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Abstract: The preservation of geosites in
the heritage framework is necessary at a
time when urbanization, the exploitation of
fossils and minerals are real threats to this
irreversible heritage. This work is a
contribution to the preservation and
development of dinosaur trace deposits by
geological ad geomorphological
description of the study area, then by
mapping using Geographic Information
Systems (GIS) and finally by the proposal of
the models of development and preservation
of these geosites.
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INTRODUCTION

Located along the northwestern edge of the
West African Craton (WAC), Morocco is a
tourist destination for 3S (sand, sea and sun)
market. Preserday Morocco forms a
mosaic of different tectonic plates and
structur al domai ns
geologists ; Mi c h.,a2008). Tdea area |

under considerations has been the scope of
numerous geological studies since thd' 20
Century and particularly in the past 30 years.
Recent advances have revealed that
geotourism is an emerging and still
underdeveloped & of tourism, mainly in
Morocco, and mapping the geoheritage of
Azilal region remains lacunars. The
importance of study of geoheritage of the
Azilal Region is related the dinosaurs traces,
worked by many paledologists and
geologists(Dresnay, 1971, 1978Couvreur,
1977; Dutuit & Ouazzou, 1980; Jenny et al.,
1981a,b; Laville, 1981; Monbaron, 1978,
1980, 1981, 1982a, b, 1983; Biron, 1982;
Jenny & Jossen, 1982; Septfontaine, 1984,
Laville, 1985; Monbaron & Dejax J.
Demathieu, 1985El Youssi, 1986;Fadile,
1987; Souhel, 1987; Jacobshagen, 1988;
Ishigaki, 1988, 1989; Souhel, 1996; Nouri
et al.,, 1997; Souhel et al., 1998; Monbaron
et al., 1999; Nouri et al., 2001; Haddoumi
et al., 2002; Andreu et al., 2003; Charriére et

( a.,a200b; Balutakidup et al.a200Bavedereo f

et al.,2007 Belvedere, 2008Boutakiout et
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al., 2008; Nouri, 2008; Mojon et al., 2009;
Haddoumiet al., 2009; Boutakiout et al.,
2009 a, b; Belvedere & Mietto, 2009, 2010;
Boutakiout et al., 2010; Nouri et al., 2011;
Guezal et al., 2011; Mey et al., 2012;
Boutakiout et al., 2014; Boutakiout et al.,
2017; Boudchiche et al., 2017). Recently,
more studies have been primarily targeted
for the emergence of geotourism and
geoeducation activities at Azilal (Central
HautAtlas, Morocco) [e.g., Mnbaron &
Monbaron, 2015: The guide booklet
contains  geotourism  circuits  largely
commented on through the different sectors
of the M'Goun Geopark; Bouzekraoui et al.,
2018 and Boutakiout, 2018: Geotourism and
geoeducation]. In Azilal Region, the bid to
improve the economy has necessitated the
rapid development and rehabilitation of
available tourism potentials.

The M'Goun Geopark is a mountainous
region of often high altitude of which Jbel
Ighil M'Goun culminates at 4068 m and Jbel
Azourki at 3690 m and thege of the
geological grounds goes back to the
secondary era. This study area is part of the
Geopark M6 Goun, i S
Global Geopark in Africa and the Arab
world, that is given the label by Global
Network of National Geoparks (GGN)
developed uder the auspices of UNESCO,
during the & World Conference on
Geoparks at &tonehammer Geopark in
Canada in September 22, 2014 (Bouzekraoui
et al., 2018; Boutakiout, 2018). Because of
the beauty of its landscapes and the diversity
of its geological stuctures, the High Central
of Azilal, was chosen by A. FauMuret,

M. Boutakiout and A. Souhel during the
preparation of the exhibition "Morocco:
Memory of the Earth" in Paris in 192000,

as a territory to evolve towards a park or
geological reserve (Rmakiout, 2018). The
M'Goun Geopark has a peculiar interest
from a paleontological point of view
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(discovery of bones and footprints of
dinosaurs, louaridéne, Ait Mimoun, Ait
Mimoun Ouffelah, Ait Blal), archeology
(presence of engravings rock; Tizi
n'Tirghist), geomorphological (geological
curiosities such as Tamda Cathedral, Tamda
Gorge ...), lakes (Ben Ouidane), mountains
(Jiber, Sidal, Tamadout), waterfalls of
Ouzoud, Iminifi and Tamda, chasms
(Tawaya), natural bridge of Iminifri, and
ecological (naturateserve of Tamda). It is

in this regards that this study seeks to
investigate give more information and
management of the dinosaurs traces in this
area. However, beside a general appreciation
of their richness fossils and dinosaurs traces,
a valorizations missing so far. Furthermore,
integration and acquisition of additional data
from the excellent Azilal Region outcrops
has great potential for valorization and
management of di
geosite defintion by
a local geographically delimited, where
there are geodiversity elements with unique
values from a scientific point of view,
educational, cultural or tourist. It consists of
dll aonrénewaldetnatundl MeBobr€e®, whether
geological or geomorphological formations,
landscapes, mineralogical and
pal eontol ogi cal
et al. 2018). More contributions about the
geoheritage, history of geoconservation and
geotourism in the worldwide consulted in
this papers (i.e., Reynard, 2005; Piacente,
2005; Burek & Prosser, 2008; Duhem,
2008). The history of this region goes back
to millions of years during which was
constituted of a privileged geological belt,
which is distinguished by the presence of
famous and spectacular footsteps of
sauropod dinosaurs [sedrahim et al.
(2017) and references therein; for more
historical review and recent work of the
dinosaurs of Morocco]. This richness must
be preserved; including models of
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development must be developed to set up
fences, signage, mounting a {dee
dinosaur resin, etc. Really, in some of them
the dinosaurs traces have started to
deteriorate, as well as suffering alteration in
their primitive morphology.

1. Geological and Geomorphological
Context of the Study Area

The central High Atlas is bounded by the
MarrakechOuarzazate crossroads to the
west and the Oued Ziz valley to the east
(Mattauer et al., 1977). Pernioiassic red
terrigenous deposits are surmounted by
white carbonates of Lower Jurassic age. In
the Middle and Upper Jurassic, there are still
red terigenous deposits, this time strongly
thickened. The rare outcrops of the
Cretaceous and Tertiary, often eroded, are
preserved on the only edge of the chain or in
the center of the synclines. In addition, the
presence of Triassic and Liassic basalts, as
well as alkaline gabbros of Jurassic and
Cretaceous age. The uplift of the High Atlas
is the result of a structural inversion from
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the Cretaceous and Cenozoic, during which
the postHercynian cover was folded and
peeled on the Triassic detrital. Because of
these deformations, the High Atlas is
furrowed by large flabottomed synclines,
filed by thick Jurassic and Cretaceous
series, which are often strongly eroded. The
study area stretching from Demnate through
Imi'n'ifri to Souk Sebt in the east to Lhwant
is a sedimentary series consisting of two
major lithological units. The SLunit is the
lower to middle Lias is formed by carbonate
with large lamellibranchs. The%unit is of
Lias Superior age consists of detrital rocks
alternating with red marl (Mattauest al.,
1977). The region is characterized by the
predominance of sedimentary Jurassic series
with local Triassic outcrops and quaternary
deposits. The Triassic is represented by
basalts that are outcropping in several parts:
Aroui Valley, Tizi n'Tirghist These basaltic
flows are often accompanied by comings of
red clays. In addition, the contact between
basalts and surrounding limestones is often
emphasized by a level of pink salt clay.
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Figure 1. Geological map of the Azilal Regiomncluding sections location (1/100 000 scale
map), with ArcGis software (Geological map of Morocco, Department of Energy and
Mines, Morocco, 1985).
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The study area has been subdivided into the
following three Formations:

1. "Gres de Guettioa" Formaii

This Formation is characterized by its
reddish tinge and especially by its
accentuated granulometry dominating the
milder slopes established at the right of the
underlying formation of  Tilougguit.
Towards the soutkast of the High Atlas, it
rests uncoformably either on the "Cornian
limestones” of the Bathonian or on the
Formation of Tilougguit. This fact has been
observed in the synclines of Ouaouizarth
(Souhel, 1997), Ilouaridene (Choubert,
1956), Igoudlane (Roch, 1939) and Aglagal
(Moret, 1931).

2. "louaridene" Formation

This Formation occupies the axes of the
High Atlas synclines. Like the other red
layers, it is characterized by a series of red
pelitic clays. It is also known for its strong
erosion and poor preservation. The basis of
this Formation ismarked by a clear change
of facies between the massive sandstones of
the AGuettiouadod
this base are often the basalts crowning the

ISSN: 23488344 (Online)
DOI: 10.26540/ijgsr.v5.i2.2018L.06

last foundations of the Formation of the
AGr s de Guettdi
synclines of Ait Attab,Ouaouizarth and
Aghbala (Monbaron, 1982 & 1985).

The summit of this series is marked by a
regional angular discordance, which
manifests itself everywhere in the Central
Hi gh Atl as. The
overcome either by the sandstones of the

ouao,

Al ouar.i

A Jed Sidal o Formati on
notably in the synclines of Ait Attab,
Ouaouizarth and Aghbala, or by the

limestones of the Formation of Ait Tafelt
(synclinal of AghzifNaour) (Souhel, 1987).

3. "Jbel Sidal" Formation
It is represented by an alternatioh red

orange sandstone benches and red clays. The

(

base of the fAJbel Sidal
on the red pelitic clays and the gypsums of

the fAlouarid ned For mat.
silts and greenish clays of the overlying
formation show a sudden facidsange. The

base of the fAJbel Si dal

contains a stratiform basaltic flow. Most
often it is a single gabbroic casting, which is

buttonholes (Souhel, 1987).

. —
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- Trace sites of the dinosaur
footsteps

s . 1

Figure 2. Location map of the footpints of dinosaur footprints in the study area.

Under auspices of Environment & Social Welfare Society, India

Page796

For mapreseoved. onlp i an etbet ledges baf | tleew

d

0

(


http://www.ijgsr.com/

International Journal of Global Science Research
Vol. 5, Issue. 2, October 2018, pp. 79814
Available Onlineat www.ijgsr.com

© Copyright 2014 | ijgsr.com | All Rights Reserved

ISSN: 23488344 (Online)
DOI: 10.26540/ijgsr.v5.i2.2018L.06

P 4o w
il - — -

Al
Ry

1
e

Figure 3. Map of the buffer zones of the footprints of dinosaurs, with ArcGis software.

2. Data and methods
The database used in this study was by
constructed by compilation from many data
avaible in the literature. However, despite
extensive research (paleontology,
sedimentology, and tectonic) in this area, it
is certainly possible that some data have not
been considered. Good exposure conditions
of the beds from Azilal have enabled us to
distingush the traces dinosaurs. The
proposed work involves three sequential
phases, currently in development. They are:
a. Conducting an objective and as
complete as possible census of dinosaur
footprint sites using Geographic
Information Systems (GIS) in the study
area using geological maps (Jenny , J.,
1985 & 1988) and topographic maps are
from the National Agency for Land

Tenure); by collecting data (field
surveys and bibliographical references),
then developing the databases under
GIS, then the spatial analysisdafinally

the realization of the thematic maps,

. On the other hand to contribute to a

policy of preservation and enhancement
of geological sites with all the partners
concerned and to inform the various
actors in charge (state services,
communities, assaaiions), as well as
the general public by proposing models
for the development of a few sites that
require urgent intervention given the
various threats that surround it and,
High-resolution outcrop photographs
were taken to aid in the description of
thedinosaurs traces.
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RESULTS

The M'Goun Geopark covers an area of
5730 km?2, of which 15 are part of it (Azilal,
Demnate, Tilouguite, Zaouit Ahensal,
Tabant, Ait M'Hamed, Ait Taguella, Agoudi
N'Lkheir, Ait Abbas, Ait Boulli, Ait Blal,
Sidi  Boulkhelf, Tifni, Anergui and
Boutferda). It is limited to the NortiVest

by the Provincial Road N° 24 linking Béni
Mellal and El Kelda des Sraghna, to the west
by the road Bzodbemnate and Tessaout,
and to the South, by the reliefs of Ighil
M6 Goun . It S
vary between 500 m and 4068 m, with major
mountains that are Ighil M'Goun (4.068 m)
and Azourki (3.690 m).

The Geopark is an operational platform for
the flourishing of scientific and
environmental research. He came to
preserve this rich heritagend contribute to
the protection of the geological, natural and
cultural specificities of the region and the
development of sustainable tourism and the
economic fabric.
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a. Climate
The study area in general is characterized by
a strong spatial variability gbrecipitations
and temperatures with a climatic staging
from the plain to the mountain. The rains of
the northern slopes of the Middle and High
Atlas are of the Mediterranean type with
oceanic influences. The mountain is sub
humid to wet (between 550 mma 700 mm
in Azilal and up to 1000 mm in the High
Atlas) and cold, and the sesmiid plain (326

eakls ahata c tmenravemge dainfallyn Flph Ben Salah) and

warm. The climatic seasonality is very
marked with a rainy period from October to
May, with intense autumn showersjdaa
dry period from June to September. The
thermal seasonality opposes a cold winter,
particularly harsh in the mountains, and a
hot summer to very hot plain (up to 49° in
Kasbah Tadla and average maxima of July
higher than 30°) which accentuates the
aridity at this period. Snow is a significant
part of mountain precipitation in winter.
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Figure 4. Map of the altitudes of the study area (scale 1/50 000 map), with ArcGis software,
Source: National Agency for Land Conservation, Morocco.
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b. Agricultural and Forestry Domain

The forest potential of the region contributes
to the socieeconomic development of the

populations by assuring them: the raw
material which is the wood, days of
employment, routes for breeding, etc. The
flora of the Cemntal High Atlas is composed

by typical Moroccan plant associations. The
forest floor, located between altitudes 1500
m to 2200 m, is the domain of the Green
Oak, developed particularly in pure stands
(HCWCD, 2010).

The forest floor from 2200 m to 2500 m
altitude is that of the juniper thuriferous,
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noble tree and majestic foothills of the Atlas,
it is the value tree victim of degradation.
The forest floor of 2500 m at 3600 m
altitude is home to an endemic flora,
typically Moroccan. Characteristic
associationsare found, growing in cliffs,
tabular peaks, and humid depressions,
giving rich pastures. Beyond that, most of
the plant landscape consists of very typical
spiny cushions. Above 3600 m, the pads
gradually disappear, vegetation becomes
lean and often absen
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Figure 5. Map of the agricultural and forestry domain, with ArcGis software, Source: High
Commission for Water and Forests, Morocco.
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Figure 6. Map of small localities, with ArcGis software, Source: Ministry of Urban
Planning, Morocco.

c. Roads
The total length of the network in the region
is about 2432 km, of which 87% is paved. It
is divided into National Roads (212.71 km),
Regional Roads (903.57 km) and Provincial
Roads (1315.43 km). For our study area, the
distributions are s follows: National roads:
26.983km, Regional roads: 608,557 km and
Provincial roads: 425,832 km. Paved roads
leading to the center of the studied sites have
deteriorated, having a negative influence on
the preservation of the geological heritage,
becauset crosses the slabs of the dinosaur
steps on the sites of Youaridéne and Ait
Mimoun.

Using ArcGis spatial analysis extensions, we
made buffers around dinosaur footprint sites.
Indeed, these sites are invaded by the
hydraulic degradation, as long as it is
located in the low level of altitude of the

syncline, by favoring the accumulation of

the waters which increase in volume at the
summer period, causing the deterioration
slabs that conceal this heritage. In addition,
the collapse of the ground remains aigpon

the constraints that negatively influence on
the reservation of the footprints of the

dinosaurs.
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Figure 7. Map of the road network of the study area, with ArcGis software, Source:
Ministry of Transport and Logistics, Morocco.

d. UrbanAgglomerations
According to the General Population and
Housing Census of Morocco in 2014, the
Béni MellatKhénifra region has 2,520,776
inhabitants, compared to 3,873,207 in 2004,
of which 49.14% are urban, lower than the
national rate (60 , 36%).
Also the region known a density of 88.8
inhabitants per ki very high compared to
the national average (47.6 hab/ ¥mthus
occupying the 8 position in terms of
density at the national scale.
The study area is characterized by the
presence of a very laegamount of small

localities exactly "douars" (LecestRollier,
1992). They are almost dispersed over the
whole of the study area, with a rather
remarkable filling in four points of the zone
(Tirika, Taghbalout, Ait Mimoun, and Bou
Ifrane). Most of the hildings in the region
have an ancestral architecture. Indeed,
newly built buildings are found in the center
of the douars. The direct implantation of the
electric poles on the footprints and the
passage of the cattle on the deposits of the
imprints cause a rather considerable
deterioration.
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