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ABSTRACT

Our work focuses on using magnetic techniques to examine Quaternary alluvial and fluvial terraces that are situated northeast of the city 
of Tébessa in eastern Algeria. The primary goal is to distinguish between distinct deposition levels and emphasize the divergent climate 
changes over the Quaternary period. We performed in-depth measurements and calculations of a number of magnetic parameters, including 
low and high-frequency magnetic susceptibility (cbf and chf), saturation isothermal remanent magnetization (ARIs), anhysteretic remanent 
magnetization (ARA), magnetic susceptibility as a function of temperature (S0.1T-ratio, S0.3Tratio), frequency dependence of magnetic 
susceptibility (cfd), and others, to achieve this. These variables are often employed in a variety of scientific disciplines, including archaeology, 
environmental magnetism, and rock magnetism.

The acquired data show a clear difference between the stratigraphic section’s top and bottom. We were able to discern many stratigraphic stages 
using the values of cbf, ARIs, and ARA, which represent the concentration of magnetic granules. Smaller amounts of single-domain (MD) and 
pseudo-monodomain (PSD) sized grains were also detected, although they were less numerous than poly-domain (PD) sized grains. The low 
cfd values indicated that the finest grains, superparamagnetic (SP) grains, were not well represented. When subjected to magnetic fields of 100 
mT or 300 mT, the magnetic grains did not fully saturate (S100mT-ratio 0.8 and S300mT-ratio 0.85, respectively), showing the presence of hard 
magnetic granules and a strong coercive field (Hcr).

The distribution of the magnetic components could be deduced from the examination of the ARIs acquisition curve, which also revealed 
the magnetic field where the sample first developed its remanence. Utilizing the cumulative log Gaussian (CLG) distribution, each spectra 
was fitted. In our situation, the research indicated that there were really two magnetic components present. The first one was carried by 
magnetite granules with PD-sized, and it displayed a mild coercive field. The second component, represented by goethite and hematite, had 
antiferromagnetic granules with hard magnetic characteristics and displayed a very strong coercive field (ranging from 0.25 to 2.3 T).

Goethite was identified by analyzing the cbf curves in response to temperature (decomposition of goethite into magnetite was found at 100 
°C). The possibility of iron carbonates or clay minerals changing into magnetite or maghemite under the impact of temperature was suggested 
by an increase in cbf at 520°C. Only the hearths, which could be distinguished by the presence of coals that could be seen in the cut, contained 
maghemite. Overall, these sediments look young and poorly developed since magnetite and maghemite secondary origin superparamagnetic 
elements are few (indicating low pedogenesis).

Key words: Magnetic methods; Quaternary terraces; Alluvial and fluvial; Magnetic parameters; Climatic variations

1-Introduction
When something is put in a magnetic field, it can 
become attracted. This is called magnetic sensitivity. 
A magnetic susceptibility meter can be used to 
measure this trait, which is different for different 
types of material.
In quaternary studies, magnetic susceptibility is used in 
a number of different ways. It can be used to study silt 
cores, which is an important use. Magnetic minerals, 

like magnetite or hematite, are often found in sediments. 
These minerals can line up with Earth’s magnetic 
field while they are being deposited. Scientists can 
look at changes in the magnetic mineral content 
by measuring the magnetic susceptibility of soil 
cores. These differences can tell us a lot about the 
temperature, the environment, and the natural events 
that happened during the Quaternary period, which 
was about 2.6 million years ago.

http://doi.org/10.82151/CPGP.BArt.00042
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You can also use magnetic susceptibility methods 
to learn about the magnetic qualities of archaeolo-
gical objects like pottery or baked sediments. These 
studies help figure out how old historical objects are and 
where they came from.
Overall, magnetic susceptibility is a useful tool in 
quaternary study. It lets scientists figure out what 

happened on Earth in the past by looking at the 
magnetic qualities of different rocks and materials.
The research that was done on the fluviolacustrine 
layers in the Morsott region of the City of Tebessa 
in northeastern Algeria found twelve magnetostrati-
graphic units. 

Fig. 1. Location and geological map of the studied area (Bles and Fleury, 1970)
The different layers of rock and sediments in the area that was studied match up with the layers of rock in those layers.
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2- Methodology
In addition to many geological and lithological sections, 
a sedimentological and geochemical examination, a 
review of the malacological fauna, and absolute C14 
dating, we also conducted these other investigations. 
A number of stratigraphic layers might be highlighted 
thanks to the magnetic investigation. The analyses 
were completed at the University of Montpellier’s 
(France) Petrophysics Laboratory. A Bartington-style 
instrument connected to an MS2B type probe was used 
to test the mass magnetic susceptibility ( c). This probe 
can collect data at low frequency (0.46 kHz) and high 
frequency (4.65 kHz) in order to compute the magnetic 
susceptibility’s frequency dependency (cfd).
On the same samples, the isothermal saturation 
remanent magnetization (ARIs) was determined. To 

achieve this, the sample is put in an electromagnet, and 
a powerful magnetic field of 1 T is then delivered to it 
in the direction of north, enabling the measurement of 
the ARIs in a magnetometer of the JR5 brand.
The last stage involves measuring the anhystere-
tic remanent magnetization (ARA) by applying to 
the sample a mild direct field of 0.2 mT and a strong 
alternating field decreasing from 0.12 T in the direction 
opposing the saturation magnetization. The sample 
is subsequently inserted into the magnetometer to 
measure the ARA that has been obtained. Using a Kap-
pabridges-type device (KLY-2), the magnetic suscepti-
bility as a function of temperature was only evaluated 
for a few samples.
The table displays the magnetic parameters that 
were measured.

Symbole Signification

K
bf et Khf

Volumetric magnetic susceptibility at low frequency (0.46 kHz) and high frequency 
(4.6 kHz). Dimensionless. (Mooney et al. 2002)

c
bf et chf

  Low-frequency and high-frequency mass magnetic susceptibility: 
c

bf/hf
= (K

bf/hf
.v)/p (m3.kg-1)  where v  = volume and p = mass of the sample.

c
fd

Frequency Dependence of Magnetic Susceptibility:
c

fd
c= ([c

bf
-c

hf
]/ c

bf
) x 100 % (Maher 1986 and 1988 ; Mullins 1977)

used to estimate the percentage of SP-sized magnetic grains

Tc Curie temperature: above which any body loses its magnetic properties.
MD MonoDomain: Small Grain Size
SP SuperParamagnetic: Very fine grains (a few nanometers)

PD PolyDomain: Larger grains. The size limit with gr. MD is variable (depending on the 
type of material and its shape in particular).

PMD Pseudo-MonoDomaine

ARIS Saturation isothermal residual magnetization (in A.m2.kg-1 if by mass or in A/m if by volume) 
ARI Isothermal afterglow magnetization.

ARI-100/ARIs Ratio of ARI at 100 mT and l’ARIS (Bloemendal et al. 1992)

ARI-300/ARIs Ratio of SCBA to 300 mT and l’ARIS (Bloemendal et al. 1992)

ARA Anhysteretic Residual Magnetization (in A.m2.kg-1 if by mass or in A/m if volume)

H Applied Magnetic Field

Hc Coercive Saturation Field1
Karm Anhysteretic susceptibility

Kferro
Ferromagnetic susceptibility: Concerns all ferromagnetic bodies with high magnetic 
susceptibility (e.g. magnetite, maghemite, hematite).
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3-Results and discussion
Sedimentology of the studied profile
The profile of Morsott Quaternary deposits reveals 
a sequence of similar lithological units, with 
ages ranging from Pleistocene to Holocene. This 
sequence comprises a total of 12 sedimentological 
units labeled from A to L (Fig. 2). Similar units are 
grouped into lithological sets with the characteris-
tics outlined below:
Lithological set 1 (thin and dark units C, F, and H): 
composed of dark brown to blackish sandy clayey 
silts and poor in gravel. Bioturbation is manifested 
as millimetric roots, and this level is rich in malaco-
logical species (snails).

Lithological set 2 (units A, B, I, and J): contains light 
brown sandy silts, poor in gravel and sometimes rich 
in broken shells.
Lithological set 3 (units E and K): contains light 
brown silty sands. Bioturbation manifests as 
millimetric roots. Some coal debris is present.
Lithological set 4 (units D and L): comprises breccias 
and gravels packed in a silt matrix. The bioturbation 
observed in the other lithological sets is absent.
Holocene sequence (includes the units from A to J: 
an alternation of sandy and sandy clayey silts and 
has an average thickness of 6 m. These levels are 
recognized by the species of snail contained within 
it (Chellat et al., 2018).

Pleistocene (units K and L):
represents the base level of the 
studied profiles and mainly 
comprises mixed often-angular 
(frost-riven) deposits. These are 
homometric and of a calcareous 
nature due to the alteration and 
transport processes of the nearby 
formations of lower Cretaceous 
ages. The grains in the deposits 
show a blunted index due to a 
short river transportation phase 
and short distances that separate 
them from the calcareous source. 
Moreover, the breccias, gravel, 
and boulders are interwoven in 
the direction of the slope, from 
east to west, and they show a 
decreasing gradation. Further, the 
matrix that packs these elements 
gives a semi-hard character 
to these sediments. The large 
sections are covered by roughly 
1-cm calcareous crust (Hentati, 
1977, 1978).
The encrusting (whitish crust, 

Fig. 2. Profile of Morsott studied (Chellat et al. 2018)
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overcome by pinkish tuffs) is superficial and ranges 
between 200 and 250 km2 (Vila, 1980; Dubourdieu, 
1956; Blés and Fleury, 1970). The crust lacks 
homogeneity and gradually hardens towards its 
upper part. Its thickness can oscillate between a few 
decimetres and approximately 2 m, but in most cases, it 
is 1–1.50 m in thickness. Particularly, in this area, these 
crusts rest on the feet of the slopes and on the outskirts 
of the Morsott graben, and it sometimes covers old 
formations, i.e. Triassic and Cretaceous sediments.
Quaternary environments
The Morsott profile is exposed to fluctuating climatic 
and hydrogeological conditions. Its basal sequence 
includes a limestone encrustation formed by breaches, 
pebbles, and gravel wrapped in a white to pinkish silty 
matrix corresponding to units K and L.
The lithological description of the studied sequences 
shows two distinct bottom levels (K and L) (Fig. 2), 
and carbonate concentration increases with depth, 
which has been attributed to neogenesis due to the 
saturation of the water table with dissolved carbonates 
(Taupin, 1999). The K and L units are because of 

the leaching of the different soils by rainwater as 
well as rapid drying (strong evaporation) after a wet 
rainy season (Lamouroux, 1971). The palaeoen-
vironmental observations of the study area have 
revealed two different parts, one of which is at the 
base synchronous to an arid phase and was generally 
warmer than the Holocene. This part is characterized 
by strong evaporation, like other similar levels in 
Tunisia (Zerai, 2006; Regaya, 1992; Hentati, 1978; 
Tlili and Regaya, 2019).
At the top, a Holocene alternation is present between 
light brownish coarse levels of silty sands and fine 
levels of sandy clayey silts (C, F, and H) containing 
molluscs. Clay aggregates show high organic matter, 
iron oxide and hydroxide, and hematite and goethite 
contents, showing the contributions of animal and 
plant activities. It indicates alternating sub humid 
(thin and dark) and sub arid (coarse and light) phases.
Magnetic study
The 12 stratomagnetic units are divided into four 
sets: units (A and B), unit (C, F, H), unit (D, E), and 
unit (K and L).

Fig. 3. Variation of magnetic parameters as a function of depth (Chellat 2009)
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We give here just three examples, Sets:
1st magnetostratigraphic Set (Units A and B) 
The mass magnetic susceptibility (cbf), which 
represents a small number of magnetic granules, 
ranges from 20 to 25 10e-8 m3/kg.
According to Forster et al. (1994), the magnetic sus-
ceptibility’s frequency dependency (cfd) does not 
reveal anything about the makeup of the magnetic 
grains. The scarcity of SP components is nonetheless 
indicated by values of cfd that range from 5.5 to 6%.
The isothermal saturation remanent magnetiza-
tion (ARIs) ranges from 0.82 to 0.9 A/m in value. 
The range of the anhysteretic remanent magneti-
zation (ARA) is 20 to 35 mA/m. The two curves 
resemble the magnetic susceptibility’s look exactly. 
And validate the absence of a high magnetic grain 
concentration.
The ARI-100/ARI values range from 0.6 to 0.7, 
whereas the ARI-300/ARI values range from 0.65 
to 0.75, demonstrating that the magnetic granules 
do not saturate at 100%. This finding suggests 
the existence of weakly magnetic granules with 
significant coercive fields.
The SP grains yield low values of (and do not 
contribute to the values of the ARIs) and the ARIs/ 
χbf ratio fluctuates between 3 and 3.5 kA/m. Low 
values of this ratio ( 4 kA/m) show that soft magnetic 
granules predominate. MD, Only for grains larger 
than the SP/MD size limit do the values of this ratio 
fall as grain size increases [Stockhausen et al., 1999].
On the graph of the ARIs/ARA ratio of 0.35, low 
values point to the dominance of grains of the MD 
size, and high values of the ARA/bf ratio support this 
(1.2). On the other hand, tiny grains, especially MD 
grains, provide the ARA (28 mA/m) value because 
they are highly effective during the acquisition of 
remanence (Maher 1988, Dunlop 1995).
An illustration of the magnetic susceptibility as a 
function of temperature is suggested for sample 2A 
(collected at -20 cm).
From 100 C°, a minor rise in values is seen, 

which could be caused by goethite converting into 
magnetite. According to Necula et al. (2005) and 
Florindo et al. (1999), the dissolution of maghemite 
into hematite during heat treatment, where the trans-
formation of sulphides iron (pyrrhotite or greigite), 
is likely the cause of the drop in values between 300 
C° and 400 C°. Magnetite’s Curie point is identified 
by a complete decrease in values.
The Hopkinson peak at about 520°C, the reduction of 
hematite with a weak magnetic signal into magnetite 
with a strong magnetic signal, or the conversion 
of silicates, iron carbonates, or clay minerals into 
magnetite or maghemite under the influence of 
temperature are all clearly visible in this sample 
(Zhu et al., 1999 and 2000).
This peak’s appearance indicates that MD and 
PM-sized grains dominate the magnetic phase 
(Deng et al. 2000). Hematite is another mineral 
that is found in sediments, but its contribution to 
magnetic susceptibility values is minimal, and it 
cannot be detected based on magnetic susceptibility 
as a function of temperature (Deng et al. 2004).
According to the magnetic investigation, magnetite 
grains with MD and PMD sizes predominate, 
while goethite and hematite (grains with significant 
coercive fields) are also present.

2nd magnetostratigraphic Set (Units C, F, and H) 
The bulk magnetic susceptibility ([bf]) represents a 
low concentration of magnetic granules and ranges 
from 30 to 75 10e-8 m3/kg. high values in contrast 
to earlier levels).
The scarcity of SP components is shown by the 
values of fd, which range from 5 to 5.5%.
The isothermal saturation remanent magnetiza-
tion (ARIs) ranges from 0.5 to 1.7 A/m in value. 
The range of the anhysteretic remanent magneti-
zation (ARA) is 40 to 65 mA/m. The two curves 
resemble the magnetic susceptibility’s look exactly. 
And validate the absence of a high magnetic grain 
concentration.
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The ARI-100/ARI values range from 0.7 to 0.75, 
whereas the ARI-300/ARI values range from 0.75 
to 0.8, demonstrating that the magnetic granules 
do not saturate at 100%. The existence of magnetic 
granules with a potent coercive field is indicated by 
this finding.
The ratio of ARIs to bf ranges from 3.4 to 4 kA/m. 
Low levels of (and no contribution to the ARIs 
values) are provided by SP grains. The values of this 
ratio fall as grain size rises (only for grains whose size 
is bigger than the SP/MD size limit), and low values 
( 4 kA/m) indicate the preponderance of grains with 
soft magnetic MD [Stockhausen et al., 1999].
The low values on the ARIs/ARA ratio graph, which 
is equivalent to 0.38, show that MD-size grains 
predominate, while the high values of the ARA/
bf ratio (1.4) support this. On the other hand, tiny 
grains, especially MD grains, provide the ARA 
(40 mA/m) value because they are highly effective 
during the acquisition of remanence (Maher 1988, 
Dunlop 1995).

The magnetic investigation showed that MD-sized 
magnetite grains predominated, with goethite and 
hematite (grains with high coercive fields) following 
closely after. Iron sulfides that occur in a small, or-
ganic-rich environment. Peaks show where main 
and secondary magnetic grains (magnetite and 
maghemite) are concentrated. These are primarily 
tiny magnetic granules that originated during humid 
times as a result of pedogenesis.

3rd magnetostratigraphic Set (Units C, F, and H) 
The mass magnetic susceptibility (bf) ranges from 5 
to 10 10e-8 m3/kg.
The scarcity of SP elements is indicated by values of 
fd that range from 3 to 8%.
The isothermal saturation remanent magnetiza-
tion (ARIs) ranges from 0.2 to 0.3 A/m in value. 
The range of the anhysteretic remanent magneti-
zation (ARA) is 10 to 20 mA/m. The two curves 

resemble the magnetic susceptibility’s look exactly. 
And validate the absence of a high magnetic grain 
concentration.
The ARI-100/ARI values range from 0.5 to 0.75, 
whereas the ARI-300/ARI values range from 0.55 
to 0.9, demonstrating that the magnetic granules 
do not saturate at 100%. The existence of magnetic 
granules with a potent coercive field is indicated by 
this finding.
The ratio of ARIs to bf ranges from 3.5 to 4.5 kA/m. 
The SP grains provide insignificant values for (and do 
not affect the values of) the ARIs. Low values of this 
ratio ( 5 kA/m) show that soft magnetic MD grains 
predominate; values of this ratio decrease with grain 
size (but only for grains larger than the SP/MD size 
limit), according to Stockhausen et al. (1999).
The low values on the ARIs/ARA ratio graph (which 
is equivalent to 0.30) show that MD-size grains 
predominate, while the high values of the ARA/
bf ratio (1.4) support this. On the other hand, tiny 
grains, especially MD grains, provide the ARA 
value (10 mA/m) because they are highly effective 
during the acquisition of remanence (Maher 1988; 
Dunlop 1995).
Analysis of the ARI acquisition curve reveals the 
distribution of the samples’ magnetic constituents 
as well as the magnetic field where the sample first 
developed its remanence (Mooney et al., 2002).
The dissection of the ARI curve for the Morsott-64 
L sample reveals the existence of two magnetic 
components. 
The first, which makes up 56% of the sample’s total 
ARI and has a coercive field of 0.87 mT, consists of 
MD-sized grains of magnetite that saturate fast and 
have soft magnetic characteristics or low coercivity 
(the “soft component”). The second component, 
which accounts for 44% of the ARI’s overall value 
and has a coercive field of around 0.93 mT, is 
dominated by the PD and PMD grains.
From 100 C°, there is a modest rise in values, 
which could be caused by goethite converting 
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into magnetite. The dissolution of maghemite into 
hematite during heat treatment (Necula et al. 2005; 
Florindo et al. 1999) or the transformation of iron 
sulfides (pyrrhotite or greigite) are likely to blame 
for the drop in values between 300 C and 550 C. 
Magnetite’s Curie point is identified by a complete 
decrease in values.
This sample unmistakably demonstrates: - the 
reduction of hematite with a weak magnetic signal 
into magnetite with a high magnetic signal - or the 
conversion of silicates, iron carbonates, or clay minerals 
into magnetite or maghemite under the influence of 
temperature (Zhu et al., 1999 and 2000).
This level’s magnetic study has traits resembling those 
of level A before it. Magnetite grains of sizes PD and 
PMD predominate, and they are joined by goethite and 

hematite (grains with a strong coercive field).
We observe the magnetic characteristics’ similarity 
to those of magnetostratigraphic assembly 1. The 
hematite and goethite that make up the major 
magnetic granules in the area are present.
We can see that the samples obtained from all 
levels have low magnetite concentrations (less than 
0.001%), fluctuation of (as a function of the ARIs. 
The only fine levels with a high value—greater than 
0.001%—are C, F, and H.
The second, which depicts Karm as a function of 
Kbf, demonstrates that tiny grains have high Karm 
values because they are effective at acquiring 
remanence in the case of units C, F, and H (Maher, 
1988; Dunlop, 1995).
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Only the concentration of magnetic granules can be 
measured using magnetic susceptibility. The graphic 
demonstrates that the vast majority of samples are 
found in the zone characterized by magnetite grains 
that are smaller than 0.1 m in size.
The existence of magnetite with PD size and strong 
coercive field is revealed by the dissociation of the 
ARI in into two components with low coercive field 
(goethite and hematite).
Basic stratigraphic unit I (Levels K and L) is dis-
tinguished by low magnetic susceptibility values 
and a negligibly high proportion of magnetic 
grains. Hematite, likely goethite, and siderite with 
a significant coercive field predominate among the 
magnetic grains that are present. The reddish hue of 
the sediments indicates that this unit evolved in a hot, 
humid environment, which encouraged the disinte-
gration of limestone massifs and the release of iron. 
Later, the latter changed into hematite. PD-sized 
granules of magnetite are found. This stratigraphic 
unit is in close proximity to limestone rocks that 
date from the Turonian period.

4-Conclusion
In the fluvial terraces (sands, gravels, and pebbles), 
which make up the middle and upper part of the 
terraces, stratigraphic unit II has low values of 
the various magnetic parameters, while the san-
dy-clayey and silty-clayey levels have interme-
diate values. The latter have a higher proportion of 
magnetic granules of PD size (magnetite), which are 
associated with a humid environment (the presence 
of organic materials and a lot of Helix).
Magnetite and hematite, magnetic minerals of 
secondary origin, are abundant in the stratigraphic 
layers rich in heated elements.
Hematite changes into magnetite and finally into 
maghemite as a result of temperature.
The sediments’ bluish hue is the consequence of organic 
materials rotting in a reducing environment that is 
oxygen-poor and water-asphyxiated. The rise in [cbf] 
readings between 450 and 550 °C is evidence that iron 
sulphides were formed as a result of this environment. 
Hematite, goethite, and magnetite with sizes MD and 
PD make up the magnetic grains in the area.

Fig. 4. Ratio of magnetic permeability of magnetic grains to spontaneous magnetic susceptibility, diagram of Thompson 1986 (a) and King 1982 (b)
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The sample Mor-2 at level B has a peak at 450 °C, 
which might be the Hopkinson peak or the result 
of the reduction of hematite into magnetite. The 
existence of this photo demonstrates that grains 
of the sizes MD and PMD dominate the magnetic 
phase. Sediments also include hematite. Since this 
mineral does not significantly affect the magnetic 
susceptibility readings, its existence cannot be 
determined using the magnetic susceptibility as a 
function of temperature. The magnetite Curie point, 
or 580 °C, is identified by a complete decrease in k 
values. A very little amount of maghemite is often 
indicated by the virtual lack of an inflection point 
between 300 and 450 °C.
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