leucogranite — Mochishche area
(Fig. 4, h). The Mochishche boss located in the edge of
the Novosibirsk massif was sampled in the Mochish-
che quarry. The rocks are represented by porphyritic
leucogranite. Its mineral composition, %: quartz -
30, orthoclase — 30, plagioclase — 38, biotite — 2. Ac-
cessory minerals: zircon, orthite, apatite. The rock
structure is porphyritic, granitic. The phenocrysts are
represented by orthoclase 3-4 mm in size. It forms
isometric grains with irregular edges, often zoned.
In the rock matrix, the grain size is 0.5-1 mm. Pla-
gioclase is idiomorphic and forms prismatic faceted
grains, while quartz and orthoclase are xenomorphic.
Biotite forms tabular and elongated scales of dark
brown to black color, partially or completely replaced
by secondary chlorite. Orthite (Fig. 4, g) forms sharp-
ly zoned prismatic grains 0.8 mm long. The central
part of the grain is light brown, the marginal parts are
almost colorless. Zircon is zonal, forms faceted crys-
tals about 0.15 mm in size.

Accessory minerals

Paragenesis of accessory minerals in the studied
rocks is represented by a wide range of minerals, most
of which can serve as mineral-concentrators of ura-
nium, thorium, and other rare-earth elements, which
determines the radioactivity of the rocks themselves
and that of fracture-vein groundwater.

The rocks of the Barlak complex are characterized
by a wider range of accessory minerals compared to
the rocks of the Priobsky complex. The main accesso-
ry minerals encountered in the rocks of the Priobsky
complex are apatite, sphene, and zircon; they were
identified in the Borok, Bugrinsky, Gorsky, Tulinsky,
Dubrovinsky, and Novobibeevsky areas and are de-
scribed in the rock characterization.

In the Kolyvansky massif of the Barlak complex
(Skala, Bibikha areas), apatite, sphene, and zircon,
widespread in all granitoids of the Ob-Zaisan region,
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were also identified as accessory minerals. In addition,
fluorite, topaz, and rare earth element-enriched mi-
nerals such as monazite and xenotime are characteris-
tic minerals; uraninite is less common. Superimposed
greisen mineralization with cassiterite, associated
with sericite veins, was also found.

Fluorite forms mainly xenomorphic grains, usu-
ally colorless or spotted purple. Topaz occurs in mon-
zogranites, but predominantly is contained in quartz
veins and pegmatoidal clusters, in which it forms fa-
ceted prismatic crystals up to 1 cm in size. Monazite
and xenotime form grains without a clear faceting,
zoning is not visible in them, and they often associate
with dark brown biotite. Rutile is rare, also occurs in
association with biotite, forms small (0.03 mm) oval
grains of dark brown color. Uraninite is rare, found in
association with monazite in the form of isometric
grains in biotite monzogranite in the Skala quarry.

In the Barlak complex within Mochishche area,
the following minerals were identified as accesso-
ry: fluorite, calcite, rutile, zircon, orthite, and REE-
rich minerals: mainly fluorocarbonates bastnesite
((Ce, La, Y) CO4F) and parisite (CaLa,(CO,),F,), pwhile
monazite (CePO,) and xenotime (YPO,) are less com-
mon. Bastnesite forms irregularly shaped grains, most-
ly without faceting, 30-50 microns in size; parisite
occurs as split crystals or clusters of needle-like crys-
tals 20—30 microns in size, sometimes forming inter-
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growths with bastnesite. Monazite and xenotime form
mainly isometric grains 20-30 microns in size, some-
times also forming intergrowths with parisite , which
is consistent with the data of V. I. Sotnikov et al. [12].

Geochemical peculiarities
of fracture-vein waters of granitoids

Fracture-vein waters of Upper Paleozoic granites
are predominantly neutral and slightly alkaline with
pH 6.9-7.8, properly fresh with total salinity of 330 to
690 mg/dm3, characterized mainly by HCO, Mg-Ca
and SO,—~HCO, Na-Mg-Ca composition, have high sili-
con concentration, from 10 to 23 mg/dm?, averaging at
15 mg/dm?®. The medium geochemical parameters range
from reducing to oxidizing conditions with Eh ranging
from -81.2 to +509.6 mV; O,dissolv ranges from 1.62 to
9.91 mg/dm?®. The average values of geochemical coef-
ficients for this group are: Ca/Si — 11.49; Mg/Si - 2.48;
Na/Si - 1.25; Si/Na - 0.87; Ca/Na - 10.02; Ca/Mg -
4.76; tNa/rCl - 8.79 u SO,/Cl - 4.35, indicating the
accumulation of calcium, magnesium, and proceeding
sulfide oxidation processes in the waters. In terms of
microcomponent composition, rather high for waters
concentrations of Fe, Mn, Zn were identified, averaging,
mg/dm?3, 1.18; 0.16; 0.02, respectively. At the same time,
it should be noted that the microcomponents distribu-
tion spectrum in the waters in general has an inherited
character when compared with the host granites [7].

Table 2
Radionuclide composition of groundwater of Ob-Zaisan region granitoids
Water sampling location U-10% ‘ Th-10= ‘ C R
ping mg/dm3 Bq/dm?
Priobsky complex
Borok quarry 0.9-21.3* 0.1-9.6 0.97-14.9 18-89
8.3(9) 4.2 9) 3.1(9) 53 (9)
Tulinsky quarry 1.2(2) 0.3-0.7 (2) 2.4-5.7(2) 2(1)
Gorsky quarry 1.0-1.2 (2) 0.1-0.15(2) 9.3-10.4 (2) 0(2)
Bridge-4 (well) 0.7-1.8 0.1-1.7 0.1-2.5 285-597
1.4 (4) 0.6 (4) 0.7 (4) 561 (7)
Hospital-34 (borehole) 1.5-1.7 0.05-1.1 1.6-9.2 98-276
1.6 (11) 0.1(11) 4.1 (11) 183 (11)
Novobibeevsky quarry 1.0-1.2 0.3-3.1 2.4-26.6 6-39
1.1(5) 2.0(5) 15.6 (11) 21(5)
Novobibeevo settlement (borehole) 11.4 4.2 36.5 429
Chkalovskie Prostory DNG, boreholes 1.1-4.4 0.3-1.0 0.3-0.9 45-141
3.1(6) 0.5 (6) 0.7 (6) 98 (6)
Barlak complex
Skala quarry 94-140 3.9-216.3 3.3-17.8 154-474
118 (4) 72.2 (4) 594 334 (4)
Aeroflot horticultural non-commercial 30.9-34.8 0.1-14 0.1-0.4 196-352
partnership (borehole) 32.3(11) 0.1(11) 0.1(11) 272 (13)
Mochishche quarry** 8-29 n/a n/a 103-630
Yuzhno-Kolyvansky occurrence** 110-250 n/a n/a 4150-4960

Note: *

determinations; ** — archive data, n/a — no data available
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Groundwater radionuclide composition

Table 2 shows the concentrations of uranium,
thorium, and radon in the waters of the Priobsky
and Barlak complexes. Peak concentrations of ura-
nium and thorium were measured in waters within
the formations of the Barlak complex (areas Skala,
Aeroflot, Mochishche), where natural radionuclides
are contained in waters within the following ran-
ges, mg/dm3: 38U from 2.0-1072 to 1.4 and %2Th from
1to 216.3-10°%. 2?Th /23U ratio in the waters ranges
from O to 1.78-1073. 222Rn activity ranges from 154 to
630 Bq/dm?, which allows to classify the waters as
weakly radon and moderately radon. The waters of
the Priobsky complex are characterized by signifi-
cantly lower radionuclide concentrations, mg/dm?:
238U from 0.7-102 to 21.3-102and %2Th from 0.1 to
9.6-107°. The *2Th /38U ratio in the waters varies be-
tween 0 and 36.5-107*. The #22Rn activity in these wa-
ters varies in the range from 6 to 597 Bq/dm?, which
allows assigning them to the classes of non-radon to
moderately radon waters (according to the N.I. Tols-
tikhin classification).

According to the data obtained by the team of the
Laboratory of Hydrogeology of Sedimentary Basins of
Siberia in 2018-2023 [1, 2, 11], in fracture ground-
water of argillaceous and calcareous-argillaceous
shales the uranium and thorium concentrations are
typically lower (in some cases by several orders of
magnitude) than in the granitoids. For instance, in
the Insky springs waters in clay shales, natural ra-
dionuclides are contained in the following ranges,
mg/dm3: 238U from 2.83-107° to 4.13-1073; 22Th from
2.39-10° to 1.16-107%, the ratio **Th /U in the wa-
ters varies from 8.85-10™ to 3.61-1073, the activity
of #22Rn varies from 7 to 149 Bq/dm?3. Groundwater
in the vicinity of the Verkh-Tula settlement (spring,
boreholes) are characterized by even lower radionu-
clide concentrations in the range, mg/dm?: 238U from
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3.8:10°t0 7.2-10-3; 252Th from 0.1 to 8.0- 10, radon
activity up to 28 Bq/dm?. Such concentrations are
characteristic of the water-bearing complex of wide-
spread clay shales.

Conclusion

A detailed study of the composition and mine-
ralogy of granitoids of the Ob-Zaisan folded zone was
carried out, and for the first time a wide range of ac-
cessory minerals differing in the Priobsky and Bar-
lak complexes was identified. In addition to apatite,
sphene, and zircon, which were determined in both
complexes, fluorite, topaz, monazite, xenotime, cas-
siterite, rutile, orthite, and less frequent uraninite
and rich in rare-earth elements bastnesite and pari-
site were identified in the Barlak complex. Waters of
the Barlak massif (areas Skala, Mochishche, Aeroflot)
are characterized by the highest uranium and thorium
concentrations.

It should be noted that on the whole the obtained
data are well correlated with radionuclide concen-
trations in groundwater of the study area (historical
data). The concentrations of uranium and thorium in
the granitoids are several orders of magnitude higher
than those in other water-bearing rocks of the Ob-Za-
isan folded region — widespread argillaceous and cal-
cacerous shales, as well as intrusions of intermediate
composition, limestones, and coals. The obtained
data will be further used for modeling of interaction
processes in a water-rock system.

One can predict a high background of radionuclides
in the groundwater of the Barlak and Priobsky grani-
toid complexes, within the ranges, mg/dm?: 28U from
0.1-103to 1.40 and 2Th from 1.0-10°t0 2.16-1073.Ra-
don *2Rn activity in groundwater ranges 1-50 Bq/dm?
in the contact zones of granitoids with different-aged
sedimentary rocks to 600—5,000 Bq/dm?3 in the areas of
granitoids occurrence.
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