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Quartz Grain Microtextures in the Paleogene Sosnov Formation:
Implications for Sediment Provenance in the Eastern
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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 YnbsiHoBckorn o6nactu (no Jinumany, 1989 r. c uameHeHUsiMu 1 gononHeHusimu) 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

8 N.Hamadaetal.Quartz Grain Microtexturesinthe Paleogene Sosnov Formation: Implications for Sediment Provenancein the Eastern
Russian Platform//W3BecTus YITY. 2023. Bbin. 4 (72). C. 7-18. DOI 10.21440/2307-2091-2023-4-7-18
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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-

N. Hamada et al. Quartz Grain Microtextures in the Paleogene Sosnov Formation: Implications for Sediment Provenanceinthe 9
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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 ym 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-
6nopatotcs yrnyoneHus pasmepom 40—-104 Mkm (CTpenku); B — 4epTexx OpueHTUPOBAHHbBIX TPEYTONbHbIX SMOK TPaBrneHus (2 MKM) Ha cTapon nno-
CKOCTM pakoBucToro nsnoma; C — cepnoBuiHble crnefpl oT nepkyccum (a) n ot TpewyH (b), paclumpeHHble pactBopoM. O6paTute BHUMaHWE Ha UX
HenpaBuUIbHYH0 OPUEHTALMIO U U3MEHEHVE pa3mepa (2—18 mMkm). MHorouncrneHHble pa3bpocaHHble LBeTkY kpeMHesema (B, C) Ha NOBEPXHOCTU U
B CEPMNOBUAHbBIX crieaax ot nepkyccun (cTpenku B C); D — nonykpyrnoe 3epHO ¢ penbedoM OT HU3KOro 0 CPEAHEro 1 rmagkuMm kpasimu. Obpatute
BHUMaHWe Ha yanuHeHHble (60—120 mkm) u kpyrnble (amameTpom 50 MkM) yrny6neHus B 3epHax; E — okpyrnoe 3epHO ¢ HU3KkUM penbedom. Ha
3epHe HabntoaatoTes 3 yarnumHeHHbIX yrryonenus (0,1 Mm); F — okpyrrnoe 3epHO € HU3KUM penbedoM 1 BbinyKbiMU 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 pe3yrnbraTte NPoAoIHKaloLLErocsi ocaxaeHust; H — yanMHeHHble SMKU pacTBopa Ha NIoCcKOCTM 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 feat