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Abstract

In this study the influence of the geological formation environment on the physicochemical
properties of two natural sepiolites, as collected, was investigated. The samples analyzed
were a lacustrine-derived sample from Tolsa, Spain (ST), and a hydrothermal-derived
sample from La Adela, Argentine (SA). Comprehensive characterization was carried out
using chemical analysis (XRF), X-ray diffraction (XRD), thermogravimetric analysis (TGA),
Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and
evaluations of hydrophobicity/hydrophilicity behavior. The results indicate that the ST
sample exhibits a higher SiO2/MgO ratio and contains amorphous silica impurities, while
the SA sample shows a composition more closely aligned with the theoretical stoichiometry
of sepiolite. Furthermore, the SA sample demonstrates greater crystallinity compared to
the ST sample. Morphological analysis revealed that ST consists of compact, aggregated
fibrous structures, while SA is composed of disaggregated, needle-like fibers with high
aspect ratios and nanometric diameters. Both samples display predominantly hydrophilic
behavior; however, only the SA sample exhibits suspended particles at the interface, sug-
gesting a slightly higher hydrophobic character than ST sample. These findings highlight
the significant impact of the geological formation environment on the structural and sur-
face characteristics of sepiolite, which, in turn, influence its performance in applications
involving dispersion, adsorption, and interfacial interactions.

Keywords: sepiolite; origin; crystallinity; hydrophobicity/hydrophilicity behavior;
chemistry; morphology

1. Introduction
Sepiolite is a natural occurring mineral, belonging to the palygorskite/sepiolite polyso-

matic series, which can originate in a wide variety of geological environments. It is a
magnesium phyllosilicate with the chemical formula Mg4Si6O15(OH)2(H2O)2·4H2O. In
the sepiolite crystal lattice, the octahedral (O) sheet is divided into ribbons that extend
along the z-axis, positioned between two continuous, undulating tetrahedral (T) layers.
This arrangement arises from a periodic reversal in the orientation of the apical oxygen
atoms. These TOT ribbons are alternately connected in a chessboard-like pattern, creating
parallel nanochannels with an effective maximum width of approximately 10.6 Å, which
run along the c-axis and are typically occupied by weakly held zeolitic water molecules [1].
At the ribbon edges, tightly bound structural water (H2O) completes the coordination
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sphere of the octahedral magnesium atoms. These channels and the external surface of
the fibers can accommodate small molecules or exchangeable cations, making sepiolite not
only industrially valuable but also geochemically informative. Sepiolite typically exhibits
a needle-like morphology, often forming porous aggregates and fibrous sheets. Due to
its unique structural and physicochemical properties, sepiolite plays a significant role in
various geological, environmental, and industrial contexts [1–3].

Besides its physical and chemical characteristics, sepiolite has increasingly been rec-
ognized as a valuable indicator of paleoenvironmental conditions. Its formation is highly
sensitive to specific geological and climatic settings. Typically, sepiolite forms in lacustrine
to palustrine environments, under semi-arid to arid climatic regimes, frequently associated
with high evaporation rates [4–10]. Moreover, sepiolite may also form through hydrother-
mal alteration of rocks and minerals, particularly in volcanic or metamorphic settings. Its
formation requirements include a fluid with moderately to highly alkaline pH, sufficient
concentrations of magnesium and silica, and minimal aluminum [11]. Giustetto et al. [1]
analyzed a sepiolite from Sassello (Ligurian Apennines, Italy) which precipitated from
hydrothermal fluids saturated in Mg and silica by the interaction with the host serpen-
tinites. The authors studied its crystal-chemistry and structure, revealing, among other
findings, that the fibers are extremely long and flexible, with a length/width aspect ratio
significantly greater than 3. Despite this, there are relatively few studies exploring how
geological origin impacts sepiolite’s physicochemical behavior. The environmental context,
whether lacustrine or hydrothermal, can influence parameters such as crystallinity, surface
area, trace element distribution, and adsorption capacity. A comprehensive understanding
of these contrasts is essential not only for reconstructing the mineral’s geological history
but also for optimizing its industrial utility.

The objective of this study is to examine how the formation environment of sepiolite
influences its physicochemical characteristics. For this purpose, two distinct samples
were selected for the analysis: one from a lacustrine setting in the Tajo Basin (Madrid,
Spain), and another of hydrothermal origin from the Colorado Basin (province of Río
Negro, Argentina). Comprehensive characterization of their physicochemical properties
was performed, using X-ray diffraction (XRD) for crystal structure, X-ray fluorescence
(XRF) for chemical analysis, Fourier-transform infrared spectroscopy (FTIR) to identify
functional groups, and thermogravimetric analysis (TGA) for evaluating their thermal
behavior. Morphological features were assessed through scanning electron microscopy
(SEM). Additionally, the hydrophobic/hydrophilic behavior of sepiolite samples was
qualitatively assessed.

2. Geological Setting
2.1. Tolsa Quarry

The Madrid Basin (Spain) is mainly composed of granitic, metamorphic and sedimen-
tary rocks. During the early and middle Miocene, it was an endorheic sedimentary basin,
characterized by central lacustrine and palustrine systems, fringed by alluvial fans and
fluvial distributary facies [12]. Figure 1a shows the location of the basin in the center of the
Iberian Peninsula, covering an area of more than 10,000 km2.

The basin’s stratigraphy is typically divided into three units: lower, intermediate, and
upper [13]. The intermediate unit, dated to the Middle Aragonian–Upper Vallesian, is
approximately 60 m thick and is composed of two distinct subunits with different litholo-
gies and depositional environments: the lower, or detrital subunit, primarily consisting
of detrital gypsum, and an upper, dolomitic subunit. The facies assemblage within this
unit reflects a moderately saline, very shallow lacustrine system with fluctuating water
level. Sepiolite deposits are located in marginal lacustrine zones within this unit and at
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the top of the underlying detrital unit [14]. The mineral occurs in two main stratigraphic
levels within these detrital units, interbedded with fine arkosic sands and silts derived
from alluvial fans. These deposits may also contain palygorskite and traces of quartz or
amorphous silica. Although this sepiolite is acicular and generally poorly crystallized,
its fibrous habit is distinctive. Fiber length is typically less than 2 mm, rarely exceeding
5 mm. Fibers are arranged parallel to bedding within fine-grained sediments. Under optical
microscopy in thin sections, sepiolite appears colorless to slightly whitish, fibrous, and
acicular, with low birefringence, straight extinction, and positive elongation, comparable
to descriptions in other lacustrine-evaporitic deposits [14]. From a genetic perspective,
the mineralization is interpreted as resulting from chemical precipitation under evaporitic
and alkaline conditions within shallow lacustrine settings. The progressive concentration
of Mg- and Si-rich waters, coupled with fluctuations in pH and salinity, favored the for-
mation of fibrous Mg-silicates such as sepiolite and palygorskite [11]. These processes
were enhanced by the endorheic character of the basin, where limited outflow promoted
silica supersaturation and episodic precipitation. The studied deposit occurrence reflects a
sedimentary-evaporitic origin, controlled by lacustrine geochemistry and periodic desicca-
tion events. Since 1963, this sepiolite has been extracted in the southeastern area of Madrid
municipality, specifically in Vicálvaro. Initially, mining was carried out underground, but
since 1970 it has been conducted by open-pit methods [15]. Figure 1b shows the location of
the mine.

 

Figure 1. (a) Location, and (b) geological map of the Madrid Basin (modified from [16]).

2.2. La Adela Quarry

The La Adela quarry is located within the Santa Euriciana Ranch, approximately
75 km southwest of the town of San Antonio Oeste, in the province of Río Negro, Argentina
(Figure 2a) [17]. The area features around eight small elevations composed mainly of
dolomite beds with strike directions ranging from E–W to N 80◦ W, and dips varying
between 45◦ and 65◦ to the north. The quarry (currently inactive) was developed on one
of these outcrops. It measures approximately 600 m in length and between 70 and 90 m
in width, with an estimated thickness of 50 m; the base does not outcrop. It is hosted in
pre-Silurian micaceous schists belonging to the Valcheta Group [18]. The country rock



Minerals 2025, 15, 950 4 of 13

consists of a massive, compact dolomite, bluish-white to gray in color, slightly reddish due
to the presence of iron oxides. It exhibits a granoblastic texture with medium to coarse
grain size, with dolomite crystals reaching up to 0.5 cm [19]. These authors also identified
tremolite-actinolite, phlogopite, talc, montmorillonite, and iron oxides. The exploited
material is dolomite, containing low amounts of silica and clay minerals as impurities. It
was mainly used in the metallurgical processing of iron ore from a nearby Sierra Grande
mine. The quarry shows intense jointing, with three predominant directions, variably
mineralized. The eastern sector of the quarry is highly dislocated and contains the highest
concentration of alteration minerals, the most significant being sepiolite (Figure 2b).

Sepiolite occurs within joints, where it fills the fractures without replacing the host
rock, exhibiting exceptional crystal development. Fibers exceed 10 cm in length and occur
in bundles up to 1 cm thick. The mineral is white, soft, flexible, and has a waxy luster. It is
arranged parallel to the fractures it fills, forming high-purity monomineralic veins, with
minor dolomite impurities. Under optical microscopy in thin section, sepiolite appears
colorless, fibrous, and acicular, with refractive indices n = 1.512 and n = 1.5222, birefringence
of 0.01, straight extinction, and positive elongation. The mineralization was developed
along pre-existing fractures and bedding planes in the dolomite, which acted as both
structural and lithological controls. The process occurred under hydrothermal conditions,
beginning with the precipitation of talc and phlogopite under acidic conditions at ~300 ◦C.
As the pH approached neutrality, illite formed, followed by the crystallization of sepiolite
under alkaline conditions, resulting from the alteration of dolomite in the presence of alkali
elements. This alteration process is related to Miocene–Pliocene volcanism, to which similar
mineralizations in the northern Somuncurá Plateau have been attributed [20,21].

 

Figure 2. (a) Location map of the La Adela quarry within the province of Río Negro (Argentina)
(modified from [17]). (b) Photograph showing bundles of highly crystalline sepiolite fibers growing
within dolomitic host rock.

3. Materials and Methods
Two natural sepiolite samples were analyzed in this study, both previously milled to

a uniform fineness of 400 mesh (37 µm). A representative portion of each sepiolite was
then selected for analysis following a quartering procedure performed on the ground bulk
material. This method ensured the homogeneity and representativeness of the sample
used for subsequent physicochemical and mineralogical characterizations. The samples
are referred to as ST (from the Tolsa quarry, Madrid, Spain, supplied by Tolsa S.A.) and SA
(from La Adela quarry, province of Río Negro, Argentina). These samples were analyzed
according to chemical, mineralogical, and physical characterization.

Chemical composition was determined by XRF using a PANalytical PW 4400/40 Axios
with CrKα radiation (Malvern Panalytical, Almelo, The Netherlands). Mineralogical analy-
sis was conducted by XRD, using a Rigaku D Max III-C X-ray diffractometer (Rigaku, Tokyo,
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Japan) operating at 35 kV and 15 mA, with CuKα radiation (wavelength of 0.154060 nm),
and a graphite monochromator in the secondary diffracted beam was used to eliminate
CuKβ radiation. Diffractograms were recorder over a 2θ ranges of 3–60◦ 2θ, in 0.04◦ 2θ
increments with a counting time of 1 s per increment. Samples were mounted on dimpled
glasses and pressed with a flat glass plate to obtain a uniform surface. Phase identification
was performed using JADE software version 8 (Materials Data Inc., Livermore, CA, USA),
with intensities expressed in counts per second (CPS). Raw, unsmoothed diffractograms
were used for all measurements. FTIR analysis was carried out using a Nicolet 520 FT-IR
spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA) equipped with a DTGS
detector. A 2 mg sample was mixed with KBr at 1:49 ratio (sepiolite/KBr) and pressed un-
der 120 MPa until a disk was obtained. Spectra were recorder from 4000 cm−1 to 400 cm−1,
using 32 scans at resolution of 4 cm−1 under a nitrogen atmosphere. Thermal behavior was
evaluated by thermogravimetric analysis (TGA) and derivative thermogravimetry (DTG)
using a thermogravimetric analyzer (TGA 5500, Discovery Series, TA Instruments, New
Castle, DE, USA). In total, 25 mg of sample was placed in a ceramic crucible and heated
at 10 ◦C/min up to 800 ◦C under a nitrogen atmosphere (25 mL/min). Morphological
characterization was performed using a SEM (LEO EVO 40 XVP, Carl Zeiss AG, Cambridge,
UK) equipped with an energy-dispersive X-ray spectroscopy (EDS) detector (Oxford X-
Max 50, Oxford, Oxford, UK), operating at an accelerating voltage of 15 kV and under
a vacuum of 2.1 × 10−5 Torr. The optimum working distance for sepiolite morphology
observation was 7 mm. Samples were prepared by gently dispersing the particles with
the aid of a dry air stream onto a double-sided aluminum adhesive tape mounted on
bronze stubs. Then, they were coated with a 30 Å gold layer argon plasma PELCO 91000
coater (Ted Pella, Redding, CA, USA), in order to ensure conductivity. Particle length and
width were determined by analyzing hundreds of particles by using AnalySIS2.1 software
(Soft Imaging System GmbH, Münster, Germany) on high-resolution SEM micrographs.
The hydrophobic/hydrophilic behavior of the samples was qualitatively evaluated by
dispersing 1 g of each sample in a biphasic system composed of octane and distilled water.
The settling behavior was visually assessed after 1 h, and photographic documentation
was recorded. To complement this test, UV-Vis spectroscopy was performed to verify the
presence of particles at the interface. The experiment was replicated in a quartz cuvette
with identical proportions of components. A specific window was created in the cuvette to
allow UV–Vis light to pass through the interfacial region. Spectra were acquired using a
Shimadzu UV-160 spectrophotometer (Shimadzu Corporation, Kyoto, Japan), in the range
of 200 nm–600 nm, with a spectral resolution of 1 nm.

4. Results and Discussion
The influence of the formation environment on the physicochemical characteristics of

the sepiolite samples investigated in this study was assessed through integral comprehen-
sive chemical, mineralogical, and physical characterization.

Table 1 shows the chemical composition of the two samples (ST and SA), along with the
theoretical values derived from the ideal formula for sepiolite (S) Mg4Si6O15(H2O)2•4H2O [22].
The SiO2/MgO ratio is 2.65 for ST and 2.21 for SA, the latter being very close to the theoretical
value of 2.23. The high ratio observed in the ST sample is attributed to the higher silica
content, which is consistent with a lower loss on ignition (LOI), likely due to the presence
amorphous silica as an impurity. The calcium oxide content in both samples is associated with
the presence of calcite (CaCO3) or dolomite (CaMg(CO3)2) as accessory minerals. According
to [23], the Mg/(Mg + Al) atomic ratio must exceed 0.6 for a mineral to be classified as
sepiolite. The calculated values for this ratio are 0.96 for ST and 0.93 for SA, confirming their
classification as sepiolite.
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Table 1. Chemical composition of analyzed samples from Tolsa (ST) and La Adela (SA) compared
with ideal sepiolite (S).

Samples SiO2 (%) Al2O3 (%) Fe2O3 (%) MgO (%) CaO (%) Na2O (%) K2O (%) LOI (%)

ST 63.10 1.08 0.27 23.80 0.49 0.09 0.21 10.96

SA 53.15 1.83 1.31 24.08 0.90 0.10 0.08 18.54

S 56.26 - - 25.27 - - - 18.57

Figure 3 shows the XRD patterns of the analyzed samples. The principal reflections
corresponding to sepiolite were identified in both diffractograms according to the ICDD
26-1226 reference card [24]. Although the overall diffractograms are comparable, several
differences exist between the ST and SA samples, attributable not only to the presence
of impurities but also to variations in their degree of crystallinity. In the ST sample, the
elevation of the background, between 20◦ and 30◦ 2θ, suggests the presence of amorphous
material, likely corresponding to amorphous silica, as previously reported in the litera-
ture [14]. This interpretation is consistent with the elevated SiO2 content and the lower LOI
observed in the chemical analysis. In contrast, the SA sample exhibits reflections associated
with dolomite impurities, the most intense being located at 0.289 nm. The crystallinity of
each sepiolite sample can be inferred from the presence, shape, and intensity of specific
reflections as well as the full width at half maximum (FWHM) parameter, measured in
degrees 2θ, which reflects the mineral crystallinity [25]. The diffraction peaks in the ST
sample are broader and less defined, whereas those in the SA sample are sharper and
more intense, indicating a higher degree of crystallinity and a more ordered structural
arrangement. These differences are particularly noticeable in the reflections corresponding
to the d-spacings of 0.374 nm, 0.334 nm, 0.318 nm, 0.261 nm, and 0.256 nm, although
additional variations are also observed. Quantitatively, FWHM values for the SA sample
range from 0.095◦ 2θ to 0.331◦ 2θ, while those for the ST sample range from 0.422◦ 2θ
to 1.065◦ 2θ. The broader peaks and higher FWHM values in the ST sample confirm its
relatively lower crystallinity.

Figure 3. X-ray diffractograms of ST and SA samples. D: dolomite.

Figure 4 presents the thermogravimetric curves of the two sepiolite samples. Both
exhibit broadly similar slopes, suggesting a comparable thermal behavior. At ~100 ◦C, the
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hydration water is released, with mass loss values of 7.5% and 5.0% for the ST and SA
samples, respectively. The total mass loss values are consistent with those obtained from
the chemical composition analysis. The lower total mass loss observed in the ST sample
is likely due to the presence of impurities identified (amorphous silica). The mass loss
observed at approximately 700 ◦C corresponds to two overlapping thermal decomposition
processes. On one hand, water molecules coordinated to Mg2+ cations in octahedral sites
within the sepiolite structure are released at this temperature [26,27]. On the other hand,
this event coincides with the decomposition of dolomite, which occurs within the same
temperature range [28,29]. The DTG curves (Figure 4b) provide further insight into the
thermal events underlying the overall mass loss. Both samples exhibit an initial peak
around 40–45 ◦C, associated with the release of physically adsorbed water. The slightly
higher intensity in the ST sample could indicate a higher affinity for surface water. A second
thermal event is observed at 245–248 ◦C, corresponding to the loss of loosely bound water
within the sepiolite channels. The similarity in temperature between both samples indicates
comparable structural features, although the peak intensity in ST is higher, suggesting a
greater amount of intracanalicular water. At higher temperatures, a distinct peak at 528 ◦C
is evident in the ST sample, indicating the dehydroxylation of structural hydroxyl groups.
In SA, this event is greatly attenuated or absent, which could indicate a lower proportion
of structural hydroxyl groups and/or a higher crystallinity. Only the SA sample presents a
clear signal at 683 ◦C, which may be attributed to the decomposition of dolomite impurities,
as indicated by the thermogravimetrical analysis [28,29].

Figure 4. (a) Mass loss curve, and (b) first derivative of the mass loss curve of ST and SA samples
from TGA.

Figure 5 presents the FTIR spectra of both sepiolite samples. Most absorption bands
in both SA and ST, identified with stripped lines, correspond to characteristic sepiolite
vibration. The band at 3689 cm−1 is assigned to the stretching vibrations of MgOH. The
band observed at 3566 cm−1 corresponds to the OH stretching vibrations of bound water,
while the band at 3621 cm−1 is associated with zeolitic water. The OH bending vibration
corresponding to the bound water can be observed at 1657 cm−1. The SiOSi bands at
1209 cm−1 and 1016 cm−1 are due to SiO vibrations. A minor band at 785 cm−1 is assigned
to the OH bending vibration of MgFeOH. The bands observed at 690 cm−1 and 646 cm−1

correspond to the bending vibration of MgOH. The band at 470 cm−1 is attributable to the
SiOSi bending vibration and 442 cm−1 arising from the SiOMg of the octahedral–tetrahedral
linkage [30–37]. In the SA sample, additional bands at 1437 cm−1, 877 cm−1 and 728 cm−1
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were detected, indicating the presence of carbonate impurities [38–40], consistent with TGA
and XRD results.

Figure 5. FTIR spectra of ST and SA samples. Ref: D: dolomite.

The fibrous morphology of the ST and SA milled samples is revealed in the SEM mi-
crographs shown in Figure 6. The sample ST exhibits densely aggregated fibrous structures,
forming entangled mats and compact bundles with a homogeneous appearance (Figure 6a).
This aggregation is likely promoted by hydrogen bonding between surface SiOH groups
and a small amount of adsorbed water, which facilitates network formation [41]. The ST
fibers appear oriented in planar arrangements, consistent with their sedimentary deposi-
tional origin. Despite the fact that the fibers are mostly densely and compactly aggregated,
it was possible to determine the length and width of loose fibers among these fiber ag-
gregates (e.g., circles in Figure 6a). The length and width values are 1.51 ± 0.47 µm and
0.12 ± 0.04 µm, respectively, resulting in a length-to-width ratio of 13 ± 5. However, a more
representative size of ST sample is the average length of the aggregated fibers (4.5 µm).
These aggregates were not included in the individual fiber statistical analysis. From a
textural perspective, no discernible porosity is evident in the ST, at the used observation
conditions, as the fibers form a compact and planar structure. This reduced porosity may
be attributed to the presence of amorphous silica impurities, identified in previous analyses,
which could fill voids between fibers or promote a denser packing, thereby modifying the
material’s overall texture and fiber arrangement. In contrast, the SA sample (Figure 6b)
displays elongated needle-like and rod-shaped particles, along with short disaggregated
fibers dispersed throughout the field of view. Individual long fibers, exceeding 5 microns
in length with notable flexibility, are clearly visible (see arrows in Figure 6b). Statistical
analysis of measurable loose fibers revealed a bimodal particle distribution, associated
with two distinct size populations. One of them consists of short fibers (~70%) with length
and width values of 1.16 ± 0.39 µm, and 0.10 ± 0.02 µm, respectively, resulting in a length-
to-width ratio of 11.22. Meanwhile, ~30% is composed of long and flexible fibers, with a
length of 7.08 ± 2.83 µm and a width of 0.18 ± 0.07 µm, yielding a length-to-width ratio
of 44. Taking into account the relative abundance of each population, the weighted mean
fiber length for the SA sample is 2.94 µm. The nanometric thicknesses and high aspect
ratio of these needle-like crystals are characteristic of the anisotropic crystal growth of the
SA sample. Importantly, the overall mean fiber length for SA, weighted by the relative
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abundance of the two size populations is ~3 µm, which remains on the same order of
magnitude as the average length of the aggregated fibers in ST (4.5 µm).

Figure 6. SEM micrographs (20,000×) of (a) ST sample, showing densely aggregated fibrous structures
with a few loose fibers (enclosed in circles), and (b) SA sample displaying short disaggregated fibers
and individual long fibers (indicated by arrows).

Although both samples exhibit a similar degree of fineness, the fibers display different
dispersion/aggregation behavior, likely associated with their origin. These morphological
features have been explored in various studies using different defibrillation methods,
without affecting sepiolite length and flexibility [42]. Moreover, the potential to obtain
tridimensional (3D) networks and bidimensional (2D) layered structures from hydrogels
containing high-aspect-ratio sepiolite nanofibers has been demonstrated [43]. In addition,
Giustetto et al. also analyzed hydrothermal-origin sepiolite, similar to SA, finding extremely
long (up to several centimeters) and flexible fibers, composed of bundles of thinner fibrils [1].
These previous works revealed the influence of geological formation environment on
sepiolite, highlighting that sepiolite crystallized from hydrothermal solution presents large
size of the fibers and high degree of crystallinity.

To further investigate potential differences in surface properties, a simple hydropho-
bic/hydrophilic test was conducted on both sepiolite samples, ground under identical
conditions. Figure 7 shows photographs of octane–water systems one hour after the ad-
dition of the samples. Upon introduction, particles predominantly settled, indicating a
primarily hydrophilic nature. This is consistent with the expected behavior of sepiolite,
which is inherently hydrophilic due to its composition as a hydrated magnesium silicate
and its high surface area, rich in silanol groups (SiOH). Nevertheless, distinct interfacial
behaviors were observed since the system containing ST samples exhibits an interface sharp
and clear, whereas for SA, a cloudy interfacial region appeared. Under higher magnifica-
tion, small air bubbles and fine particles were observed suspended at the interface for the
system containing the SA sample.

To confirm the presence and nature of particles at the interface, the hydropho-
bic/hydrophilic test was replicated directly in a UV-Vis cuvette, limiting UV-Vis exposure
to the interfacial region. Figure 8 displays the resulting UV-Vis spectra obtained for each
sample. The ST sample shows no significant absorption consistent with visual observations
of a clear interface. In contrast, the SA sample exhibits a characteristic absorption band be-
tween approximately 242 nm and 262 nm [44], delimited with stripped lines; confirming the
presence of sepiolite at the interface. This interfacial behavior is likely related to morpholog-
ical and textural differences: the SA sample comprises smaller, disaggregated particles with
a higher specific surface area compared to ST. As a fibrous mineral, sepiolite has greater
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lateral surface area than basal surface area. Furthermore, the chemical composition of these
surfaces depends on particle size and exposed surface orientation [45], with the lateral
surface being more hydrophilic than the basal surface. Consequently, the hydrophilic
nature of the particles varies according to their size, with very small SA particles exhibiting
lower hydrophilicity than ST particles.

Figure 7. Photographs of hydrophilicity/hydrophobicity test for: (a) ST and (b) SA.

Figure 8. UV-vis spectra at the water–octane interfaces of the systems containing ST and SA particles.

5. Industrial and Environmental Applications
Sepiolite from Tolsa has been commercially distributed worldwide since 1957. Its ap-

plications are diverse, ranging from functional additives (biocidal, fungicidal, algicidal, and
virucidal agents, synergistic agents for flame retardants, photocatalytic decontamination
materials, and self-cleaning additives) to industrial solutions including paints and coatings,
bitumen and asphalt formulations, drilling muds, construction material additives, foundry
aids, and paper industry inputs. Additionally, it is used in environmental applications such
as absorbents, bleaching earths, filtration, purification, and clarification. In the life sciences
sector, this sepiolite is also employed in animal feed and agricultural additives, while in
the pet care sector, it is widely used in cat litter and other hygiene products [46].
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Regarding the SA sample, characterized by its disaggregated fibers, higher aspect
ratio, and greater crystallinity than ST, it exhibits properties that could be advantageous for
adsorption and interfacial processes. Its enhanced surface accessibility and higher specific
surface area make it particularly suitable for wastewater treatment applications, such as
the removal of heavy metals or organic contaminants. It is important to mention that the
high-aspect sepiolite fibers of the SA sample allow obtaining 3D networks and 2D layered
nanostructures [43]. These sepiolite-based nanoarchitectures show promising potential
for the development of inorganic membranes with pore size and pore size distribution
appropriated for ultrafiltration process. Moreover, the incipient hydrophobicity observed
in the interfacial tests suggests possible applications in emulsion stabilization, or as a carrier
for active agents in catalytic or controlled-release systems. The SA sample’s well-defined
structure and surface reactivity also support its potential use as a catalyst support or matrix
for functional nanocomposites. These application pathways highlight the importance of
geological origin in tailoring sepiolite for specific technological uses, expanding its utility
beyond traditional sectors.

6. Conclusions
The geological origin of the sepiolite samples, lacustrine-derived (ST) and hydrothermal-

derived (SA), has an impact on their physicochemical properties. Comparative analysis
reveals differences in chemical composition, crystallinity, thermal behavior, morphology,
and hydrophobic/hydrophilic behavior. The ST sample exhibited elevated SiO2 content,
likely due to amorphous silica impurities, consistent with its lower crystallinity, and higher
structural defects. In contrast, the SA sample presented a chemical composition aligned with
ideal sepiolite stoichiometry, accompanied by sharper XRD reflections and lower FWHM
values, indicating a greater structural order than ST. SEM observations further underscore
these contrasts. ST displays dense, aggregated fiber bundles forming planar textures, as-
sociated with the sedimentary depositional origin. SA, by contrast, reveals disaggregated
needle-like fibers with high aspect ratios and nanometric thickness, characteristics indicative
of anisotropic hydrothermal crystal growth. Hydrophilicity/hydrophobicity tests for both
samples confirm their predominantly hydrophilic nature; however, SA exhibits additional
interfacial behavior since fine particles suspended at the octane–water boundary, suggesting
relatively less hydrophilicity or incipient hydrophobicity. This is attributable to the high spe-
cific surface area and surface orientation effects in the SA sample, which enhance interfacial
activity. Thus, the sepiolite formation environment critically defines the mineral’s structural,
morphological, and surface characteristics, directly influencing its interaction with fluids, ad-
sorption capacities, and dispersion behavior, essential for both geological interpretation and
industrial utility. These characteristics confer a wide range of applications on sepiolite. ST is
mainly used as an adsorbent, especially for wastewater treatment, whereas SA enables the
formation of 3D networks that could be applied in the fabrication of inorganic membranes.
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