
R E S E A R C H Open Access

© The Author(s) 2026. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

Asma et al. Discover Applied Sciences           (2026) 8:330 
https://doi.org/10.1007/s42452-026-08357-y

*Correspondence:
Imtiyaz Akbar Najar
imtiyaznajar999@gmail.com
Raudhah Ahmadi
araudhah@unimas.my

Full list of author information is 
available at the end of the article

Sedimentological and petrographic analysis 
of Neogene quaternary continental deposits 
in Argoub Kemellal Oum El Bouaghi 
northeastern Algeria evidence for a fluvial 
to lacustrine transition
Meguellati Asma1, Djerrab Abderrezak2, Khiari Abdelkader1, Gallet Xavier3, Dinar Haythem4, Garah Abdelmoumen5, 
Riheb Hadji6, Imtiyaz Akbar Najar7*, Raudhah Ahmadi7* and Nadeem A. Khan8

Discover Applied Sciences

Abstract
The Argoub Kemellal dome, located south of Oum El Bouaghi in northeastern 
Algeria, preserves a rich sedimentary archive documenting the paleoenvironmental 
evolution of the Neogene-Quaternary period. This study aims to reconstruct the 
paleogeographic development of the region by examining the interplay between 
sedimentary processes and environmental changes, particularly the transition from 
fluvial to lacustrine conditions. A multidisciplinary approach combining petrographic 
and sedimentological analyses was applied. Techniques included granulometric 
and calcimetric measurements, thin-section petrography, and both morphoscopic 
and scanning electron microscope (SEM) studies of quartz grains. The geological 
sequence comprises Miocene-aged detrital deposits overlain by Pliocene to 
Quaternary carbonate formations. Sedimentary formations document a transition 
from high-energy fluvial conditions to calmer lacustrine environments, driven by 
climatic change. Notably, calcium carbonate (CaCO3) content increases upward 
from 13% at the base to 57% at the top, highlighting the shift toward carbonate-
dominated lacustrine sedimentation. These results illustrate how climate forcing 
shaped sedimentary environments over time and contribute to reconstructing 
the Neogene-Quaternary paleogeography of the studied region. The finding 
underscores the value of continental deposits as sensitive geological archives of past 
environmental and climatic conditions.

Article highlights
i. The study shows environmental changes and a transition from river to lake 
environments.
ii. Carbonate content increased upward, revealing the development of lacustrine 
sedimentation.
iii. The sequence helps reconstruct the Neogene–Quaternary paleogeography of the 
region.
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1  Introduction
Neogene-Quaternary continental deposits represent essential archives for reconstruct-
ing terrestrial paleoenvironments and landscape evolution [1]. In North Africa, these 
deposits record the interaction between tectonic activity and sedimentary processes 
during a period marked by major global and regional environmental changes [2]. Among 
these deposits, fluvio-lacustrine detrital sediments and continental carbonates are par-
ticularly informative, as fluvial systems preserve signals of sediment supply, transport 
energy, and hydrological variability [3–5], while continental carbonates form under spe-
cific hydrological and climatic conditions and provide sensitive records of chemical and 
biological processes in lacustrine environments [6]. Together, these sedimentary systems 
allow reconstruction of past depositional environments and their responses to external 
forcings.

At the regional scale, sedimentation during the Neogene-Quaternary in northeastern 
Algeria was mainly controlled by (1) tectonic activity related to Atlas uplift and regional 
fault systems, (2) climatic fluctuations between humid and arid phases, and (3) hydro-
logical changes influencing drainage networks and the evolution of lacustrine basins. 
Major events such as the Messinian Salinity Crisis profoundly modified Mediterranean 
connectivity and regional drainage patterns during the Miocene [7–12], whereas humid 
phases during the Pliocene, associated with intensified African monsoon activity, pro-
moted lacustrine expansion and reduced clastic input [13, 14]. Understanding how these 
events affected depositional processes and biodiversity within individual basins remains 
essential for refining regional paleogeographic models [15, 16].

Although previous research conducted in the Oum El Bouaghi region has successfully 
documented its morpho-structural framework and tectonic evolution [17–22], as well as 
hydrogeological and geomorphological aspects [18, 23, 24], no detailed sedimentological 
or petrographic study of the Neogene-Quaternary unconsolidated deposits has yet been 
carried out. Consequently, sedimentary facies, textural characteristics, grain-size distri-
butions, and carbonate contents remain poorly documented, limiting our understanding 
of the respective roles of tectonic and climatic controls on sedimentation during this key 
stratigraphic interval.

By contrast, systematic sedimentological investigations in neighboring regions, par-
ticularly in Tunisia and Morocco, have significantly improved reconstructions of fluvio-
lacustrine environments and sedimentary dynamics [25–27]. Elsewhere in North Africa, 
Miocene successions have been constrained using integrated biostratigraphic, magneto-
stratigraphic, radiometric, and lithostratigraphic approaches [28, 29]. In Algeria, several 
studies have addressed fluviolacustrine deposits [30], radioisotopic dating of Quater-
nary gastropods [31–33] archaeological environments [33, 34], fluvial terraces [35, 36], 
marine terraces [33, 37, 38], and Miocene sedimentary sequences through micropaleon-
tological analyses [39]. Despite these contributions, no comprehensive sedimentological 
and petrographic investigation has yet focused on the Oum El Bouaghi sector.

This study addresses this gap by presenting an integrated sedimentological and petro-
graphic analysis of the Neogene-Quaternary deposits of the Argoub Kemellal dome, 
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located south of Oum El Bouaghi within the para-autochthonous North Aurès domain. 
Using a multidisciplinary approach combining granulometric analyses, calcimetry, thin-
section petrography, and morphoscopic and exoscopic analyses of quartz grains, this 
work aims to characterize sedimentary facies, reconstruct depositional environments, 
and evaluate the relative influence of climatic and tectonic drivers. The results provide 
new constraints on the Neogene-Quaternary paleogeographic evolution of northeastern 
Algeria and contribute to regional correlations across North Africa.

1.1  The regional setting

The Oum El Bouaghi region in northeastern Algeria is distinguished by its diverse and 
striking physical features (Fig. 1). The landscape is predominantly composed of extensive 
plains at elevations ranging from 800 to 950 m.

A notable geological feature is the Argoub Kemellal outcrop, which stands promi-
nently among adjacent mountain ranges, including Jebel Sidi R’ghis to the north, Jebel 
Guellif to the southwest, and Jebel Tarf to the south. The depressions between these 
mountains are home to salt lakes, such as Garaet Guellif and Garaet Tarf (Fig. 2).

Hydrographically, the region exhibits an endorheic network, with water flow directed 
toward the chotts located in the southeast and south. North of the Sidi R’ghis–Touzelline 
axis, wadis flow northward. The southeastern slope is divided into four hydraulic basins. 
The first basin, drained by Oued Meroui, is situated east of the town and encompasses 
approximately 650 hectares. The second basin, drained by Oued Kouider, is located to 
the northwest and covers 406 hectares. The third basin lies south of the second, while 
the fourth basin, covering around 350 hectares, drains into agricultural land.

Geologically, Oum El Bouaghi belongs to the para-autochthonous North Auresian 
domain, positioned along the northern margin of the Atlasic system [18, 28]. The region 
has been significantly influenced by Alpine tectonics, particularly a compressional 
regime oriented from north to south and northwest to southeast, which has persisted 

Fig. 1  The geographical location of the study area of Argoub Kemellal (Oum El Bouaghi, Algeria)
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from the early Cenozoic to the Quaternary period [19, 33]. This tectonic activity has 
contributed to the formation of characteristic mountainous landforms, including Jebel 
Sidi R’ghis, Jebel Guellif, and Jebel Tarf, as well as extensive steppe plains interspersed 
with salt lakes (Sebkha environments).

1.2  Lithostratigraphy

The lithostratigraphic framework of the Oum El Bouaghi region encompasses a strati-
graphic succession extending from the Triassic to the Quaternary, documenting a range 
of depositional settings and tectono-sedimentary processes. Of particular interest to this 
study are the Mio–Pliocene and Quaternary deposits. Triassic strata are characterized 
by pink, brecciated gypsum, indicative of evaporitic depositional conditions. The Creta-
ceous succession exhibits marked lithological heterogeneity: Barremian units consist of 
fine-grained sandstones intercalated with calcareous–dolomitic layers; Aptian deposits 
are dominated by massive limestones and dolomites; Albian sequences comprise grey 
marls with interbedded sandstones; and Turonian strata are typified by light-colored 
biomicrites, reflecting shallow marine carbonate sedimentation.

During the Mio-Pliocene, outcrops at Jebel Guellif are characterized by red polygenic 
conglomerates interspersed with clayey layers, overlain by grey marls, additional con-
glomerates, and lacustrine limestones that can reach several hundred meters in thick-
ness [18] The Upper Turolian (Messinian) is marked by deposits of clay, sandstone, 
brown clay, and marl, which represent the only known Upper Turolian deposits in North 
Africa [19]. The Quaternary period is distinguished by a variety of formations, including 
scree deposits, recent alluvium in wadi valleys, extensive polygenic glacis, thick Villaf-
ranchian limestone crusts, periodically flooded salt sebkhas, and dune systems situated 
east of Garaet Guellif (Fig. 2).

The analyzed section is taken from the Argoub Kemellal dome (Fig. 1), located approx-
imately 1 km south of Oum El Bouaghi, along the Ain Zitoune road. The geographical 

Fig. 2  geological map of study area (source [18])
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coordinates are approximately 35°50′ north latitude and 7°36′ east longitude. The Argoub 
Kemellal dome corresponds to an anticlinal structure extending eastward, characterized 
by limestone layers inclined at angles between 05° and 10° toward the east, which cap its 
summit. This structural formation is the result of a predominantly north–south com-
pressional regime occurring at the end of the Late Neogene, leading to the development 
of dextral reverse strike-slip faults with an east–west orientation.

Within Argoub Kemellal, two primary lithological units have been identified, as 
described by [18–20]. The first unit is a detrital fluvial deposit from the Upper Mio-
cene period, measuring several tens of meters in thickness. It consists of grey clays and 
marls that transition to sandy layers toward the top, followed by slightly silty, yellowish 
sands exhibiting cross-bedding structures indicative of ancient channel fills. The rapid 
variation in Late Neogene thickness is considered non-tectonic. A brown clay layer caps 
this sequence, the Pliocene succession includes sandstones, sands, and conglomerates, 
overlain by purple-brown pelites and beige to grey marls, concluding with detrital beds 
containing small encrusted pebbles and sand [19]. The Pliocene succession described 
westward is located approximately 1 km west of the measured section.

The second unit is a carbonate formation dating from the upper Neogene to the Qua-
ternary, ten meters thick, indicative of a palustrine or lacustrine depositional environ-
ment. It comprises light to slightly pinkish limestones in metric beds, underlain by 
gypsiferous marls. This carbonate unit contains cavities, calcite-filled desiccation cracks, 
and detrital quartz grains. Climatic conditions are believed to have significantly influ-
enced the sedimentation of this sequence, with the lower portion forming under warm, 
arid conditions, while the upper levels suggest deposition during a warmer and more 
humid phase [18, 19].

The sedimentary succession of Argoub Kemellal provides an essential reference for 
understanding Neogene-Quaternary paleoenvironments in the Maghreb. Our findings 
corroborate regional models of continental sedimentation and paleoclimate evolution 
as established by [25, 26] and [27] with shared features such as palustrine carbon-
ates, conglomeratic lags, and evidence for episodic emersion and diagenesis. However, 
the Argoub Kemellal record uniquely details the stratigraphic transition from fluvial 
to lacustrine conditions during the Late Neogene-Quaternary, a phase that appears 
slightly younger than similar transitions in Tunisia and Morocco. This diachronous pat-
tern reflects localized responses to climate forcing and tectonic activity, underscoring 
the complexity of paleogeographic evolution across North Africa during this period. By 
integrating macro- and microfacies data, this study refines the timeline and environmen-
tal context of Neogene-Quaternary paleoclimatic change in the region.

2  Material and methods (methodology)
2.1  Integrating petrographic and sedimentological analyses

The methodology adopted in this study is based on an integrated approach combining 
petrographic and sedimentological analyses to characterize the continental deposits of 
the investigated area. Field campaigns were first conducted to examine the geological 
features, with particular attention given to vertical facies variations. These observations 
enabled the establishment of a representative stratigraphic section and the subdivision 
of the deposits into nine distinct stratigraphic levels. Sampling was carried out start-
ing from Level 03, as the first two levels did not exhibit significant sedimentary features 
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associated with the fluvial or lacustrine environments under study. A total of 33 samples 
were collected. The selected levels were those that best preserved primary sedimentary 
structures and were representative of the depositional settings. To minimize the effects 
of diagenesis, samples were collected from fresh outcrops or by digging slightly into the 
deposits to access minimally altered material.

Petrographic analysis was conducted on seven samples, corresponding to sandstones 
(02 and 17) and limestones (30, 31, 32, 33, 34). Thin sections were prepared by cutting 
samples with a diamond saw, mounting them on glass slides, and grinding them to a 
standard thickness of 30 µm. Observations under a polarizing microscope focused on 
describing sedimentary structures, identifying mineralogical composition, and docu-
menting key diagenetic features [40, 41].

Granulometric analyses were performed on the < 2  mm fraction using a Master-
sizer 2000 laser diffraction particle size analyzer at the Muséum national d' Histoire 
naturelle (Paris). Each sample was analyzed both in its raw state and after carbonate 
removal using a dilute acetic acid solution (05%), which allowed the dissolution of car-
bonate components without altering the morphology of detrital grains. Conventional 
statistical parameters (mean grain size, sorting, skewness, kurtosis) were calculated from 
percentile values following [42–47], to characterize grain-size distributions and infer 
depositional energy and sediment transport dynamics [44]. Only the essential definitions 
of these indices were retained to interpret the overall granulometric trends: mean grain 
size reflecting transport energy, sorting indicating hydrodynamic stability, and skewness 
and kurtosis providing insights into sediment supply characteristics.

Carbonate content was determined at LNHC Laboratoire national de l’habitat et de 
la construction (Oum El Bouaghi) using a Bernard calcimeter. The method is based on 
measuring the volume of CO₂ released when the sample reacts with hydrochloric acid, 
compared with a reference volume produced by pure calcite.

Morphoscopic analysis of quartz grains, cold-decarbonated and sieved in the 0.25–
0.5  mm fraction, was performed under a binocular microscope (× 50). Grain shape, 
surface luster, and edge preservation were described to infer transport distance and dep-
ositional energy.

Finally, exoscopic observations using scanning electron microscopy (SEM) were 
conducted at CRAPC Centre de Recherche Scientifique et Technique en Analyses 
Physico- Chimiques (Batna). Cleaned and gold- or carbon-coated grains were exam-
ined with an accelerating voltage of 10–20 kV to identify surface microtextures such as 
percussion marks, dissolution pits, and siliceous coatings. These features contributed to 
refining interpretations of sediment transport mechanisms and depositional processes 
[44, 48, 49].

3  Results
3.1  Lithostratigraphy of the Argoub Kemellal section

The lithostratigraphic succession of the Argoub Kemellal section was detailed in order 
from the bottom up, showing how the deposits changed from detrital to carbonated 
throughout time (Fig. 3 and 6).

Basal Unit: This is composed of soft, plastic marls that are highly weathered and dis-
play a light gray to whitish coloration. The marls are approximately 10 m thick and mark 
the onset of sedimentation.
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Basal conglomerate Bed: A polygenic conglomerate; containing quartz grains and peb-
bles and carbonate clasts sourced from pre-existing rocks, contain well-rounded clasts 
ranging in size from a few millimeters to several centimeters (Fig. 3B). These clasts are 
embedded in a sandy matrix of low hardness. The bed is thin (≤ 10 cm) and exhibits 
voids likely due to post-depositional erosion. Its color varies from grayish to yellowish 
tones.

Coarse Sandstone Layer: This unit contains large quartz grains (mostly millimetric, 
occasionally centimetric) with a yellow to grey-brown hue. It is characterized by well-
developed stratification, starting with horizontal lamination and transitioning to cross-
lamination, forming distinct cross-stratification. Thickness: ~ 50 cm.

Compacted Sand Layer: Composed of beige, well-compacted sandstone forming a 
dense and coherent unit, approximately 5 m thick.

Sandy Marl: A homogeneous deposit of fine-grained sandy marl with a crumbly tex-
ture and consistent beige coloration. Thickness: 80 cm.

Marly Unit with Carbonate Beds: Composed of brownish marls interbedded with cen-
timeter-thick carbonate layers lacking visible stratification (Fig. 4). This unit reaches 4.5 
m in thickness.

Fine-Grained Sandstone: Finer than the sandstone in level 3, this unit ranges in color 
from whitish to greyish hue and exhibits both horizontal as well as cross-laminated 
structures, its thickness is approximately 1m.

Fig. 3  A: Panoramic view of the study area (Argoub Kemellal), B: Panoramic view showing basal conglomerate 
and sandstone levels, poorly cemented sandstones with cross-bedding, and upper limestone layers
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Upper Carbonate-Marl Alternation: Begins with a weathered, fractured bed of whitish 
limestone followed by an alternation of friable, light beige marls and marly-limestone 
beds in light grey. The marls vary in thickness (several tens of cm), while marl-limestone 
layers may exceed 1 m. Toward the top, the sequence becomes predominantly calcare-
ous, capped by a 6.6 m thick massive whitish limestone bed (Fig. 5, 6).

3.1.1  Microscopic description

Microscopic examination of thin sections from limestones and sandstones reveals a 
range of continental carbonate facies, with distinct textural and compositional features 
indicative of subaqueous conditions and episodic emersion.

3.1.1.1  Sandstones  The sandstones are poorly to moderately cemented, facilitating the 
observation of their detrital framework. Grains are dominantly angular to sub-angular 
quartz, ranging from 0.5 mm to over 2 mm. Most grains are monocrystalline, though a 
minority is polycrystalline (Fig. 7E, F). The cement is composed mainly of ferruginous 
and clay minerals, distributed discontinuously. Ferruginous cement often appears in red-
stained intergranular areas (Fig. 7E), and spherical iron-rich structures, resembling eryth-

Fig. 4  A: Panoramic view of cross-bedded sandstones and limestone layers, B: Intensely fractured limestone
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rocytes, are common (Fig. 7F). Clay content comprises about 30–35% of the thin section 
area and can occur as dispersed argillaceous cement (Fig. 7E, black line).

3.1.1.2  Limestones  Thin sections of limestones reveal the presence of intramicritic 
fenestrae, with vugs and keystone structures infilled by micrite containing intraclasts and 
angular quartz grains (Fig.  7A). Desiccation features such as sheet cracks and intense 
recrystallization are also evident (Fig. 7C,D). Coarse mosaic calcite commonly fills pores, 
though microgranular calcite also occurs (Fig.  7C). Manganese dendrites (branched, 

Fig. 5  A: Poorly cemented sandstones with Cross bedding, B: Field view of horizontal bedding in basal sand-
stone (scale: geologist’s hammer), C: Cross-bedding in sandstones, D: Conglomerate level of Argoub Kemellal. E: 
Horizontal-planar laminations in sandstones, F: C: Sandstone with quartz grains
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black structures formed during diagenesis) are widely distributed, particularly in pores 
and around grains (Fig. 7C). The presence of angular to sub-angular fine quartz grains 
and oxidized carbonate fragments (Fig. 7B) further confirms subaerial exposure and early 
diagenetic alteration. This microfacies is typical of fenestral carbonates, likely deposited 
in shallow lacustrine settings with periodic exposure.

The limestones exhibit evidence of early to moderate diagenetic alteration, including 
recrystallization to coarse mosaic calcite, infill of fenestrae by micrite and secondary cal-
cite, and the development of manganese dendrites within pore spaces (Fig. 7C). While 
these features reflect post-depositional geochemical processes, they do not obscure pri-
mary sedimentary structures such as fenestrae, intraclasts, or desiccation cracks, which 
are key indicators of shallow lacustrine environments with periodic subaerial exposure.

3.2  Sedimentological analyses

The thin basal conglomeratic layer (≤ 10 cm), composed of well-rounded clasts embed-
ded in a sandy matrix, represents a localized high-energy lag deposit at the base of the 
succession. Its very limited thickness, combined with possible post-depositional rework-
ing, explains the low gravel content (0.29%) recorded in the grain-size analyses. Above 
this basal level, the sediments are consistently dominated by sand, indicating a generally 
stable depositional energy regime throughout the section, with no pronounced fining-
upward trend reflected in the granulometric data.

Grain-size analysis of the < 2 mm fraction shows that sand is the major component 
(87.52%), subdivided into coarse (36.71%), medium (23.24%), and fine (24.51%) classes, 

Fig. 6  Stratigraphic log of Argoub Kemellal (Meguellati et al. 2025)
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while silt accounts for 12.19%. (Fig. 6) Mean grain-size values range from 0.66 to 3.6 φ, 
corresponding to medium to fine sands. Sorting varies from 0.62 to 1.71 φ (moderately 
sorted), skewness ranges from − 0.41 to + 0.43 φ (predominantly symmetrical distribu-
tions), and kurtosis values (0.80 to 1.38 φ) fall within mesokurtic ranges typical of natu-
ral sandy deposits.

Sand constitutes the dominant fraction throughout the stratigrazphic column, showing 
small variation and indicating consistently high sand content in all samples. In contrast, 

Fig. 7  A and B Mudstone with angular grains of calcite (intraclasts, white arrows indicate quartz fine grains and 
calcite grains with yellow arrows). A: Fenestrae mudstone, intraclasts with yellow arrows, white arrows show fine 
grains of quartz, B: Intramicritic limestone, yellow arrows indicate intraclasts. Brownish-red oxidation in the cen-
ter of microphotographe. C: Recrystallized Mudstone (black arrow indicate thin branching and concentrations of 
manganese dendrites, C and D coarse crystalline and mosaic calcite, red arrows show coarse crystalline, C: Coarse 
crystalline and mosaic calcite, the black arrow indicates manganese dendrites, D: Red arrows show a coarse crystal-
line and mosaic calcite. E and F: Photomicrographs of ferruginous sandstone, Quartz and interparticulate space; 
PQ: Polycristalline quartz, MQ: monocristalline quartz. Discontinuous red-line: ferriginous cement. Discontinuous 
black-line: argillic cement. Note: Scale bar in all limestone photomicrographs is 3 mm
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the silt fraction exhibits moderate variability, with noticeably lower proportions in sam-
ples 03, 09 12 and 18. Grain-size parameters, including mean grain size, sorting, skew-
ness, and kurtosis, display no significant systematic changes along the section.

3.3  Sedimentological parameters

Mean grain size ranges from 0.66 to 3.6 φ, indicating medium to fine sand. Sorting coef-
ficients vary from 0.62 to 1.71 φ, suggesting moderate sorting. Skewness values (− 0.41 
to + 0.43 φ) indicate relatively symmetrical distributions. Kurtosis values (0.80 to 1.38 φ) 
reflect mesokurtic distributions, typical of natural sands (Fig.  8). The ternary diagram 
(Fig. 9) confirms the sand-dominated nature of the sediments.

3.4  Calcimetric analysis

Calcium carbonate (CaCO3) content shows a clear stratigraphic trend. Values at the base 
of the section range from 13 to 32%, increasing toward the top where they reach 21% to 
57%. Sample 30 records a progressive enrichment by the highest valor of Calcium car-
bonates (Fig. 10).

3.5  Morphoscopy and exoscopy of Quartz grains

Morphoscopic analysis (Fig.  11) indicates a predominance of angular to sub-angular 
quartz grains (~ 92%), with well-preserved edges. This suggests minimal transport and 
proximity to the sediment source. A smaller proportion of grains (~ 7%) are sub-blunt to 
shiny, reflecting limited abrasion. Rounded and dull grains are rare (~ 1%), further sup-
porting a proximal origin with limited reworking.

Exoscopic examination reveals dissolution pits, surface desquamation, and siliceous 
coatings on grain surfaces. V-shaped percussion marks, characterized by concave 
impacts with sharp edges, are commonly observed. These features are homogeneously 

Fig. 8  Variation of various sedimentological parameters according to the depth
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distributed across samples, suggesting uniform mechanical and chemical weathering 
processes (Fig. 12, 13).

Level 04: The presence of clear and blunted dissolution traces results from water cir-
culation, indicating an undersaturated silica environment, thus a leached environment.

Level 06: Surface desquamation due to dissolution followed by the precipitation of sil-
ica in the form of films, indicating fluvial transport followed by stagnation or deposition 
of sediments.

V-shaped impact mark is visible, due to the collision of grains during transport 
(Fig. 14).

Level 08 (Marl): Surface desquamation due to dissolution, followed by the precipita-
tion of silica in the form of thin films. These traces, being more pronounced, suggest 
fluvial transport followed by stagnation or sediment deposition.

Level 08 (Marly limestone): Multiple V-shaped impact marks are visible on this grain, 
indicating repeated grain collisions during transport. This suggests a fluvial environ-
ment, where the grains collide due to the water current.

4  Discussion
The sedimentological analyses carried out on the Argoub Kemellal samples provide valu-
able insights into the origin and evolution of the studied sedimentary layers and their 
depositional settings.

Grain-size analysis reveals a broad spectrum of particle sizes across the stratigraphic 
layers, reflecting variable sediment sources and depositional energy levels. The pres-
ence of coarse sand grains suggests a short distance from the source area and deposition 

Fig. 9  Ternary diagram of the grain size classification of the fine sediment (Argoub Kemellal section)
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Fig. 10  Variation of CaCO3 content in the Argoub Kemellal section samples
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was under high-energy conditions, likely within a fluvial context. In contrast, finer sand 
grains may have undergone longer transport and weathering, originating from more dis-
tal sources and deposited under lower-energy conditions.

4.1  Grain size distribution and sedimentary dynamics

The progression from coarse to fine grain sizes in the sandstone units (from coarse 
quartz in Level 03 to finer textures in Level 07) indicates a gradual shift from a high-
energy fluvial regime to a quieter depositional environment, potentially associated with 
increased accommodation space within the basal siliciclastic system. This transition is 
followed by the establishment of carbonate sedimentation, marking a reduction in detri-
tal input and the onset of a chemically dominated depositional regime indicative of 
lacustrine influence.

Fig. 11  Morphoscopy of the sands from the Argoub Kemellal section (Magnification × 50). (Sample 05, 10, 20)
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4.2  Carbonate content and depositional evolution

The predominance of coarse grains, coupled with moderate sorting, indicates deposi-
tion in a setting subject to fluctuating transport energy, likely linked to seasonal varia-
tions in fluvial discharge. Although the sorting values are moderate, they indicate partial 
hydraulic sorting. This intermediate sorting pattern is consistent with deposition under 
periodic changes in flow conditions, such as episodic flooding.

Skewness values near (zero) indicate symmetrical grain-size distributions, support-
ing the interpretation of a generally stable depositional regime with limited fluctuations 
in sediment supply. Kurtosis values close to (one) (mesokurtic) reflect grain-size distri-
butions comparable to natural sands with slightly peaked tendencies. Collectively, the 
grain-size data indicate a sedimentary system progressively evolving from a proximal, 
high-energy fluvial environment toward a more distal, lower-energy setting increasingly 
influenced by lacustrine conditions.

Calcimetric analysis reveals a progressive increase in calcium carbonate (CaCO3) con-
tent from the base to the top of the section. This upward trend reflects a shift toward 
depositional conditions favoring chemical precipitation of carbonates. The decrease in 
detrital input and the rise in carbonate content indicate a transition from a siliciclastic-
dominated system to one in which chemical processes become increasingly important.

This enrichment in CaCO3 suggests a gradual evolution from fluvial deposition toward 
more stable standing-water environments where carbonate precipitation dominates. 
The formation of calcareous crusts in the upper part of the sequence is consistent with 
prolonged episodes of reduced clastic influx and enhanced carbonate accumulation in a 
relatively calm lacustrine setting.

4.3  Paleoenvironmental conditions

Morphoscopic analysis highlights the dominance of angular to sub-angular quartz grains 
(approximately 92%), indicating limited transport distance and minimal abrasion. This 

Fig. 12  SEM Observations of Level 04 (Sample 05) Surface at Different Magnifications
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morphology suggests a proximal source and rapid deposition consistent with a fluvial 
system operating near its sediment supply area. The presence of a small proportion of 
shiny, blunt, and sub-blunt grains (about 07%) indicates limited reworking under mod-
erate energy conditions, likely related to episodic fluvial transport. Rounded and dull 
grains are rare (01%), further supporting short transport paths and minimal sediment 
recycling.

Exoscopic analysis reinforces these observations. Sand grains exhibit clear but blunt 
dissolution traces with desquamation in sheltered areas, indicating fluvial transport 
followed by sediment stagnation or deposition, as evidenced by the presence of silica 
films in a leached environment. V-shaped percussion marks reflect mechanical impacts 
typical of high-energy fluvial conditions, while dissolution features, desquamation, and 
siliceous coatings on quartz grains indicate post-depositional chemical alteration. The 
coexistence of mechanical and chemical surface features suggests alternating phases 
of energetic transport and subsequent chemical modification, implying the combined 
influence of fluvial processes and later interaction with standing water or groundwater.

Collectively, the sedimentological, morphoscopic, and exoscopic data support a dep-
ositional evolution from a fluvial siliciclastic system toward a lacustrine-influenced 

Fig.  13  SEM Observations of the Surfaces of level 04 (Sample 10), and level 06 (sample 16) at Different 
Magnifications
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environment, characterized by reduced detrital supply and enhanced carbonate precipi-
tation. While local neotectonic activity may have contributed to variations in sediment 
influx and accommodation space, the observed sedimentary patterns suggest that envi-
ronmental change was the primary driver. Periods enriched in coarse siliciclastics may 
reflect short-term tectonic pulses, whereas intervals dominated by finer sediments or 
carbonates indicate reduced tectonic influence and relative basin deepening. This dis-
tinction allows us to separate tectonic signals from climatic forcing, attributing facies 
continuity, grain-size distributions, and carbonate accumulation primarily to climate-
driven processes.

The findings are consistent with previous regional studies [18–20], highlighting envi-
ronmental changes that prompted the Neogene-Quaternary fluvio-lacustrine transi-
tion. Notably, the age of the Argoub Kemellal transition appears slightly younger than 
in neighboring regions of Tunisia [25, 26] and Morocco [27]. This diachronous pattern 
may reflect differences in local basin response times to regional climate forcing or subtle 
topographic or structural controls that modulated sedimentation rates. Such a rationale 
clarifies why local variations exist and frames potential directions for future research.

Fig. 14  SEM Observations of the Surfaces of Level 08 (Samples 20 and 23) at Different Magnifications
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Similar Neogene-Quaternary environmental transitions have been documented 
elsewhere, including in Pakistan, supporting the broader significance of these deposi-
tional patterns [1–16, 44, 50, 51]. Regionally correlatable deposits in Tunisia, Algeria, 
and Morocco, such as Late Miocene marls and evaporites from continuous foredeep 
settings across the Rif–Tell–Cap Bon domains (e.g., Guercif Basin in Morocco, Gulf of 
Hammamet in Tunisia, and Bas Chelif in Algeria) [52, 53], correspond to a marly-lime-
stone unit in Argoub Kemellal, where the Messinian crisis is not recorded. Overlying 
Plio-Quaternary coastal to shallow marine sands, including raised marine sediments and 
coquina levels, are also regionally correlable [54], whereas in Oum El Bouaghi, lacustrine 
deposits are preserved [55].

The Neogene-Quaternary deposits in the studied section differ from the regional suc-
cessions, reflecting local variations in depositional environments likely controlled by a 
combination of climate-driven processes and localized tectonic adjustments. This dis-
tinction strengthens the interpretation of sedimentological records as primarily climati-
cally modulated while acknowledging the influence of tectonic factors.

5  Conclusion
The integrated sedimentological and petrographic analysis of the Argoub Kemellal sec-
tion provides a detailed reconstruction of the environmental evolution of the Oum El 
Bouaghi region throughout the Neogene–Quaternary period. The stratigraphic suc-
cession documents a dynamic history shaped by the interplay of fluvial, lacustrine, and 
palustrine systems.

The lower part of the section, dominated by marls, conglomerates, and coarse sand-
stones, reflects the onset of a high-energy fluvial phase. The abundance of angular and 
sub-angular quartz grains, together with cross-bedded sandstone layers, indicates rapid 
deposition from nearby sources with minimal transport or reworking. These features 
point to episodic, high-intensity flood events typical of alluvial environments close to 
active sediment supply zones. Upward in the sequence, the gradual transition toward 
finer-grained deposits such as sandy marls and compacted sands marks a reduction in 
hydrodynamic energy. This evolution suggests the progressive decline of fluvial influence 
and the establishment of more stable settings, including floodplains or shallow water 
bodies. The fining-upward pattern captures a shift toward lower-energy depositional 
conditions.

The upper portion of the profile, consisting of alternating marl and limestone layers 
along with well-developed carbonate horizons, reveals a transition toward shallow lacus-
trine to palustrine environments. Petrographic evidence fenestral textures, intraclasts, 
desiccation features, and traces of subaerial exposure indicates deposition in intermit-
tently emergent settings affected by fluctuating water levels. Manganese dendrites and 
oxidation structures further reflect local weathering processes. The significant increase 
in carbonate content, confirmed by calcimetric data, supports enhanced precipitation 
in shallow basins. Morphoscopic and exoscopic characteristics of quartz grains, includ-
ing angular forms, reinforce the interpretation of limited transport and localized deposi-
tional processes.

Overall, the Argoub Kemellal section provides a valuable record of the interactions 
between tectonics and sedimentary processes. It offers important insights into the 
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Neogene–Quaternary paleoenvironmental evolution of northeastern Algeria and serves 
as a solid reference for regional paleogeographic reconstructions.
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