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Abstract—The Ypresian phosphatic series of the Gafsa-Metlaoui basin, southwestern Tunisia, is
represented by an alternation of phosphatic levels and interbedded facies, which are composed of marly
clay and silica-rich rocks. The present work aimed to clarify the genesis of palygorskite and sepiolite of the
interbedded facies and to understand the depositional environment of the phosphatic series. The
interbedded facies of the Stah and Jellabia mines were investigated using X-ray diffraction (XRD),
scanning electron microscopy (SEM), and Energy Dispersive X-ray microanalysis (EDX) of individual
constituents and their aggregates. The data obtained indicate that samples are made up of francolite,
calcite, dolomite, quartz, feldspars, and clay minerals; the latter consist of palygorskite-sepiolite minerals
associated with smectite. Observations by SEM revealed the occurrence of palygorskite and sepiolite as
fine and filamentous fibers with thread-like facies and coating dolomite, calcite, and a marly matrix. Such
features can be considered as textural evidence of authigenic palygorskite-sepiolite. At the bottom of the
Stah section, SEM observations revealed that the fine fibers are more abundant within silica-rich rocks.
Silica is commonly available due to bacterial activity saturating its environment with the silicic acid
required for the formation of palygorskite-sepiolite. In the interbedded facies of the Jellabia section, the
moderate fibrous clay content and the presence of well crystallized dolomite revealed that the shallow-
marine water was characterized by high-Mg and low-Si activities.
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INTRODUCTION

Palygorskite and sepiolite are characterized by similar

physical proprieties but their bulk chemical compositions

are different (Garcı́a-Romero et al., 2007; Pluth et al.,

1997). Several studies have shown that sepiolite is

characterized by a large Mg content. Palygorskite is

distinguished by the substitution of some Mg by Fe and/or

Al (Jones and Galán, 1988; Frost et al., 2001; Krekeler et

al., 2008). The structure of sepiolite and palygorskite

consists of channels that lie between the backs of

opposing 2:1 layers. Each channel contains zeolitic

water, ordered and linked to octahedral Mg.

Multiple modes of occurrence of palygorskite and/or

sepiolite have been established in the last few decades.

Several studies have indicated that fibrous clays

precipitate from natural or synthetic solutions (Jones

and Galán, 1988; Krekeler et al., 2004; Garcı́a-Romero

et al., 2007; Birsoy, 2002); weathering of volcanic ash;

diagenetic transformation of smectitic clays, Mg-carbo-

nate, and serpentines (Weaver and Beck, 1977; Chahi et

al., 1993; Yalcin and Bozkaya, 1995); and neo-forma-

tion (Millot, 1970; Singer and Norrish, 1974).

Palygorskite and sepiolite have been found in marine,

lacustrine environments, in continental soils, and in

association with igneous rocks (Jones and Galán, 1988),

and they are probably associated with phosphate,

carbonate, and silica sedimentary deposits (Isphording,

1973).

The phosphatic series in the Gafsa-Metlaoui basin

(southwestern Tunisia) consists mainly of three litho-

facies: the phosphatic levels, the marly clays, and the

limestone deposits (Visse, 1952; Burollet, 1956; Sassi,

1974; Belayouni, 1983; Chaâbani, 1995; Henchiri and

Slim-Shimi, 2006; Henchiri, 2007; Felhi et al., 2008b,

Felhi, 2010). Several previous studies concentrated on

marine sedimentary phosphatic layers due to their

special economic interest and showed that palygors-

kite-sepiolite minerals are present in the regional

phosphatic series, which are actually mined in many

areas of the Gafsa-Metlaoui basin (Visse, 1952; Burollet,

1956; Sassi, 1974). Other mineralogical and geochem-

ical studies have revealed that palygorskite-sepiolite

minerals associated with smectite occurred mainly

within the Ypresian series (Chaâbani, 1995; Jamoussi

et al., 2003b). Supplementary investigations demon-

strated that cherty levels, associated with the Ypresian

phosphatic series, become more and more abundant in

the western part of the Gafsa-Metlaoui basin (Sassi,

1974). Silica-rich deposits, characterized by the neo-

formation of palygorskite, are identified in other early

Eocene deep-water sediments such as the Western

Central Atlantic and Gulf of Guinea (Pletsch, 2001).

The regional study by Zaaboub et al. (2005) concerning

the origin of fibrous clays in Tunisian Paleogene
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continental deposits provided geochemical and miner-

alogical evidence of the neo-formation of palygorskite-

sepiolite. Felhi et al. (2008b) demonstrated that the

lower part of the Ypresian marine phosphatic series

(Stah section) containing a cherty level are characterized

by relatively large amounts of palygorskite-sepiolite.

The aim of the present work was to investigate the

co-occurrence of palygorskite and sepiolite minerals

contained in the phosphatic series for which the

mineralogy and textural properties are relatively

unknown. The co-occurrence of the two minerals

presents an interesting opportunity to understand better

the genesis of palygorskite-sepiolite and to elucidate the

depositional environment.

GEOLOGIC SETTING AND LITHOLOGICAL

DESCRIPTION

The Gafsa-Metlaoui basin is located in the south-

western part of Tunisia, between 34º and 35ºN latitude

and 8º and 10ºE longitude (Figure 1). Detailed structural

and sedimentological characteristics of the outcropping

deposits in this basin have been described by several

authors (Sassi, 1974; Chaâbani, 1995; Henchiri and

Slim-Shimi, 2006). As data for the organic matter

contained in the phosphatic series were provided by

Belayouni (1983), an overview of the Ypresian litho-

facies in the Gafsa-Metlaoui basin is given here.

According to Visse (1952) and Sassi (1974), the

Ypresian phosphatic series, which consists of nine

phosphatic layers interbedded with marly clays and

metric cherty levels, are also interpreted as marine

sedimentary deposits with a cyclic character. The marine

origin is, however, confirmed by the organic matter-

based studies of Belayouni (1983), and Felhi et al.

(2008b).

The paleogeographic map of Tunisia during the

Ypresian period, established by Castany (1951) and

modified by Burollet (1956), Sassi (1974), Burollet and

Oudin (1980), and Chaâbani (1995), shows that the

Gafsa-Metlaoui basin is situated between three emerged

zones, i.e. the so-called Kasserine island in the north, the

so-called Djeffara island in the south, and the so-called

Algerian promontory in the northwest. This basin is,

however, connected to the Tethys Ocean via the so-

called Shemsi sill, which permitted the entry of fresh

water from the open sea during the upwelling (Figure 1).

The upwelling supplied this restricted basin with

nutrient-rich water which increased the primary produc-

tion considerably. The productivity of siliceous shells in

the photic water layer and their dissolution in seawater

saturated the depositional environment with silicic acid

which is required for the authigenesis of palygorskite

and sepiolite.

In order to study the depositional environment and

the mode of occurrence of palygorskite-sepiolite miner-

Figure 1. Paleogeographic map of Tunisia during the Ypresian period, showing the position of GafsaMetlaoui basin (Burrolet, 1956;

Sassi, 1974; Burollet and Oudin, 1980; Chaâbani, 1995). The locations of the Ypresian sections studied are indicated by an asterisk.

The Jellabia section, located at the border of the basin with Djeffara Island, corresponds to shallow sea water. The Stah section,

located near the central part of the basin, corresponds to deep sea water.
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als that are correlated to phosphatic or silica-rich rocks

in the Gafsa-Metlaoui basin, two Ypresian-age sections

were sampled from the Stah and the Jellabia mines,

located in the central part and in the eastern limit of the

basin, respectively (Figure 1). Both sections are limited

at the bottom by the gypsum deposits of the Selja

Formation and at the top by the massive limestones of

the Kef Eddour Formation as defined by several authors

(e.g. Burollet, 1956; Sassi, 1974; Belayouni, 1983;

Zargouni, 1985; Chaâbani, 1995). Lithologically, both

sections are mainly represented by an alternation of

marly clays and phosphatic levels. While the lower part

of the Stah section is distinguished by the presence of a

3.5 m thick cherty level (Figure 2) (Felhi et al., 2008b),

the upper part of the Jellabia section is marked by the

existence of siliceous phosphatic beds containing

arenite-sized quartz grains with bioturbation and two

levels of oyster fragments (Figure 3).

MATERIAL AND METHODS

A total of 18 sediment specimens were sampled from

the two mines. Eight specimens were sampled from the

marly clays and cherty level of the Stah section and ten

Figure 2. Lithological description along the Ypresian phosphatic series and the trends of the clay contents (Stah section).

Figure 3. Lithological description along the Ypresian phosphatic series and the trends of the clay contents (Jellabia section).
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specimens were sampled from the Jellabia marly clays.

The Stah specimens are characterized by a greenish

beige color. The Jellabia specimens are distinguished by

a black color in the lower part, which may indicate that

they are relatively rich in organic matter. They become

red-brown in the upper part, which may indicate that

they are rich in Fe.

The clay fraction (<2 mm particles) was separated from

those samples by sedimentation and centrifugation

(Brindley and Brown, 1980; Felhi et al., 2008a). X-ray

diffraction patterns of the finely crushed bulk rocks and of

the three oriented samples of the <2 mm fraction (air-

dried, ethylene glycol-saturated, and heated at 550ºC)

were used in order to determine the whole-rock miner-

alogy and clay-mineral associations, respectively. The

percentage of each clay mineral was determined from the

peak area of the 001 reflection in the oriented sample of

the <2 mm clay fraction and the ethylene glycol-saturated

sample (Schultz, 1964; Fakhfakh et al., 2007). For bulk

rock, all clay-mineral content was determined from the

surface area of the peak at 4.45 Å, where the percentages

of francolite, calcite, dolomite, feldspars, and quartz were

estimated from surface areas of their strong reflections

(Felhi et al., 2008b). The XRD measurements were

carried out in the Laboratoire des Ressources Minérales

et Environnement of the Faculty of Sciences of Tunis with

an X’pert HighScore plus PANalytical diffractometer,

equipped with a CoKa radiation source and operated at

40 kV/40 mA. All XRD data were collected under the

same experimental conditions: an angular range of

3º42y445º, a step size of 0.017º2y, and a counting

time of 10 s/step. Based on the clay and bulk-rock

mineralogy, SEM observations were undertaken on

selected samples of interbedded facies to emphasize the

morphological features of the palygorkite-sepiolite miner-

als and their textural relations to the other associated

minerals. The specimens were mounted on a Scanning

Electron Microscope (SEM) stub, coated with a thin layer

of gold, and examined using a Philips1 30 Analytical

Scanning Electron Microscope equipped with an EDX

system for the characterization of the elemental composi-

tion of crystals. n-Alkane (m/z = 57) distributions of

saturated hydrocarbons associated with the finer fraction

were accomplished using Gas Chromatography Mass

Spectrometry (GC-MS) to determine the origin of organic

matter associated with the clay fractions. The description

of this technique is summarized in the studies of Arfaoui

and Montacer (2007) and Felhi et al. (2008b).

RESULTS

XRD data

The XRD patterns of three bulk-rock samples (J21,

J8, and J3F), collected from the Jellabia section,

revealed that they are composed mainly of francolite,

calcite, dolomite, quartz, feldspars, and clay minerals

(smectite, palygorskite, and sepiolite). The strong

reflections of these minerals appear at 2.79 Å, 3.03 Å,

2.89 Å, 3.34 Å, 3.19 Å, and 4.45 Å, respectively

(Figure 4: J21, J8, and J3F). The XRD patterns of the

<2 mm fraction (untreated, glycolated, and heated at

550ºC) of the samples J21, J8, and J3F (Figure 5)

revealed that the clay fraction consists of smectite,

sepiolite, and playgorskite. Their respective 001 reflec-

tions are ~15 Å, 12.04 Å, and 10.5 Å (Figure 5). The

characteristic peak of smectite in each air-dried sample

expanded to ~17.6 Å after saturation with ethylene

glycol and collapsed to 10 Å when heated at 550ºC.

Smectite, playgorskite, and sepiolite constitute the

clay fractions of samples selected from the Jellabia

section. The trends of the clay content in these samples

indicate that the palygorskite-sepiolite minerals are

relatively more concentrated in the lower part of the

section (Figure 3). However, the clay mineral assem-

blages are represented only by palygorskite and smectite

in the upper part (Figure 3). The 001 characteristic peak

of sepiolite is absent from the XRD patterns of sample

J3F (Figure 5). In the bulk rock, the clay fractions are

probably mixed with francolite, calcite, dolomite,

quartz, and feldspars. The percentage of dolomite and

calcite varies from 6 to 82% and from 2 to 26%,

respectively. However, clay minerals are more abundant

Figure 4. XRD patterns (CoKa radiation) of the J21, J8, and J3F bulk-rock samples (Sm: smectite; Acm: all clay minerals; Fr:

francolite; Fs: feldspar; Ca: calcite; Do: dolomite; Q: quartz; P: powder).
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in samples J21, J22, J8, and J9F. The greatest

percentages of quartz are found in samples J3F and

J9F (26 and 32%, respectively), collected from the upper

part of the Jellabia section (Table 1).

The mineralogical content of the clay fraction of the

Stah section was given in a previous study by Felhi et al.

(2008b). Notice, however, that the amounts of palygors-

kite and sepiolite present similar trends, which vary in

inverse proportion to that of smectite. In addition, the

palygorskite-sepiolite minerals are clearly more concen-

trated in the cherty level, where they reach roughly 50%

in sample SN6. In contrast, smectite becomes the most

abundant clay mineral below and above this level in the

section (Figure 2).

SEM investigations

The SEM images of the samples selected from the

Stah section revealed that the marly clays display a

fibrous texture characterized by the abundance of fine

fibers coating rhombohedral calcite (Figure 6A), which

Table 1. Bulk-rock mineralogy (%) of samples from Jellabia.

Sample Calcite Dolomite All clay minerals Francolite Feldspars Quartz

J21 4 67 10 4 7 8
J22 5 67 8 8 5 7
J7 10 36 28 17 1 8
J8 26 18 18 18 3 17
J9 7 74 5 5 4 5
J1F 3 82 6 1 5 3
J3F 4 48 5 9 8 26
J5F 2 81 6 3 5 3
J7F 2 68 7 5 7 11
J9F 2 6 53 2 5 32

Figure 5. XRD patterns (CoKa radiation) of three oriented clay fractions of the samples J21, J8, and J3F (Sm: smectite; Sep:

sepiolite; Pa: palygorskite, G: gypsum).
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was confirmed by the dominance of Ca in the EDX

analysis of these rhombs (Figure 6a). Palygorskite and

sepiolite minerals grew in the pore spaces and on the

surface of marly clays, where they formed a fibrous mat.

These fibers, which are more abundant and which do not

exceed 1 mm in length in sample SN6 (Figure 6C), are

very fine in sample SN14, where they coat the marly

matrix (Figure 6E, 6F). At the top of the section, the

palygorskite-sepiolite minerals are elongated and

tangled. The length of the filamentous fibers often

exceeds 5 mm (Figure 6H) and their EDX analyses show

the presence of Ca, Fe, Mg, Si, and Al (Figure 6h).

Micrographs of the Jellabia selected samples revealed

that the dolomite rhombohedra are disseminated within

the microgranular facies (Figure 7A, 7B). These dolomite

rhombs are well crystallized, showing developed crystal

faces, particularly in the lower part of the section. They

are relatively more abundant in samples J21 and J22

compared to samples J7 and J8. The rhombohedral forms

of samples J7 and J8 are slightly weathered in contrast to

those of samples J3F and J7F, sampled from the top, in

which the crystal faces are completely altered. As

indicated by XRD analysis of the clay fraction, J3F is

characterized by a large amount of palygorskite

(Figure 7H). On the other hand, SEM images show that

samples J7 and J8 are distinguished by thread-like facies

characterizing the fibrous clays. This is in accord with the

large amount of palygorskite-sepiolite computed from the

XRD patterns (Figure 5). In the Jellabia section, an

abundance of crystallized dolomite was observed in the

marine sedimentary phosphatic facies at the base, whereas

weathered dolomite was observed in the siliceous

phosphatic facies at the top.

The texture of palygorskite-sepiolite minerals may be

related to the mineralogical association of the bulk

rocks, which characterize the depositional environment.

The fiber and filamentous textures were mostly observed

in the Stah samples, where silica-rich rock samples show

only a fibrous texture of palygorskite-sepiolite roughly

in the same proportion, as revealed by XRD analysis

(Figure 3). The thread-like facies and fine fiber texture

of palygorskite-sepiolite observed in the Jellabia sam-

ples are mainly associated with the dolomite (Figure 7F,

7H). Distinguishing between fibrous palygorskite and

sepiolite from SEM observations is difficult because of

the mixing of their fine fibers, although sample J3F

displays thread-like palygorskite associated with faintly

weathered dolomite. A silica-rich environment appar-

ently favors the genesis of palygorskite-sepiolite with a

fibrous texture. A dolomite-rich environment, however,

favors the formation of the thread-like facies, though the

thin fiber texture was also observed.

n-alkane distribution along the Jellabia section

Experimental measurement of the n-alkane (m/z = 57)

distribution of saturated hydrocarbons of three samples

J21, J8, and J1F that belong to the lower and upper parts

of the Jellabia section, respectively (Figure 8), revealed

that the fragmentogram of the J21 sample has a bimodal

distribution, n-C16�n-C19 and n-C20–n-C25, indicating

that organic matter has both a phytoplanktonic and

bacterial origin. For the J8 and J1F samples, the n-alkanes

(m/z = 57) range from n-C16–n-C22 and n-C17�n-C22,

respectively, which shows that the organic matter has a

phytoplanktonic origin (e.g. Disnar et al., 1996), from the

middle to the top of this section.

DISCUSSION

The main sedimentary marine phosphatic series was

deposited during the Ypresian period in the Gafsa-

Metlaoui basin (Sassi, 1974; Belayouni, 1983; Chaâbani,

1995). Marly clays and silica-rich rock layers represent

the main facies of the interbedded levels of the Ypresian

phosphatic series, whereas smectite and palygorskite-

sepiolite constitute the clay fraction. The occurrence of

these minerals requires a Mg-rich environment, which

agrees with the abundance of dolomite revealed by SEM

investigation. The occurrence of palygorskite during a

contemporaneous period in northwest Africa (Morocco)

was also related to the sufficient Mg concentrations in the

marine water (Daoudi, 2004). The absence of such clay

minerals (smectite, palygorskite, and sepiolite) in the

phosphorite of Egypt, however, may be related to low Mg

in sea water during the Cretaceous (Baioumy et al., 2007).

The trends in variation of these clay mineral

assemblages along the two selected sections (Jellabia

and Stah) show that palygorskite-sepiolite minerals are

more concentrated at the lowermost part, but with

variable proportions. The SEM observations of the

Jallabia samples show that thin, fibrous, thread-like

palygorskite-sepiolite forms as a coating on weathered

dolomite (Figure 7). This texture can be considered as an

authigenic character of these fibrous minerals, as the

occurrence of palygorskite-sepiolite minerals covering

dolomite are recognized to be authigenic in origin rather

than detrital (e.g. Estéoule-Choux, 1984; Daouadi,

2004). Textural evidence of the authigenesis of paly-

gorskite-sepiolite occurs commonly in the Stah samples.

The main features observed were the presence of fine

clay fibers coating the marly matrix (Figure 6) and the

abundance of fibrous mats especially in the cherty level

(Figure 6C, 6D). Those minerals can also be formed by

transformation from smectite, as suggested by Singer

(1984); but, the assumption that fibrous clays associated

with interbedded facies have originated by transforma-

tion from smectite is unlikely to be valid due to the

significant difference between smectite and palygors-

kite-sepiolite mineral structures, as reported by Singer

(1979) and Chahi (1996), and also due to the small

degree of diagenesis of the phosphatic series, which does

not exceed early digenesis (Sassi, 1974; Belayouni,

1983). In addition, smectite transformation was not

revealed by the SEM investigations in the lower part of
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Figure 6. SEM images of selected samples from the Stah section. (A) Sample SN4 showing thin fibers coating calcite rhombohedra.

(a) EDX of calcite rhombohedra reveals the presence of Ca, Mg, Si, and Fe. (B) Sample SN4 showing fine fibers coating the matrix.

(C) Sample SN6 showing an abundance of fiber mats in the sample from cherty level. (c) EDX of the fine fibers revealing the

presence of Ca, Mg, Si, and Al. (D) Sample SN6 showing delicate fibers associated with marls. (d) EDX showing the presence of Mg,

Si, Al, and Fe. (E) Sample SN14 showing palygorskite and sepiolite coating marls. (e) EDX showing the large amounts of Si.

(F) Sample SN14 showing short fibers coating marls. (G) Sample SN14 showing fine fibers growing in the pore space. (g) EDX

showing the presence of Mg, Si, Al, and Fe. (H) Sample SN18 showing filamentous fibers. (h) EDX showing the presence of Mg, Si,

Al, and Fe.
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Figure 7. SEM images of selected samples from the Jellabia section. (A) Sample J21 showing well developed crystals of dolomite.

(a) EDX of dolomite rhombohedra reveals the presence of Ca and Mg. (B) Sample J22 showing an abundance of well crystallized

dolomite disseminated within the clays. (C) Sample J22 showing thin fibers. (D) Sample J7 showing weathered dolomite covered by

thin fibers. (d) EDX of dolomite rhombohedra reveals the presence of Ca and Mg. (E) Sample J8 showing delicate, short fibers

associated with weathered dolomite crystals. (F) Sample J8 showing thread-like sepiolite and thin lamellae. (G) Sample J7F showing

weathered dolomite. (H) Sample J3F showing weathered dolomite in thread-like palygorskite.
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the Stah or above the cherty bedded unit. The

palygorskite-sepiolite minerals probably grew during

early diagenesis. The development of fibers on carbo-

nates and silica-rich rocks may indicate that palygors-

kite-sepiolite crystallize after the formation of calcite,

dolomite, and chert.

The significant amount of palygorskite-sepiolite in

silica-rich rocks (Figure 3) indicates that some genetic

relation may exist between them. According to Lancelet

(1973) and Muttoni and Kent (2007), the formation of

palygorskite is favored by an absorption of silica from

silica-rich rocks. Excess Si during the formation of

cherts promotes direct crystallization of palygorskite-

sepiolite minerals. A rich silica environment apparently

restrained the abundance of fibrous clays. Authigenic

playgorskite is also noted in deep-sea chert of early

Eocene age from the Western Central Atlantic (Pletsch,

2001). Several studies have reported that the direct

crystallization of palygorskite-sepiolite minerals from

solution needs specific conditions such as high Mg and

Si activities and a small amount of Al under alkaline pH

conditions of environmental deposits (Weaver and Beck,

1977; Velde, 1985; Jamoussi et al., 2003a).

The depositional environment of the Ypresian phos-

phatic series of the Gafsa Metlaoui basin was character-

ized by the great productivity of siliceous shells and a

thick water column, which induced stratified water as

reported by Henchiri (2007). The stratification encour-

aged anoxic conditions at the bottom, where bacteria

proliferated from sedimentary organic matter (Figure 9).

The increasing productivity of biosiliceous organisms

generated biogenic silica, which dissolved at a high

degree of alkalinity inducing a silicic acid-saturated

environment.

Previous geochemical studies of organic matter in

several areas of the basin (Belayouni, 1983) have revealed

that the organic matter has bacterial and phytoplanctonic

origins, in accord with the data obtained from the n-alkane

distributions of hydrocarbons saturated in the lowermost

part of the Jellabia section, as revealed by GC-MS

analysis (Figure 8). In addition, Felhi et al. (2008b)

indicated that the cherty beds of the Stah section are

characterized by bacterial acitivity, inducing silicic-acid

availability for palygorskite-sepiolite formation.

According to Bidle and Azam (1999), the dissolution of

silica in recent marine deposits can be realized at high

Figure 8. n-Alkane (m/z = 57) distribution of saturated

hydrocarbons in three Ypresian samples J21, J8, and J1F.

Jellabia section, Gafsa Metlaoui Basin, Tunisia.

Table 2. Features of the depositional environment of fibrous clays.

Lithological
section

Characteristics of the depositional environment

Stah section

Upper part Moderate primary productivity decreases the silicic acid in the water
column and H4SiO4 is less available for the formation of fibrous
clay.

Lower part High primary productivity indicates that biogenic silica is abundant.
Their dissolution, enhanced by a high alkalinity, produces high
silicic acid concentration.

Jellabia section

Upper part Despite the presence of a large Mg content which provides
weathered dolomite, sepiolite cannot grow due to the lack of silicic
acid.

Lower part Silicic acid is available for the formation of fibrous clay and a large
Mg content generates well crystallized dolomite.
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alkalinity enhanced by bacterial activity under anoxic

conditions. Birsoy (2002) determined that amorphous

silica in solution increases the precipitation of palygors-

kite-sepiolite. The small silicic-acid content in the upper-

most part of the Stah section, due to the small degree of

primary production, generates a small quantity of

palygorskite-sepiolite.

A moderate silicic-acid content contributes to the

modest amounts of palygorskite-sepiolite, whereas a

large Mg content generates well crystallized dolomites

(Figure 7A, 7B). Growth, in situ, of well crystallized

dolomite also requires high alkalinity, in addition to a

large Mg content (Sigg et al., 1992). Analogous

observations in Oligo-Miocene successions have

revealed that dissolution of silica and crystallization of

dolomite are contemporaneous (Bernoullia and

Gunzenhauser, 2001). This condition occurs at the

lowermost part of the Jellabia section where Mg from

sea water is sufficient for the formation of palygorskite-

sepiolite (e.g. Singer, 1979). In contrast, the presence of

oysters within bioturbated sediments indicates a well

oxygenated environment at the uppermost part of the

Jellabia section.

The variation of palygorskite-sepiolite minerals in the

same restricted basin, along the Stah and Jellabia

sections, indicates that the vertical distribution of

palygorskite-sepiolite is related to the physical-chemical

conditions of sea water. According to Isphording (1973,

1984) and Chamley (1989), the genesis of fibrous clays

is related to the alkalinity, Si and Mg availability, and

Mg/Ca ratio. When the Mg/Ca ratio is too large, sepiolite

and dolomite occurred together, as observed in the

Figure 9. Simplified model of the depositional environment of clay associated with phosphatic series from the Jellabia and Stah

mines. (a) Geochemical state controlling the deposition of the lowermost part. At Stah, the depositional environment was saturated

by silica. Bacterial activity encourages dissolution and produces high silicic acid concentrations. At Jellabia, the depositional

environment was characterized by high Mg and low Si activities, which generate well crystallized dolomite and moderate fibrous

clay contents. (b) Geochemical state controlling the deposition of the uppermost part. At Stah, the low activity of Si andMg indicates

that these elements are less available for fibrous clay genesis. At Jellabia, moderate Si and high Mg activities generate weathered

dolomite and small amounts of fibrous clays.
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lowermost part of the Jellabia section. The occurrence of

palygorskite as a single fibrous mineral is due to its

resistance to the chemical weathering process (Caillère

and Hénini, 1948). The absence of sepiolite and the

presence of weathered dolomite indicate that Mg is

available for sepiolite formation, which could have been

a major component, but this may have been mobilized or

dissolved preferentially. In addition, the crystallization

of palygorskite minerals may be related to the large Fe

content, as confirmed by ferruginous sampled speci-

mens. In fact, this interpretation agrees with the Fe

content determined by EDX analysis observed in all

samples.

The main features of the depositional environments

are summarized in Table 2 and in the simplified model

in Figure 9.

CONCLUSIONS

The results obtained show that the interbedded

deposits of two selected Ypresian series (Jellabia and

Stah) in the Gafsa-Metlaoui basin consists of francolite,

calcite, dolomite, quartz, feldspars, and a clay fraction

composed of palygorskite-sepiolite associated with

smectite. The trends of variation of these clay-mineral

assemblages reveal that palygorskite and sepiolite are

more concentrated in the lowermost part of both

sections. Authigenesis of the palygorskite-sepiolite

minerals can be argued from the textural evidence

given by the SEM observations. Palygorskite-sepiolite

appears as thin fibers and thread-like facies covering the

dolomite in samples of the Jellabia section and the thin-

fiber facies in silica rich environments of the Stah

section. The abundance of fine fibers of palygorskite-

sepiolite within cherty beds is consistent with the

authigenesis of these minerals. This abundance can be

related to the bacterial activity observed in cherty beds,

inducing the dissolution of silica, which saturated the

depositional environment by silicic acid. The availability

of Mg in the depositional environment of Jellabia

favored the formation of authigenic, well crystallized

dolomites, especially in the lower part where the Si

activity is insufficient for the significant amount of

fibrous clay generated..
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Galindo, A., Setti, M., Kooli, F., Zargouni, F., and Jamoussi,
F. (2007) Effects of sand addition on production of
lightweight aggregates from Tunisian smectite-rich clayey
rocks. Applied Clay Science, 35, 228�237.

Felhi, M. (2010) Les niveaux intercalaires de la série
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