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The Hassan II Academy of Science and Technology dedicates this special issue to the 
memory of the late Professor Jean-Michel DERCOURT, who passed away on March 
23, 2019. He was Honorary Secretary of the Academy of Science (France), Emeritus 
Professor at Pierre and Marie Curie University (Paris), and since 2005 Associate 
Member of the Hassan II Academy within the College of Science and Technology, 
Environment, Earth and Sea. His Majesty King Mohammed VI - may God protect Him 
- appointed Professor Dercourt as member of the Academy Foundation Commission.

Professor Dercourt will be remembered for his invaluable contributions to the 
activities of the Hassan II Academy of Science and Technology.

Jean Dercourt (11 mars 1935 - 22 mars 2019)

In memoriam
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WELCOME TO FSE

Frontiers in Science and Engineering, an 
International Journal edited by The Hassan II 
Academy of Science and Technology, uses author-
supplied PDFs for all online and print publication.

The objective of this electronic journal is to provide 
a platform of exchange of high-quality research 
papers in science and engineering. Though it is 
rather of wide and broad spectrum, it is organized 
in a transparent and simple interactive manner so 
that readers can focus on their direct interest.

All papers are submitted to the normal peer-
review process. Publication criteria are based on :

i) Novelty of the problem or methodology and 
problem solving, ii) Salience of the approach and 
solution technique, iii) Technical correctness and 
outputs, iv) Clarity and organization.

3DSHUV� DUH� ÀUVW� UHYLHZHG� E\� WKH� ([HFXWLYH�
Board Director who receives the paper and, if 
relevant in terms of the overall requirements, it 
is then proposed to one of the most appropriate 
DVVRFLDWH�HGLWRUV�RQ�WKH�ÀHOG�ZKR�ZLOO�VHOHFW���WR�
3 expert reviewers. Electronic printing will allow 
considerable time savings for submission delays 
which will be reduced drastically to less than three 
to six months. Prospective authors are therefore 
invited to submit their contribution for assessment 
while subjected to similar quality criteria review 
used in paper journals.

$XWKRUV� DUH� QRWLÀHG� RI� DFFHSWDQFH�� QHHG� IRU�
revision or rejection of the paper. It may be noted 
that papers once rejected cannot be resubmitted. 
All the details concerning the submission process 
are described in another section. This electronic 
journal is intended to provide :

�� WKH�DQQRXQFHPHQW�RI�VLJQLÀFDQW�QHZ�UHVXOWV�
• the state of the art or review articles for the 

development of science and technology,
• the publication of proceedings of the 
$FDGHP\� RU� VFLHQWLÀF� HYHQWV� VSRQVRUHG� E\�
the Academy,

• the publication of special thematic issues.

6R�WKDW�WKH�VFLHQWLÀF�FRPPXQLW\�FDQ��

�� SURPSWO\� UHSRUW� WKHLU� ZRUN� WR� WKH� VFLHQWLÀF�
community,

• contribute to knowledge sharing and 
dissemination of new results.

The journal covers the established disciplines, 
interdisciplinary and emerging ones. Articles 
should be a contribution to fundamental and 
applied aspects, or original notes indicating a 
VLJQLÀFDQW�GLVFRYHU\�RU�D�VLJQLÀFDQW�UHVXOW�

The topics of this multidisciplinary journal covers 
amongst others : Materials Science, Mathematics, 
Physics, Chemistry, Computer sciences, Energy, 
Earth Science, Biology, Biotechnology, Life 
Sciences, Medical Science, Agriculture, 
Geosciences, Environment, Water, Engineering 
and Complex Systems, Science education, Strategic 
and economic studies, and all related modeling, 
simulation and optimization issues, etc. ...

2QFH�� D� FHUWDLQ� QXPEHU� RI� SDSHUV� LQ� D� VSHFLÀF�
thematic, is reached, the Academy might edit a 
special paper issue in parallel to the electronic 
version.

Prof. Dr. Driss OUAZAR
FSE Executive Director
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FORWORD

On the occasion of the Solemn Plenary session 
of the Hassan II Academy of Science and 
Technology on the general theme «Natural 
heritage and sustainable development», 
The College of Science and Technology 
of Environment, Earth and Sea dedicates 
this volume of “Frontiers in Science and 
Engineering´� WR� WKH�VFLHQWL¿F�FRPPXQLW\� LQ�
order to share the latest data on the Western 
Moroccan Meseta geology, particularly on an 
essential part of the Paleozoic era that is the 
Devonian and the Lower Carboniferous.

This document will focus on : «New data on 
Devonian to Lower Carboniferous stratigraphy 
and facies of the Western Moroccan Meseta 
Implications for palaeogeography and 
structural interpretation » and includes 
results and interpretations of research 
undertaken by a joint Moroccan-German team 
in the framework of a partnership between 
the Mohammed V University of Rabat 
(Morocco) and the Westphalian Wilhelms-
University of Muenster (Germany), within 
the framework of an agreement between the 
CNRST (Morocco ) and the DFG (Germany). 
This cooperation has been extended beyond 
the period allocated to it and now represents 
more than twenty years of cooperation. It 
brought together more than thirty specialists 
from around the world (Moroccans, 
Europeans and Americans) and constitutes 
a model of successful group work in Earth 
Science.

&RQFHUQLQJ� WKH� SURMHFW� LWVHOI�� DV� WKH� ¿UVW�
and major step, it was planned to document, 
characterize and analyze with highest 
stratigraphic resolution the depositional and 
faunal history of so far poorly studied Middle 
Devonian (Eifelian) to Lower Carboniferous 
(Tournaisian) sections of the Western 

Moroccan Meseta and of a few Palaeozoic 
windows within the Atlas Mountains. These 
represent tectonically complex, different 
structural zones and sedimentary basins of 
Hercynian Morocco. It was not expected 
or required to cover all sections in this 
rather large region, but the concentration on 
representative and fossiliferous key sections 
for each block enabled a meaningful overview 
of the whole region. In several cases, revisions 
and more detailed re-sampling of previously 
published sections took place. 

The given time (Devonian-Lower Carboniferous) 
interval was chosen since it includes 
VXI¿FLHQWO\� IRVVLOLIHURXV� VWUDWD� DQG� VLQFH� LW�
allows to follow the Eovariscan developments 
from the time before reef complexes were 
HVWDEOLVKHG� RQ� VSHFL¿F� EORFNV� XQWLO� WKH�
time when rather poorly fossiliferous, thick, 
À\VFKRLG� FODVWLFV� VWDUWHG� WR� SUHYDLO� LQ� WKH�
whole region, as sign of the beginning of the 
main phase of Variscan orogeny. 

Cooperating specialists from Germany 
DQG� )UDQFH� SURYLGHG� LGHQWL¿FDWLRQV� RI�
various fossil groups, such as brachiopods, 
trilobites, rugose and tabulate corals, 
stromatoporids, ostracods, bivalves, and 
palynomorphs. This continued long-term 
cooperations, for example in the frame of 
the IUGS International Subcommission on 
Devonian stratigraphy. 

The biostratigraphic investigations 
required some taxonomic revisions, the 
¿UVW� GHVFULSWLRQ� RI� IDXQDV�� HVSHFLDOO\�
of new and rare forms, and an improved 
correlation of different biozone systems. 
Our high-resolution dating of sediments and 
Eovariscan tectonic movements as well 
as interbasinal correlations are based on 
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conodonts, ammonoids, miospores, event 
(sedimentology/microfacies, stable isotopes) 
and sequence stratigraphy. In this context, 
several aspects were especially important:

- The development and correlation of re-
gional zonal schemes with the established 
international zonations (for example, for 
the dating of facies changes, periods of 
condensation, and discontinuities). 

- Reworking units, such as conglomer-
ates, synsedimentary breccias and chaotic 
olistolites, their composition (lithological 
type, abundance, and sorting of compo-
nents), texture, and the time range of re-
worked clasts and faunas needed to be elu-
cidated with the best available precision. 

- Biostromal and biohermal complexes of 
VSHFL¿F� DUHDV� �WKHLU� IDXQDO� FRPSRVLWLRQ��
microfacies, palaeoecology, age, and cy-
clicity). 

The tectonic setting of the studied sections 
is generally known but detailed structural 
features (macro- and microscopic; local 
style of folding and faulting, analyses of 
tectonic transport directions) were needed. 
Such expertise was important in order to 
HYDOXDWH� WKH�SDOLQVSDVWLF�FRQ¿JXUDWLRQ�RI�
outcrops and studied blocks, especially 
of allochthonous complexes embedded in 
&DUERQLIHURXV�À\VFK�IDFLHV��

Another focus was on strata that correlate 
ZLWK�WKH�HVWDEOLVKHG�¿QH�JOREDO�HYHQW�VXF-
cession, in order to provide data on their 
regional/local expression and characteris-
tics. As known from pelagic successions 
of the Anti-Atlas, France, Carnic Alps, 
or Germany (e.g., Buggisch et al. 2006, 
Kaiser et al. 2006, 2008), carbon isotope 
stratigraphy of carbonate matrix is now an 
important tool in Devonian event stratigra-
phy. New faunal data sets can be used for 
palaeobiogeographic comparison within 
Hercynian Morocco, and between the lat-
WHU�DQG�WKH�7D¿ODOW��0DLGHU�DQG�'UD�9DOOH\�
regions of the Anti-Atlas. 

A wealth of new biostratigraphic data 
provided an improved overview of the 
timing and regional extent of Eovariscan 
movements. Taking into consideration the 
post-sedimentary tectonic dislocations, the 
study aims at the production of a dynamic 
palaeogeographical model at substage or even 
biozonal time resolution. Comparisons with 
WKH� 7D¿ODOW�� 0DLGHU�� DQG� 'UD� 9DOOH\� DUHDV��
which regional history is now much better 
known, enabled to compare the structural 
history of the stable cratonic NW Gondwana 
and of the southern margin of the Hercynides 
at the time of craton margin disintegration 
(Wendt ˺̂́˾). In this context, the Devonian 
facies development at the Anti-Atlas/Atlas 
boundary (e.g., Skoura and Tindjad-Tinerhir 
areas) deserves special attention. 

The results of these studies will be presented 
in a series of three documents and it will 
concern the following areas:

3DUW� �� ��2XHG�&KHUUDW� DUHD� �VHFWLRQV� RI�$ʀQ�
.KLUD��$ʀQ�'DNKOD��$ʀQ�$O�$OLOLJD��DQG�$ʀQ�
as-Seffah); allochthonous Mrirt area (sections 
of Gara de Mrirt and Anajdam); and Imouzer 
du Kandar area (Middle Atlas Basement).

3DUW�����5DEDW�7LÀHW�DUHD��&KDEHW�(O�+DUFKD��
2XHG� 7LÀHW��� 2XOPHV� DUHD� �VHFWLRQV� RI�$ʀQ�
Jemaa, Ta’araft, Moulay Hassane, and Bou 
Alzaz); Azrou area (sections of Jebel ben 
Arab, Bab El Ari, and Bou Ighial); Khenifra 
area (sections of Ziyyar and Jbel Tabainout).

Part 3: Ben Ahmed area (sections of 
Boudouda, Oued Aricha, Zwair); Rehamna 
area (sections of Mechra Ben Abbou, and 
Foum El Mejez); Jebilet area (sections Jaidet 
East, and Mzoudia/Jebel Ardouz); Skoura/
South Atlas area (sections of Taliouine, Tizi 
n’Ourthi, and Asserhmo).

Prof. Dr. Ahmed el hassani

Associate Editor
Director of the College ‘Science and Technology of 

Environment, Earth and Sea’ 
Hassan II Academy of Science and Technology
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