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ABSTRACT

An anticlinal valley developed in Oligocène flysch deposits (soft shale,
marl, sandstone), including a diapyric injection of Triassic breccia,
was subjected to a detailed geomorphological study.
It was established that periods of areal mass movements of the flow-
type (including humid solifluction) have been active on all parent mat-
erials of the flysch area. At present mass movements are operative in
the flysch deposits by means of linearly concentrated slide movements
limited to one of the parent materials: the soft shales. Neither now
nor in the past have mass movements affected the Triassic breccia,
as is evidenced by the fossil and polygenetic character of the soils in
these breccia.
Three types of slopes were distinguished dependent on the rock; the
slope development proved to be highly related to the parent rock and
the nature of the mass movements.
Due to the periodically unstable conditions in the flysch area the soils
encountered date nearly all from the Holocene.
The geomorphological phenomena closely match the pedological data
and may truthfully project the evolution of the landscape in this part
of NW Tunisia. It was established that the inter-pluvials were the stable,
soil forming periods in this morphogenetic environment.
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SUMMARY

All geomorphological and pedological data discussed in this
summary have been compiled in figure 26, the scheme of
the landscape and pedogenetic evolution in the area studied.

The purpose of this study has been to reconstruct the evolution of the
landscape in a mountainous part of the Kroumirie (NW Tunisia) on the
basis of geomorphological and pedological observations. Two valleys
were studied, the narrow anticlinal valley of the Oued Seloul and the
wide synclinal valley of Ben Metir.

THE VALLEY OF THE OUED SELOUL

Geological Structure

The steep anticlinal valley of the Oued Seloul was given special atten-
tion to in the course of this study. The interfluves consist of sandstone,
and lower in the valley soft shales and marls occur. Together these
rocks constitute the Oligocène flysch deposits. Folding of these sedi-
ments took place during the lower Miocene and is directed NNE-SSW.
The folding is on the whole of a rather simple anticlinal-synclinal
nature, locally with injections of Triassic material ('Triassic' diapyr).
The eastern valley side of the Oued Seloul locally consists of this
Triassic breccia (fig. 6).

Mass movements

The geomorphological forms in the valley of the Oued Seloul are de-
termined especially by processes of mass movement. Results of the
mass movements still visible in the landscape indicate that nature and
extent of these processes were dependent on the rock on which they
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were active and on the fluctuating climatic conditions during the Quater-
nary. Three criteria were used to arrive at a first subdivision of the
mass movements. Apart from water content of the masses and the
nature of the movement (flow or slide), two criteria already used by
Sharpe (1960), the lithology of the material served to subdivide the
mass movements (fig. 18).
Present shape and position of the deposits made it possible to desig-
nate the processes as active or no longer active, which proved to be
an important factor in the reconstruction of the landscape development
in the Seloul valley (fig. 10). This permitted a second subdivision
into active and fossil (stabilized) mass movements (fig. 18).

With regard to the relations rock/mass movement and geological
time/mass movements the following has been observed:

On the Triassic breccia no traces have been found indicative of
recent or past activity of mass movements. Furthermore, a steep
valley-side still bears witness of very old vertical incisions of
the Oued Seloul in the Triassic deposits. This observation is an-
other indication of the considerable immunity of the Triassic brec-
cia towards the mass movements. Similar valley-sides in the
other rocks and especially in the soft shales have been subject to
a certain planation.
In the marls rockslides - very local falls of bedrock - are very •
rarely observed: generally the slopes in the marls are relatively
stable nowadays. On the slopes underlain by the marly series
frequently material transported by areal types of mass movement
(humid solifluction and mudflow) was encountered. These processes
are no longer active under the present climatic conditions. The
stabilized character of these coarse detrital deposits is evidenced
by the overlying colluvial layer. The above-mentioned observations
are indicative of a much poorer resistance of this type of rock
towards mass movements under different climatic conditions.
The sandstone slopes are very stable at present and, similar to
the marls, are covered with the detrital deposits of the humid
solifluction, here too often overlain with a layer of colluvium.
On the soft shales, in addition to the variety of stabilized materials
derived from earlier area! mass movements and nowadays covered
with colluvial deposits, many indications are also found of active
earthflows, slumps and debris avalanches (plate 7-10), which, unlike
the earlier mass movements, are more linearly concentrated.
These recent and concentrated types are absent on the other parent
rocks.

Consequently in the flysch country a distinct difference can be observed
between the earlier, stabilized flow movements operative on all flysch
rocks and the active, linearly concentrated slide movements operative
on the soft shales only. The Triassic deposits are almost completely
isolated from the flysch deposits by steep fluviatile valleys and con-
sequently, are not affected by the areal solifluidal movements originat-
ing in the flysch country.
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Effect of the Parent Rock on the Slope Development

In the unstable soft shales only the most recent V-shaped incision in
the most extreme part of the valley head can still be observed (fig. 9).
The sharp V-shape of these forms is only very short-lived, because
subsequent to every phase of vertical fluviatile incision (=undercutting)
the soft shales in a series of slump movements slide from the more
elevated sandstone, as a result of which a steep slope is carved out
in the sandstone (fig. 7). In this way a break in the slope is effected
on the transition from the sandstone to the soft shales lower down.
Slumping is not operative in the marls and consequently, the break in
the slope at the transition from the sandstone to the marls is much
less pronounced (fig. 7).
It is interesting to note that due to the absence of slumping, the various
phases of incision of the Oued Seloul can distinctly be traced in both
the marls, which are stable compared to the soft shales, and in the
Triassic breccia.

Effect of the Pluvial Climate

The stabilized coarse detrital deposits from the late-Pleistocene are
nowadays covered by Holocene colluvium of a sandy-clayey texture**.
Consequently, the material of the slope deposits underwent a clear
change from coarse and angular into fine grained.
Equally a change has been observed in the nature of the mass movem-
ents: the areal types, which are stabilized at present, were typical flow
movements not related to a specific parent material. They differ from
the recent mass movements, which as a rule are of the slide-type and
highly dependent on the kind of material: they are active on the soft
shales only.
The stabilized type of flow movements can only have been effected by
a factor which superseded the present dominant influence of the rock.
It has been assumed that during the Soltanian (Wiirm, compare Awad
1963) different conditions have prevailed which caused other types of
mass movement. Apparently these conditions were such that the influence
of the rock - dominant now - was overruled.

Areal mass movements such as humid solifluction require a landscape
with a highly intermittent precipitation and the absence of a substantial
vegetative cover (geomorphic aridity, Dylik 1957). The degradation of
the vegetation, also apparent from palynological study (fig. 20), was
caused by a decrease in temperature. The mean temperature of the
coldest month in the Seloul valley, because of this fall in temperature,
did not exceed a value of approximately 0°C. The congelifracts (rock
fragments brought about by frost splitting) transported in the areal
mass movements in which they constitute the coarse, angular debris,
are well in line with the extensive mechanical erosion to be expected
in view of the mean temperature.
** Colluvium is considered as a form of mass transport, hence it has no connection

to the mass movements, see VIII. 1.
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A fall in temperature, not an increase in precipitation, is thought to
be characteristic of the so-called pluvials in this part of N. Africa.
These colder periods with intense areal degradation are considered
unstable phases in the landscape development, i. e., as geomorpholog-
ically active periods in which soil formation was strongly inhibited.
Due to the intense geomorphological activity of the areal degradation,
inter-valley planations (glacis d'érosion) formed in the Seloul valley
(Dylik, 1957).
The altiplanative lowering of the crests of the first-order interfluves
was another consequence of the areal degradation. This degradation
also stripped these crests of their deep Tertiary weathering layer
formed under tropical conditions. The projecting parts of the weather-
ing front nowadays are represented as tors.

Difference between the Effect of Pluvial and Inter-pluvial
Conditions

The higher temperature in the inter-pluvial caused the vegetation
cover to regenerate with resultant formation of a stable landscape
and strong pedological development. At this time the previously for-
med 'inter-valley planations1 were dissected as a result of linear
drainage and linearly concentrated slide movements.

The Holocene colluvium covering the coarse detrital deposits from the
late-Pleistocene may be subdivided into a relatively sandy layer and
an older, somewhat more clayey layer. The clayey character of the
oldest colluvial deposits may well point to a period of chemical
weathering more intense than the weathering operative in the present
climate (compare Beaudet, Maurer and Ruellan, 1967). The results of
the palynological study also suggest a relatively humid and warm
early-Holocene period.

Influence of the Geomorphological Processes on the
Distribution of Soil Types

The distribution of the soil types in this valley is to a large extent
determined by the afore-mentioned landscape-forming processes. Due
to the effect of the humid solifluction almost all profiles are rather
stony, with the exception of the higher parts of the first-order inter-
fluves where no solifluidal material accumulated.
The areas of the recently active earthflows and the stabilized mudflows
are characterized by very heterogeneous profiles and as a consequence
clearly occupy a special position among the soil map units. The most
recent fluviatile incision in the shales at those sites where the un-
weathered parent material crops out, gives also rise to a separate
mapping unit on the soil map. Consequently, the pattern of the soil
map generally bears many similarities to the geomorphological map
( fig. 21 and fig. 9).
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Recent Pedogenesis

The recent pedogenesis on the non-calcareous clayey materials is
restricted to a brown colouring of the soils, extending especially deep
under forest, and formation of a Cambic horizon: acid brown forest
soil (Dystrochrept). Remnants of a brown Bt horizon, which under the
influence of the recent pedogenesis would seem to disappear, are still
of frequent occurrence in the soil profiles originating on the non-
calcareous clayey materials.
The brown textural B horizon always occurs in the oldest (relatively
clayey) part of the recent colluvium and its formation, therefore, is
contemporary with the early-Holocene period with relatively high hum-
idity and temperature. In sandy material the process of soil formation
has a tendency towards podzolization with resultant formation of an
eluvial horizon (A2) (Spodic Entisol). The calcareous clayey materials
are locally decalcified and brown coloured, to form Eutrochrepts. The
most developed soil profile on these rocks is, therefore, character-
ized by a Cambic horizon (structural-B).

Polygenetic Phenomena in the Soil Profiles

There is only a limited occurrence of polygenetic phenomena in the
soil profiles, as is to be expected in a valley which underwent such
extensive geomorphological activity during the most recent pluvial.
Only two of these phenomena were observed:

The base of most soil profiles in the non-calcareous clayey mater-
ials is constituted by a red-grey mottled clay. The clay was in-
corporated in the mudflow (i. e., during the most recent pluvial)
and, consequently, dates from a period of soil formation, the
Eemian, prior to this pluvial.
On flat parts of the terrain in the marls (calcareous clayey mat-
erials), separating the various phases of incision of the Seloul,
remnants are found of an intensely degraded Vertisol**, which
dates from the same period as the red-grey mottled clay.

The area underlain by the Triassic breccia was not affected by areal
mass movements originating in the flysch country during the most
recent period of geomorphological activity. Consequently, on these
Triassic breccia the soil profiles are usually very old and distinctly
polygenetic. In the majority of these soil profiles a deep red Bt hori-
zon can be distinguished, apparently succeeded by formation of a brown
Bt horizon considering that brown clay skins for a substantial part
cover the red clay skins. The brown clay illuviation, however, was
not found to extend as deep as the red clay illuviation. The most recent
pedogenetic processes result in brown colouring (brunification).

Dating of these phases of soil formation would have been difficult but
for the fact that the Triassic rocks at one location are not separated
from the flysch area, by a river valley. At this locality the solifluidal
** The term degradation is also used in soil science to refer to a heavily leached

soil. In this text, however, degradation of the Vertisol indicates diminishing
importance of the Vertisol characteristics.
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processes could from the flysch country penetrate into the landscape
of the 'Triassic' diapyr. The red and brown illuvial clay horizons
are also found here, in this case separated by a so-called stone-line,
composed of detrital sandstone (flysch) and deposited by processes of
humid solifluction.

The foregoing considerations lead to the conclusion that the red tex-
tural B horizon has been formed in a period immediately prior to the
most recent pluvial, while the brown textural B horizon dates from a
period subsequent to this pluvial. The brown clay illuviation in the
Triassic breccia was coincident with the one in the oldest colluvium of
the flysch area. The red clay illuviation in the soils of the 'Triassic1

diapyr coincides with the formation of the red-grey mottled clay in the
soft shales and the Vertisol formation in the marls.
The disparate character of the parent rocks may well account for the
concurrent formation of such highly divergent soils. The soft shales,
because of the impermeable substratum and the level location, must
have suffered considerably from excess of water. Pseudo-gleying still
develops in the soils on the more level slopes in the shaly country.
The 'Triassic' diapyr is built up of breccia, which is very permeable.
Furthermore the diapyr is surrounded by deep valleys. The soil profiles
on these breccia, therefore, have always been subject to good drainage.
On the Triassic material a soil formed with a deep, red illuvial clay
horizon, whereas under the same climatic conditions the less permeable
clays saw the formation of a profile with a red-grey mottled gisy
horizon (compare Fédoroff, 1966). Concurrently a Vertisol developed
on the calcareous clays.
The subsequent unstable period (pluvial) in the flysch area truncated
the soil profile, generally down to the compact red-grey mottled clay.

THE VALLEY OF BEN METIR

Geomorphology and pedology of the synclinal valley of Ben Metir are
compared to those of the anticlinal Seloul valley. The geomorphological
processes operative in the anticlinal valley are also observed in the
synclinal valley: both the detrital deposits of the areal flow movements
and the recent (Holocene) colluvium are present. The humid solifluction
in the Ben Metir valley rather frequently obtained a mudflow charac-
ter.
The first-order interfluves of the valley of Ben Metir (among others
constituting the boundary with the valley of the Oued Seloul) have as
a matter of course also been subject to altiplanative denudation as a
result of areal flow movements.
The recent mass movements belong to the slide-type, are linearly
concentrated and operative on the soft shales only.
In the Seloul valley slope development depends on the nature of the
parent material. This phenomenon, however, has not been observed in
the valley of Ben Metir due to the absence of the Medjanian Flysch

18



(forming the marl ridges in the Seloul valley) at the surface and of
fluviatile phases of incision. The absence of this kind of slope devel-
opment in the synclinal valley has resulted in a better preservation
of the red illuvial clay horizon from the Eemian than in the Seloul
valley. Although this Eemian soil formation may also be found on the
shales, remnants of this old pedogenesis generally occur in the sandy
Mio-Pliocene deposits.
Signs of the more recent pedogenetic period during which a brown il-
luvial clay horizon was formed may frequently be encountered in various
soil profiles. The only difference with the recent pedogenesis in the
Seloul valley is that in the extensive, non-wooded parts of the terrain
the soil profiles are characterized by a certain 'steppisation', homo-
genization of the organic material extending as deep as 40 to 50 cm
into the profile.
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PART ONE. GENERAL ASPECTS OF THE AREA STUDIED AND
ITS SURROUNDINGS

Chapter I

INTRODUCTION

I .I . Material

During the field work liberal use was made of aerial photographs to
facilitate mapping and orientation in the terrain. The following photo-
graphs were used: XVU bis/250 005-001, 075-078 and 099-091; XVIV
/250 084-090, 061-056 and 046-052 Tunisia 1963, scale approx. 1 :
25,000 and size 18 x 18 cm.
The following topographical map sheets were also available: 'La Calle'
(Algérie, dépt. de Constantine File. no. 19) and 'Fernana' (File. no.
XXIV) scale 1 : 50,000.
The only geological map available was mapsheet 'Fernana1 scale 1 :
50,000. In the northern part, mapsheet 'La Calle', field work had to
be started without geological data. Those data essential to this study
have been obtained in the field (fig. 6).
For the borings a soil auger was used and further an Abney level and
a 'Büchi' compass came in very useful. Soil profiles were described
by means of the FAO Guidelines for Soil Profile Description. The co-
lours of the soil profiles were determined by means of the 'Munsell
Soil Color Charts'.

1.2. Field Work

Field work was carried out during the months of May and June of the
years 1966, 1967 and 1968. The area studied, the 'Kroumirie', is lo-
cated in NW Tunisia north of the lower reaches of the Atlas mountains
(fig. 1 and 2).
Field work was started south of Ain Draham, the centre of this region,
in the valley of the Oued Seloul. To gain an idea of the geomorphology
and pedology of the area, during the first few months a 'sample strip'
was mapped on a scale 1 : 10,000, extending, across the valley, from
divide to divide. After the physiographical interpretation at the Institute
for Aerial Survey and Earth Sciences (I. T.C.) with the aid of aerial
photographs, several months were spent in soil mapping, scale 1 :
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25,000 of a part of the area interpreted. Several months of geomorpho-
logical study provided a comprehensive range of data which permitted
the synthesis of all concepts and theories.

100 200 300 400 km

Fig. 1. Location of the area studied.

To illustrate the relation between soil and landscape the soil map scale
1 : 25,000 of the valley of the Oued Seloul (south of Ain Draham) has
been added to the text (fig. 21).

For study of a landscape with emphasis on both pedology and geomor-
phology warrant may be found in particularly the Soil Survey Manual
(1963) in which it says on p. 6: 'a soil is dynamic three dimensional
piece of landscape'. The significance of the geomorphology to the pe-
dology has been pointed out by Wooldridge as early as 1949 and by
Edelman (1957) and is generally recognized nowadays. This is also
evidenced by the system of physiographical interpretation developed by
Buringh (1960) and Vink (1968) in the Institute for Aerial Survey and
Earth Sciences (I.T.C.).
Less wide-spread is the insight that study of the soil profile may fur-
nish valuable data and facilitate a true appreciation of the geomorpho-
logy. Already in 1958 Butler propounds that: 'Soil development is the
unique organization involving vertical differentiation which occurs at
an exposed ground surface. It is proposed that this is influenced by
the environmental conditions of the site and that time is a factor in it'.
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This being- so a soil profile may be considered a sensitive recorder
of changes in the 'geographic associates' (climate, lithology, topography
and vegetation - see Jungerius 1969 -) and the action of the exogenic
forces on the earth's crust can often more distinctly be inferred from
the soil profile than from the landscape (Jungerius, 1964).
Further the possibility should be referred to of the soil becoming a
factor in the morphogenesis, for when the parent material is a soil
forming factor only, the resultant soil is a landscape forming factor
(Jungerius, 1964).
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Chapter II:

CLIMATE

In Ain Draham the climate is rather humid. The annual precipitation
amounts to approximately 1600 mm. This precipitation is of a highly
torrential nature and falls during a rainy season extending from me-
dio September to medio May. The months of July and August on the
other hand are extremely dry.

The following statistical data are known from the weather station in
Ain Draham:

Temperature (1901-1950)

1. half sum of the mean extreme daily temperatures (° C):

j f m a m j j a s o n d year

6.6 7.1 9.7 12.5 16.0 20.2 23.9 24.9 29.0 17.1 11.9 7.9 15.0

2. mean daily maxima:

9.4 10.2 13.7 17.1 21.0 25.8 30.2 31.3 27.6 21.6 15.4 10.4

3. mean daily minima:

3.9 4.0 5.8 7.9 11.0 14.6 17.7 18.6 16.5 12.6 8.4 5.1

4. absolute minima:

-4 .0 -5 .0 -2 .0 0.0 2.0 7.0 9.0 11.0 9.0 4.0 -1 .0 -5 .0

5. absolute maxima:

19.0 24.0 27.0 32.0 35.0 42.0 43.0 43.0 41.0 39.0 28.0 26.0

Precipitation (1901-1950)

1. mean number of days with a precipitation of at least 0.1 mm in
24 hours:

16 14 13 11 8 5 2 3 7 11 13 15 118

2. mean amount in millimetres:

250 196 159 124 80 25 6 9 66 140 204 275 1534
25



According to the classification of Koppen a Csa climate is concerned
with a dry hot summer and a moist mild winter. Ain Draham, how-
ever, has some frosty days every year and generally some snow oc-
curs for several days.
The foregoing data apply only to Ain Draham.
The climate, due to the high location of the area, is much more ex-
treme here than in the other parts of the Kroumirie. The amount of
precipitation, which decreases to 800 mm/y near Fernana, 20 km to
the south may serve as an example of this.
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Chapter HI

GEOLOGY

IDE. 1. General

The nature of the sediments in the various geological periods is as
follows :

Holocene - recent eolluvium and alluvium; the colluvium is of a
variable texture, the alluvium is sandy-
Pleistocene - deposits on river terraces with a sandy or clayey
texture.
Mio-Pliocene - sands with pebbles, conglomerates and sandy
marls: continental deposits.
Miocene - clays and sandy marls, microconglomerates and gypsi-
ferous marls with more sandy banks: lagoonal deposits.
Upper Oligocène - 'flysch' in the Numidian facies, consisting of
an alternation of banked sandstone (1,5-2 m in thickness per bank)
with thin more shaly layers. The series forms a complex of more
than 600 m in thickness. At the base soft shales are encountered.
Lower Oligocène / Upper Eocene - this series also occurs in a
flysch facies, the Medjanian Flysch, and consists of an alterna-
tion of marl and sandstone layers, with a predominance of marls
at the base.
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Fig. 3. Geological map (after 'feuille Fernana', No. XXIV)
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