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Abstract
The purpose of the research. The chief task of the research is to examine the microtextures of quartz grains in the
Paleogene Sosnov Formation, which is a sedimentary unit located in the Ulyanovsk-Syzran Volga Region of the Russian
Platform. By examining the microtextures, which include mechanical, chemical and mechanical/chemical features, it
becomes possible to find out the mechanisms by which grains were transported and subsequently modified.
The relevance of the research. The relevance of this research lies in the fact that the analysis of quartz grain microtex-
tures provides valuable insights into sediment provenance of sedimentary deposits is crucial for reconstructing past
geological environments and unraveling depositional histories.
Research methodology. Twenty quartz grains were collected from sands of the Paleogene Sosnovka Formation, ex-
posed by the Eastern-Tashlinsky and the Kuchurovsky quarries to a depth of 5 and 7.5 m, respectively. The research
methodology involved scanning electron microscopy (SEM) to investigate the microtextures of quartz grains.
Results and conclusions. The study reveals 19 microtextures types, which were categorized into mechanical, chem-
ical, and combined mechanical/chemical microtextures. An analysis of SEM indicated that chemical microtextures
are present in the Paleogene Sosnov Formation, which made it possible to suggest that the sands passed through a
low-energy phase during their transition. The data obtained enables us to reconstruct the diverse depositional paleo-
environments, including eolian, subaqueous, mixed subaqueous-eolian, and pedological settings.

Keywords: Microtextures, Scanning electron microscopy, Quartz, Sosnov Formation, Paleogene, Russian Platform.

Introduction

Understanding the provenance of sedimentary deposits
is crucial for reconstructing past geological environments and
unraveling depositional histories. In this regard, microtextural
analysis of quartz grains using SEM provides a powerful tool
for understanding the transport processes and source regions
of sediments [1, 2]. By examining the microtextures, which in-

This study is an extension of the previous research by
Zorina and coauthors [3], that examined the surface micro-
textures of quartz grains and origin of the Paleogene sands
in the USVR. The authors used optical and electron micros-
copy to analyze the microtextures of the quartz grains to
identify the paleoconditions of their formation. They found

clude mechanical and chemical features, it becomes possible
to find out the mechanisms by which grains were transported
and subsequently modified. This study focuses on the micro-
textures of quartz grains in the Paleogene Sosnov Formation,
aiming to interpret the sediment provenance and transport dy-
namics in the Ulyanovsk-Syzran Volga Region (USVR) of the
Eastern Russian Platform.

that the quartz grains from the Paleogene sands had differ-
ent degrees of rounding and polishing, indicating different
transport and depositional processes. The authors conclud-
ed that the Paleogene sands provide evidence of diverse
depositional paleoconditions, including eolian, subaquatic
(beach zone), subaquatic-eolian (coastal dunes), injective,
and continental pedological settings. Which were derived
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Figure 1. Location of the Eastern Tashlinsky and Kuchurovsky Quarries on a geographical map A, Google map B, geological map of the
southeast the Ulyanovsk region (according to Lichman, 1989 with changes and additions) C

PucyHok 1. PacnonoxeHue BoctouHo-TawnuHckoro u KyuypoBckoro kapbepoB Ha reorpaduyeckomn kapte A, kapte Google B, reonoru-
YecKoM KapTe Iro-BocToka YnbsiHoBckor o6nactu (no Jinumany, 1989 r. c usmeHeHUsiMU U aonosnHeHusimm) C

from diverse depositional environments, including eolian,
subaqueous, mixed subaqueous-eolian, and pedological
settings.

This study supports the previous results also and delves
into a more meticulous investigation, based on the surface mi-
crotextural analysis of a larger number of quartz grains through
the utilization of scanning electron microscopy (SEM). This

technique, renowned for its capacity to scrutinize and eluci-
date the intricate minutiae and attributes of quartz grain sur-
faces with unparalleled precision, furnishes a formidable tool
for characterization and examination.

Geological setting

The present investigation focuses on quartz sands from
the Sosnov Formation of the Paleogene, which are exposed in
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Table 1. Distribution of quartz grains occurring with specific microtextures in samples SM-2 and Kuch-1 of the Paleogene Sosnov

Formation of the USVR (¢ — present)

Ta6bnuua 1. PacnpepeneHue 3epeH KBapLa, BCTpeYaroLwWwmxcsi co cneundmyeckon MMKpoTekcTypou B obpasuyax CM-2 u Ky4-1 naneore-

HoBoW cocHoBckon cBuTbl YCBP (° — HacTosilee Bpemst)

Types of microtextures

Locations of the studied quartz grain

Kuchurovsky sand

quarry Tashlinsky sand quarry

Samples

SM-2 Kuch-1

1. Subrounded
2. Rounded

3. Well-Rounded
4. Conchoidal fractures

Mechanical Outline

5. Arcuate steps

6. Straight steps

7. Meandering ridges

8. V-shaped percussion cracks
9. Crescentic percussion marks
10. Bulbous edges

11. Oriented etch pits

12. Solution pits

Chemical .
13. Solution crevasses

14. Silica globule and flowers
15. Low relief

16. Medium relief
Mechanical and 17

chemical Elongated depressions

18. Chattermarks
19. Cracks

the Kuchurovsky and Eastren-Tashlinsky Quarries located in
the USVR of the Russian Platform (Fig. 1, A, B, C).

The Sosnov Formation, with a thickness of up to 180 me-
ters, is widespread in the USVR and consists of white, brown-
ish, and pinkish-white fine-grained quartz sands with sporad-
ic nodular interbeds of sandstones on siliceous cement. The
sand deposits are underlain and overlain by lower Cretaceous
Maastrichtian chalk, but in some areas, they are predominant-
ly underlain and overlain by Paleocene Lower Syzran opokas
and diatomites [4, 5].

Research materials and methods

Two bulk samples (Sm-2, Kuch-1) were collected from
sands of the Paleogene Sosnov Formation of the USVR. Sand
sample Sm-2 was collected from the Kuchurovsky and Kuch-
1 was taken from the Tashlinsky quarries. The whole number
of quartz grains is 20, 10 grains of each sample. The samples
were prepared with meticulous, ensuring the preservation of
the original surface features. The quartz grains are carefully
mounted onto SEM stubs, followed by polishing and carbon
coating to minimize charging effects and enhance conduc-
tivity. This preparatory stage plays a crucial role in achieving
high-resolution imaging and accurate chemical and mechan-
ical analysis, providing a solid foundation for interpretations.
Then, samples were examined under a Zeiss LSM 780 visi-
ble light confocal laser scanning microscope (Kazan Federal
University). The acquired images were then processed using
specialized software (CorelDRAW 2018) to measure the di-

mensions of specific microtextures of individual grains. Based
on Vos [6], surface microtextures of quartz grains are inter-
preted and analyzed.

Results

Quartz grains microtextures of both samples (Sm-2) and
(Kuch-1) are distinguished generally by rounded quartz grains
with low relief, bulbous edges and elongated depressions.
Other features such as meandering ridges, crescentic percus-
sion marks, v-shaped percussion cracks and chattermarks are
also frequently observed. Solution-related features including
solution pits and crevasses are more pronounced in Kuch-1
grains (Table 1).

The microtextures mentioned above reveal 19 types of
microtextures which can be subdevided into three categories
based on their mode of origin: mechanical, chemical and me-
chanical/chemical.

1. Mechanical microtextures

The characterization of surface microtextures of quartz
grains is crucial for comprehending their geological behavior.
Mechanical microtextures, such as roundness, provide essen-
tial insights into the processes of grain transportation, abra-
sion, and weathering. Roundness is a measure of the degree of
sphericity or angularity of a particle, reflecting its resistance to
abrasion and transport. The SEM analysis revealed the round-
ness values for the examined quartz grains. Most quartz grains
of both samples (Sm-2) and (Kuch-1) exhibited a near-perfect
spherical shape (Plate 1, A, E, F; 3, C, 4, A), while others dis-
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Plate 1. Micrograghs of quartz grains of SM-2: A — Rounded grain with low relief and bulbous edges. On the grain can be observed depressions
with dimension 40—-104 um (arrows); B — Detail of oriented triangular etch pits (2 um) on the old conchoidal fracture plane; C — Crescentic percussion
marks (a) and chattermarks (b) widened by solution. Note their irregular orientation and variation in size (2—18 pm). Numerous scattering silica flow-
ers (B, C) on the surface and within crescentic percussion marks (arrows in C); D — Subrounded grain with low to medium relief and smoothy edges.
Note on the grain elongated (60—120 um) and circular (50 um in diameter) depressions; E — Rounded grain with low relief. On the grain, 3 elongated
depressions (0.1 mm) can be observed; F — Rounded grain with low relief and bulbous edges. Note many depressions (80—210 um) on the grain;
G — Circular solution pits (1-3 um in diameter) on a fracture plane. Some of pits are filled with silica flowers particles (arrows). Note silica flowers on
the plane formed by merging silica globules due to continued precipitation; H — Elongated solution pits on a fracture plane (arrows)
®dotonnactuHka 1. Mukpodotorpacum 3epeH kBapua CM-2: A — okpyrnoe 3epHO C HU3KUM penbedoM 1 BbiNyKIbIMU KpasiMu. Ha 3epHe Ha-
6nopatotes yrnyoneHus pasmepom 40—-104 MkM (CTpenku); B — 4epTexx OPUEHTUPOBAHHbBIX TPEYTONbHBIX SMOK TPaBMneHus (2 MKM) Ha cTapon nno-
CKOCTM pakoBucToro nsnoma; C — cepnoBuiHble crnefpl oT nepkyccum (a) n ot TpelyH (b), paclumpeHHble pactBopoM. O6paTute BHUMaHWE Ha UX
HenpaBuUIbHYH OPUEHTALMIO U U3MEHEHME pa3mepa (2—18 mMkm). MHorouncrneHHble pa3bpocaHHble LBeTkY kpeMHesema (B, C) Ha NOBEpXHOCTU U
B CEPMNOBUAHBIX Crieaax ot nepkyccun (cTpenku B C); D — nonykpyrioe 3epHO ¢ penbedoM OT HU3KOro 10 CPEAHEro 1 rmagkumm kpasimu. Obpatute
BHUMaHWe Ha yanuHeHHble (60—120 mkm) u kpyrnble (amameTpom 50 MkM) yrnyGrneHus B 3epHax; E — okpyrnoe 3epHO € HU3KkUM penbedom. Ha
3epHe HabntoaatoTes 3 yarnuHeHHbIX yrryonenus (0,1 Mm); F — okpyrrioe 3epHO € HU3KUM penbedoM 1 BbiMyKnbiMU kpasiMu. O6patute BHUMaHue Ha
MHoroumcreHHble yrnybnenus (80-210 mkm) Ha 3epHe; G — kpyrble IMKM pacTBopa (AMaMeTpoM 1—3 MKM) Ha NnockocTy n3rioma. Hekotopble siMku
3anornHeHbl YacTvLaMm LIBETKOB KpeMHesema (CTpernku). ObpaTvTe BHUMaHWeE Ha LiBETbl KpeMHe3eMa Ha NnockocTu, 0bpa3oBaBLUMeCs B peayrnbsTaTe
CnnsiHWS robyn KpemHe3eMa B pe3yrnbsraTte NPoAoIHKaloLLErocst OCaxaeHust; H — yanMHeHHbIe SMKU pacTBopa Ha NIIoCKOCTM M3rioma (CTpernki)
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played varying degrees of spherical (subrounded, plate 1,
D; 2, A, E) and well rounded (Plate 3, A, B). The obtained
results indicated that the roundness of quartz grains is in-
fluenced by factors such as transport distance, depositional
environment, and post-depositional processes. The occur-
rence of rounded grains often indicates their involvement
in eolian phases.

Among mechanical microtextures of the sands Paleogene
Sosnovka Formation, another diagnostic indicator for eo-
lian transportation is the occurrence of bulbous edges [6-8].
Bulbous edges have the shape of a parabolic curve and appear
together with elongated depressions (Plate 1, A, F; 3, C). Eolian
processes involve the transportation of sediment particles by
wind, and during the eolian phase, grains repeatedly bounce
and collide with each other and the substrate. These repeated
impacts result in the abrasion and rounding of particle edges,
leading to the characteristic roundness and bulbous edges ob-
served in these grains.

Furthermore, the presence of conchoidal fractures is ob-
served in both studied samples. Conchoidal fractures are char-
acterized by smooth, curved surfaces resembling the interior
of a seashell or a broken glass (Plate 1, B; 2, A, B; 3, D; 4, B).
These fractures are common in quartz grains and primarily
formed through a process called conchoidal fracturing. When
subjected to stress, quartz grains exhibit a unique behavior
known as brittle failure, where the grains break along planes
of weakness rather than undergoing plastic deformation. It
could happen with arcuate and straight steps (Plate 3, B). The
high-energy impact or rapid release of stress during fracturing
creates shockwaves that propagate through the grain, resulting
in the formation of conchoidal fractures. These fractures can
indicate the occurrence of high-energy events, such as rapid
sediment transport, impact processes, or post-depositional
tectonic activities.

The grains from both samples exhibit numerous oriented
and not oriented crescentic percussion marks (Plate 1, C; 2, D;
3, A, B). Crescentic percussion marks are curved or arc-shaped
features that form on the surface of quartz grains. They resem-
ble crescent moons or horseshoes and vary in size (2-18 pum)
in the studied grains. These marks can indicate past impact
events, such as particle collisions or high-energy sedimentary
processes involving grain-to-grain interactions and pointed of
eolian transportation phase during the sedimentary history of
the grain. Also, can note that some marks are widened by solu-
tion processes (Plate 1, C).

In sample Knch-1 exhibited meandering ridges (Plate 3,
F; 4, B). Meandering ridges are elongated, sinuous features that
traverse the surface of quartz grains. They appear as raised or
elevated structures with a winding or serpentine pattern. These
ridges are commonly observed on the surfaces of grains that
have been subjected to transport processes, such as fluvial or
aeolian transport.

V-shaped percussion cracks showed in sample Knch-1
(Plate 2, C, F). Those cracks are small, linear features that form
at the impact points on the surface of quartz grains. They re-
semble V-shaped notches or fractures and are commonly ob-
served on grains that have undergone mechanical impact or
post-depositional alteration. These cracks can indicate past
impact events, such as high-energy transport or sedimentary
processes involving particle random collisions.

EARTH SCIENCES

2. Chemical microtextures

Silica globules and flowers covered most of the older frac-
ture planes of grains in the sample (SM-2) and less in the sam-
ple (Kuch-1). First, silica globules are formed when stationary
grains find themselves embraced by silica-laden fluids that
overflow with saturation [9]. Then, during continuing silica
precipitation, silica globules mixed to form silica flowers (Plate 1,
G; 2, C; 4, F). Thus, their genesis requires relatively low-ener-
getic environments such as continental, pedological, and dia-
genetic settings [9].

The abnormal meandering surface topography of quartz
grains in sample Kuch-1 related to solution processes, solution
pits and crevasses, while those processes are a less influence
on the quartz surface of SM-2 grains sample (Plate 3, E; 4, A).
Elongated and semi-regular circular solution pits (1-3 pm in
diameter) are reported in SM-2 grains sample on a fracture
plane (Plate 1, G, H). The formation of solution pits is a re-
sult of the dissolution of specific crystallographic planes on the
quartz surface, influenced by factors such as pH, temperature,
and solution composition. Another feature caused by dissolu-
tion is the crevasses of the solution. A deep crack on the sur-
face of Kuch-1 is observed, lmm long and 3 um wide. Their
occurrence is associated with chemical dissolution activity
(Plate 4, C).

Oriented etch pits occur on quartz grains of both samples
as extremely regular, triangular depressions on an old fracture
plane (Plate 1, B; 4, D). These etch pits, which are formed by
selectively dissolving the quartz surface in a suitable etchant,
provide valuable information about the crystallographic ori-
entation and texture of quartz grains. Once in sample Kuch-1,
oriented etch pits exhibit distinct morphological features that
reflect the underlying crystal lattice orientation. We measured
the apical and basal angle of one angle of triangular etch pits
(74 to 81°, respectively), (Plate 4, E).

3. Mechanical/chemical microtextures

Nearly all grains (SM-2, Kuch-1) exhibit low to medium
reliefs, resulting from either a lack or a modest presence of
topographic irregularities (Plate 1, A, D, E, F; 2, E; 3, A, B, C,
E; 4, A). The genesis of these reliefs emerges from encounters,
marked by collisions, with adjoining grains or through trans-
formative processes. The relief of the grains can be further
diminished through the artistry of solution and precipitation
processes. These mechanisms fill the depressions and dissolve
the ridges, skillfully molding the grain’s relief.

Elongated depressions more manifest in sample (SM-2) as
vast, bowl-shaped concavities upon quartz grain’s surface with
dimension reaches a range of 40 to 210 pm (Plate 1, A, D, E, F;
2, A; 3, C). The dimension of elongated depressions is inversely
proportional to the size of the quartz grains [10]. The gene-
sis of these features is attributed to the active eolian transport,
characterized by direct collisions amidst saltating or creeping
grains [7].

Noted in sample (SM-2) scarcely scattered shallow-
ly indented chattermarks occur with random orientations
and some of those are widened by solution (Plate 1, C; 2, F).
Chattermarks are not characteristic of a certain sedimentary
environment.

Discussion

The SEM analysis of quartz grain microtextures in the
Paleogene Sosnov Formation revealed a variety of features that
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Plate 2. Micrograghs of quartz grains of SM-2: A — Subrounded quartz grain. Elongated depressions can be observed on an old conchoidal
fracture; B — Closer view of image (A); C — Old fracture plane with V-shaped percussion cracks. The plane is covered with globules and flowers
silica; D — Numerous crescentic percussion marks presence, pointing of eolian transportation phase during the sedimentary history of the grain;
E — Subrounded quartz grain with low relief; F — Old fracture plane with V-shaped percussion cracks, triangular etching pattern and shallowly

indented chattermarks (arrows)

®dotonnacTtuHka 2. Mukpodotorpachum 3epeH kBapua CM-2: A — okpyrneHHoe 3epHo kBapua. Ha cTapoM pakoBMCTOM M3MOME MOXHO Ha-
6nogatb yonuHeHHble BnaguHbl; B — n3obpaxeHne nobnuxe (A); C — cTtapasi MnockocTb uanoma ¢ V-obpasHbiMy TpeLmHaMm OT NEPKYCCUN.
[MnockocTb NoKpbITa rMobynamu 1 uBeTkamu KpeMHe3éma; D — Hannyne MHOrO4UCIIEHHbIX CEPNOBUAHBIX CIeA0B OT NEPKYCCUN, YKa3bIBaOLLMX Ha
30mnoByto a3y Nnpeobpas3oBaHUs B 0OCaA04HON UCTOPUM 3epHa; E — nonykpyrnoe 3epHo KBapLa C HEBLICOKUM penbedoM; F — ctapasi MockoCcTb
nsnoma c V-obpasHbiMy TpeLMHaMM OT NEPKYCCUN, TPEYroNbHbIM PUCYHKOM TPaBIeHNUs 1 HernmybokuMuy TpeLnHamm (CTpenku)

can be used to infer the sediment provenance and transport
processes in the USVR. The observed microtextures can be
classified into three main types: mechanical, chemical and me-
chanical/chemical according to Gillott [7]. The mechanical mi-
crotextures include meandering ridges, bulbous edges and per-
cussion cracks, which are formed by grain-to-grain collisions

and friction during transport. The chemical microtextures
include pits, silica globules and flowers, which are formed by
dissolution and precipitation processes in pedogenic or diage-
netic environments. The mechanical/chemical microtextures
include relief and elongated depressions, which are formed by
a combination of abrasion and silica precipitation [6].
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Plate 3. Micrograghs of quartz grains of Kuch-1: A, B— Well-rounded quartz grain with low relief. Note unoriented crescentic percussion marks
on the grains; C — Rounded grain with low relief and bulbous edges. Elongated depressions 0.2 mm on the right side of the grain; D — Surface
showing conchoidal fracture plane with straight steps (arrows). The space between the successive steps of about 2.5 ym; E — Rounded grain with
low to medium relief and clear aspects of arcs, grooves and scratches. Solution and precipitation both affected the grain surface; F — Meandering
ridges (arrows), pointing of eolian transportation phase in desert and littoral dunes during the sedimentary history of the grain

®dortonnacTtuHka 3. Mukpodororpacdmm 3epen kBapua Kyu-1: A, B — 3epHO kBapLa XOpOLUO OKPYriov opMbl C HEBBICOKUM peribedoM.
O6paTnTe BHMMaHNE Ha HEOPUEHTUPOBAHHbIE CEPMOBUAHBIE Crieapbl OT NEPKYCCUMM Ha 3epHax; C — OKpYyrioe 3epHO C HU3KUM penbedoM U Bbiny-
KMbIMW Kpasimu. YAnumHeHHble yrny6nexnns 0,2 Mm ¢ MpaBon CTOPOHbI 3epHa; D — NoBepXHOCTb, NoKasbiBaloLLas pakoBUCTYHO MIOCKOCTb M3riomMa
C NpsAAMbIMK CTyneHaMu (cTpenku). MNpocTpaHCTBO Mexay nocrnefoBaTenbHbIMU CTYNEHAMM OKOO 2,5 MKM; E — okpyrnoe 3epHo ¢ penbedom oT
HM3KOTO A0 CPedHEro v YeTKMU AyraMu, kaHaBkamu 1 LapanuHamu. PacteBop n ocaxaeHve NoBnvsnm Ha NOBEPXHOCTb 3epHa; F — N3BUNNUCTbIE
XpebTbl (CTpenku), ykasbiBatoLuve Ha 3050Byto hasy npeobpasoBaHns B MYCTbIHAX Y MPUOPEXHBIX AIOHAaX B TEYEHNe 0CaJ04HON NCTOPUM 3epHa

The manifestation and frequency of these microtextures
can signify diverse depositional environments, such as eolian,
subaqueous (beach zone), mixed subaqueous-eolian (coastal
dunes) [6, 9, 11, 12]. For instance, meandering ridges are re-
garded as prevailing in eolian environments within deserts and
littoral dunes, where grains endure repetitive cycles of abrasion
and silica cementation [13, 14]. V-shaped percussion cracks
are engendered in highly energetic subaqueous environments
with substantial grain-to-grain interaction, such as the littoral

zone (beach zone). Crescentic percussion marks are distinc-
tive for eolian environments, where grains collide at shallow
angles. The presence of bulbous edges is also linked to eolian
transportation, wherein grains acquire rounded forms due to
abrasion and silica precipitation. The formation of solution pits
and solution crevasses is associated with dissolutional pedo-
logical horizons and diagenetic processes in relatively low-en-
ergy environments, such as continental or soils [7, 13]. Silica
globules and flowers arise in relatively low-energy settings,
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Plate 4. Micrograghs of quartz grains of Kuch-1: A — Rounded grain with low relief. The grain surface affected by solution and precipitation;
B — A broken part of rounded grain. Note meandering ridges (arrows) and conchoidal fracture planes with arcuate (a) and straight (b) steps;
C — Surface showing numerous oriented triangular etch pits. Note a deep crack on the surface (arrow), 1 mm long and 3 pm wide, which indicates
the intensity of chemical activity; D — Detail of triangular etch pits (2 um). The crystallographic control on the orientation of the extremely regular
etch triangles is clearly expressed by the presence of this microtexture on three different crystal planes (a, b, ¢); E — Detail of triangular etch pits.
Note their extremely regular outline and crystallographic orientation (arrow). The apical and basal angle size of triangular etch pit (74 to 81°, re-
spectively); F — Silica flowers (1.5-2 ym) on an old fracture plane

®doronnactuHka 4. Mukpodororpacdum 3epeH kBapua Kyu-1: A — okpyrrnoe 3epHO C HEBbLICOKUM penbedom. [1oBepXHOCTb 3epHa, NoaBep-
XXeHHasi BO3AENCTBUIO pacTBOpa 1 0CaAKoB; B — oTrIoMaHHas YacTb OKpyrnoro 3epHa. Obpatute BHUMaHWe Ha U3BUMCTbIE rPebHM (CTpenku) n
PaKoBWCTbIE MIIOCKOCTM M3MOMa C AyroobpasHbiMu (@) n npsambimu (b) ctyneHamu; C — NOBEPXHOCTb C MHOTOYMCIIEHHBIMU OPUEHTUPOBAHHBLIMMN
TpeyronbHbIMK siMKamMu TpaBneHuns. ObpaTtuTe BHMMaHUE Ha rnyboKyto TpeLLyHy Ha NOBEPXHOCTU (CTpenka) ANMHON 1 MM U LUMPUHON 3 MKM, 4TO
yKasblBaET HA MHTEHCUMBHOCTb XMIMUYECKOW aKTUBHOCTU; D — YepTex AMOK TpaBfieHWs TpeyrofibHon dopmbl (2 MkM). Kprctannorpadudeckuii
KOHTPOIb OPMEHTaLNM Ype3BbIYaNHO MPaBUIbHLIX TPEYroNbHUKOB TPaBMIEHNS SICHO BbIpaXeH B NMPUCYTCTBUM 3TON MUKPOTEKCTYPbI Ha Tpex pas-
HbIX KPUCTaNMMYeCcKnx NnockocTsAx (a, b, ¢); E — YyepTex TpeyronbHbIX AMOK TpaeneHus. ObpaTtuTte BHUMaHWE Ha UX Ype3BblYaHO NPaBUIbHbIN
KOHTYp ¥ Kpuctannorpaduyeckyto opmeHTauumio (ctpenka). Pasmep anvkanbHoro n 6a3anbHOro yrroB MKV TpaBfieHns TpeyronbHon dopmebl (0T
74 po 81° cooTBETCTBEHHO); F — UBETKM KpemHeseMma (1,5—-2 MKM) Ha cTapoi NI0CKOCTU U3noma

such as continental, pedological, and diagenetic domains [9].  ing grains frequently transpire, often accompanied by bulbous
Elongated depressions are attributed to high-energy eolian  edges, and are frequently smoothed-over by silica precipitation
transport, where direct collisions between saltating or creep-  amidst upturned plates. Rounded grains are often linked to eo-

14 N.Hamadaetal. Quartz Grain Microtexturesin the Paleogene Sosnov Formation: Implications for Sediment Provenancein the Eastern
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lian phases, where grains undergo prolonged abrasion, leading
to the loss of their angularity [7, 13]. Low relief is predomi-
nantly instigated by grain collisions and/or alteration process-
es, where the grain’s relief is ultimately reduced by solution and
precipitation mechanisms, which fill depressions and dissolve
protrusions [6].

Based on these criteria, the quartz grains from the Sosnov
Formation show evidence of multiple transport phases and
mixed provenance sources. The presence of meandering ridg-
es, crescentic percussion marks, bulbous edges, elongated
depressions and rounded grains suggests a significant eolian
phase in the sedimentary history of the formation. The pres-
ence of solution pits, silica globules and flowers indicate that
some of the quartz grains were also transported in relatively
low-energy environments with dissolutional pedological hori-
zons. The fact of the continental pedological conditions, pre-
vailing during the formation of Sosnov sandstones, has already
been in agreement with Zorina et al. [15]. V-shaped percus-
sion cracks reported in Kuchurovsky quarry are evidence of
subaqueous environments (beach zone), where some of the
quartz grains were transported in relatively high-energy envi-
ronments. These processes could have occurred either before
or after the eolian phase, depending on the local tectonic and
climatic conditions. For example, some of the quartz grains
could have been reworked by fluvial systems from older eo-
lian deposits or exposed bedrock, or some of the eolian sedi-
ments could have been deposited in lacustrine basins or buried
and cemented by groundwater. The presence of mechanical/
chemical microtextures, such as meandering ridges, bulbous
edges and elongated depressions, suggests that abrasion and
silica precipitation were active during both eolian and fluvi-
al phases, resulting in complex microtextural patterns on the
quartz grains.

The SEM analysis of quartz grain microtextures in the
Sosnov Formation provides valuable information on the sedi-
ment provenance and transport processes in the USVR during
the Paleogene. The microtextures reflect a complex sedimen-
tary history involving multiple phases of eolian, subaqueous
(beach zone), mixed subaqueous-eolian (coastal dunes) and

EARTH SCIENCES

continental pedological settings. The microtextures can be
used to discriminate between different depositional environ-
ments and to infer the paleoclimatic and paleogeographic con-
ditions of the region.

Conclusions

In conclusion, the SEM analysis of quartz grain microtex-
tures in the Paleogene Sosnov Formation has provided valuable
insights into sediment provenance and transport processes in
the USVR. The classification of microtextures into mechani-
cal, chemical, and mechanical/chemical types has enabled
the identification of diverse depositional paleoenvironments,
including eolian, subaqueous, mixed subaqueous-eolian, and
pedological settings.

A significant eolian phase is reported in the formation
of sedimentary history, consistent with the region of paleo-
geographic reconstruction during the Paleogene. This eolian
phase prevailed by high energy due to predominance of sub-
rounded to well-rounded with bulbous edges.

Quartz grains from the Paleogene Sosnov Formation
have significant proportions of solution pits, silica globules
and flowers indicate transport in relatively low-energy envi-
ronments. These processes may have occurred before or after
the eolian phase, depending on local tectonic and climatic
conditions.

The presence of mechanical/chemical microtextures fur-
ther indicates the influence of both abrasion and silica precip-
itation during eolian, subaqueous, mixed subaqueous-eolian,
and pedological phases, resulting in complex microtextural
patterns on the quartz grains.

Opverall, the SEM analysis of quartz grain microtextures
provides valuable information for discriminating between dif-
ferent depositional environments, inferring the paleoclimat-
ic conditions and reconstructing paleoenvironments of the
USVR during the Paleogene.
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MuKkpoTeKcTypbl 3epeH KBapua B COCHOBCKOM TOALLE MaAeoreHa:
3HaYeHUE AASI PEKOHCTPYKUMM MUTAIOLIMX MPOBUHLMIA HA BOCTOKE
Pycckon nNAUTLI

Hagua XAMAOA"2*
CeeTtnaHa OneroeHa 30PUHA'
HowwnH MOXAMMAL'" 2

'KazaHckui (MpuBormkcknin) henepanbHblii yHuBepeuTeT, KasaHb, Pecnybnuka TatapcTaH, Poccus
2[lamacckuii yHuBepcuTeT, Jamack, Cvpus

AHHOTaLWs
Ilenv uccnedosanus. OCHOBHAsA 3ajjaua JAHHOTO MCCIEOBAHNA — U3Y4eHMe MUKPOTEKCTYPBI 3epeH KBaplia Iaeo-
TeHOBOJ COCHOBCKOJ CBUTBI — TPYIIIBI OCa/IOUYHbIX IIOPO]], PACIIONOXXEHHOI B PETMOHe YIbAHOBCKO-ChI3paHCKOTO
IToBomkbsa Ha Pycckoit mmre. [Tpy usydeHUy MUKpOTEKCTYPBI, BK/IIOYAIoIIell B ce6s MeXaHUYecKye, XUMIYeCKue
Yl MEXaHOXVIMIYECKVe 0COOEHHOCTH, CTAHOBUTCS BO3MOXKHBIM BBLICHUTD MEXaHU3MBI, C IOMOIIIBIO KOTOPBIX 3€pPHa
peo6pa3oBbIBA/IVIC ¥ BIIOC/IEACTBUY MOAVPUIIVPOBATIVICE.
AxmyanvHocmp. AKTYaIbHOCTb JAHHOTO MCC/IeOBaHM OOBACHAETCS TeM, YTO aHA/IN3 MUKPOTEKCTYPbI KBaplje-
BBIX 3epeH aeT LIeHHYI0 MHPOPMALIMIO O IPOVICXOXKAEHNN OCAaJJOYHBIX OT/IOKEHMIT, YTO MMeeT pellaroliee 3HaYeHe
IJ1A peKOHCTPYKIUU IIPOIIJION Fe0/IOrM4ecKOol Cpelbl ¥ pacKpBITUA UCTOPUN OTIOXKEHMIA.
Memoovt uccmedoéanus. J[IBafnath 3epeH KBaplja OTOOpaHbI M3 IIeCKOB IaJIeOT€HOBON COCHOBCKOJ CBUTBI, Ha
Bocrouyno-Tammmuckom u KydyypoBckoM kapbepax Ha Iry6yHe 5 11 7,5 M COOTBETCTBEHHO. MeTOfMKa VICC/IefOBaHMSA
3aKJII0YA/IaCh B MICIIO/Ib30BAaHMM CKaHUPYIOLeil 971eKTPOHHOM MUKpockonvy (COM) mis uccniefoBaHys MUKPOTEK-
CTYypBI 3epeH KBapla.
Pesynomamot u 6v1600v1. B pesynbrare 1ccnefoBaHNA BbIABIEHO 19 TUIIOB MUKPOTEKCTYP, KOTOpbIe ObIIN pasze-
JIeHBI Ha MeXaHMYecKue, XUMIYecKye ¥ KOMOMHIPOBaHHbIe MeXaHOXVMUYeCKe MUKPOTEeKCTYpbl. AHammns COM
[I0Ka3asl HaJln4ye B I1aJIe0T€HOBO COCHOBCKOI CBUTE XMMUYECKIX MUKPOTEKCTYP, YTO IIO3BOJIUIO IPEATION0KNUTD,
YTO IIeCK) IIpy Npeobpa3oBaHMM IPOLUIN Yepe3 HU3KO3HepreTndeckyw ¢asy. [lonyyeHHble HaHHBIE IO3BONAIOT
PEKOHCTPYMPOBATh pa3HOOOpa3HbIe 0CAIKOHAKOIINTEIbHbIE 11a7Ie000CTaHOBKM, B TOM YIC/Ie 90/I0BbIE, CyOaKBaIb-
Hble, CMeIlIaHHbIe Cy0aKBaTbHO-30/I0BbIE U IIEOIOTYEeCKIE.

Kniouesvie cno8a: MuKpOTEKCTYPbI, CKAHUPYIOIIAA STIEKTPOHHAA MUKPOCKOINA, KBapll, COCHOBCKas CBUTA, I1A/IE0-
reH, Pycckas nmra.

Hccnedosanue noddepicaro epanmom Poccutickozo Hayunozo gonoa (npoexm Ne 22-27-00070,
https://rscf.ru/project/22-27-00070).
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