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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 palaeoenvironmental 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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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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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, c). 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, c).

Sosnov and Lukoyanov sands were analyzed using ICP-
MS, XRF, XRD, mineralogical, petrographic, SEM, and 

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 palaeogeographic 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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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, c; 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, c; 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 
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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, 

a
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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 

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 palaeoenvironments, rather than 
traditional marine deposition.
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Сосновская толща палеогена востока Русской плиты: 
новые данные о механизме формирования

*
1**

1***
1****

1

2

Аннотация

Цель и актуальность. Палеогеновая сосновская толща в Ульяновско-Сызранском Поволжье представляет 
собой уникальный комплекс высококварцевых песков и песчаников мощностью до 180 м, который 
широко используется в качестве высококачественного сырья для стекольной, силикатной и строительной 
промышленности. В данном исследовании пересматривается генезис этой толщи: традиционные прибрежно-
морские и дельтовые интерпретации ставятся под сомнение, предлагается новая модель песчаных инжектитов, 
согласно которой флюидизированные пески внедрялись в перекрывающие нижнепалеогеновые опоково-
диатомитовые отложения.
Методы и методология. Полевые работы, проведенные в 2021–2023 гг. в Кучуровском карьере и на 
обнажении Устье Кильны в сочетании с комплексом лабораторных методов, включавших ICP-MS, XRF, XRD, 
петрографический, электронно-микроскопический, микрозондовый анализы и конфокальную лазерную 
сканирующую микроскопию поверхности обломочных зерен, были использованы для реконструкции 
механизмов формирования сосновской толщи. Диатомовый анализ проб диатомитов нижнесызранской 
подсвиты выполнен для уточнения возраста слоев и подтверждения условий морского осадконакопления. 
Минералого-геохимические исследования песков и детритовых цирконов подтвердили генетическую связь 
сосновских песков с батскими песками лукояновской свиты, рассматриваемой в качестве слоя-источника 
песчаных инжектитов.
Результаты и интерпретация. Полученные данные свидетельствуют о генетической связи сосновских 
песков с батскими отложениями лукояновской толщи, указывая на то, что сосновская толща сформировалась в 
виде песчаных инжектитов, внедренных из глубокозалегающего слоя-источника. Эволюция сосновской толщи 
включала три последовательные стадии. Первая стадия – морского осадконакопления – характеризовалась 
накоплением кремнистых осадков с образованием опок и диатомитов в зеландии (NP6), что подтверждается 
диагностическими комплексами диатомей, встречающихся в ассоциации с палеоценовой морской фауной. 
Вторая стадия  – тектоно-инжектитовая  – была обусловлена палеоценовой активизацией Большого 
Жигулевского разлома с амплитудами смещений 350–719 м, что привело к флюидизации лукояновских песков 
на глубинах 300–500 м и их внедрению в нижнепалеогеновые отложения. Поверхностные микроструктуры 
обломочных зерен, включая впервые выявленные микроструктуры двухстадийного вдавливания 
на поверхности зерен циркона, а также геохимические данные и состав тяжелых минералов, служат 
убедительным доказательством инжектитового механизма формирования сосновских песков. Третья стадия – 
континентальная педогенно-озерная  – характеризовалась формированием вторичных конкреционных 
песчаников с гетерогенным кремнистым цементом, образовавшимся в условиях почвообразования и 
озерно-болотных обстановок. Наличие фосфорсодержащих пиритовых фрамбоидов свидетельствует о 
бактериальной активности и взаимодействии процессов почвообразования и инфильтрации метеорных вод 
в песчаную толщу в условиях застойных водоемов.
Выводы. Сосновская толща  – это не результат морского осадконакопления. Она представляет собой 
сложную систему песчаных инжектитов, сформированную в результате последовательной смены 
палеообстановок. Обобщение комплекса полевых и лабораторных данных позволило уточнить механизмы 
внедрения инжектитов, подтвердить генетическую связь с лукояновскими песками и реконструировать 
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палеогеографические обстановки на территории Ульяновско-Сызранского Поволжья, а также условия 
формирования высококачественных кварцевых песков промышленного значения.

Ключевые слова: песчаные инжектиты, кварцевые пески, палеоген, сосновская толща, Русская плита, 
палеообстановка.
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