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Abstract
Purpose and relevance. The Paleogene Sosnov Formation in the Ulyanovsk-Syzran Volga region represents a unique
complex of quartz-rich sands and sandstones, reaching up to 180 m in thickness, which is widely utilized as high-quality
raw material for the glass, silicate, and construction industries. This study reassesses its origin, challenging traditional
coastal-marine and deltaic interpretations by proposing a novel sand-injectite model, wherein fluidized sands intruded
into the overlying Lower Paleogene opoka-diatomite successions.
Methods and methodology. Field work in 2021-2023 at the Kuchury quarry and “Ustye Kilny” outcrop, combined with
a comprehensive suite of laboratory methods — including ICP-MS, XRF, XRD, petrography, scanning electron microscopy
(SEM), electron microprobe analysis, and confocal laser scanning microscopy of detrital grain surfaces — was utilized to
reconstruct the formation mechanisms of the Sosnov Formation. Diatom analysis of the Lower Syzran Subformation was
performed to refine the biostratigraphic age of the strata and to substantiate the conditions of marine sedimentation.
Mineralogical and geochemical investigations of the sands and detrital zircons corroborated the genetic link between
the Sosnov sands and the Bathonian sands of the Lukoyanov Formation, which is interpreted as the source layer for the
sand injectites.
Results and implications. The data demonstrate a genetic link between the Sosnov sands and the Bathonian Lukoy-
anov Formation, indicating that the Sosnov Formation formed as sand injectites emplaced from a deep source layer.
The Sosnov Formation evolved through three successive palaecoenvironmental stages. The first stage involved marine
siliceous sedimentation with the accumulation of opokas and diatomites during the Selandian-Thanetian (NP6), as con-
firmed by diagnostic diatom assemblages and associated marine mollusks. The second, tectono-injectite stage, was
triggered by Paleocene activation of the Great Zhigulev Fault, with displacements of 350-719 m, causing fluidization of
the Lukoyanov sands at depths of 300-500 m and their injection into the Lower Paleogene succession. Diagnostic sur-
face microtextures of mineral grains, including newly identified two-stage indentations on zircon grains, together with
geochemical and heavy-mineral data, provide strong evidence for an injectite origin. The third, continental pedogen-
ic-lacustrine stage, involved the formation of secondary concretionary sandstones under pedogenic and lacustrine-pa-
lustrine conditions. Framboidal pyrite and phosphorus-rich microstructures indicate bacterial activity and interactions
between soil formation, meteoric waters, and stagnant water pools.
Conclusions. The Sosnov Formation is interpreted as a complex sand-injectite system rather than simple marine deposi-
tion. Integration of multi-method field and laboratory data provides insights into injectite emplacement mechanism, pa-
laeogeographic evolution of the USVR, and the formation of high-quality quartz sand deposits of industrial significance.
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Figure 1. Location and geologic setting of study area: a — Paleogeographic map of the Paleogene (simplified from [22]); b — Lithologic-
Paleogeographic map of the Paleocene and Eocene of the study area [23]; ¢ — Geological map [24]; d — 3D model of sand injectite [10]
PucyHok 1. MectononoxeHue n reonormyeckoe CTpoeHne paccMaTpvBaeMon TeppUTOpuMu: a — naneoreorpadunyeckas kapta naneorexHa
(ynpotueHo no [22]); b — nuTonoro-naneoreorpaduyeckas kapta naneowueHa n aoueHa [23]; ¢ — reonornyeckas kapta [24]; d — 3D-mogenb
necyaHoro nHxektuta [10]

Introduction

The Paleogene Sosnov Formation (Fm.) of the Eastern
Russian Platform (ERP) consists of quartz sands and sand-
stones up to 180 m thick, occurring within a limited area on
the right bank of the Volga River between the cities of Uly-
anovsk and Syzran, referred to as the Ulyanovsk-Syzran Volga
region (USVR) [1] (Fig. 1, a-c). The sands are highly quartz-
rich (88-99%), structurally and texturally homogeneous, and
of considerable thickness, making them valuable raw materials
for glass, silicate, and construction industries. The sandstones
provide material suitable for rubble stone and crushed sand-
stone aggregates. Notable sand deposits associated with the
Sosnov Formation, including Tashlinskoye, Krasnogulyays-
koye, and Silikatny, are distinguished by high-quality reserves
[2-4]. Recent studies indicate that the formation mechanisms
of the Sosnov sands and sandstones are more complex than
previously assumed, requiring a reassessment of their origin
and palaeoenvironmental evolution [5, 6].

Contradictions in the concepts of origin. The origin
of the Sosnov sands has long been debated due to their high
demand as raw materials for glass and construction. Earlier
studies attributed the sands to coastal-marine or deltaic facies

formed during regressions in the Paleogene marine basin of the
ERP [1, 7, 8]. However, extensive geological and exploration
data indicate that the Sosnov Fm. lacks key features of deltaic
or coastal-marine deposits, such as progradational stacking,
gravitational stratification, organic remains, or carbonaceous
debris [5, 9].

The Sosnov formation consists of uniformly fine-grained
quartz sands interbedded with highly indurated, concretion-
ary sandstones cemented by opal and chalcedony. These sands
commonly intrude the Lower Syzran opoka-diatomite suc-
cession, and in some areas, reach the surface. Recent analyses
demonstrate that the Sosnov sands are better interpreted as
sand injectites rather than primary depositional facies. Varia-
tions in thickness reflect vent-proximal and peripheral injectite
facies (Fig. 1, d), while microstructural and geochemical data
indicate sandstone formation under continental conditions [5,
6, 10].

Sand injectite concept. Sand injectites form intrusive and
extrusive bodies from unconsolidated sands in deep source
layers. Overlying clay-rich, low-permeability strata provide
mechanical confinement, and elevated lithostatic pressures,
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Figure 2. Photographs and lithological composition of the studied sections: a — the East Tashla sand Quarry; b — Kuchury sand Quarry;
¢ — Ustye Kilny Section
PucyHok 2. ®otorpachmu 1 nMTOoNornyeckuin coctaB M3yyYeHHbIX pa3pe3oB: a — kapbep BocTo4YHO-TaLLMMHCKOro MECTOPOXAEHNS NECKOB;
b — kapbep Ky4ypoBCKOro MeCTOpOXaeHUsi NECKOB; ¢ — 0bHaxeHne YcTbe KunbHbl

often triggered by tectonics, fluidize the sands, driving migra-
tion along fractures. Depending on fracture connectivity, this
can produce sills, dikes, or sand volcanoes [11-19]. Large-scale
injectites may induce vertical displacements of hundreds of
meters, strongly influencing sedimentary architecture, fluid
migration, and basin evolution.

Reinterpreting the Sosnov Fm. as a sand injectite system
initially prompted two main objectives: identifying the deep
source layer capable of generating sufficient lithostatic pressure,
and determining the tectonic trigger responsible for sand mo-
bilization and injection. Both objectives were reached through
field and laboratory investigations of Sosnov sands and the Ba-
thonian (Middle Jurassic) Lukoyanov Fm. [3-7, 20, 21] (Fig. 1).

Geological structure and multi-method investigations

Fieldwork in 2021-2023 focused on Sosnov sands and
sandstones at the East Tashla and Kuchury quarries (Fig. 2,
a, b) and basal Lukoyanov sands at the Ustye Kilny outcrop
(Fig. 2, ¢). The Kuchury quarry (35 km south of Ulyanovsk)
exposes a 29 m-thick Sosnov Fm. fragment of fine- to very fine-
grained quartz sands (0,1-4,3 m) alternating with highly indu-
rated, concretionary sandstones (5-11 m) showing conchoidal
fractures (Fig. 2, b). The Lukoyanov sands (5,2 m) are green-
ish-gray, silt-rich, and dense, overlain by dark-gray siltstones
and clays (Fig. 2, ¢).

Sosnov and Lukoyanov sands were analyzed using ICP-
MS, XRE, XRD, mineralogical, petrographic, SEM, and
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electron microprobe methods. Analyses included light and
heavy fractions, zircon and quartz grain surfaces, and zircon
monofractions (over 150 analyses). Over 400 detrital zircon
grains were studied for geochemistry and typology, confirm-
ing a genetic link between Sosnov and Lukoyanov sands [25].
Element concentrations in the rock samples and zircons from
both units were evaluated via provenance analysis using dis-
criminant diagrams (Fig. 3). Spatial models of injectite sand
deposits were constructed to highlight prospective explora-
tion areas [10].

Materials and methods

In addition to the multi-method investigations of the Sos-
nov and Lukoyanov sands described above, diatom analysis
of Paleogene diatomites from the Lower Syzran Subfm. was
performed to support palaecogeographic reconstructions. Four
samples from the 6,7 m-thick diatomite unit overlying the
Sosnov Fm. in the Kuchury quarry (Fig. 2, b) were processed
following standard procedures, including acid treatment, clay
dispersion, and heavy-liquid separation, to isolate siliceous
residues. Diatom assemblages were examined using Carl Zeiss
Amplival and AxioLab optical microscopes, and their quanti-
tative and zonal distributions were used to establish the age of
the unit, providing the foundation for the first stage of the pa-
laeoenvironmental evolution model (Fig. 4, a).

Zircon grains from Sosnov sands were analyzed with a
Zeiss LSM 780 confocal laser scanning microscope, revealing
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Figure 3. Discriminant diagrams of trace elements in the Sosnov and Lukoyanov sands and detrital zircons: a — Hf versus La/Th plot
[26] for sands of the Sosnov and Lukoyanov Fms [5]; b — Y versus Hf plot for detrital zircons [27] of the Sosnov and Lukoyanov sands [25]
PucyHok 3. JMCKpMMUHaHTHbIE AUarpaMMbl MUKPO3JIEMEHTHOIO COCTaBa COCHOBCKUX U NTYKOSTHOBCKUX NECKOB U AeTPUTOBbIX
LUMPKOHOB: a — anarpamma Hf — La/Th [26] Ans neckoB COCHOBCKOM TOMLLM U NTYKOSTHOBCKOM CBUTHI [5]; b — anarpamma Y — Hf anst getTputoBbIx
LIMPKOHOB [27] N3 NeCKOB COCHOBCKOW TOMLUM U JTYKOSIHOBCKOWN CBUTHI [25]

new surface microstructures that complemented previously
identified features, thus providing evidence for the sand injec-
tite formation mechanism and representing the second stage of
the evolution model (Fig. 4, b).

The continental origin and pedogenic characteristics of
Sosnov sandstones, corresponding to the third stage of the pa-
laeoenvironmental evolution model, were investigated using
SEM and electron microprobe analyses on a FEI XL-30 ESEM
equipped with an EDAX energy-dispersive spectrometer
(Fig. 4, c). All the analyses were conducted at the laboratories
of Kazan Federal University.

Results and discussion

Reconstruction of the palaeoenvironmental evolution
of the Sosnov Fm. is based on the results of previously con-
ducted multi-method studies of the Sosnov and Lukoyanov
sands, supplemented by new data obtained in this study. The
analyzed data demonstrate that the Lower Paleogene Sosnov
Fm. in the USVR, developed through three successive palae-
oenvironments: 1) marine sedimentation, 2) activation of the
Great Zhigulev Fault with sand injectite emplacement, and 3)
continental conditions.

The onset of Paleogene geological evolution in the re-
gion was marked by the accumulation of siliceous sediments
in a marine basin. Opokas and diatomites of the Lower Syz-
ran Subfm. (Danian-Selandian), up to 80 m thick, are wide-
spread in the eastern and southeastern Russian Platform [1].
At the Kuchury quarry, these diatomites overlie Sosnov sands
and sandstones (Figs. 1, ¢; 2, b). Diatom analysis revealed a
characteristic assemblage dominated by the zonal species
Grunowella gemmata (Fig. 4, a - 1), accompanied by Anulopli-
cata ornata, Briggera includens, Paralia sulcata, Trinacria ven-
triculosa, Trinacria pileolus var. josephina, and others (Fig. 4,
a - 2, 6). This assemblage is characteristic of the Grunowella
gemmata beds and corresponds to the NP6 zone of Martini’s
[28] nannoplankton scale, spanning the Selandian-Thane-
tian interval. Marine mollusks, including Nucula proava, N.
krischtafowitschi, and Solecurtus pavlovi, further confirm the
Paleocene age [29].

Thus, prior to sand injectite emplacement, the USVR was
characterized by marine siliceous sedimentation, forming
opokas and diatomites (Fig. 4, a). Diagnostic features include

abundant diatoms and other siliceous organisms with associ-
ated marine mollusks. Furthermore, the siliceous rocks subse-
quently served as a source of free silica for the cementation of
the Sosnov sands.

The second stage involved a tectonic event uncommon for
platform settings: activation of the Great Zhigulev Fault (Figs.
1, ¢; 4, b), documented in the State Geological Map 200/3 [24].
Paleocene tectonic uplift, with throws of 350-719 m, likely
triggered fluidization of the Bathonian Lukoyanov sands at
300-500 m depth, their upward migration through low-per-
meability Jurassic—Cretaceous clay layers, and injection into
the Lower Paleogene opoka-diatomite succession. Heavy min-
eral and microelement analyses of sands, as well as detrital zir-
con studies, demonstrate strong geochemical and typological
similarity between Sosnov and Lukoyanov sands, confirming a
genetic link and identifying the Puchezh-Katunk structure as
the probable source [5, 9, 25].

Surface microtextures of Sosnov mineral grains reveal di-
agnostic features of injectites, including rotational microtex-
tures, notched microtroughs, and deformed fluid inclusions
[20, 21]. Newly identified two-stage indentations on the sur-
face of the fully rounded zircon grain (Fig. 4, b) complement
previously recognized features, providing a robust method
for identifying sand injection processes. Most likely, it was
formed by the impact and indentation of a smaller grain,
which, upon subsequent compression under increasing litho-
static pressure, decreased in size, creating a second, deeper,
smaller indentation. These microtextures, together with lith-
ological and geochemical data, confirm the injectite origin of
the Sosnov sands.

Paleocene activation of the Great Zhigulev Fault and sub-
sequent sand injectite formation represent major geological
processes of the second stage in the USVR (Fig. 4, b). All nec-
essary conditions — fluidized sands, significant depth of the
source layer, overlying impermeable strata, and tectonic trig-
gers — are documented both in the geological succession and
regional tectonic history.

The third stage involved the formation of secondary sand-
stones characterized by highly heterogeneous siliceous ce-
mentation and irregular morphologies. Sosnov concretionary
sandstones exposed in the Kuchury quarry were investigated

10 N. Hamada et al. The Paleogene Sosnov Formation of the Eastern Russian platform: insights into genesis//
MzBectua YITY. 2026. Boin. 2 (82). C. 7-16. DOI 10.21440/2307-2091-2026-2-7-16



N. Hamada et al / News of the Ural State Mining University, 2026, issue 2 (82), pp. 7-16

EARTH SCIENCES

Marine sedimentationstage)ft ™
P

[ L4 L4

Element, wt %

Si
0 464

Z Si 142

o Zr 375
Fe Fe 04

Hf 1.4

Continental pedogenic-|
Q | lacustrine stage

0 . Si
LFG ’i'lpi K i

Figure 4. Paleogeographical models of the Sosnov Fm. and characteristic features of each stage: a — marine sedimentation stage and
micrographs of the most abundant diatoms: 7 — Grunowella gemmata (Grunow) Van Heurck, 2 — Anuloplicata ornata (Grunow) Gleser, 3 — Brig-
gera includens (Grunow) R. Ross & P.A. Sims, 4 — Paralia grunowii Gleser, 5 — Trinacria ventriculosa (A. Schmidt) Gleser, 6 — Trinacria pileolus
(Ehrenberg) Grunow; b — tectono-injectite stage and an SEM micrograph of a zircon grain showing traces of two-stage indentation during injec-
tion; ¢ — continental pedogenic-lacustrine stage and SEM micrograph of a phosphorus-bearing pyrite framboid in the cement of the sandstone

PucyHok 4. Naneoreorpadunyeckne moaenyu COCHOBCKOM TOJLUM U XapaKTepHbIe NMPU3HAaKNU Kaxaon ctaaum ee hopMmmnpoBaHus:
a — CTagus MOPCKOro 0cafKoHaKoMnneHust 1 MuKkpodpotorpadum xapaktepHoro komnnekca anatomeii: 1 — Grunowella gemmata (Grunow) Van
Heurck, 2 — Anuloplicata ornata (Grunow) Gleser, 3 — Briggera includens (Grunow) R. Ross & P. A. Sims, 4 — Paralia grunowii Gleser,
5 — Trinacria ventriculosa (A. Schmidt) Gleser, 6 — Trinacria pileolus (Ehrenberg) Grunow; b — TekToHO-UHXekTUTOBas ctaguns U SEM-n3obpaxeHus
3epHa LMPKOHa C NOBEPXHOCTHON MUKPOCTPYKTYPOI ABYXCTYNEHYaTOro BAABNUBaHUS BO BPEMS MHXEKTUPOBAHUST; C — KOHTMHEHTanbHas
NeforeHHo-NakycTpuHHas ctagus n SEM-nsobpaxeHunst dochopcoaepxallmx MMpUToBbIX hpambonaos B LIeMeHTe necqaHuka

using electron microscopy and electron microprobe analyses
[6]. The results indicate that cementation occurred under con-
tinental pedogenic conditions, with silica most likely derived
from opokas and diatomites of the Lower Syzran Subfm. Me-
teoric waters facilitated the infiltration of silica-saturated solu-
tions into the sand succession, resulting in the development of
irregular sandstone bodies (Figs. 2, b; 4, c).

In addition to previously obtained data, the present study
provides new SEM images of Sosnov sandstones showing voids
filled with framboidal aggregates that, besides pyrite and Na-K
aluminosilicates, contain phosphorus (Fig. 4, c). Phospho-

rus-rich framboidal structures indicate intensive activity of
magnetotactic bacteria in stagnant water bodies [30]. This pro-
cess most likely occurred during soil formation or within lacus-
trine—palustrine environments enriched in phosphate-bearing
biogenic residues.

Thus, the third stage of Sosnov Fm. evolution, associated
with sandstone formation, occurred under continental pedo-
genic and lacustrine—palustrine conditions (Fig. 4, c).

Conclusion

The Sosnov Fm. in the USVR region developed through
three successive stages: marine siliceous sedimentation,
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Paleocene activation of the Great Zhigulev Fault with sand
injectite emplacement, and continental pedogenic-lacustrine
conditions.

Prior to the activation of the Great Zhigulev Fault, during
the marine sedimentation stage, opokas and diatomites of
the Lower Syzran Subfm. were deposited in a marine basin.
Diagnostic diatom assemblages and associated marine mollusks
indicate deposition under fully marine conditions during the
Selandian-Thanetian stage (NP6).

The tectono-injectite stage involved fault activation, fluid-
ization of the Bathonian (Middle Jurassic) Lukoyanov sands at
300-500 m depth, and their injection into the opoka—-diatomite
succession. Specific surface microtextures, including newly

H. Xamada u dp. / Useecmusa YITY. 2026. Boin. 2 (82). C. 7-16

identified two-stage indentations on the surface of the grain, pro-
vide robust evidence for an injectite origin of the Sosnov sands.

The continental pedogenic-lacustrine stage involved for-
mation of secondary concretionary sandstones with highly
heterogeneous siliceous cementation under continental pedo-
genic and lacustrine-palustrine conditions. Framboidal pyrite
and phosphorus-rich microstructures indicate bacterial activi-
ty, reflecting interactions between soil formation, meteoric wa-
ters, and stagnant water pools.

Integrating multi-method field and laboratory data con-
firms that the Sosnov Fm. represents a complex sand injectite
system shaped by successive palacoenvironments, rather than
traditional marine deposition.
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CocHOBCKasl TOALLA MAaAeoreHa BOCToKa Pycckoi MAUTLI:
HOBbLIE AAHHbLIE O MeXaHM3Me DOPMUPOBAHMSI

Hagua XAMAOA" ?*

CseTtnaHa OneroBHa 30PUHA"™*
Hapexpa MocudposHa AGAHACBEBA'™**
KoHcTaHTuH UropeBuy HUKALLUUH™***

'KazaHckuin (MpuBomkcknin) henepanbHblii yHBepeuTeT, KasaHb, Pecnybnuka TatapcTtaH, Poccus
2YHuBepcuteT Jamacka, Jamack, Cupus

AHHOTaLMs!
Ienv u akmyanvnocmo. I1aneoreHoBas COCHOBCKasA TOJIA B YIbAHOBCKO-ChispaHckoM IloBo/mxbe mpefcTaBiseT
co00Ji YHUKa/NbHBINI KOMIIIEKC BBICOKOKBApIIEBBIX IIECKOB 1 IIECYAHMKOB MOIIHOCTBIO 710 180 M, KOTOPBIi
LIMPOKO VICIIO/Ib3YeTCA B KaueCTBE BBICOKOKAYECTBEHHOTO CBIPbsA /A CTEKOIbHOM, CUIMKATHON M CTPOUTENbHOM
IPOMBIIIIEHHOCTH. B TaHHOM McCcefoBaHNy IepecMaTpyBaeTCs TeHe3VIC STON TOMIIN: TPAAMUIIOHHbIE IPUOPEKHO-
MOPCKME U le/IbTOBbIE MHTEPIPETALNM CTaBATCA 110 COMHEHE, IIPEM/IaraeTCAA HOBas MOJE/Ib IIeCYaHbIX MHXKEKTUTOB,
COITIACHO KOTOPOJI (pIoyaN3MpOBaHHbIE TIeCKM BHEAPSINCH B IepPeKphIBAIOINIVE HIDKHEa/IeOreHOBble ONOKOBO-
IVMAaTOMUTOBBIE OT/IOXKEHNA.
Memoovt u memooonozus. IloneBbie paboTsl, nmpoBefgeHHble B 2021-2023 rr. B KyuyypoBckoMm Kapbepe M Ha
ob6HaxeHUN Ycrbe KMIbHBI B COYETaHNY C KOMIIEKCOM Ha6opaTopr1x MeTomoB, Bkmrouasiinx ICP-MS, XRE XRD,
neTporpapuyecKuii, 91eKTPOHHO-MUKPOCKOIIMYECKNIl, MUKPO3OH/IOBbI/l aHaIM3bl ¥ KOH(OKATbHYIO JTa3ePHYIO
CKQaHUPYIOIIYI0 MUKPOCKOIMIO ITOBEPXHOCTM OOJIOMOYHBIX 3epeH, ObUIM MCIO/Nb30BAHBl I PEKOHCTPYKIIVN
MeXaHU3MOB (HOPMUPOBAHMS COCHOBCKON TOMIM. [[MaTOMOBBII aHa/mu3 IpoO AMATOMUTOB HYDKHECHI3PAHCKOI
IIOJICBUTBI BBITIONHEH I/l YTOUYHEHNA BO3PAcTa C/I0EB U MOLTBEPXKAEHNUA YCIOBUII MOPCKOTO OCaJKOHAKOIITIEHN.
MuHepanoro-reoXuMmn4YeCcKe UCCIeOBaHMA IIECKOB 1 IETPUTOBBIX IMPKOHOB IIOATBEPAWIN T€HETUYECKYIO CBA3D
COCHOBCKVIX IIECKOB C OaTCKMMMU IeCKaMM JIYKOSHOBCKOJ CBUTBI, PaCCMAaTpUBAaeMOl B Ka4eCTBE C/IOA-VICTOYHVKA
IIeCYaHbIX MHXKEKTUTOB.
Pesynvmamor u unmepnpemavus. IlonydeHHble JaHHbIE CBUIETEIbCTBYIOT O T€HETUYECKON CBA3M COCHOBCKMX
IIeCKOB € 0aTCKVMIMU OT/IOKEHVAMY TyKOSTHOBCKOJ TOJIIY, YKa3bIBast Ha TO, YTO COCHOBCKAs TO/IA C(pOpMIpPOBaach B
BUJIe TeCYaHBIX MH)KEKTUTOB, BHE/IPEHHDIX 113 I/Ty0 OKO3a/IeTa01IIeTo C/I05-ICTOYHVKA. DBOJIIOLVIA COCHOBCKOI TOIIIN
BKJ/II0YaJIa TpY MOCENOBaTe/IbHble cTaguu. IlepBas cTagusa — MOPCKOTO OCaKOHAKOIIZIEHN — XapaKTepU30BaIach
HaKoIIeHJeM KPEeMHUCTBIX 0Ca/IKOB ¢ 00pa3oBaHueM OIOK 1 AMaToMuToB B 3enanayu (NP6), uto nogreepxaercs
IMATHOCTUYECKUMY KOMIUIEKCaMy IMaTOMell, BCTPEYAIOIUXCsl B aCCOLMAINM C MTA/Ie0L[eHOBOI MOPCKOIt (ayHOIL.
Bropas cTagma - TeKTOHO-MHXKEKTUTOBass — ObUIa OOYC/IOB/IEHA IIa/IeOLleHOBOI aKTMBM3anuel bBosbioro
JKurynesckoro pasnoma c aMImtygamu cmeriernit 350-719 M, 4to nmpuBeso K Gronan3annn TyKOTHOBCKIX [IECKOB
Ha ryomHax 300-500 M 1 X BHEIPEHMIO B HVDKHeEIIaTeOreHOBbIe OT/IOKeHVsI. [I0BepXHOCTHBIE MUKPOCTPYKTYPBbI
00JIOMOYHBIX 3€peH, BK/IIYass BIEpPBble BbIABJICHHbBIE MUKPOCTPYKTYpPbl [BYXCTaJUITHOTO BJIaBIMBAaHUA
Ha IIOBEPXHOCTM 3€peH LMPKOHA, a TaK)Xe TeOXMMMYECKMEe [JaHHble M COCTaB TsKENbIX MIUHEPANOB, CIIy>KaT
ybemuTe/IbHbIM JOKa3aTebCTBOM MIHXEKTUTOBOIO MeXaH13Ma (OpMMUPOBaHMA COCHOBCKMX NecKOB. TpeTbs cTaus —
KOHTVMHEHTa/IbHAsA IIe[JOTeHHO-03epHasi — XapaKTepu3oBajach (POPMUPOBAHVEM BTOPUYHBIX KOHKPELMOHHBIX
IIeCYaHMKOB C TeTePOTeHHBIM KPEMHMCTBIM LIeMEHTOM, OOpa3OBaBIIMMCA B YCIOBMAX MOYBOOOpPA3OBaHUA 1
03epHO-00/710THBIX 06cTaHOBOK. Hamuume docdopcopepkamux muputoBsix GpaMOOUIOB CBUIETEIBCTBYET O
6akTepyanbHONM aKTUBHOCTH U B3aMMOJIe/ICTBUY IIPOLIECCOB OYBOOOPa30BaHMsA ¥ MH(WIbTPALNU MeTEOPHBIX BOJL
B IIECYAHYIO TONIY B YCTIOBMAX 3aCTOMHBIX BOJOEMOB.
Bv1600vi. COCHOBCKasi TONMIA — 9TO HE Pe3yIbTaT MOPCKOTO OcajKoHakomteHys. OHa IpencTaByseT coboii
CJIOKHYIO CUCTEMY IIeCYaHBIX MH)XEKTUTOB, C(POPMUPOBAHHYI0 B pe3ylIbTaTe IIOC/IeHOBATEIbHON CMEHBI
naneoo6cTanoBoK. O6001eHNe KOMITIEKCa TIO/IEBbIX U 1TA0OPAaTOPHBIX JAHHBIX IO3BO/IMIO YTOYHUTD MEXaHM3MbI
BHEIpEHNs VHXKEKTUTOB, IOATBEPIUTD T€HETUYECKYIO CBA3H C JTYKOSHOBCKMMM IIECKAMM M PEKOHCTPYyMPOBATh
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naneoreorpaduyeckrie 0OCTAaHOBKM Ha TeppUTOPUM YIbSHOBCKO-ChbI3paHCKoro ITOBO/DKBA, a Taxke YCIOBUA
¢dbopMupoBaHMsI BBICOKOKaYeCTBEHHBIX KBAPI[eBbIX [1€CKOB IPOMBIIIEHHOTO 3HAYEHISL.

Kntouesvie cnosa: mecyaHbie VHJKEKTUTDI, KBAapLI€BbIE IIE€CKM, IIa/IEOTE€H, COCHOBCKasA TO/IIIA, Pyccxaﬂ IIJINTa,
ayie006CTaHOBKA.
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Hcenedosanue nodoepscaro eparmom Poccutickozo Hayunozo gonoa (npoexm Ne 22-27-00070).
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