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Abstract

In arid and semi-arid regions, the hydro-sedimentary processes responsible for reservoir
siltation remain insufficiently studied. This study focuses on the Taskourt Dam, one of the
major reservoirs in the Marrakech-Safi region in central Morocco. A 450 cm thick sediment
core was collected from the reservoir to assess the impact of extreme flood variability on
sediment dynamic. A multi-approach analysis was conducted, including sequence analy-
sis, grain-size and bulk and clay mineralogy of the sediments. In addition, hydrological
parameters, instantaneous discharge, historical variations in daily water volumes in the
reservoir, spillway discharge volumes, and siltation rates were determined through bath-
ymetric surveys. The aim is to identify and evaluate the dynamics of sedimentation evo-
lution within the reservoir. The results highlight two major phases in the siltation history
of the Taskourt reservoir. (1) From 2011 to 2016, the siltation rate experienced rapid
growth, marked by several major flood events. This intense sedimentary dynamic is illus-
trated by an accumulation of 418 cm of sediments. The floods of 2014 and 2016 strongly
contributed to the intensification of flow energy and to a significant sediment load during
this period. (2) From 2017 to 2023, the siltation significantly slowed down, associated with
a prolonged drought period. This trend is recorded by a limited sedimentary deposit of
32 cm in thickness. This study provides valuable insights for the development of inte-
grated sediment management strategies, supporting sustainable reservoir operation and
effective planning, particularly in similar contexts worldwide.

Keywords: dam sedimentation; soil erosion; bathymetric survey; sedimentation couplets;
watershed

1. Introduction

Due to climate changes, rapid population growth, and the expansion of industrial,
energy, and agricultural sectors over the past decades, global water demand has increased
significantly. Various strategies have been adopted to mitigate this water scarcity, among
which dam construction stands out as one of the most important, increasingly becoming
a top priority [1]. In the 1960s and 1970s, the construction of large artificial reservoirs
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peaked, with nearly 62,339 such dams currently existing worldwide. However, many of
them have aged and are experiencing increased sedimentation [2].

In arid and semi-arid regions, sedimentation of these hydraulic structures represents
a major and complex issue. Soil water erosion emerges as the primary process, of natural
and/or anthropogenic origin, responsible for sediment accumulation in surface water stor-
age areas [3]. Spatial assessment of erosion helps identify the main sediment-generating
zones, contributing to a better understanding of the sources responsible for the siltation
of these infrastructures [4]. The acceleration of this phenomenon poses a significant chal-
lenge for the sustainable management of land and water resources in many regions world-
wide [5-7]. In the future, the risk of sedimentation in hydraulic infrastructures is expected
to increase due to the combined effects of climate change and human activities, which
promote soil degradation [7-9].

Every year, tens of tons of soil are eroded and transported directly to dams during
flood periods. Understanding this phenomenon in arid and semi-arid regions, which rec-
ord the highest erosion rates, is crucial due to the increasing scarcity of water, exacerbated
by significant spatial disparities and temporal irregularities [10]. Soil degradation in wa-
tershed areas is a widespread phenomenon across most regions of the Maghreb, due to
the convergence of conditions particularly favorable to its onset and progression. These
include the low resistance of soils to erosion, climatic irregularities, sparse vegetation
cover, the occurrence of violent floods, as well as anthropogenic pressures (deforestation,
overgrazing, wildfires, poor agricultural practices, and urbanization) [11,12]. In Morocco,
soil loss is the main factor contributing to reservoir siltation. These losses exceed 20 tons
per hectare per year (t/ha/year) in the Rif region in the north, range between 10 and 20
t/ha/year in the Pre-Rif, and vary between 5 and 10 t/ha/year in the Middle and High Atlas
[13]. The total annual sedimentation volume of reservoirs is estimated at 75 million cubic
meters (Mm?), representing more than 0.5% of their storage capacity per year [14,15].

Numerous studies have been conducted to better understand and provide detailed
information on historical sediment dynamics in dam reservoirs. The indirect method,
based on estimating sediment yield (SY) from the volume of sediments deposited in these
reservoirs, serves as a valuable tool, particularly for validating sediment yield modeling
approaches [16-20]. However, ref. [21] highlights several limitations of this method, in-
cluding its accuracy in estimating sediment storage, the interpretation of historical sedi-
mentation dynamics, and the fact that the calculated sediment yield represents an average
over an extended period. Therefore, sediment coring and paleolimnological techniques
are essential for gathering such detailed information [19,22]. Most researchers use sedi-
ment cores to establish an accurate chronology of sediment deposition associated with
flood events, sediment transport, and deposition processes [19,20,23-26]. The analysis of
these sediment cores makes it possible to clearly distinguish specific events, such as dis-
tinct couplets related to extreme flood events, and to estimate the sediment yields associ-
ated with them. However, current knowledge regarding the completeness of paleo-flood
records, as well as the influence of discharge on the formation and thickness of flood de-
posits, remains limited [27]. In particular, few studies have examined these dynamics in
the arid and semi-arid contexts of North Africa, where extreme hydrological conditions
and flood variability strongly shape sedimentation processes in reservoirs. This scientific
gap highlights the need for integrated studies that link hydrological dynamics with sedi-
mentological and mineralogical characteristics. Our study adopts this innovative perspec-
tive by combining sedimentological, mineralogical, and hydrological approaches to re-
construct and interpret the sedimentary dynamics of dams, thereby providing an original
contribution to the understanding of siltation processes in the arid and semi-arid environ-
ments in general, and in those of Morocco in particular.
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Aligned with this objective, the present study aims to gain a better understanding of
dam siltation processes in arid and semi-arid regions and to anticipate their impacts on
the sustainability and functioning of such hydraulic structures. To this end, we focus on
the Taskourt dam, which is currently experiencing a severe sedimentation problem due
to the heightened risk of soil erosion in its watershed, particularly in the context of its
recent construction. This watershed is characterized by high relief, diverse lithologies,
sparse vegetation cover, and irregular rainfall patterns. Since the beginning of the con-
struction of this dam, the Oued Assif El-Mal has become an important river to monitor in
order to mitigate the effects of floods in the downstream part of the watershed, where the
dam is located and which is heavily exploited. The sediment transport and deposition
processes have shown considerable variability due to the fluctuating hydrological regime
of the wadi. The sediments retained by the dam since its commissioning, which we ac-
cessed through a 450 cm thick core, may provide valuable information on sediment dep-
osition processes, the evolution of soil erosion, and environmental changes within the up-
stream watershed. Given the lack of studies on this subject and the availability of im-
portant data such as instantaneous discharge records, historical variations in the daily
water volumes of the reservoir, historical variations in flood spillway discharge volumes,
as well as sedimentation rates determined from bathymetric surveys conducted by the
Tensift Hydraulic Basin Agency (ABHT), we adopted a multi-criteria approach. This ap-
proach integrates bathymetric data, analysis of deposit thickness and stratigraphy, gran-
ulometric distribution of sediment particles, mineralogical variation analysis, and corre-
lation with documented historical discharge events. Additionally, the RUSLE model was
used as a support tool to better characterize erosion-prone areas, which represent the main
sources of sediments.

2. Study Area

The upstream watershed of the Taskourt Dam is part of the larger Tensift basin, lo-
cated in the western part of the High Atlas Mountains (Figure 1). The outlet of this water-
shed (Taskourt reservoir) is situated approximately 100 km south-west of the city of Mar-
rakech. Elongated in shape, the basin covers an area of 424 km?, with elevations ranging
from 954 to 3596 m. It is characterized by a sparse hydrographic network and exhibits low
and irregular surface runoff. The Taskourt Dam, commissioned in 2011, is primarily sup-
plied by the Assif El-Mal tributary.

Geologically, this basin is largely part of the Hercynian basement of the High Atlas
chain, characterized by the emplacement of granitoids, notably those of Jbel Tichka, which
are associated with significant metamorphism. Towards the south, outcrops are domi-
nated by schists and volcanic rocks of Cambro-Ordovician age, which are particularly re-
sistant to erosion (Geological map of Marrakech; 1:500,000). In the northern part, espe-
cially around the dam site, softer and more erosion-prone Mesozoic formations dominate
with marl, dolomitic limestone, red sandstone, gypsum, clay and conglomerates.

The region is characterized by a continental climate of semi-arid to arid type, with an
average rainfall of approximately 700 mm per year. The climate is influenced by the pres-
ence of the High Atlas mountain range [28]. Vegetation cover within the basin is sparse,
and the majority of the area appears to consist of bare soils. Leptosols are the predominant
soil type; these are shallow soils that occupy much of the High and Middle Atlas regions,
particularly in elevated areas, where they develop on hard and compact magmatic and
metamorphic rocks or on limestone formations [13].
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Figure 1. Geological map of the Assif El-Mal watershed.

3. Materials and Methods
3.1. Sampling

A 4.5 m sediment core was retrieved from the Taskourt Dam reservoir using a Rus-
sian corer (50 cm length, 5 cm diameter) during a coring campaign conducted in October
2023. This method offers the advantage of minimally disturbing the sedimentary se-
quences, particularly by avoiding compaction caused by the insertion of liners into the
sediments. The core, composed of nine 50 cm sections, was extracted over a total thickness
of 450 cm (Figure 2). The sampling site was carefully selected in the upstream zone of the
reservoir, an area recognized as particularly favorable for recording variations in sedi-
ment inputs and hydro-sedimentary events [29]. The choice of this location is also justified
by the organization of deposits within the sedimentary column. This position allows clear
identification of repetitive sequences, each composed of fine-grained sands at the base,
overlain by finer silt and clay layers at the top.
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Figure 2. Photograph illustrating the lithological description of sediment core TS (TS1-TS9: Sec-

tions of 50 cm).

A macroscopic description of the sedimentary facies successions of the core was car-
ried out. The succession of facies reveals an alternation between coarse and finer deposits,
as well as between lighter and darker layers. The combination of these alternating patterns
made it possible to identify 18 sedimentary sequences. The sedimentary evolution is used
as a key criterion for selecting samples (1 = 74) for more detailed analyses.

3.2. Analytical Techniques

The samples collected at various depths from the core were prepared for the analysis
of grain size distribution, calcium carbonate and organic matter contents, as well as bulk
and clay fraction mineralogy.

Grain size distribution was performed using a HORIBA LA-300 laser diffraction an-
alyzer (size range 0.1-600 pm). This instrument operates on the principle of laser beam
diffraction by particles suspended in a fluid, enabling detailed measurement of particle
size distribution.

Calcium carbonate (CaCOs) content of the samples was estimated using a Bernard
calcimeter. Total organic matter content was measured through loss-on-ignition (LOI)
method at 550 °C for four hours [30].

The bulk and clay fraction mineralogical compositions of the core samples were iden-
tified using X-ray diffraction (XRD), performed with a Bruker D8-Eco Advance diffrac-
tometer with a scan step size of 0.02° and time/step of 0.6 s equipped with a copper anode.

Bulk mineralogical analysis (powder form) was conducted following the procedure
described by [31]. The relative mineral abundance was determined based on the height of
the main peaks, using the correction coefficients adopted by [32].

For the analysis of the clay fraction, the bulk sediment was decarbonated using HCl
(0.1 mol/L), and the <2 um fraction was separated by decantation in a distilled water col-
umn. The samples were mounted as oriented aggregates on glass slides [33]. Three X-ray
diffraction patterns were recorded successively: in the natural or air-dried state (N), after
solvation with ethylene glycol for 24 h (EG), and after heating at 500 °C for 4 h (H). Clay
minerals were identified and their percentages were estimated. Semi-quantitative analysis
was performed taking into account the intensity of each peak and a specific correction
factor for each clay mineral, following the approach described by [34].
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3.3. Historical Hydrological Approach

In this study, we used bathymetric survey data collected in the Taskourt reservoir by
the Tensift Hydraulic Basin Agency (ABHT). The available bathymetric survey series ex-
amined in this study date from 2013, 2016 and 2022. These datasets enable the determina-
tion of the sedimentation rate and its evolution within the reservoir, and to contribute to
the chronological reconstruction of the sedimentary sequences.

Instantaneous water discharge data, recorded with a time resolution of four hours
between 2009 and 2021, at the Ighzer hydrometric station, the nearest station to the reser-
voir, were also provided by ABHT. These data are used to explore potential correlations
between water discharges and the sediment column of the core collected from the reser-
VOir.

We also used other data, including variations in reservoir water volumes, filling
rates, and floodwater discharged through the spillway. These data were obtained from
the Ministry of Equipment and Water.

3.4. Normalized Difference Water Index

In this study, the detection of water mass information in the Taskourt reservoir was
performed using the Normalized Difference Water Index (NDWI) on Landsat 7 and 8 sat-
ellite images (Equations (1)—(3)). This index enables the identification of water bodies by
analyzing reflectance in the visible spectrum, particularly the green band, and the near-
infrared (NIR) band [35,36]. High positive values (close to +1) typically characterize sur-
face water, as water strongly reflects in the green band and absorbs in the NIR. Con-
versely, negative values or values close to zero indicate non-water surfaces (soil, vegeta-
tion) [37]. After detecting the water surface on Landsat 7 and 8 images, a supervised clas-
sification was performed using the Google Earth Engine (GEE) platform to refine the anal-
ysis and improve the accuracy of the results.

NDWI = (Green — NIR) 1
" (Green + NIR) M)

NDWI Landsat 8 = (Band3 — Band5) )
--andsate = Band3 + Bands) @)

NDWI Landsat 7 = (Band2 — Band4) 3
-wandsat 7= (Band2 + Band4) ®)

3.5. RUSLE Model

The RUSLE model was employed in this study to identify the spatial variations of
critical erosion zones within the watershed, which represent the main sources of sediment
input to the reservoir. The RUSLE model was selected because of its proven reliability,
flexibility, and wide applicability in assessing soil erosion under various environmental
conditions, including arid and semi-arid regions such as our study area. Compared with
more complex physically based models, RUSLE requires fewer input parameters and
readily available data, which makes it particularly suitable for data-scarce environments.
In addition, its integration with remote sensing and GIS tools allows for efficient spatial
representation and quantification of soil loss, as demonstrated in several recent studies
[6,38,39]. Results validation was performed by comparing the erosion map with satellite
imagery and field survey observations to confirm the correspondence between the
mapped areas and the obtained results.

The quantification and identification of areas with potentially high soil erosion risk
are carried out using the five factors expressed in the following equation [40,41]:
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A=RXLSXCXKxP (4)

where A represents the average annual soil loss in t/ha/year; R is the rainfall erosivity
factor; K is the soil erodibility factor; L is the slope length factor; S is the slope steepness
factor; C is the cover management factor; and P is the support practice factor.

The delineation of the watershed upstream of the studied dam, as well as the deter-
mination of the geomorphological parameters, slope length (L) and slope steepness (S),
were based on the use of a Digital Elevation Model (DEM) with a spatial resolution of 30
m x 30 m, downloaded from the USGS Earth Explorer platform.

The soil erodibility factor was calculated using the formula presented by [42], based
on the 2017 global soil map from ISRIC—World Soil Information, which provides data on
soil properties including sand, silt, clay content, and organic carbon. These data were
resampled at a 30 x 30 m spatial resolution.

The rainfall erosivity factor (R) used in this study was derived from the CHIRPS
product with a spatial resolution of 0.05° x 0.05°. This product provides better accuracy
for estimating the R factor at the watershed scale [43].

The cover management factor (C) was estimated using the Normalized Difference
Vegetation Index (NDVI) derived from Landsat 8 imagery, by assigning a specific C-factor
value to each vegetation type, following the approach proposed by [44].

The RUSLE model does not directly estimate sediment yield (SY), but provides an
estimate of the gross erosion rate at the watershed scale. Therefore, the assessment of SY
requires the integration of the Sediment Delivery Ratio (SDR), which quantifies the frac-
tion of total erosion that is actually delivered to the watershed outlet. In this study, SY
was estimated using the combined RUSLE/SDR approach, according to the relationship
expressed in Equation (5). The results were then compared with the specific sediment
yield (SSY) values calculated from actual data obtained from bathymetric measurements
of the Taskourt Reservoir, using Equations (6) and (7), in order to evaluate the consistency
and relevance of the estimates provided by the RUSLE model.

SY = E(RUSLE) x SDR (5)

E(RUSLE) represents gross erosion for the entire watershed, and SDR denotes the
sediment delivery rate.

SSY = 100 x SV x dBD (6)
B AXTEXT

where SSY denotes the specific sediment yield (tons per hectare per year), SV represents
the estimated sediment volume (m?®) derived from bathymetric measurements, and dBD
is the dry bulk density of sediments (ton/m?), estimated at 1.3 for Morocco [45]. A repre-
sents the total watershed area in hectares, T is the age of the reservoir (years), and TE
denotes the trap efficiency, calculated according to Equation (7).

TE = 100 (1 — ! ) @

1+0'0021XDXZ

where D is a constant factor, ranging from 0.046 to 1, with an average value of 0.1 adopted
for the case of Morocco [6]; C is the reservoir storage capacity (m?®); and A is the watershed
area in km?.

In predicting sediment yield (SY), we evaluated three of the most commonly used
empirical methods, based on watershed area and the slope of the main drainage network
[46-48]. Among these approaches, the most appropriate method for estimating the Sedi-
ment Delivery Ratio (SDR) was identified by comparing the estimated SY values [8]. In
this study, the equation proposed by [47] was selected as the most relevant (Equation (8)).

https://doi.org/10.3390/su18041953
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SDR = 0.5656 x (A)~%11 (8)

4. Results
4.1. Sedimentological Analysis

We present below the results of the various sedimentological analyses conducted on
the sediment core samples. These include macroscopic description, grain size analysis, the
evolution of calcium carbonate (CaCOs) and organic matter (OM) contents, along with the
mineralogical composition of both the bulk and the clay fractions (<2 microns).

4.1.1. Sediment Core Description

In terms of texture, the core sediments consist of repetitive sequences composed of
very fine-grained sands at the base, overlain by layers of silt and clay at the top. Eighteen
sequences with thicknesses ranging from 9 cm to 50 cm were identified. We also observed
a correlation between sediment texture and color, coarser (fine sandy) sediments exhibit
lighter colors, whereas finer (silty-clayey) sediments display darker colors.

4.1.2. Particle Size Analysis

Grain size analysis reveals significant variations with depth. The median grain size
(D50) ranges from 9 to 134 um. The coarsest sandy layers are observed at depths of 400,
230 and 100 cm. The percentage of sand measured along the core varies from 0.2% to 81%,
with an average of 38%. The percentage of silt fluctuates between 13% and 77%, with an
average of 47%. The percentage of clay varies from 5.8% to 33%, with a mean value of
15%. Grain size analysis results also allowed the identification of 18 sedimentary se-
quences (Figure 3). Each sequence consists of fine sand at the base, overlain by a layer of
silt and then clay. The proportion of these three components (fine sand, silt, and clay)
varies from one sequence to another.

4.1.3. Variations in CaCOs and OM

The calcium carbonate content ranges from 2% to 25%, with a standard deviation of
4.6%. The vertical profile shows certain fluctuations, the most significant of which occur
at depths of 15, 262, and 434 cm, likely indicating increased input and accumulation of
calcium carbonate at these levels.

Organic matter content ranges from 2% to 9%, with an average of 4.54% and a stand-
ard deviation of 1.7%. This variability suggests a certain heterogeneity in the vertical dis-
tribution of organic matter within the deposits.

In most of the analyzed sections of the sediment column, organic matter and calcium
carbonate contents vary proportionally, as confirmed by the correlation analysis. Indeed,
the Pearson correlation coefficient indicates a positive and statistically significant relation-
ship between these two parameters (r = 0.703; p < 0.001). Both parameters show an inverse
relationship with grain size; sediments with high levels of organic matter and calcium
carbonate generally exhibit fine grain sizes (fraction smaller than 63 pm). This relationship
is particularly pronounced in sequences 1, 8, and 18 (Figure 3).
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Figure 3. Vertical distribution of grain size, CaCOs content and organic matter along the TS sedi-

mentary core.

4.1.4. Mineralogical Assemblage

X-ray diffraction analysis of the bulk mineralogy allowed the identification of the
following main mineral phases: quartz (mean x = 33.15%; standard deviation o = 5.77%),
micas (x = 16.70%; o = 5.03%), clay minerals (x = 14.14%; o = 4.37%), dolomite (x = 10.51%;
o =11.88%), plagioclase (x = 10.14%; o = 2.75%), augite (x = 6.54%; o = 1.45%), and calcite
(x=4.25%; 0 =2.75%). Other mineral phases, such as K-feldspars, hematite, and halite, are
present in low abundance (Figure 4).

The contents of these minerals exhibit significant variability, being very low at certain
depths while reaching relatively high values at others (Figure 5). Quartz is more abundant
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in the sandy layers, whereas dolomite attains higher concentrations in sequences 1/2, 8/9,
and 18, accompanied by a parallel increase in calcite. The two carbonate minerals show
an opposite trend compared to the micas.
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Figure 4. Example of X-ray diffraction (XRD) patterns of the bulk powder from three samples: TS1-
4, TS4-5, and TS8-1. (Qtz: Quartz; Aug: Augite; Dol: Dolomite; Plg: Plagioclase; Cal: Calcite; Hmt:
Hematite; Clay: Clay minerals; Kf: K-feldspar; M: Micas).

In the clay fraction (<2 um), the identified clay minerals consist of, in order of relative
abundance, illite (49 to 82%), kaolinite (11 to 39%), and minor amounts of chlorite and
vermiculite (1 to 10%). Traces of smectite appear sporadically at certain depths (<6%).
Their presence coincides with sedimentary levels characterized by high carbonate concen-
trations, notably within sequences 1 and 18.
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Figure 5. Vertical distribution of bulk mineralogy and clay minerals in the sedimentary core.

4.2. Hydrological Analysis
4.2.1. Bathymetry

Based on bathymetric surveys conducted in 2013, 2016, and 2022, it was possible to

extract relevant information on the sedimentation rate in the reservoir and its evolution
over time (Table 1).

https://doi.org/10.3390/su18041953
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Table 1. Sedimentation Data Based on Bathymetric Surveys.

Reservoir Volume

Year Period at Normal Water Total Sedimenta- Cumulative Sedimented Annual Sedimenta-
tion Volume (Mm?®) Volume (Mm?3) Percentage (%) tion Rate (Mm3/an)
Level (Mm3)
2013 24.8
2016  [2013-2016] 22.48 2.32 2.32 95.47 0.77
2022  [2016-2022] 22.37 0.11 243 4.53 0.017

Since the initial bathymetric survey conducted in 2013 at the Taskourt Dam, total
sedimentation has amounted to approximately 2.43 Mm?, representing a < 10% loss of the
initial storage capacity. This value is considered excessive compared to other dams in the
region, especially given that the dam was only recently constructed. The normal capacity
of the reservoir decreased from 24.8 Mm? in 2013 to 22.48 Mm? in 2016, representing a loss
of 2.32 Mm?, which accounts for 95.47% of the total sediment volume deposited. The loss
was significantly lower between 2016 and 2022, with a reduction of only 0.11 Mm?, corre-
sponding to just 4.53% of the total accumulated deposits in the reservoir (Table 1).

The variation in sedimentation rate over this period highlights two distinct phases.
The first phase is characterized by a high average sedimentation rate of 0.77 Mm?/year
between 2013 and 2016. The second phase is marked by a much lower rate of 0.017
Mm?/year after 2016.

4.2.2. Variation in Instantaneous Water Discharge

In addition to the bathymetric analysis, instantaneous variations in water discharge
recorded at the Ighzer hydrometric station, provide a second source of information used
to establish a chronology of sedimentary sequences. This approach is based on the as-
sumption that the identified sequences correspond to deposits resulting from the most
significant flood events. To determine these floods, a threshold discharge is generally set,
above which the flow is considered a flood event [49]. In the context of our study, the flood
threshold is defined as a discharge equal to or greater than 10 m?/s. Initially, this threshold
was determined based on two main methods widely adopted for flood selection. The first,
referred to as block maxima or annual maxima series (AMS) [50-52], is based on extracting
the highest peak discharge recorded for each year from the available time series. Never-
theless, this method presents a major drawback: by considering only one event per year,
it overlooks other extreme episodes that may occur during the same period, which can
result in a significant loss of information regarding flood frequency, recurrence, and in-
tensity. Moreover, in arid regions, some years may be marked by low or even nonexistent
annual maxima. This affects the robustness of the analysis and may lead to the omission
of several significant extreme events [50]. The second approach is referred to as the Partial
Duration Series (PDS) or Peaks-Over-Threshold [49,53]. This method allows for the iden-
tification of several flood events occurring during a given period by defining an appropri-
ate threshold, generally based on a chosen quantile corresponding to a relatively high
non-exceedance probability, typically 95%, 99%, or 99.5% [49]. In this study, we adopted
the peaks-over-threshold method by applying a 95th percentile, derived from instantane-
ous discharge data, to detect extreme flood occurrences within the basin. Subsequently,
we prioritized a direct observational approach based on the analysis of instantaneous and
daily discharge series in order to avoid prematurely limiting ourselves to strict theoretical
considerations that could constrain the examination of natural phenomena in their actual
form. This direct observation confirmed the initial relevance of the defined threshold,
highlighting the selected value based on the available data.
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4.2.3. Spatial Variability of Surface Water in the Reservoir

The analysis of instantaneous discharges and daily reservoir volumes reveals that no
major flood events were recorded between 2016 and 2022, except one event in 2020. How-
ever, this flood was not sufficient to reach the full storage capacity of the reservoir (24.8
Mm?3). This situation suggests a limited hydrological dynamic, insufficient to flood the
entire reservoir area, particularly the upstream zone. The latter, which includes the sedi-
ment core sampling site, remained dry during this period (Figures 6 and 7). In contrast,
during the period from 2011 to 2018, as well as in 2023, the core sampling area was sub-
merged by reservoir water, allowing for the successive recording of hydrological events
within the sedimentary profile.

105.8 ha 101.4 ha 108.9 ha 104.6 ha - 109.2ha
2011 2012 2013 2014 2015
111.8 ha 104.9 ha 105.3 ha 99.3 ha 86.5 ha
2016 2017 2018 ® 2019 > 2020
106.6 h
R p7-80ha - ©®  Sediment core
“ Taskourt dam
Sampling point submerged
Sampling point not submerged
® 2021 o 2022 2023 pimgp e

Figure 6. Variability of surface water in the Taskourt reservoir based on annual NDWI values, show-

ing the location of the TS coring site relative to the water surface.

The variations in the water volume of the reservoir further confirm this situation (Fig-
ure 7). Since 2019, a prolonged drought has caused the stored water volume to remain
more than 50% below the reservoir’s original capacity. Although increases in volume were
recorded in 2021 and 2022, the water level remained insufficient to inundate the core sam-
pling site. However, at the time of core sampling in October 2023, the sampling area was
located within the wetted zone of the reservoir.

Moreover, the normal storage capacity of the studied reservoir has been exceeded
several times, as illustrated in Figure 7. This figure highlights that the spillway threshold
was exceeded on multiple occasions, resulting in the discharge of water volumes through
the flood spillway. The results indicate a strong relationship between discharges, water
volumes, and the filling rate of the reservoir (Figure 7). High flow rates, particularly
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during exceptional flood events, are strongly correlated with a significant increase in the
water storage level of the dam.
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Figure 7. Daily variation in discharge and filling status of the Taskourt Dam (blue band: initial
impoundment; red bands: recorded events).

Figure 7 also highlights the daily variations in discharge between 2009 and 2022, rec-
orded at the Ighzer and Sidi Bouatmane stations, located upstream and downstream of
the Taskourt dam, respectively. Following the beginning of reservoir impoundment in
2011, the discharge recorded at the Sidi Bouatmane station became lower than that meas-

ured at the Ighzer station, which can be explained by their relative positions with respect
to the dam.

4.3. Analysis of Soil Erosion Risk

The multiplication of the maps generated for each factor [rainfall erosivity (R), soil
erodibility (K), vegetation cover (C) and topography (LS)], highlights the spatial varia-
tions in potential soil erosion at the watershed scale with a 30 m resolution. We assigned
a value of 1 for the P factor, due to the absence of significant conservation structures in
the study area. This method was carried out in ArcGIS 10.8 using the Math Algebra tool.
In our study, the LS factor plays a major role in capturing the combined influence of slope
length and slope steepness on soil erosion processes. This factor is particularly relevant in
our watershed, which is characterized by rugged topography and high slope variability.
The analysis results indicate that areas exhibiting the highest erosion rates (>10 t/ha/year)
are predominantly located on steep slopes subjected to intense precipitation, highlighting
the amplifying effect of runoff energy. This spatial distribution confirms the predominant
influence of topographic conditions, combined with climatic factors, in controlling water-
induced soil erosion processes within the studied region.

In the Assif El-Mal watershed, the average soil loss risk is estimated at 30.4 t/ha/year.
Approximately 84.9% of the watershed area experiences severe to very severe erosion (ex-
ceeding 10 t/ha/year), mainly affecting the southern zones characterized by sparse vege-
tation cover and steep slopes. Conversely, areas subjected to low to moderate erosion (less
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than 10 t/ha/year) represent 15.1%, mostly located in the northern part of the watershed,
where the terrain is gentler (Figure 8). RUSLE model outputs were validated through spa-
tial consistency checks and comparison with known erosion-prone areas identified in field
surveys, satellite observations, and previous studies [13,28]. Furthermore, a comparison
between the sediment yield estimated by the RUSLE/SDR model and the value observed
from bathymetric measurements revealed slight differences between the two approaches.
In this watershed, the calculated SY is 8.84 t/ha/year, compared to an observed value of
8.94 t/ha/year. These differences remain small and confirm the reliability of the approach
used to estimate sediment yield and the applicability of the RUSLE model for mapping
erosion risk source areas. The difference between the estimated and observed sediment
yield values is very low, at 0.10 t/ha/year, indicating that the model provides estimates
consistent with the observations.
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Figure 8. Soil erosion map of the Assif El-Mal watershed generated using the RUSLE model.

5. Discussion

In numerous studies, temporal variations in sediment load in dam reservoirs, as well
as the identification of sediment sources and the main erosion mechanisms, have been
assessed using mineralogical variations in accumulated sediments, based on analyses of
bathymetric survey campaigns and instantaneous river flow measurements [19,20,26,54].
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The novelty of this study lies in the analysis of sedimentation dynamics within a reservoir
located in an arid zone, through an integrated approach combining hydrological and sed-
imentological parameters derived from cored sediments, aimed at reconstructing the tem-
poral evolution of deposits.

5.1. Chronology of Sedimentary Sequences

In artificial reservoirs, cesium-137 (*¥Cs) measurements have been widely used to
establish sediment chronologies. This method is based on the assumption that this radio-
isotope is rapidly fixed in sediments after deposition, with no significant post-depositional
mobility [24,55]. On a global scale, available data indicate that the maximum fallout of
137Cs occurred between 1955 and 1966 [55]. In the case of the Assif El-Mal watershed, at-
mospheric fallout of radionuclides remained low and relatively stable throughout the op-
erational period of the dam, and no major event could be identified as a chronological
marker for dating the sediment deposits. This method could not be applied in our case
study.

Based on a multi-criteria approach integrating bathymetric data, analysis of the thick-
ness and organization of deposits, grain size distribution of sediment particles, mineralog-
ical variation analysis, as well as the correlation with documented historical discharge
events, we established a chronology of the couplets within the sediment core column.

5.1.1. Contribution of Bathymetry

Bathymetric analysis stands out as a particularly relevant indirect dating method for
reconstructing the chronology of sediment deposits associated with flood events [19]. In
the context of this study, this approach revealed that, from the initial bathymetric survey
conducted in 2013 to the latest survey carried out in 2022, nearly all sedimentation, esti-
mated at 95.47% of the total deposited sediment volume, occurred during the period 2013—
2016. This intense sedimentary dynamic coincides with the two major flood events that
occurred in 2014 and 2016, whose significant impact on sediment mobilization and
transport is confirmed by the stratigraphic analysis of the core sample. In contrast, the
period after 2016 accounts for only 4.53% of the total accumulated deposits within the
reservoir, reflecting a marked decrease in sediment flux during this phase. The variations
in sediment supply and the siltation rate of the dam reservoir are influenced by climatic
conditions, which determine the frequency and intensity of floods, key factors in sediment
mobilization and transport [19,55,56].

The sediments accumulated in dam reservoirs represent a direct archive of sediment
production from the upstream watershed since the commissioning of the structure, both
in the short term (on the scale of hydrological events) and in the long term [21]. Based on
this approach, we were able to highlight valuable information, suggesting that sedimen-
tary activity was more intense during the first phase, between 2013 and the end of 2016.
In contrast, the second period, post-2016, is characterized by a drop in sedimentation.

5.1.2. Contribution of the Hydrological Approach

The chronological identification of sediment layers associated with flood events,
based on the core extracted from the Taskourt dam, provides a relevant basis for analyzing
past hydro-sedimentary dynamics and their impact on the increasing siltation of the res-
ervoir.

In this study, the sediment layers were first identified and characterized based on
objective criteria, such as grain size, thickness, and internal organization of the deposits,
independently of hydrological data. The dating of the sedimentary couplets was then as-
signed using three complementary criteria: (1) the relative arrangement of the layers since
the commissioning of the dam in 2011, (2) the sedimentological properties reflecting the
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intensity of depositional events, particularly coarser and thicker deposits produced by
floods with high sediment yield, and (3) the position of the core sampling site relative to
the water surface, which helps confirm that these hydrological events were effectively rec-
orded in the sedimentary archive. This approach ensures that dating is primarily based
on sedimentological analysis, while hydrological data provide complementary context for
interpreting the sediment regime and deposition chronology.

The sedimentary profile highlights 18 sedimentary couplets that correspond to flood
events in the Assif EI-Mal watershed (Figure 9). Among these layers, those associated with
the extreme storm events of 2014 and 2016 [57] served as key chronological markers for
establishing the chronology of the sedimentary couplets. These floods deposited particu-
larly thick sediment layers with coarse grain sizes, marked by a significant increase in D50
values, especially for couplets C4, C10, and C15.
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Figure 9. TS sediment core and corresponding instantaneous discharge (blue band: initial im-

poundment; red bands: major events).

The 2014 and 2016 flood events, which had significant economic, social, and environ-
mental impacts in the Tensift basin [57], contributed to the dramatic sedimentation rate
observed in this study. The year 2014 was marked by severe flooding, particularly during
the weekend of 22 November. These events triggered sudden flash floods that resulted in
the deaths of 36 people, primarily in the Guelmim region [49,58]. The coarser and lighter-
colored layers, observed between 32 and 450 cm depth, could be associated with major
flood events accompanied by massive sediment transport.

The lower sequence (C4) corresponds to the thickest sedimentary deposit in the pro-
file, resulting from a substantial accumulation of coarse materials, likely deposited during
the flood of 22 November 2014 (Figure 9). This intense event resulted in a 50 cm thick
deposit, reflecting the strong sedimentary dynamics. This sediment layer thus represents
a major chronological marker for interpreting the profile, due to its direct association with
a significant flood event during that period. A second flood event, even more intense ac-
cording to the flood records from the Ighzer hydrometric station, occurred on 28
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November 2014. It also resulted in the deposition of coarse sands, clearly identified in
sequence C10. Finally, the flood that occurred between 25 and 26 September 2016 is re-
sponsible for the deposits observed in sequences C14 and C15.

The interval between couplets C4 and C12 exhibits an alternation of sand-dominated
granulometric levels, reflecting a fluctuating sedimentary dynamic characterized overall
by high energy. This internal structuring suggests deposition in multiple successive
pulses, likely linked to the instantaneous peak discharges recorded between 22 and 30
November 2014, during the major flood event. The dominance of sand confirms the prev-
alence of high-energy hydraulic conditions throughout this event. These likely correspond
to long-duration floods caused by persistent storm episodes. Consequently, sub-daily dis-
charge data are essential for analyzing short-duration hydrological events with high ero-
sive and sediment transport potential, which are often overlooked or underestimated by
daily averages. The importance of such data has been clearly demonstrated by [59].

5.2. Impact of Soil Vulnerability on Sediment Supply

In arid regions, the soil surface layer is rarely saturated with water, unlike in humid
areas where soil saturation is a common condition. Indeed, infiltration-excess runoff is the
dominant process during rainfall periods due to sparse vegetation and low air humidity,
whereas in humid zones, saturation-excess runoff predominates [49]. At the end of the
wet season, the concentration of suspended sediments tends to decrease due to dilution
effects and less availability of erodible material [60]. In these regions, especially moun-
tainous areas, natural hazards such as intense rainfall and flash floods exacerbate erosion
processes and significantly contribute to soil degradation [61,62]. Furthermore, soil deg-
radation accelerates when heavy rains fall on dry soil, following intensive land disturb-
ance caused by agricultural activities.

The increase in flood events in the Assif EI-Mal watershed, along with the water in-
flows to the Taskourt reservoir between the year the dam was commissioned and the end
of 2016, reflects a period of intensified runoff at the regional scale. This trend was partic-
ularly marked by episodes of heavy rainfall recorded in 2014 and 2016, which triggered
high-level flood alerts in several southern regions of the Kingdom [49,57,58,63,64]. In con-
trast, a marked decrease in runoff is perceptible during dry periods, particularly from 2019
onward, as evidenced by the hydrological regimes recorded at the Ighzer station. Varia-
tions in discharge and flood frequency appear to be key factors influencing the spatio-
temporal fluctuations in the sedimentation rate within the reservoir [20].

Numerous studies have highlighted the link between flood risks, high-flow events,
and soil degradation [4,26]. The highest sedimentation rates coincide with periods of in-
creased discharge, indicating intensified hydro-sedimentary dynamics that enhance the
transport and deposition of suspended particles [65].

The application of predictive models to estimate soil erosion is particularly im-
portant, especially in watersheds where outlets are regulated by hydraulic structures
(dams, lakes, etc.). In this study, the RUSLE model was used to identify areas with a high
risk of water erosion. Its application also provides complementary information regarding
the origin of sediments, thereby enriching the results obtained from the mineralogical
analysis of sediments deposited in the reservoir. The results show that most of the up-
stream watershed presents a high risk of erosion, mainly in areas characterized by the
presence of relatively soft schist formations, steep slopes, and sparse vegetation cover,
conditions particularly conducive to accelerated soil loss. This dynamic is supported by
mineralogical analysis, which reveals high mica contents throughout most of the profile,
indicating significant weathering of the schist bedrock and, consequently, a higher soil
susceptibility to erosion. However, a decrease in mica content accompanied by an increase
in carbonates is observed in certain parts of the profile. This trend could be related to the
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spatial distribution of precipitation around the reservoir, where carbonate geological for-
mations predominate. This observation is discussed in the section dedicated to mineral-

ogy.

5.3. Relationship Between Discharges and Sedimentation Patterns

The analysis of the relationship between instantaneous discharges and sedimentation
is essential for understanding hydro-sedimentary processes in reservoirs [65] (Table 2).
The rhythmicity in sedimentary deposits reflects transport and deposition processes mod-
ulated by discharge fluctuations. Each couplet serves as an informative marker of flood-
related deposition events.

Several studies highlighted the relationship between flood events and the intensifi-
cation of erosion and sediment transport processes [19]. During storm events, sediment
peaks and floods occur simultaneously, with larger sediment volumes recorded in re-
sponse to higher discharges [55,65].

Sediment accumulations in reservoirs triggered by flood events often exhibit a char-
acteristic vertical organization: a basal sequence with coarsening-upward grain size, cor-
responding to the rising limb of the flood, followed by a fining-upward sequence during
the recession phase. However, the lower layers may be partially eroded or poorly pre-
served due to turbulence associated with peak discharge phases [25,60].

Table 2. Identified couplets and corresponding instantaneous flow (NA: no data available for
2023).

Sedimentary Organization

Events Inst. Max. Elow - @ d Thickness _ Silt—Clay Thick. C_CuPlet Thickness o ets
(m3/s) (cm)
(cm) ness (cm)
2018-2023 36-(NA) 6 13 19 C18
18/06/2017 483 7 6 13 C17
05/11/2016 20 25 4 29 C16
26/10/2016 258 9 30 39 c15
25/10/2016 94.8 33 4 37 Cl4
06/04/2015 10.6 5 13 18 C13
30/11/2014 18.4 7 5 12 c12
29/11/2014 69.2 13 20 33 c11
28/11/2014 250 16 20 36 C10
27/11/2014 109.7 19 7 26 9
26/11/2014 100.9 9 9 18 cs
25/11/2014 92.8 10 20 30 c7
24/11/2014 85.3 13 5 18 Cé
23/11/2014 80.7 26 6 32 Cs
22/11/2014 2125 40 10 50 c4
30/06/2014 30.8 6 3 9 3
12/08/2012 68.2 5 10 15 2
15/08/2011 166.6 11 5 16 C1

In this study, we analyze the relationship between the maximum instantaneous dis-
charge and the thickness of the sedimentary sequences observed in the TS core. Figure 10
highlights this correlation, as well as the relationships with the thickness of sands and
silts/clays within each couplet. A moderate to strong positive correlation (R = 0.64) was
observed between the maximum instantaneous discharge and the thickness of the sedi-
mentary couplets. Such a strong correlation has also been reported in the literature [18-
20,26]. It should also be noted that sediment deposits may undergo progressive
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compaction over time, particularly under the effect of overburden, especially for sedi-
ments deposited over the long term. Consequently, the current thickness of the layers may
be slightly less than their original thickness at the time of deposition. This phenomenon is
common in lacustrine environments and reservoirs, and should therefore be taken into
account when interpreting sedimentary records [66]. In this study, the effects of compac-
tion were considered negligible, as the sediments examined are relatively recent (the old-
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Figure 10. Correlation between instantaneous maximum discharge and sediment thickness in the

TS core.

Increases in discharge within the watershed can intensify erosion processes, resulting
in a rise in suspended sediment concentration. Moreover, high water stages enhance bank
erosion, locally causing collapses. These collapses rapidly supply the watercourse with
loose sediments, which are then transported as diluted sediment flows. These transient
inputs contribute to the transport and potentially to the deposition of materials within the
riverbed or in calmer settling zones downstream [60].

5.4. Contribution of Mineralogy

The nature and mineralogical variations contained in sedimentary deposits in accu-
mulation environments depend both on physical depositional processes and post-deposi-
tional chemical processes [19,67]. In the studied reservoir, the amount of organic matter
and carbonate contained in the sediments is low, with no significant impact on the inter-
action process with clay minerals. Moreover, the residence time is relatively short to allow
for the transformation of clays [19]. In this context, the composition and evolution of the
different clay assemblages in the sediment deposits of the investigated reservoir mainly
reflect the physical processes of erosion, sediment transfer, and deposition, rather than in
situ transformations and post- depositional chemical processes.

The variability in the mineralogical composition of the core samples reflects the var-
iability of the geological formations outcropping in the Assif EI-Mal watershed. The dif-
ferent geological units range from the Cambrian to the Cretaceous, with schist being the
dominant geological facies in the upper part of the basin. In the downstream area, around
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the dam, softer sedimentary rocks outcrop, composed of limestone, dolomites, and more
or less weathered marl rocks.

The relative variations in micas and carbonates (calcite and dolomite) may be related
to the spatial distribution of precipitation (Figure 5). The increase in carbonate mineral
content suggests heavy rainfall in the lower part of the watershed, mainly composed of
carbonate rocks (limestone and dolomite). This observation is supported by the local oc-
currence of low smectite contents at certain depths, particularly in areas with the highest
carbonate percentages, which reflects irregular rainfall patterns typical of semi-arid re-
gions. Smectite is primarily identified in the clayey fraction of soils developed on car-
bonate outcrops of the Lower Jurassic and Upper Cretaceous in the downstream area of
the watershed [19,68]. Conversely, the increase in mica/illite content rather indicates a
concentration of precipitation and intense erosive processes in the upstream area of the
basin, mainly composed of schists. The mineralogy of the clay assemblages accumulated
in the Taskourt reservoir during a given rainfall event represents the properties of the soils
impacted by the corresponding precipitation.

The clay assemblage detected within the <2 pm size fraction of the core sediments is
less diverse, mainly composed of illite and kaolinite with low abundance of chlorite, ver-
miculite and smectite (Figure 5). The relative abundance of illite is explained by the high-
est concentration in the clay fraction of the sedimentary formations from the Paleozoic to
the Quaternary in the Western High Atlas basin [4,68]. A study conducted by [19] in the
N’fis watershed, which exhibits climatic, topographic, pedological, and lithological con-
ditions similar to our study area, also shows that illite is the predominant clay mineral
phase in the sediments.

In terms of organic matter and calcium carbonate content, there is a correlation with
the grain size of the deposits; most sediments with high carbonate and organic matter
content are generally characterized by fine grain size (fraction less than 63 um). The abun-
dance of carbonates and organic matter in sedimentary layers can be explained by the
flocculation of fine particles [69,70]. The deposits accumulated in the downstream part of
the reservoir are finer, predominantly silty-clayey or clayey-silty, and exhibit a relatively
high degree of flocculation [71,72].

5.5. Limitations and Implications for Management

The sedimentary dynamics of the Taskourt reservoir reveal distinct phases associated
with variations in extreme flood events. This pattern is consistent with observations from
other recent studies on sediment cores documenting hydrosedimentary responses
[19,24,73]. Our study uniquely provides a continuous sediment record from 2011 to 2023,
highlighting abrupt changes in sedimentation linked to major floods and prolonged
droughts. Overall, the multi-criteria approach adopted, integrating hydrological, sedi-
mentological, and mineralogical analyses, represents a novel and integrative framework
for diagnosing sediment dynamics in reservoirs, particularly in arid and semi-arid catch-
ments. This approach not only enhances our understanding of sediment accumulation
processes but also offers valuable insights for reservoir management and predictive as-
sessment, demonstrating the scientific contribution and originality of the work.

Despite these contributions, the study presents certain limitations. Due to the rela-
tively high filling rate of the reservoir, field access was restricted, which prevented the
collection of additional sediment cores from internal sections of the reservoir. Conse-
quently, reliance on a single sediment core may not fully capture the spatial variability of
sedimentation. In addition, during periods when the sampling site was not submerged,
the sedimentary record of suspended inputs may be weak or absent, leading to local dis-
continuities in the stratigraphic sequence. However, these limitations do not contradict
the main objectives of the study, which focus on understanding the dominant
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sedimentation processes and their temporal evolution within the reservoir, rather than on
a detailed assessment of spatial heterogeneity. They do not undermine the overall validity
of the conclusions; instead, they provide a transparent framework for interpreting the re-
sults and highlight directions for future research, notably through the collection of addi-
tional sediment cores to better constrain spatial variability. Furthermore, the RUSLE
model could be extended to prospective applications by coupling it with future climate
scenarios, including projected changes in precipitation and long-term land use and land
cover (LULC). When combined with the Sediment Delivery Ratio (SDR), this framework
would enable the estimation of future sediment yield and support long-term reservoir
management and planning strategies.

Although our study focuses on reconstructing sedimentation dynamics from sedi-
mentary records, it provides insights for integrated sedimentation management strate-
gies. These strategies include preventive measures, such as holistic watershed manage-
ment (vegetation restoration, construction of small retention structures to reduce sedi-
ment transport, sustainable agricultural practices), as well as the identification and prior-
itization of areas particularly susceptible to water erosion for protection, as they represent
the main sources contributing to reservoir sedimentation. Curative interventions, such as
periodic dredging of reservoirs, can also be implemented and adapted in this context, alt-
hough they remain challenging due to their high cost. These practical recommendations,
while dependent on available resources and local conditions, provide a framework to sup-
port management decisions aimed at reducing sedimentation and enhancing the sustain-
ability of hydraulic infrastructures in the region and in similar contexts worldwide.

6. Conclusions

The sediments deposited in the Taskourt reservoir are organized into rhythmic se-
quences defined by their appearance, grain size, and mineralogy. Two distinct periods
have been identified as follows: the period from 2011 to 2016, during which sediment ac-
cumulation in the reservoir was particularly intense with a siltation rate of 0.77 Mm?3/year.
The floods recorded in 2014 and 2016 triggered intense hydro-sedimentary dynamics re-
sulting in a substantial sediment input. The period from 2016 to 2023 is characterized by
a low sedimentation rate (0.017 Mm?/year) due to the absence of major flood events and a
prolonged drought. This trend is also reflected in the sedimentary record, with a deposit
thickness limited to 32 cm.

This study demonstrates that combining bathymetric and hydrological analyses with
sequential analysis of the sedimentary column provides a relevant approach for recon-
structing the chronology of deposits and interpreting sedimentation processes within the
reservoir. Discharge fluctuations and flood frequency emerge as key factors directly influ-
encing the spatio-temporal variations in sedimentation rates in the Taskourt Reservoir.
Extreme hydrological events within the watershed were identified using peaks-over-
threshold method, with the threshold defined as the 95th percentile of the instantaneous
discharge data. This approach was carried out under the assumption that the identified
couplets correspond to deposits resulting from the most significant floods. The flood
threshold defined as a discharge equal to or greater than 10 m?/s provides a strong corre-
lation between the number and thickness of couplets on one hand, and the frequency and
intensity of hydrological events on the other.

This study emphasizes the vertical variation in dominant mineral phases within the
reservoir sediment core, a variation that reflects both differential sedimentation processes
and the fluctuations in discharge recorded in the Assif EI-Mal stream. It further highlights
the nature and provenance of the clays deposited in the Taskourt reservoir basin, as well
as the complexity of the mechanisms governing sediment deposition in semi-arid regions.
In the Assif El-Mal watershed, clay assemblages in soils are primarily detrital, inherited

https://doi.org/10.3390/su18041953



Sustainability 2026, 18, 1953 23 of 27

from the local source rocks. The characteristics of clays accumulated in the Taskourt res-
ervoir during a specific flood event mirror the properties of soils impacted by the associ-
ated precipitation.

The results obtained provide a transferable methodological framework that can be
applied at a global scale, particularly in arid and semi-arid regions, where strong hydro-
sedimentary variability exacerbates reservoir sedimentation problems. These reservoirs
are essential infrastructures for mitigating the impacts of water scarcity and the irregular-
ity of hydrological inputs.
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