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In memoriam

Jean Dercourt (11 mars 1935 - 22 mars 2019)

The Hassan I 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.
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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 :

1) 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.

Papers are first reviewed by the Executive
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
associate editors on the field who will select 2 to
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.

Authors are notified of acceptance, need for
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 :
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* the announcement of significant new results,

¢ the state of the art or review articles for the
development of science and technology,

e the publication of proceedings of the
Academy or scientific events sponsored by
the Academy,

* the publication of special thematic issues.
So that the scientific community can :

e promptly report their work to the scientific
community,

e 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
significant discovery or a significant result.

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. ...

Once, a certain number of papers in a specific
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 developmenty,
The College of Science and Technology
of Environment, Earth and Sea dedicates
this volume of “Frontiers in Science and
Engineering” to the scientific community in
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.

Concerning the project itself, as the first
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

Hassan Il Academy of Science and Technology

Moroccan Meseta and of a few Palacozoic
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
sufficiently fossiliferous strata and since it
allows to follow the Eovariscan developments
from the time before reef complexes were
established on specific blocks until the
time when rather poorly fossiliferous, thick,
flyschoid clastics started to prevail in the
whole region, as sign of the beginning of the
main phase of Variscan orogeny.

Cooperating specialists from Germany
and France provided identifications of
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
first description of faunas, especially
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

Frontiers in Science and Engineering - Vol. 10-n" 1 - 2020
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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
specific areas (their faunal composition,
microfacies, palacoecology, 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
evaluate the palinspastic configuration of
outcrops and studied blocks, especially
of allochthonous complexes embedded in
Carboniferous flysch facies.

Another focus was on strata that correlate
with the established fine global event suc-
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., Bugaisch 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-
ter and the Tafilalt, Maider and Dra Valley
regions of the Anti-Atlas.

Hassan Il Academy of Science and Technology

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
the Tafilalt, Maider, and Dra Valley areas,
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 Y3A®), 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:

Part 1 : Oued Cherrat area (sections of Ain
Khira, Ain Dakhla, Ain-Al-Aliliga, and Ain-
as-Seffah); allochthonous Mrirt area (sections
of Gara de Mrirt and Anajdam); and Imouzer
du Kandar area (Middle Atlas Basement).

Part 2 : Rabat-Tiflet area (Chabet El Harcha,
Oued Tiflet), Oulmes area (sections of Ain
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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Becker & El Hassani

A project outline

Devonian to Lower Carboniferous stratigraphy and
facies of the Moroccan Meseta: implications for

palaeogeography and structural interpretation
— a project outline

R. Thomas BECKER & Ahmed EL HASSANI

1. Introduction

1.1. Devonian stratigraphy

The Devonian was the first system in which
all chronostratigraphic units (series and stages)
were formally defined, producing a stable time
frame work for detailed international and
interdisciplinary correlation (e.g., BECKER et
al. 2012, 2020). This also applies to the main
part (Tournaisian, Viséan) of the Lower
Carboniferous (e.g., DAVYDOV et al. 2012).
The most significant fossil groups that provide
an international high-resolution subdivision of
time are conodonts and ammonoids for the
pelagic facies realm, conodonts, brachiopods
and trilobites for the neritic realm, and
miospores for terrestrial settings and for
nearshore clastic sediments with high
terrigeneous influx. There are both regional
and global schemes, which
supplement each other. Together with other
modern stratigraphic techniques, such as
Devonian global event, isotope, and sequence
stratigraphy, it is now possible to establish
precise time frameworks for fossiliferous
sedimentary successions, which lie far beyond

zonation

the past research (Fig. 1). This can now be
applied to regions with difficult outcrop
conditions and strong tectonic overprinting,
where stratigraphic progress has been slow.
One such example is the Moroccan Meseta,
which, in terms of Devonian-Carboniferous
stratigraphy, has long remained in the shadow
of the Anti-Atlas (e.g., EL HASSANI & TAHIRI,
Eds., 1999; EL HASSANI, Ed., 2004; BECKER et

Hassan Il Academy of Science and Technology

al., Eds., 2013; HARTENFELS et al., Eds., 2018).
The eastern Anti-Atlas is famous for its
internationally celebrated geological heritage
(e.g., ELHASSANI et al. 2017), but, as presented
in this volume, there are equally important and
fossil-rich localities in the Western Meseta and
Middle Atlas basement.

1.2. Devonian plate tectonics

The Devonian plate tectonic configuration
has been controversial for a long time and this
applies especially to the latitudinal position of
Gondwana and Laurussia (= Laurentia +
Baltica + Avalonia) and to the width of the
oceanic system between both supercontinents,
variably named as western part of the
Prototethys, Palaeotethys, or the Variscan
Oceans (FRANKE et al. 2017). The widely used
term Rheic Ocean applies only to a specific
part within the dynamic system; it closed
during the Emsian, which was followed by the
opening of the Rhenohercynian Ocean (e.g.,
FRANKE 2000). Whilst palacomagnetic data
and reconstructions (e.g., VAN DER VOO 1990;
BACHTADSE et al. 1987; TAIT et al. 2000;
NANCE et al. 2012) postulated a very wide
Devonian palaeobiogeographic
comparisons between cratonic Gondwana and
Laurussia (e.g., ROBARDET et al. 1990;
MCKERROW et al. 2000; GOLONKA 2007;
NAZIK & GROOS-UFFENORDE 2016), suggest a
narrow ocean, as depicted first in the Devonian
continent distribution of HECKEL & WITZKE
(1979). Occurrences of calcareous contourite
deposits in strongly condensed deeper-water

ocean,
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settings (HUNEKE 2006, 2007) agree with
close-fit palaecogeographic reconstructions.
Based on the close similarity of German and
Meseta Givetian reefs, EICHHOLT & BECKER
(2016) suggested a ca. 3.000 km wide (N-S)
“Variscan Sea”. It had no oceanic crust in a
wide archipelago of crustal blocks and islands
(BECKER et al. 2016d) ranging from the
Moroccan Meseta in the South to a ribbon of
southern European microplates. These were
represented, for example, by the Betic
Cordillera and Catalonia of Spain, Menorca,
Sardinia, Sicily, and Calabria, as well as the Rif
and Kabylie areas, which were then situated
more easterly than today (“Palaco-Adria” belt
of FRANKE et al. 2017). Clearly, the Meseta
faunas and facies developments play a
significant role in this plate tectonic debate.
The Devonian plate configuration is not
only crucial for the geodynamic understanding
of the Variscan Oceans and later orogeny, but
critical for the reconstruction of global
palaeoclimate, oceanic currents (e.g., BALBUS
2015), and paleobiogeography, including, for
example, the early dispersal of tetrapods and
freshwater biota (e.g., YOUNG 1981, 2003
BLIECK et al. 2007). Both equivocal and crucial
is the Devonian plate tectonic position of
Morocco. Many reconstructions (e.g., HOUSE
1975; NEUGEBAUER 1988, SIMANCAS et al.
2006; GOLONKA 2007, VON RAUMER et al.
2009; PEREZ-CACERES et al. 2017) place it
slightly or far to the west of Iberia, directly
facing the Appalachian belt. Other authors
(e.g., HECKEL & WITZKE 1979; ZIEGLER 1989;
MCKERROW et al. 2000; MATTE 2001) place
the Moroccan Meseta just to the south of the
southern European Variscides. The latter view
is strongly supported by palaeobiogeographic
similarities (e.g. ROBARDET et al. 2000;
EICHHOLT & BECKER 2016) and the trans-
Variscan tracing of thin marker units from the
Meseta Devonian to southern France. An
important example is given in our chapter on

Hassan Il Academy of Science and Technology

the Mrirt sucession (see BECKER et al. 1997;
BECKER & HOUSE 2000a).

1.3. Prototethys palaeogeography

A better understanding of the western
Prototethys evolution can be reached by a
much finer (in terms of time resolution) and
dynamic comparison of facies, faunal, floral,
and palaeogeographic characteristics of its
southern and northern shelf areas. These are
preserved in the moderately deformed,
fossiliferous, southern (= Meseta, SE Portugal)
and northern external Variscides. An improved
understanding of the varied and complex
sedimentary and faunal successions of the
Meseta is the key to understand the dynamics
of a seaway, which controlled the East-West
moving oceanic water masses and, in the form
of stepping stones, the North-South migration
of biota. Rather enigmatic and incompatible
with the sedimentary and palaeobiogeographic
record (e.g., ROBARDET et al. 1990; ROBARDET
2003; ERNST & RODRIGUEZ 2010) are
Devonian maps with a position of Morocco far
to the east and completely outside of the
southern European/Variscan realm (e.g.
DALZIEL et al. 1994, COCKS & TORSVIK 2002).

1.4. Devonian synsedimentary tectonics

The Middle Devonian to  Lower
Carboniferous was the time when Eovariscan
tectonic occurred throughout the
Variscan oceans. This led to distinctively
different sedimentary and palacoecological
patterns on separate, often closely adjacent
microplates, and on the

events

crustal blocks,
marginal shelf sees. However, the lack of
precise  biostratigraphic dating for such
movements and re-sedimentation
hampered palacogeographic and structural
reconstructions. Even further, it has been
claimed (TRIBOVILLARD et al. 2004;
AVERBUCH et al. 2005) that Eovarican
tectonics played a major role as a trigger
mechanism for major marine eutrophication

events
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events, such as the Kellwasser Events near the
Frasnian-Famennian boundary. This can be
tested (and rejected) based on the precise
dating of Eovariscan uplift and erosion
episodes and their relationships in time and
space with the Kellwasser Beds, which are
partly well-developed in the Meseta.

There are links between synsedimentary
tectonics and palaeobiogeography. More equal
facies and biota across the ocean system can be
expected in times of tectonic quiescence, when
similar depositional conditions could spread
over large areas and when faunal exchanges
were not limited by deep and wide troughs or
subaerial arc barriers. Fluctuating biodiversity
gradients and peaks of endemism, for example
of  (sub)tropical shallow-water corals,
ammonoids, and conodonts, are good
indicators of stable or changing latitudinal and
climatic differences. The Meseta localities
provide insights into latitudinally intermediate
but tectonically influenced ecosystems at the
southern margin of the palaeotropics.

1.5. The Meseta Variscides

As part of the southern Variscides,
Hercynian Morocco includes the strongly
tectonized Palaeozoic successions north of the
more or less stable cratonic part of NW
Gondwana, the Anti-Atlas, which experienced
only moderate Upper Carboniferous folding
and faulting (e.g., BURKHARD et al 2006; TOTO
et al. 2007). Sedimentary successions of the
Moroccan Meseta and of small tectonic
windows within the Atlas Mountains or at its
southern margin (Skoura region) are overlain
by flat lying Mesozoic and Cenozoic strata.
Widespread granites are related to post-
Variscan (Cenozoic) volcanism (MICHARD
1976). There was considerable post-Variscan
crustal shortening in the High Atlas since the
Miocene (GOMEZ et al. 2000). Syn- and
postsedimentary tectonic movements (e.g.,
PIQUE & MICHARD 1989; EL HASSANI &
TAHIRI, Eds., 1994, 2000) resulted in a very
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complex framework of structural units (e.g.,
PIQUE & MICHARD 1981; PIQUE 1994;
MICHARD et al. 2010), each with a distinctive
faunal and synsedimentary tectonic history.

There are both  autochthonous and
allochthonous units, including nappes and
large  olistostromes, that  experienced

significant westward displacement and re-
embedding during the “middle” Carboniferous
peak of deformation. The Western Meseta
clearly belong to an extensional tectonic
regime, from the basal Devonian well into the
Carboniferous (e.g., PIQUE 1975; BEAUCHAMP
& IzART 1987, OUANAIMI et al. 2019).
However, Famennian metamorphism and
compression has been suggested for the Midelt
area (Middle Atlas; e.g., PIQUE & MICHARD
1981). Towards the Anti-Atlas in the South,
there is no evidence for a significant terrane or
facies boundary at the tectonically complex
southern Variscan Front (e.g., JEANETTE &
PIQUE 1981; BAIDDER et al. 2008; FERONI et al.
2010; RYTINA et al. 2013; Sub-Meseta Zone of
MICHARD et al. 2010).

A wide range of previous research dealt
with post-sedimentary tectonic styles, the main
structural framework, and tectonic models
(summaries in PIQUE & MICHARD 1981, 1989;
PIQUE 1994, 2001; EL HASSANI & TAHIRI,
Eds., 1994; EL HASSANI et al. 2003; MICHARD
et al. 2008, 2010). However, former attempts
to reconstruct the Devonian to Tournaisian
palaeogeographic evolution suffered badly
from the lack of adequate biostratigraphic data
and poor international correlation of
successions. Examples are the rough
stratigraphic columns in HOEPFFNER et al.
(2005; subsequently recycled in other
summary papers) and the many uncertainties
recognized in stratigraphic reviews, such as EL
HASSANI & BENFRIKA (1995, 2000) and
KAISER et al. (2007). A few modern (bed-by-
bed) studies and high-resolution
biostratigraphic data are available for some
sections and restricted time intervals.
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Fig. 1: Devonian chrono-, bio- (conodonts, ammonoid zonal key), and event stratigraphy.

But for the majority of successions,
previous  biostratigraphic  data
imprecise, poorly documented, based on
incipient, widely spaced sampling, or require

Were
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a revision of taxonomy and zonal assignments
according to the current state of the art. Our
studies intended to overcome these
shortcomings, involving also specialists for
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other fossil groups, and by concentrating on
key sections for individual structural units.
The applied schemes for chrono-, bio-
(conodonts, ammonoids), and event
stratigraphy are shown in Fig. 1. A wealth of
new stratigraphic and biofacies results is
presented in chapters that include as many
details as possible, such as bed-by-beds
section logs, abundant outcrop photos, range
charts, fossil and microfacies plates. A refined
picture of palacogeography and of Eovariscan
movements in time and space will emerge
when the data from all individual successions
are combined and correlated.

2. Structural units of the Meseta Palaeozoic

2.1. Main tectonic and palaeogeographic
zones

The Moroccan Meseta is constituted by the
Palaecozoic Plateau and its flat lying cover
between the Atlas system and Rif mountains
(Figs. 2-3). The Middle Atlas divides this
domain into two areas:

The Western Meseta is located
approximately between the cities of Rabat,
Taza, Marrakesh and Essaouira. There are
three major Palaeozoic zones (massifs), the
Massif Central, Rehamna, and Jebilet, and
some outcrops in the small valleys of the
Atlantic coastal rivers (e.g., at the Oued Oum-
er-Rbia). These massifs are separated by
Mesozoic and Cenozoic areas, the Khouribga
and Gantour Phosphate plateau, Doukkala,
and Chaouia. Despite this cover, it is possible
to establish stratigraphic and structural
correlations and to reconstruct a common
Palaeozoic history.

The Eastern Meseta consists also of
Palaeozoic regions and a Mesozoic-Cenozoic
cover, but outcrops are smaller than those of
the western part. It is composed of the Midelt
area, and the areas of Zekkara, Jorf Ouezzéne,
Jerada Debdou, and Mekkam. The small
outcrop make correlations more difficult.

Hassan Il Academy of Science and Technology

The Palaeozoic basement of the Middle
Atlas is poorly exposed in small tectonic
windows, for example at Immouzer-du-
Kandar S of Fez (e.g., CHARRIERE &

REGNAULT 1989; our new chapter).
Reworked Neoproterozoic and Lower
Palacozoic rocks, especially magmatic
pebbles and the Devonian facies

development, differ significantly from other
Meseta regions but there are some similarities
with the nappes of the eastern Central Meseta.

The principle palaeogeographic
configuration of the Meseta began in the
upper Silurian, followed by the -earliest
Hercynian tectonic Early
Devonian sedimentation continued in most
regions
(Pridoli). The transition is characterized by a
strong increase of calcareous deposition
related to a decreasing amount of terrigenous
supply from the West African Craton in the
South. This was accompanied by climatic
warming due to the motion of northeast
Gondwana into a warmer, southern subtropic
position.

Three palaeogeographic
distinguished in the Moroccan Meseta. A
western carbonate platform zone (Western
Meseta) was subdivided during the Lower
and Middle Devonian into several calcareous
ridges and adjacent, deeper-water troughs
with shales and rare calcareous intercalations.

movements.

conformably from the Silurian

Zones are

Biostromes and bioherms grew along the
borders of tectonically uplifted and emerged
areas. A second, transitional
corresponding to eastern parts of the Central
Moroccan Massif, is characterized by
differentiated facies in allochthonous and
autochthonous series. Reef growth was rather
localized. The third zone, the Eastern Meseta,
shows turbiditic and pelagic sedimentation
with siliciclastics derived both from distant
African shields and from emerged areas (e.g.,

ACOTTO et al. 2018).

Zone,
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Fig. 2: The Meseta Domain and adjacent Anti-Atlas foreland; structural map of the Variscan Meseta Domain,
from MICHARD et al. (2008, fig. 3.16), modified after PIQUE & MICHARD (1989), OUANAIMI & PETIT (1992),
HOEPFFNER et al. (2005), BAIDDER et al. (2008), SOULAIMANI & BURKHARD (2008), MICHARD et al. (2010), and

TAHIRI et al. (2010). White: Mesozoic—Cenozoic cover.

2.2. Investigated sedimentary-tectonic
units of the Western Meseta

The Western Meseta is characterized by
folding and metamorphic events of the Upper
Carboniferous main Hercynian/Variscan
orogeny. However, FEovariscan folding
(Upper Tournaisian, “Eovariscan 2 Events of
MICHARD et al. 2008) is observed in the
eastern Azrou—Khenifra Basin and affected
Cambrian—Ordovician ~ formations.  This
suggests an initial continuity with the Eastern
Meseta (MICHARD et al. 2010). In the northern
part, the Sehoul Block is regarded as a
Caledonian block (e.g., PIQUE, 1979; EL
HASSANI, 1991) but the re-dating of its
granitoids showed that this terrane was
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affected by Famennian (367 ma), not Silurian
magmatism (TAHIRI et al. 2010). It does not
include Devonian sediments and, therefore,
was not re-studied during our project.
Various authors, who have worked in the
Palaeozoic of the Meseta, agreed to divide it
into distinctive sedimentary-structural units.
Their Devonian and Lower Carboniferous
stratigraphy has been reviewed by ZAHRAOUI
(1994), FADLI (1994a, 1994b), EL HASSANI &
BENFRIKA (1995, 2000). The following
regions were part of our project (Figs. 2-5):

2.2.1. Coastal block (“Mole cotier”)
It is located in the western part of the
western Meseta and includes Palaeozoic

Frontiers in Science and Engineering - Vol. 10-n" 1 - 2020
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outcrops W of the Western Meseta Shear
Zone (PIQUE et al. 1980), such as the coastal
plateau and western parts of the Rehamna and
Jebilet massifs. The successions consist
mainly of Cambrian to Upper Devonian
sediments. Carboniferous outcrops
discovered only in boreholes of the Doukkala
Basin, which is a Silurian—Devonian basin
beneath the Mesozoic cover (ECHARFAOUI et
al. 2002). Deformation occurred during the

Main Variscan-Phase, which gives in this

Wwere

region large open folds (at kilometer scale),
with locally low cleavage development in the
fold-axis. This moderately deformed zone
extends southward up to the westernmost
High Atlas Palacozoic Massif (CORNEE,
1989). We logged and re-sampled the Oulad
Abbou (Douar Zrahna) section (EL KAMEL
2004), concentrating on the dating of Middle
Devonian reef drowning phases and overlying
deeper-water Upper Devonian strata.

Fadli D., Bouabdelli M., Cailleux Y., El Hassani
A., El Wartiti M., Hoepffner Ch., Kharbouch
F., Tahiri A., Zahraoui M.

Presented at IGC-2008-Oslo

Hercynian geological map of
central Morocco

Fig. 3: Hercynian Geological map of Central Morocco (FADLI et al., 2008): 1. Cambrian (a: grauwackes, siltstones
and quartzites; b: trachyandesites and rhyolites); 2. Cambrian-Ordovician (Zain quartzites and Phyllades of Sehoul
Block); 3. Lower Ordovician; 4. Upper Ordovician; 5. Silurian; 6. Lower-Middle Devonian; 7. Undifferentiated
Devonian; 8. Upper Devonian and Tournaisian; 9. Lower Visean ; 10. Middle, Upper Visean and lower Namurian;
11. upper Namurian — lower Westphalian ; 12. upper Westphalian ; 13. Stephanian — Permian ; 14. Triassic.

2.2.2. Rabat-Tiflet Zone recalculated the age of this supposed

The Rabat-Tiflet Zone is a narrow band in
tectonic contact with the Sehoul block (Fig.
6). It includes the so-called “Taicha Granite”,
which was attributed to the Ordovician by
CHARLOT et al. (1973). TAHIRI et al. (2010)

Hassan II Academy of Science and Technology

Caledonian granite as 609 + 4 Ma in age, and,
consequently, re-interpreted it as Precambrian
basement. The Devonian is represented in
western part of the Rabat-Tiflet Zone by
fossiliferous Lochkovian to Emsian strata of

Frontiers in Science and Engineering - Vol. 10-n" 1 - 2020
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the Oued Bou Regreg region, which have
been studied by numerous authors (last
review and detailed conodont biostratigraphy
by BENFRIKA et al. 2007). We concentrated in
our project on the Devonian and Lower
Carboniferous of Chabat-el-Harcha (EL
HASSANI 1991) and on the Tiflet region (Oued
Tiflet and the reefal limestones of the Tiflet

Quarry).

2.2.3. Sidi Bettache Basin

This basin was defined by PIQUE (1979,
1981). It stretches SSE of the Rabat-Tiflet
Zone (Fig. 4) and comprises a thick, partly
flyschoid,  siliciclastic =~ Famennian to
Tournaisian succession. Only some intervals
are rich in fossils. We concentrated on these,
for example on the goniatite-rich Tournaisian
of Ain Hallaouf/Ain Aouda (S of Rabat;
BOLLELI et al. 1953) and on the conodont-

bearing limestones at Sidi Jilali and Sidi Radi
(see IZART & VIESLET 1988).

2.2.4. Oued Cherrat Zone

The Oued Cherrat is a narrow, ca. N-S
running Devonian outcrop band that forms
the western border of the Sidi-Bettache Basin
(Fig. 7). It follows a palacogeographical ridge
and is best characterized by its Emsian and
Givetian, economically important reef
limestones. Eovariscan reworking, reef
destruction, and re-deposition were very
prominent. The first chapter of this volume
deals with a detailed review and many new
data concerning its biostratigraphy and
synsedimentary tectonic movements. We
concentrated, from North to South, on four
successions: Ain Khira, Ain-ad-Dakhla to
Cakhrat-ach-Chleh,  Ain-Al-Aliliga  to
Cakhrat Mohammed ben Brahim, and Ain-as-
Seffah.

Fig. 4: General structural map of Central Morocco (in FADLI et al. 2008): 1. Variscan granites, 2. Cambrian to
Middle Devonian, 3. Carboniferous basins (Upper Devonian to lower Westphalian), 4. Continental sediments
(upper Westphalian to Permian), 5. Axial direction of major folds, 6. Thrust contacts, 7. Main Faults.
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Fig. 5: Geographic position of sampled Meseta/Atlas regions. 1. Rabat-Tiflet Zone, 2. Tiddas region, 3. Oulmes
region, 4. El Hammam Block, 5. Immouzer-du-Kandar, 6. Azrou, 7. Jebel ben Arab, 8. Bou Khedra-Bou Trou, 9.
Mrirt autochthon at Dechra Ait Abdallah, 10. Mrirt allochthon, 11. Khénifra region, 12. Oued Aricha, 13. Western
Mdakra Massif, Benhamed region, 14. Khatouat Massif (Jennabia, Biar Setla), 15. Al Attamna, 16. Ben Slimane
Region, 17-18. Oued Cherrat Zone, 19. Western Sidi Bettache Basin (Ain Aouda), 20. Central Sidi Bettache Basin
(Sidi Jilali, Sidi Radi), 21. Coastal Block (Oulad Abbou), 22. Western Rehamna (Mechra-ben-Abbou region), 23.
Eastern Rehamna (Foum-el-Mejez), 24. Eastern Jebilet, 25. Western Jebilet (Jebel Ardouz), 26. Mzoudia (El
Moussira), 27. Western High Atlas (Talmakent), 28. Skoura region just S of High Atlas, 29. Tinerhir region,
Southern Variscan Front, 30. Tinejdad allochthon (Bou Tisdafine SW, Oued Ferkla).

2.2.5. Ben Slimane region

Devonian outcrops are more restricted in
the basin of Ben Slimane, which lies just W
of the Oued Cherrat (Fig. 7). We re-studied
two areas, the Lower Devonian and
ammonoid-rich uppermost Famennian just
South of Ben Slimane (near Aous bel
Fassi/Chaabat Hamira), and, to the North, the
Lower Devonian limestones of Bled Besbass
(ZAHRAOUI 1991).

Hassan II Academy of Science and Technology

2.2.6. Al Attamna

The Al Attamna region lies just S of the
Oued Cherrat (Figs. 3, 7) and is characterized
by a continuation of its general facies and by
the re-appearance of thick Emsian and
Givetian reefs. We re-sampled two sections:
of BENFRIKA & BULTYNCK (2003), Sidi
Ahmed Lemdoun and Sidi Mohammed
Smaine (see EICHHOLT & BECKER 2016), with
a second focus on Eovariscan breccia beds.
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Fig. 6: The Sehoul Block and Rabat-Tiflet Fault Zone (RTFZ) in the eponymous regions, after EL HASSANI
(1994a, 1994b), modified after TAHIRI et al. (2010) who use the name of “Bou Regreg Corridor” for the RTFZ. A.
Sketch map with location of B—C cross-sections. B. Cross-section within the Sehoul Block. C. Cross-section of
the RTFZ. S1: metamorphic foliation; or: Ordovician; s: Silurian; di, dm, ds: Lower, Middle, Upper Devonian;

hT: Tournaisian; hV: Visean.

2.2.7. Khatouat Massif

The tectonically complex Palacozoic of
the Khatouat Massif lies East of the Al
Attamna and forms the southern continuation
of the Sidi Bettache Basin (FADLI 1990; Figs.
3, 5). Siliciclastics dominate but there are
strongly tectonized and largely reworked
Middle Devonian reefs, which we studied at
Jennabia and Biar Settla (EICHHOLT &
BECKER 2016). Eovariscan conglomerates
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and olistolites are wide-spread, for example at
Chabet-el-Baya S of the Al Attamna reefs
(FADLI 1990, 1994a).

2.2.8. Benhamed region

The Devonian and LowerCarboniferous of
the Benhamed region (Figs. 3-5), the western
and southern parts of the Mdakra Massif
(“Chaoui sud”), has somewhat been
neglected since the pioneer monograph by
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TERMIER & TERMIER (1951). We logged and
re-sampled the pelagic, ammonoid-rich
Famennian basin of the Oued Aricha (NE of
Benhamed) and the deeper-water Givetian to
Frasnian of Dhar Cheikh el Mfaddel, Zwayir,
and Boudouda (NNW of Benhamed). In the
latter section, neritic limestone with rich
foraminifers overlying Eovariscan breccias
proved to be of Viséan age (det. P. COZAR).
The Lower Devonian, including thick Emsian
reefs, requires more work.

Fig. 7: Geology of the Benahmed, Ben Slimane, Oued
Cherrat, Al Attamna, and western Sidi Bettache Basin

regions (FADLI et al, 2008); 1. Cambrian (a:
grauwackes,  siltstones and  quartzites;  b:
trachyandesites and rhyolites); 2. Cambrian-
Ordovician (Zain quartzites and Phyllades of Sehoul
Block); 3. Lower Ordovician; 4. Upper Ordovician; 5.
Silurian; 6. Lower-Middle Devonian; 7.
Undifferentiated Devonian; 8. Upper Devonian and
Tournaisian; 9. Lower Visean ; 10. Middle, Upper
Visean and lower Namurian; 11. upper Namurian —
lower Westphalian ; 12. upper Westphalian ; 13.
Stephanian — Permian ; 14. Triassic.
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2.2.9. Zaer Ridge

Devonian is exposed in the northwestern
limb of the Khouribga-Oulmes
Anticlinorium, East of the Sidi Bettache
Basin, along the ENE to NE Zaer fault strip
(ZAHRAOUI, 1991). This zone extends from
Sibara in the Southwest to the South of Tiddas
(Fig. 8). Lower and Middle Devonian rocks
appears tectonic lenses or
redeposited blocks within thick Famennian-
Tournaisian breccia and olistolite units
(CHAKIRI & TAHIRI 2000). Strata in these
outcrops are folded and affected by regional
metamorphism, to which a contact
metamorphism is superposed on the
northwestern side of Zaer Granite (Fig. 8).
We conducted some new work on the
stratigraphy and microfacies in the most
easily accessible outcrops of Sidi Ahroun (=
Jebel Hadid, S of Tiddas, e.g., ALBERTI
1969).

mostly as

2.2.10. Oulmes Zone

The Devonian to the NNW of Oulmes
belongs to the northern part of the Khourigba-
Oulmes Anticline (Fig. 8). It is characterized
by alternating neritic and fully pelagic
sediments, with an important Givetian-lower
Frasnian reefal episode (GENDROT 1970). Our
detailed logging and sampling concentrated
on the Eifelian-Frasnian, on the well-exposed
Devonian-Carboniferous transition of Ain
Jemaa (KAISER et al. 2007), and on the
adjacent, goniatite-rich Bou Keziam section
(COGNEY 1967). Thick, Lower Carboniferous
(pre-Viséan) FEovariscan breccias were
studied on the northern slope of Ain Jemaa
ridge, at Ta araft.

2.2.11. El Hammam Zone

The Devonian exposed around the small
track up to Moulay El Hassane sanctuary, NE
of Oulmes, was first summarized by COGNEY
(1967). It belongs to a different structural and
facies unit, for example without reefs, the El
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Hamman Zone (TAHIRI & HOEPFFNER 1988;
TAHIRI 1994). We logged and sampled the
Middle-Upper Devonian pelagic facies
(LAZREQ 1990), which yielded a new, unique,
small-sized Frasnian ammonoid fauna. The
Frasnian-Famennian transition is exposed,
too.

The El Hamman Zone continues for quite
some distance to the NNW and reaches the

Bou Alzaz region SW of Meknes (TAHIRI &
LAZREQ 1988; LAZREQ 1999). There, we
conducted limited new field work, with some
sampling for conodont, microfacies, and
brachiopods in the Lower/Middle Devonian
of Ayn Azza (= Bou Alzaz-South). We noted
the rare occurrence of transported reefal
corals in the Givetian.

T
25 ol

7
i

1A,

Fig. 8: Geological map of the Zaer Ridge (FADLI et al., 2008): 1. Cambrian (a: grauwackes, siltstones and
quartzites; b: trachyandesites and rhyolites); 2. Cambrian-Ordovician (Zain quartzites and Phyllades of Sehoul
Block); 3. Lower Ordovician; 4. Upper Ordovician; 5. Silurian; 6. Lower-Middle Devonian; 7. Undifferentiated
Devonian; 8. Upper Devonian and Tournaisian; 9. Lower Visean ; 10. Middle, Upper Visean and lower Namurian;
11. upper Namurian — lower Westphalian ; 12. upper Westphalian ; 13. Stephanian — Permian ; 14. Triassic.

2.2.12. Azrou-Khénifra Basin, Azrou area
According to BOUABDELLI & PIQUE
(1990), the "Azrou-Khénifra Carboniferous
Basin” (Fig. 9) developed an internal thrust
front that overlaps the eastern Meseta of
Morocco, with west vergence. At the end of
the Devonian, the basin was bound by two
NE-SW running, deep transcurrent faults.
These authors defined a dextral shear zone,
where the sedimentation was controlled by
lateral movements of synsedimentary faults
and tilting blocks. The Upper Devonian—
Lower Carboniferous period is characterized
by sedimentary breaks, olistostromes and
gravity nappes that were embedded in upper
Visean-Namurian shales. Even if we are not
yet sure about the origin of the gravitationally
transported material, the existence of entire
series within nappes allows us to elaborate
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relatively complete stratigraphic studies. The
faunal content and facies development
provide important clues concerning the
relationship with autochthonous Meseta and
Anti-Atlas regions.

In the Azrou Nappe, in the close vicinity of
Azrou, facies changes and the conodont
stratigraphy of Devonian outcrops were first
studied in detail by BOHRMANN & FISCHER
(1985). We re-sampled their localities Bou
Ighial and Bab-el-Ari at even finer resolution,
with some focus on the numerous Eovariscan
breccia beds.

Further to the SW, we restudied and
sampled the Devonian of Bou Khedra (Bou
Khadra, e.g., BOUABDELLI 1994), which ends
with an angular unconformity between
Emsian limestones and (Upper?) Tournaisian
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shales. It provides important evidence for the
Eovariscan 2 Phase of MICHARD et al. (2008).

2.2.13. Ziar-Mrirt Nappe

The Ziar-Azrou Nappe overlaps in the NW
the Azrou Nappe (Fig. 9). Our second detailed
chapter provides a review and many new

stratigraphic, faunal and microfacies data for
the allochthonous Devonian and basal
Carboniferous East and South of Mrirt, with a
focus on the sections Anajdam (e.g., LAZREQ
1999) and Gara de Mrirt (= Bou Ounebdou;
e.g., LAZREQ 1999; WALLISER et al. 2000;
BECKER & HOUSE 2000a).

Fig. 9: Geological map of the eastern part of Central Morocco (Azrou-Khenifra Basin; FADLI et al., 2008): 1.
Cambrian (a: grauwackes, siltstones and quartzites; b: trachyandesites and rhyolites); 2. Cambrian-Ordovician
(Zain quartzites and Phyllades of Sehoul Block); 3. Lower Ordovician; 4. Upper Ordovician; 5. Silurian; 6. Lower-
Middle Devonian; 7. Undifferentiated Devonian; 8. Upper Devonian and Tournaisian; 9. Lower Visean; 10.
Middle, Upper Visean and lower Namurian; 11. upper Namurian — lower Westphalian; 12. upper Westphalian; 13.

Stephanian — Permian; 14. Triassic.

Hassan II Academy of Science and Technology
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Further to SE, large allochthonous
Devonian outcrops re-appear in the Ziar
(Ziyyar) region (e.g., WALLISER et al. 1995).
We conducted bed-by-bed sampling for
conodonts, foraminifers, and microfacies in
the Emsian to Frasnian and middle-upper
Famennian intervals. We dated precisely
local unconformities, Eovarican slumping
units, and also focused on global event
intervals, such as the Kellwasser Crises,
Annulata and Dasberg Events.

Principally the same Devonian facies and
faunas re-appear as clasts in massive Upper
Viséan olistolites, which belong to the thick
flysch succession above the shallow-water
limestones of the Jebel Tabainout (e.g.,
MULLIN et al. 1976). This unit lies outside the
Ziar-Azrou Nappe and belongs to the Kasba
Tadla-Azrou Anticline.

2.2.14. Western Azrou-Khénifra Basin

There  are fossiliferous
Devonian outcrops to the W of the Ziar-Mrirt
Nappe, from the Jebel Bouchot to the Dechra-
Ait-Abdallah (or Agarad-n-Azdait) region,
W/NW of Mrirt (Fig. 9). Pioneer stratigraphic
work on the Palaecozoic was done by TERMIER
& TERMIER (1970) and TERMIER et al. (1975).
The successions are also part of allochthonous
units (nappes) but they reflect a complex
palaeogeography in terms of biofacies and
floras (GROBE 1997) that differs significantly
from the Azrou and Ziar-Mrirt sections. For
example, there a thick reefs and important
plant shales (e.g., PRESTIANNI et al. 2012). So
far, we concentrated on sections with reefs

numerous

(Awajgal, Amdawar) and took spot samples
from Famennian strata (e.g., at Titar Oumjel),
in order to complement the unpublished
M.Sc. Thesis of GROBE (1993).

2.2.15. Jebel ben Arab

Another distinctive Devonian succession,
with yet another facies development, from
pelagic Lower Devonian shales to a Middle
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Devonian turbidite basin, overlain by Upper
Devonian sandstones, is exposed WNW of
Azrou, at the Jebel ben Arab (Fig. 9). We
logged and sampled the section published by
LAZREQ (1990) in finer detail.

2.2.16. Middle Atlas Basement (Immouzer-
du-Kandar)

Our third detailed chapter presented here
deals with the unique Devonian at Immouzer-
du-Kandar (Figs. 2, 5), a tectonic window into
the Middle Palaeozoic of the Middle Atlas
South of Fes. Our studies built on the previous
research by CHARRIERE & REGNAULT (1989),
CYGAN et al. (1990), and others.

2.2.17. Rehamna

In the Rehamna, Devonian formations are
represented by variable facies in distinctive
zones. Despite the studies by a range of
geologists (e.g., MICHARD, Ed., 1982; EL
HassaNl & EL KAMEL 2000; EL KAMEL
2004), the age of formations and the dating of
facies changes and Eovariscan reworking and
re-deposition episodes still lacked precision.

Our work concentrated on Mechra ben
Abbou (GiGouTt 1951, 1955) and its fine
reefs, overlain by Famennian quartzites with
brachiopods, and on the supposedly
contemporaneous non-reefal limestones of
Foum-el-Mejez, which are followed by
brachiopod-rich  siltstones.  Not  very
successful spot samples for conodonts and
microfacies were taken in the Lower
Devonian of Sakhra et Taira to the SE, which
is characterized by very early slumping and
re-sedimentation events (EL KAMEL et al.
1992). In addition, we examined the reworked
Palacozoic blocks within the thick,
supposedly ‘“Autunian” conglomerates at
Koudiat-ed-Diab (HOLLARD et al. 1982).

2.2.17. Jebilet: Eastern Jebilet

The Jebilet Massif is a tectonically
complex Palacozoic structure, which thick,
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siliciclastic main parts reflect the opening of
an Upper Devonian-Lower Carboniferous
basin (DELCHINI et al. 2018). Fossiliferous
Devonian strata are mainly exposed in the
eastern Jebilet (e.g., Bou Marhara and
Smaha). They correspond to Lower Devonian
allochthonous or para-autochthonous series
(HUVELIN 1977; TAHIRI 1982). The litho- and
biofacies shares similarities with the Skoura
region, especially in the presence of griotte
limestones with rich upper Emsian goniatites
(anarcestids), and with East Central Morocco
(Azrou-Khenifra zone). We logged and
sampled the Lochkovian to Emsian at Jaidet
and examined the conglomeratic
unconformity at the base of the overlying
Viséan carbonate platform.

2.2.18. Mzoudia (Jebel Ardouz)

The western Jebilet Formations are
exposed in the Skhirat Unit and mainly in
Mzoudia (Jebel Ardouz). The Devonian
belongs to a large thrust slice, which
stratigraphy has been synthesized by TAHIRI
(1982). However, our new data led to an
important age revision for the reddish
conglomerate at the base. The Eifelian-
Givetian and Famennian strongly resemble
the Mechra ben Abbou succession. However,
there is only a relatively thin biostrome that
was truncated by Famennian brachiopod-
bearing white quartzites.

2.2.19. Haouz (El Moussira)

GAILLET (1986) suggested that a Middle
Devonian to Tournaisian succession, with a
reefal interval overlain by a siliclastic basin,
is developed at El Moussira in the Haouz
region S of Marrakesh. Based on rare
conodonts, this claim could be firmly rejected
by ABOUSSALAM et al. (2017), who
documented top-Viséan conodonts from the
supposed Middle Devonian. However,
Famennian strata with conodonts occur
within the Marrakesh city area (LAZREQ

Hassan II Academy of Science and Technology

2017), somewhat to the South of the main, W-
E trending Jebilet outcrop belt

Fig. 10: Strongly dolomitized, stromatoporid or
stromatolite “ghost” from the top of the Khemis-n'Ga
Formation (probably lower Emsian).

Fig. 11: Post-sedimentary (?Eovariscan), polymict
breccia encrusted unconformably and very locally on
the Lower Devonian Khemis n'Ga carbonate platform
(preserved in a minor depression on the main slope of
the outcrop). Most particles are angular clasts of orange
to reddish dolomites, partly with preserved crinoid
remnants, sitting in a calcarenitic to dark and partly
laminated limestone matrix (picture width =25 cm).

2.2.20. Safi region

After an outcrop gap West of the western
Jebilet margin, upper Silurian and Devonian
limestones resurface from the post-
Palaeozoic cover in the Safi region, at Khemis
n'Ga (BEUN et al. 1992; BULTYNCK &
SARMIENTO 2003). We re-sampled the rather
thic, mostly coarse crinoidal limestones
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(encrinites) but did not succeed to obtain new
faunas and ages. However, we recognized
domal-shaped, strongly dolomitzed, large (up
to 50 cm) stromatoporids or stromatolites at
the top (Fig. 10). In addition, we found a
orange-reddish, post-sedimentary
breccia (?Eovariscan) that truncated the
neritic carbonate platform after it was
uplifted. It is only very locally preserved and
yielded no conodonts.

coarse,

2.2.21. Western High Atlas

In the western High Atlas, there are several
tectonic windows which expose Devonian
strata, especially the Lower Devonian (e.g.,
CORNEE 1989; CORNEE et al. 1990). The age
of most stratigraphic units is still only roughly
established; conodont and microfacies data
are still lacking. More at an exploration stage,
we took some samples from bryozoan-rich,
partly biostromal Emsian limestones at Souk
Sebt Talmakant. A similar initial survey
concerning allochthonous Devonian blocks at
Ida ou Zal (DE KONINCK 1957) yielded black
orthocerid limestones of unclear age, because
they lack conodonts.

2.2.22. Skoura region

Since the initial study by ROCH (1939), the
well-exposed and partly thick Devonian and
Lower Carboniferous stratigraphy, faunas,
and facies succession of the Skoura region
(Fig. 5), NNE/NE of Ouarzazate, and at the
southern foot of the High Atlas, remained
very poorly studied. LAVILLE (1980)
concentrated on the tectonics and
microtectonics. The region belongs to the Sub
Meseta (Fault) Zone of MICHARD et al. (2010:
SMZ or SMFZ). It includes along strike
consistent sedimentary successions that are
non-cleaved and weakly deformed in the
West and strongly tectonized in the East. The
Lower/Middle Devonian facies and faunas
strongly resemble the Anti-Atlas but there are
also relationships with the eastern Jebilet (as
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said above). All sections show Eovariscan
(Middle-Upper Devonian) breccias, as typical
for Meseta sections. We logged and sampled
three sections intensively, Taliouine (=
Tiliouine), Tizi-n-Ourthi, and Asserhmo,
partly within the Devonian countourite
research project of H. HUNEKE (Greifswald).

2.2.23. Tinerhir region

The Sub Meseta Fault Zone continues
eastwards to the Tinerhir region (Fig. 5),
where there was complex transpressional
tectonics and nappe stacking (MICHARD et al.
1982; FERONI et al. 2010) marking the
“Southern Variscan Front”. The Devonian
occurs as variably-sized olistolites and more
massive, double reworked breccia units
within the Lower Carboniferous
(HINDERMEYER 1954, 1955; GRAHAM &
SEVASTOPULO 2008). We sampled many
individual clasts within the Taourirt n’Khellil
Formation (RYTINA et al. 2013) as well as
large individual olistolites (within the Ait
Yalla Formation) and a breccia succession at
Tikkedarine (western end of Tinerhir). This
will enable a high-resolution reconstruction
of Devonian sedimentation at the former
Anti-Atlas/Meseta boundary. Clearly, there
was no major facies and faunal break; the
tectonic suture did not yet exist in Devonian
time.

2.2.24. Tinejdad region

Another large isolated Devonian olistolite
lies close to main road from Tinerhir to
Tinejdad, but closer to the latter (locality
named as Bou Tisdafine East). It differs
considerably from the large lower Emsian
olistolites to the West since it preserved
internally a non-cleaved (Anti-Atlas-type),
fine and fossiliferous Eifelian to Famennian
Important are trilobite-rich
limestones, Givetian (Eovariscan) breccias,
and a pristine Frasnian-Famennian boundary

succession.

sequence.
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Just to the NE of Tinejdad, the
allochthonous Devonian of Oued Ferkla
became within our project the subject of the
M.Sc. study of P. D. WARD (WARD et al.
2013). Only preliminary results have been
published so far. Further microfacies and
tectonic studies are currently been conducted
by A. TALIH (Rabat). The section is
exceptional for its perfect preservation of the
Kacak and pumilio Events and rich in
agglutinating foraminifers. Whilst the Emsian
to basal Givetian is weakly deformed and
very similar to the Tafilalt, the Upper
Devonian just to the North is very strongly
cleaved, unfossiliferous, and was deposited in
a turbiditic (flyschoid) basin.

Hassan II Academy of Science and Technology

Repository

The figured and listed fossils, with the
exception of specimens shown in field photos,
are deposited in the Geomuseum Miinster,
WWU, under the following -collection
numbers:

Brachiopods: B5B.15...
Cephalopods: B6C.53...
Conodonts: BOA.12...
Corals: B2C.56...
Ostracods: B7B.15...
Shark teeth: A1C.4...
Trilobites: B7A.11...
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The Devonian of the Oued Cherrat Zone
(Western Meseta) — review and new data

RALPH THOMAS BECKER, ZHOR SARAH ABOUSSALAM,
AHMED EL HASSANI, STEPHAN EICHHOLT & STEPHAN HELLING

Fig. 1: View of massive lower Emsian reefal (biostromal) carbonates of the Dhar-es-Smene Formation (Cakhrat-ach-
Chleh Member) at Mechra al Kraker just E of the Oued Cherrat, ca. at x=351.1, y=342.2, 12 km NE of Ben Slimane.

1. Introduction

The Oued Cherrat Zone is named after the
N-S running and deeply incised Oued Cherrat
valley, which follows a N-S running,
synsedimentarily active fault and sheer zone
beginning between Rabat and Casablanca in
the western Central Massif (PIQUE et al. 1980;
Fig. 2). In the W, it is delimited by the faults,
which  separate  predominating Lower
Devonian neritic to reefal carbonates from the
siliciclastic Famennian and Lower
Carboniferous of the Ben Slimane area. In the
E follow the thick Famennian to Lower
Carboniferous deposits of the Sidi Bettache
Basin. Within the Oued Cherrat Zone, the

succession ranges from the upper Silurian
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(Ludlow) to the basal Serpukhovian (NEQQAZI
et al. 2014). CHALOUAN & HOLLARD (1979)
and CHALOUAN (1981) introduced a
lithostratigraphic  subdivision, which was
refined by ABOUSSALAM et al. (2013) and
EicHHOLT & BECKER (2016). Further
lithostratigraphic terms are introduced here,
mostly because intensive conodont sampling
provided a refined time framework. The
special significance of the Oued Cherrat Zone
lies in their well-exposed and thick Lower
(Emsian) and Middle (Givetian) reef
complexes, which have been studied by several
authors (e.g., GENDROT et al. 1969; GENDROT
1973, ZAHRAOUI 1991; CATTANAEO et al.
1993; EICHHOLT & BECKER 2016). Reefal
limestones occur on both sides of the Oued
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Cherrat valley and are of high economic
significance (NAHRAOUI et al. 2012). This
resulted in the creation of large, active, and fast
expanding quarries that, unfortunately, destroy
gradually some of the best outcrops. Equally
significant are major Eovariscan block faulting
and reworking events, which led to block
tilting, erosion, and the re-deposition of partly
very thick conglomerate and breccia units
during specific phases of a long total interval
(Givetian to Famennian), with activity peaks in
the upper Givetian and middle/upper
Famennian. Uplifted blocks were partly deeply
eroded, exposing Lower Palaeozoic quartzites
and magmatic rocks.

Our summary is based on new data for four
different successions, from Ain Khira (or Ain
El Khira) in the N, to Ain Dakhla/Cahkrat-ach-
Chleh and Ain-al-Aliliga in the middle, and to
Ain-as-Seffah in the southern part of the reefal
band. It re-appears further to the S, in the Al
Attamna region (e.g., FADLI 1990; BENFRIKA
& BULTYNCK 2003; EICHHOLT & BECKER
2016).

2. Research History

LECOINTRE (1926): Initial survey of the region,
with a recognition of strata ranging from the
upper Silurian to Lower Carboniferous
limestones with “Spirifer tornacensis”.

RocCH (1950): Records of Emsian trilobites and
spiriferids and of a rich Givetian fauna with
stromatoporids, tabulate and rugose corals
(including the colonial genus Phillipsastrea),
and the index brachiopod Stringocephalus. On
the eastern flank, the occurrence of
Archaeocalamites in Upper Devonian clastics
was noted.

HOLLARD (1967, fig. 4): Brief summary of the
Oued Cherrat Devonian.

GENDROT et al. (1969): Initial study of reefal
carbonates at two localities (Atiliga Syncline
and “Sokrat Md. Ben Brahim” (= Cakhrat
Mohammed-Ben-Brahim).
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KERGOMARD (1970): Unpublished report on
the Silurian-Devonian of the Western Meseta,
with data for the Oued Cherrat, e.g., a section
log for Ain-al-Aliliga.

o™ ﬁ
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Ain El Khira —

f Ain Dakhla(AD
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]
=
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Heny ]
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Givetian

Upper Devonian
to Carboniferous

Lower Devonian | WL W -

Cambro-Silurian

Fig. 2: Position of the four re-studied successions in the
narrow Oued Cherrat Zone. AKS = Ain Khira South,
AD = Ain Dakhla (W of the river) and CAC = Cakhrat-
ach-Chlee (E of the river), AAA = Ain-al-Aliliga, and
AAS = Ain-as-Seffah (EICHHOLT & BECKER 2016, fig.
2, redrawn from ZAHRAOUI 1991).

GENDROT (1973): Study on Devonian reefs in
the Moroccan Meseta, including the Oued
Cherrat.
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KELLING & MULLIN (1975): Sedimentological
analysis of coral- and brachiopod-bearing
shallow-water carbonates, interpreted as
Viséan tempestites.

CHALOUAN & HOLLARD (1979): Brief
summary of Oued Cherrat lithostratigraphy,
introducing numerous new formations.

PIQUE et al. (1980): Recognition of the Oued
Cherrat as a distinctive tectonic unit within the
wider Western Meseta Shear Zone.
CHALOUAN (1981): Detailed lithostratigraphy

and  faunal characteristics,  providing
geological cross-sections for five key
successions.

RACHEBEUF (1990): Record of Lower

Devonian chonetids from Ain Dakhla.
ZAHRAOUI (1991, 1994a, 1994b): Summary of
Oued Cherrat Silurian to Middle Devonian
litho- and biostratigraphy.

CATTANEO et al. (1993): Comprehensive
analysis of the Givetian reefal succession at
Ain Khira.

LAAMRANI ELIDRISSI (1993): Unpublished
Diplom Thesis on the structural geology of the
Bouznika-Cherrat region.

EL HASSANI (1994): Tectonics of the N-S
trending Oued Cherrat-Oued lkem band.
FADLI (1994a, 1994b): Summaries of
Famennian to Viséan litho- and biostratigraphy
of the Meseta, including the Oued Cherrat.
VACHARD et al. (1994): Description of fifteen
species of foraminifers from the Givetian at
Ain  Khira, including
Tubeporina (?) polydermoides (Tuberitinidae)
and Palachemonella maroccana (Issinellidae).
EL HASSANI & BENFRIKA (1995, 2000):
Review of the Meseta Devonian, including a
stratigraphic summary for the Oued Cherrat.
CASIER et al. (1997): Description of a rich (fifty
species) Givetian ostracod fauna and its
paleoecology from Ain Khira.

BENFRIKA (1999): Description of the lower
Emsian Caudicriodus celtibericus from Ain al
Quob at the southern end of the Oued Cherrat
Devonian outcrop strip.

two new taxa,

Hassan Il Academy of Science and Technology

MAMET et al. (1999): Description of calcareous
algae from the Oued Cherrat region, with the
Emsian of Ain Dhakla as the type locality and
level of Sphaerocodium tortuosum.

BENFRIKA & BULTYNCK (2001, 2003): Report
on lower Emsian conodonts from the Dar-es-
Smene Formation and of upper Emsian to
Eifelian conodonts from the Kheneg-en-Nmer
Formation.

JANSEN (2001): Brief comments on Lower
Devonian brachiopods of the Oued Cherrat
(CHALOUAN material).

KAISER et al. (2007): Comparison of the Upper
Devonian of the Oulmes Region with other
contemporaneous Meseta
including the Oued Cherrat.
ABOUSSALAM et al. (2012): Preliminary note
on new conodont data for the Oued Cherrat

successions,

Devonian.

EICHHOLT et al. (2013): Preliminary new data
on reefal faunas and microfacies at Ain Khira
and Ain-as-Seffah.

NAHRAOUI et al. (2012): Study on the quality
of the reefal limestones of the Oued Cherrat as
a new source for the regional cement industry.
ABOUSSALAM et al. (2013a): Refined
lithostratigraphy ~ and  preliminary
conodont data for the isolated reefal olistolite
at Ain-as-Seffah.

ABOUSSALAM et al. (2013b): Dating the onset
of Middle Devonian reef growth in the Oued
Cherrat as lower Givetian.

NEQQAZI et al. (2014): Discovery of conodonts
from the Viséan-Serpukhovian transition in
two northern sections near Souk el Had and at
Dhar Bou Ghazouani (= Dhar Bou Ghazwani).
SCHWERMANN (2014): Unpublished M.Sc.
Thesis on Middle/Upper Devonian shark teeth
from Morocco, including the description of

new

Phoebodus fastigatus, Ph. gothicus gothicus,
and Ph. gothicus transitans from Ain-al-
Aliliga and Ain-as-Seffah.

HELLING, S. & BECKER, R. T. (2015):
Preliminary data on a new Pragian trilobite
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assemblage from the Ain-al-Dakhla Formation
of Ain-al-Aliliga.

EicHHOLT & BECKER (2016): Detailed
microfacies and reef development study in the
Oued Cherrat Zone, with a revised regional
lithostratigraphy and facies logs for Ain Khira
South and Ain-as-Seffah.

BECKER & ABOUSSALAM (2019): Note on the
development of Emsian/Eifelian global events
in the Meseta, including remarks on the Daleje
Event in the Oued Cherrat.

3. Summary of succession

In terms of palacogeography and
synsedimentary structural geology, the Cherrat
River Subzone sensu PIQUE et al. (1980)
belonged in the Devonian to a narrow and
elongated elevation with shallow-water
sedimentation and adjacent steep slopes that
caused mass flow and turbidite re-deposition.
Reworked Lower Devonian clasts show that
both shallow and deeper-water facies existed at
the same time. Givetian strata were strongly
affected by syn- and post-sedimentary block
tilting and partial uplift, which caused the
closely-spaced interfingering of reef beds,
intra-formational breccias and mass flows.
Well-rounded pebbles and the deep erosion
into Lower Palaeozoic strata suggest that the
top of tilted blocks formed synsedimentary
islands, at least in the middle/upper
Famennian. These may have been a source of
clastic detritus for the Ben Slimane and Sidi
Bettache Basins in the W and E, respectively.
However, the regional provenance of thick
Famennian/Tournaisian silt- and sandstones
requires further analyses. The main Variscan
deformation occurred towards the end of the
Lower Carboniferous, after an episode of upper
Viséan to Serpukhovian carbonates with still
open marine conodonts (NEQQAZI et al. 2014).

Refinements of the original lithological
division of CHALOUAN & HOLLARD (1979) and
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CHALOUAN (1981) result in the following
formation and member sequence:

3.1. Upper Silurian

The oldest Palaeozoic of the Oued Cherrat
is represented by Ludlow graptolite shales and
limestones (Ss), which have not yet received a
formation name. They may reflect the post-
Caledonian transgression, as in the Rabat-
Tiflet Zone to the N (e.g., EL HASSANI et al.
1988).

CHALOUAN (1981) speculated that beds
with  scyphocrinitids, which are so
characteristic for the Silurian-Devonian
transition in other Meseta and Anti-Atlas
regions, including the adjacent Ben Slimane
region (ZAHRAOUI 1991), might have been cut
off by faulting.

3.2. Lochkovian

CHALOUAN (1981) did not recognize
Lochkovian beds, probably caused by the
strong fault fragmentation of the region, not
due to non-deposition. ZAHRAOUI (1991,
1994a) observed the Silurian-Devonian
transition, with shallow-water shales and
limestones of assumed Lochkovian age, in the
Kaf Nzaha section in northern parts of the
Oued Cherrat (S of Ain Khira, see Fig. 2). The
further  investigations.
Uncinatograptus  uniformis, the defining
graptolite for the Devonian base, has been
recognized near Ben Slimane (DESTOMBES &
JEANETTE 1996; ZAHRAOUI 1991).

An isolated pebble of black “Orthoceras
Dakhla yielded
unexpectedly a with  middle
Lochkovian index conodonts (Ancyrodelloides
transitans). It proves that a pelagic Lochkovian
limestone setting was also developed in the
region although it did not leave any known
current outcrop. Middle Lochkovian conodonts
are in general practically unknown so far from

unit  requires

Limestone” from Ain

faunule

the Western Meseta (e.g., absent from the
Rabat-Tiflet Zone, BENFRIKA et al. 2007).
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Fig. 3: Revised Devonian lithostratigraphy and correlation of the Oued Cherrat (four successions, from N to S) with
the Al Attamna (two successions), the continuation of the reef belt to the S, for comparison (re-drawn from EICHHOLT

& BECKER 2016, fig. 3).

3.3. Pragian

The Ain-ad-Dekhla Formation (dz) is a
package of grey, greenish-grey or dark-grey
silty shales with intercalated thin sandstones
and a diverse, neritic Pragian fauna. Fossils are
commonly coated by yellowish limonite,
which indicates hypoxic conditions within the
sediment — not at the sea floor. The rich
brachiopod and trilobite fauna requires
revision (e.g., RACHEBEUF 1980; JANSEN 2001;
HELLING & BECKER 2015). The preliminary
faunal list, with some updated brachiopod
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identifications by U. JANSEN (Frankfurt a. M.;
marked by an *), gives an impression of a rich
benthic ecosystem:

various bivalves

gastropods

Ctenochonetes ibericus (abundant, first recorded as
“Strophochonetes (Ctenochonetes) cf. aremoricensis”)
Rhenoschizophoria sp. (resembling Rh. torkozensis)*
Dalejodiscus aff. subcomitans™* (see Fig. 42.3)
Eucharitina oehlerti

Torosospirifer sp. (previously Brachyspirifer
crassicosta)*
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“Hysterolites nerei” (normally a spiriferid from
Bohemia)

Dixonella ayensis*

Filispirifer e.g. merzakhsaiensis. (previously recorded
as Acrospirifer fallax Group)*

Oligoptycherhynchus cf. daleidensis

other rhynchonellids (“Camarotoechia’™)

Reedops cephalotes

possibly other phacopids (“Phacops sp.”)
Metacanthina sp. (two species)

other asteropygids (previously listed as “Pilletina sp.”,
“?Paracryphaeus sp.”, and “Pseudocryphaeus”)
Odontochile sp.

Wenndorfia sp. (7= “Parahomalonotus sp.”)

large benthic ostracods

solitary rugose corals

tabulate corals

The brachiopods suggest a correlation with
the Pragian Assa Formation (Rich 1) of the Dra
Valley in the western Anti-Atlas (compare
JANSEN 2001 and JANSEN et al. 2007). In the
upper part, lenticular and bioclastic limestones
with a rich brachiopod fauna, including
Euryspirifer sp. (not the quoted, younger E.
pellicoi; see JANSEN 2001), give a transition
towards the overlying carbonate formation.
The dacryoconarid Nowakia (Turkestanella)
acuaria provides a firm Pragian age for this
upper part/member.

An isolated allochthonous block of micritic

griotte  limestone re-deposited in the
Famennian  of  Ain-al-Aliliga  yielded
unexpectedly  upper  Pragian  icriodids

(Latericriodus steinachensis). This block of
deeper-water, non-siliceous, nodular facies
suggests that there was originally a carbonate
ramp dipping eastward. This palaeorelief was
reversed by Eovariscan tectonic uplift of the
eastern Oued Cherrat Zone, leading to
reworking and westward shedding.

3.4. Emsian

The subsequent Dhar-es-Smene
Formation (d3) is revised and subdivided here.
It includes all the thin-bedded and neritic to
massive, biostromal, limestones exposed in
cliffs and large quarries W and E of the Oued
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Cherrat (Fig. 1). 20-30 m of well-bedded, light-
or dark-grey, sometimes dolomitized
limestones with abundant chert nodules are
assigned to the new Beni Moussi Member (ds-
1), named after the hill/area W of the type-
section at the Ain Dakhla spring. The rich
shallow-water fauna consists of crinoid debris,
brachiopods (various spiriferids, atrypids,
rhynchonellids, chonetids), ostracods
(beyrichiids), trilobites (phacopids,
asteropygids), rugose corals, tabulate corals
(Thamnopora, receptaculitids,
calcareous algae, bryozoans, dacryoconarids,
and gastropods. The taxonomy of the fauna
needs to be revised. The diagenetically
mobilized chert derived probably from
siliceous sponges. Based on the insufficiently
known brachiopod fauna, the new member

Favosites),

seems to range from the Pragian-Emsian
transition to the lower Emsian. So far, there are
no conodonts; several samples from the upper
part were barren or included only non-
diagnostic single cone genera.

CHALOUAN (1981) noted an up to 20 m thick
upper intercalation of silty shales and
yellowish, dolomitic limestone with neritic
fauna (including “Euryspirifer sp. cf.
extensus ", which, however, is an upper Emsian
species of Arduspirifer, see JANSEN 2001).
ZAHRAOUI et al. (2000, fig. 4) published a
detailed section log
shallowing-upwards sequences, with two main
regressive episodes in the lower/middle part,
separated by more argillaceous deepening

intervals. The formation and member base

showing several

should be placed at the base of their massive
Bed 8.

The main, upper part of the Dhar-es-Smene
Formation provides the cliffs and active
limestone quarries of Dhar-es-Smene, Ain
Dakhla (=Ain-ed-Dekhla), and Ain-al-Aliliga.
ABOUSSALAM et al. (2012, 2013) showed that
the thick, main reef belt E of the Cherrat river
(Fig. 1) is also lower Emsian age, since the
index conodont Latericriodus bilatericrescens
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bilatericrescens occurs at its base at Cakhrat-
ach-Chleh, as well as in typical ds limestones
of Ain Dakhla. Consequently, the type
Cakhrat-ach-Chleh Formation sensu
CHALOUAN & HOLLARD (1979) became a
synonym of their Dhar-es-Smene Formation.
However, the lithostratigraphic term could be
kept as a member name (Cakhrat-ach-Chleh
Member in EICHHOLT & BECKER 2016; d3-u)
for the main, up to 250 m thick reefal part of
the Oued Cherrat Lower Devonian carbonate
platform. Typical are grey to bluish-grey,
partly dolomitized, medium- (20-30 cm) or
thick-bedded (up to 2 m), biostromal to non-
bedded (biohermal) bioclastic limestones with
crinoid debris, stromatoporids, receptaculitids,
colonial and solitary Rugosa, tabulate corals

(thamnoporids, favositids, alveolitids),
bryozoans, brachiopods (atrypids,
schizophoriids), gastropods, rare trilobites
(phacopids and asteropygids), and
calcimicrobes, such as Sphaerocodium

tortuosum MAMET, 1999. As in the Beni
Moussi Member, there was considerable facies
and thickness variability along strike.

Towards the S (Ain-al-Qcob and beyond),
the facies became more detrital, dark (organic-
rich), or rose to violet in color, and somewhat
siliceous. In this undivided Dhar-es-Smene
Formation, BENFRIKA & BULTYNCK (2003,
“Unit A”) found Caud. celtibericus, which
ranges in the Anti-Atlas from equivalents of
the classical (Czech) upper Pragian (= basal
Emsian sensu the current Zinzilban GSSP) ca.
into the middle of the lower Emsian
(ABOUSSALAM et al. 2015). Rich typical lower
Emsian Latericriodus faunas
reworked crinoidal limestone olistolites at Ain
Dakhla. We assume that they derived from
uplifted and eroded strata of the Cakhrat-ach-
Chleh Member of the region.

The top of this member is often cut off by
faulting (e.g., at its type locality and at Ain

occur in

Dakhla). Where the succession is complete
(e.g., at Cakhrat Mohammed-Ben-Brahim), a
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gradual deepening is indicatated by the change
to finer bioclastic and finally to micritic and
nodular limestone. CHALOUAN (1981) reported
apart from small brachiopods (Plectospira),
ostracods, single corals, dacryoconarids, and
Caudicriodus cf. curvicauda. However, typical
Caud. curvicauda do not range above the basal
Emsian and hardly overlap with Lat.
bilatericrescens bilatericrescens (see
ABOUSSALAM et al. 2015). Our new data prove
that the initial deepening at the top of the Dhar-
es-Smene Formation occurred within the range
of Criteriognathus which
characterizes the upper half of the lower
Emsian. This suggests a possibly correlation
with the transgressive, global Upper Zlichov
Event sensu GARCIA-ALCALDE (1997).

EL HASSANI & BENFRIKA (1995, 2000)
emphasized facies and palaeobathymetric
differentiation within the Dhar-es-Smene
Formation along the Oued Cherrat resulting
from synsedimentary tectonic instability.
Therefore, it is difficult to follow individual
beds/packages from one section to the next.
This aspect recommends future more detailed
microfacies and stratigraphic

steinhornensis,

sequence
analyses along a N-S transsect, combined with
a revision of brachiopod taxonomy. As an
example, a unique, isolated thick brachiopod
coquina followed by detrital limestones occurs
in our new ‘“‘central section” at Ain-al-Aliliga
(see below).

The subsequent, argillaceous Mohammed-
Ben-Brahim Formation (ds.1) is restricted to
its type region around Cakhrat Mohammed-
Ben-Brahim in the ca. middle part of the Oued
Cherrat. It is characterized by up to 100 m of
dark-grey, calcareous and partly pyritic shale.
It contains a pelagic assemblages of goniatites,
orthocones, bivalves, small solitary rugose
corals, and rare, relatively large phacopids. A
squashed Gyroceratites Fauna (Fig. 4) from the
base, typical for the basal upper Emsian (LD
IV-A in the zonal scheme of BECKER & HOUSE
2000b), proved that its sharp base correlates
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with the global Daleje Event (BECKER et al.
2019). E. A. HiLALI found a specimen of
“Anarcestes lateseptatus” 1in the shale
(CHALOUAN 1981), which places higher parts
of the formation in middle/upper parts of the
upper Emsian (LD IV-D), even if the species
identification requires confirmation. It should
be noted that upper Emsian strata with
anarcestids were placed for a long time (but
wrongly) in the “Couvinian” or Eifelian (see
KERGOMARD 1970, CHALOUAN 1981, and
ZAHRAOUI 1994b). Records of the large-sized
and spinose asteropygid Psychopyge elegans
from Cakhrat Mohammed-Ben-Brahim are in
full accord with an upper Emsian age (see
MORZADEC 1988).

Fig. 4: Squashed Gyroceratites sp. from reddish-
weathering pyritic (secondarily limonitic) shales in the
basal part of the Mohammed-Ben-Brahim Formation at
Cakhrat Mohammed-Ben-Brahim.

Due to its soft rheology, the Mohammed-
Ben-Brahim Formation tends to be affected by
tectonism. In our new “central section” at Ain-
al-Aliliga, it can be subdivided into two
members. The Lower Member (ds-1) is shaly,
the new Upper Member (d4-1u) consists of ca.
6.5 m of nodular, micritic limestone with
anarcestids and conodonts of the Icriodus
fusiformis Zone (basal part of the upper
Emsian, ABOUSSALAM et al. 2015).

Hassan Il Academy of Science and Technology

Fig. 5: The Ain-Kheneg-en-Nmer Formation at Ain-as-
Seffah in the southern Oued Cherrat, showing two
limestone units to the right and left (Cherrat Valley
slope) interrupted by a more shaly interval with poor
outcrop.

3.5. Eifelian

The Ain-Kheneg-an-Nmer Formation (ds-2)
is defined as a 20-150 m thick alternation of
dark-grey shales and dark-grey to black, thin-
to medium-bedded, detrital or turbiditic
limestones. The thickness increases from Ain-
al-Aliliga to the S (Ain-as-Seffah), where two
limestone units are separated by a more shaly
middle package (Fig. 5). The macrofauna is
very sparse. Some tabulate corals, phacopids,
small brachiopods, and deeper-water bivalves
(Panenka) were noted by CHALOUAN (1981).
Conodonts identified by P. BULTYNCK include
arange of “middle” Eifelian (middle/upper Po.
costatus Zone) polygnathids and icriodids,
such as Po. angusticostatus, Po.
angustipennatus, robusticostatus, Po.
pseudofoliatus, Linguipolygnathus
linguiformis, Icriodus regularicrescens, I
curvirostratus/introlevatus, as well as
Tortodus intermedius. Observed agoniatite
cross-sections may refer to Fidelites or
Foordites. BENFRIKA & BULTYNCK (2003),
however, showed that the formation begins
more to the S, at Ain-al-Qcob, already in the
upper Emsian L. serotinus to Po. patulus
Zones. This is fully supported by data from our
new “central section” at Ain-al-Aliliga, where
the formation base falls within the L. serotinus

Po.
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Zone. Therefore, it starts within the ca. upper
half of the upper Emsian. The lower Eifelian
was recognized ca. 13 m above the base but the
still crude sampling has not yet pinpointed the
series boundary. The basal Eifelian Chotec
Event is locally not distinctive. Upper Eifelian
conodonts, including the index species T.
kockelianus, are regionally known from the top
of the formation (Ain-as-Seffah) and from
reworked blocks in Famennian olistolite units.
The Eifelian/Givetian boundary is not
preserved within the faulted sections that have
been studied so far. As a result, and unlike as
in the Rabat-Tiflet Zone to the NE, there is no
regional record of the global Kacak Event(s).

3.6. Givetian

Thick (50-100 m) Givetian reef limestones
form a narrow, third, eastern outcrop strip in
northern parts of the Oued Cherrat (Fig. 2),
which is intensively quarried. EICHHOLT &
BECKER  (2016) introduced for this
economically important unit the term Ain
Khira Formation (ds). The best outcrops from
the research period between ZAHRAOUI (1991)
and ZAHRAOUI et al. (2000), shown to an
international audience during the SDS-IGCP
421 Morocco Field Meeting in spring 1999,
have, unfortunately, disappeared in the
meantime by quarrying. CATTANEO et al.
(1993) recognized eight principle reef facies,
which were arranged vertically into two major
regressive cycles and several
Characteristic facies types are:

subcycles.

F1. Argillaceous dacryoconarid mud-wackestones
(outer ramp or platform)

F2. Wacke-floatstones with some isolated reef corals,
stromatoporids and crinoid debris (subtidal external
platform with distal reef talus)

F3. Peloidal and crinoidal pack-grainstone with
bryozoans (external platform with crinoid meadows)
F4. Stromatoporid and coral float-rudstone (proximal
reef talus of the upper marginal slope or within the
lagoon)
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F5. Stromatoporid-coral frame-bindstone with massive
reef builders (reef core)

F6. Amphiporid floatstone with parathuramminids and
various bioclasts (deeper lagoonal)

F7. Amphiporid-parathuramminid mud-wackestone
(deepest or most protected lagoonal parts)

F8. Peloidal birds-eye boundstones, peloidal micrites,
and laminated bindstones (intertidal reef flat)

ZAHRAOUI (1991, 1994b) reconstructed a
carbonate platform/ramp that deepened from
the W to E. EICHHOLT & BECKER (2016)
subdivided the inner platform/lagoonal facies
set (F4 and F6-8) into eight microfacies types:

MF Al: Peloidal grainstone (lagoon parts with moderate
water agitation and strongly restricted fauna).

MF A2: Detrital grain-rudstone or back reef breccias (=
F4, coarse proximal talus on the inner side of the reef
core or around patch reefs)

MF A3: Stringocephalus-Amphipora rudstone (storm
layers within the lagoon)

MF A4: Stachyodes-Thamnopora float-rudstone (storm
layers around patch reefs)

MEF AS: Stromatoporiod float-rud-boundstone with up to
20 cm large bulbous stromatoporids (upper patch reef,
part of F5)

MF A6: Amphipora float-rud-boundstone (= F6,
protected deeper lagoon)

MF A7: Bioclastic mud-wackestone (= F7/8, protected
and restricted, calm lagoon with occasional freshwater
influx)

MF AS8: Stringocephalus floatstone with bioturbation
(protected wide lagoon with overall good living
conditions)

Probably based on a third outcrop, CASIER
et al. (1997) distinguished ten microfacies
types. We did not observe their bioturbated
siltstones (M1) and silty mud-wackestones
(M2) in our section (see below), nor an
abundance of (microbial) fenestrae, as in their
M7 (ca. = MF A4), M8 (ca. = MF A6), and
M10 (ca. our MF A7). The detailed analysis of
the locally common foraminifers by VACHARD
et al. (1994) resulted in the record of ten
species of Parathuramminina and five species
of Moravamminida (possible
algae), including the
Palachemonella maroccanica.

calcareous

new  issinellid
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Ain Khira
Formation 1s confirmed by the index
brachiopod genus Stringocephalus and the
colonial marker coral Phillipsastrea. Records
of Cyrtospirifer show that the succession
ranged at least locally into the upper Givetian.
Among the diverse ostracods (50 taxa of the
Eifelian shallow-water ecotype), Polyzygia

The Givetian age of the

beckmanni beckmanni and rare Poly. cf.
insculpta confirm the Givetian age (CASIER et
al. 1997).

Towards the S, at Ain Dakhla, Givetian reef
limestones are only known as reworked
olistolites within the much younger Al Brijat
Formation. Crinoidal limestone blocks with
lower/middle Givetian conodonts show that
originally an open, lower ramp/platform (with
F2) was developed before tectonic uplift and
erosion destroyed it completely.

Further to the S, at Ain-al-Aliliga, an open
neritic to biostromal carbonate ramp was
subject to recurrent, strong synsedimentary
seismic events. This led to a more than 50 m
thick alternation of coarse breccia beds (mass
and debris flow deposits), biostromal
limestones with silicified stromatoporids and
corals, and intercalated, well-bedded,
conodont-bearing  limestones  (Flinz-type
facies). All rock types yielded in several
samples exclusively middle Givetian to
basalmost Frasnian (Ancyrodella rotundiloba
pristina Zone, MN 1 Zone) conodont
assemblages. Therefore, we assign the part of
the Ain-al-Aliliga Formation of CHALOUAN
& HOLLARD (1979) that lacks any volcanite or
quartzite pebbles/blocks to a new Lower
Member (d7.1) It overlies N of the W-E
running track with an angular unconformity the
Dhar-es-Smene Formation. Basal beds are rich
in icriodids, higher parts are in polygnathid
biofacies.

GENDROT et al. (1969) suggested that the
second, up to 200 m thick eastern reef
limestone cliff at Cakhrat Mohammed-Ben-
Brahim is of Givetian age, as it is also shown
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in the cross-section of CHALOUAN (1981). This
would make it a preserved southern
continuation of the Ain Khira Formation but
currently there is no biostratigraphic age
control. Re-sampling is required, especially
since there is a fault contact to the supposedly

older beds (Mohammed-Ben-Brahim
Formation, CHALOUAN 1981, ZAHRAOUI
1994b).

Fig. 6: Weathered Manticoceras specimen as seen on a
bedding plane of the “Manticoceras Limestone”
(Member 5) at Ain-as-Seffah, southern Oued Cherrat.

The term Ain-as-Seffah Formation (ds) of
CHALOUAN & HOLLARD (1979) has been
revised by ABOUSSALAM et al. (2013b) to
include all parts of the internally complex large
limestone olistolites embedded at Ain-as-
Seffah within the Al Brijat Formation. Only the
thin-bedded Member 1 (dss) and the open
biostromal Member 2 (deb) fall in the Givetian.
But their contact is disconformable and much
of the middle Givetian is missing. This proves
an intra-Givetian tectonic phase preserved
within the big main allochthonous block.

3.7. Frasnian

There is only a poor previous record of
Frasnian strata from the Oued Cherrat, which
agrees with the general pattern of the Meseta
Devonian. In the N, there is no section that
display strata that overlie conformably the Ain
Khira Formation. Since the Lower Member of
the  Ain-al-Aliliga  Formation  yielded
basalmost Frasnian index conodonts, overlying
thin-bedded dolomites are also of (lower)
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Frasnian age. Belodella, the only conodont
recovered, did not survive the end-Frasnian
mass extinction.

The best Frasnian evidence comes from
Ain-as-Seffah, where it is strongly condensed
and incomplete, with unconformities between
Member 3 (dsc, lower Frasnian, massive
brachiopod limestone) and Member 4 (dsqd,
top-middle to upper Frasnian flaserlimestone).
The famous rose limestone with Manticoceras
(Member 5, dese, Fig. 6) is just 65 cm thick.
Based on MN 13a Zone (KLAPPER 1989; = Pa.
bogartensis Zone) conodonts, it correlates in
time with the latest Frasnian starting at the top
of the Lower Kellwasser level. There is no
regional evidence for the Upper Kellwasser
Limestone; the Frasnian-Famennian transition
falls in another hiatus.

3.8. Famennian

Evidence for lower Famennian strata is even
weaker in the Oued Cherrat region.
ABOUSSALAM et al. (2013b) emphasized at
Ain-as-Seffah a lenticular, up to 10 m thick
unit of red shale, which was obviously attached
to the main limestone olistolite prior to its re-
deposition. It was assigned to a new Lower
Member (d;-2) of the Al Brijat Formation but
it is so distinctive and regionally unique that it
should receive its own lithostratigraphic name
in future.

The typical or Upper Member (d7.3) of the
Ain-al-Aliliga Formation sensu CHALOUAN
& HOLLARD (1979) and CHALOUAN (1981) is
an up to 70 m thick channel fill consisting of
chaotically-bedded, strongly polymict and
extremely coarse, massive breccia unit, best
exposed at the Ain-al-Aliliga spring. Apart
from a wide array of up to 3 m large reworked
limestone clasts, including many Givetian
reefal blocks, there are (sub)rounded Lower
Palaeozoic, dark-grey quartzite pebbles, and
light-grey weathering volcanites. The matrix is
calcareous, iron-rich (reddish) or siliceous.

CHALOUAN  (1981) noted  irregularly
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interbedded sandstone and quartzite beds,
which may refer to large, flat olistolite blocks.
The age of the unit is difficult to assess.
Individual clasts and a large bulk sample
yielded sparse to diverse
middle/upper Givetian conodonts. This is in
contrast with records from supposed breccia
matrix of Bispathodus costatus (towards B.
spinulicostatus) and I. cornutus in CHALOUAN
(1981). Two wupper Givetian species, 1
expansus and Po. ex gr. pennatus, were
allegedly associated, which suggests a mixed,

to us only

reworked fauna. Bispathodus costatus is the
index taxon of the B. costatus Subzone (of the
B. aculeatus aculeatus Zone) in the upper half
of the upper Famennian (see HARTENFELS
2011). There is some support from our Sample
VFP, which yielded no Famennian conodonts
but some middle/upper Famennian Phoebodus
teeth (SCHWERMANN 2014: two subspecies of
Phoeb. gothicus). The combined evidence
suggests an upper Famennian re-deposition
age. It was preceded by a long interval of non-
deposition  (main  Frasnian to
Famennian) and middle/upper Famennian
block tilting causing uplift, deep erosion, and

lower

reworking, with some rounding in a coastal
setting. Seismic events on steep elevated flanks
induced gravitational mass flow transport
down a steep ramp. Due to the large clast size
and localized occurrences, the source areas
must have been very close, right at the eastern
margin of the Oued Cherrat Zone. Some of the
mass flows seem to have ended in “shark-
infested” open water or even killed them.

The Al Brijat Formation (dh) is an even
more complex unit since is consists locally
very variably of thick siliciclastics (grey to
brownish or greenish silty shales, micaceous
siltstones, and thin- or cross-bedded
sandstones), intercalated mass flows, and
isolated or accumulated olistolites of highly
variable age and lithology. Compact packages
of reworked limestones and breccias may be
seen as local tongues of the Ain-al-Aliliga
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Formation (Fig. 7). However, there was
repeated seismic activity all along the extended
Oued Cherrat and not necessarily any
continuity between individual mass flow units.
The recognition of double reworking
(olistolites consisting of cannibalized Givetian
breccias) is of principle importance to
understand the polyphase regional

synsedimentary tectonics.

Fig. 7: Large corroded olistolite blocks of reworked
Middle Devonian limestone breccias, re-deposited as
mass flow in the Famennian Al Brijat Formation (tongue
of Ain-al-Aliliga Formation) at Ain Dakhla (picture
width 1 m).

CHALOUAN (1981) proposed a synthetic
(combined from different localities) succession
for the Al Brijat Formation, which extends
widely into the adjacent southern Sidi Bettache
Basin to the E. For example, their upper
succession includes the distinctive Tournaisian
and Viséan limestones of Sidi Jilali and Sidi
Radi (IZART & VIESLET 1988). Concentrating
on the Oued Cherrat area, our observations
support the following succession:

Unit 1: Conglomerate/breccia with reworked reef
limestone of Cakhrat Mohammed-Ben-Brahim. A
supposed lower Famennian age (KERGOMARD 1970) is
not based on published conodont data. A correlation
with the Upper Member of the Ain—al-Aliliga Formation
(B. costatus Subzone) seems more likely but requires
further sampling.
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Unit 2: Thick package (150 m or more) of silty shales
and siltstones, upwards with increasingly dominant
sandstones.

Unit 3: 10-20 m thick, lenticular, polymict breccias,
conglomerates and isolated olistolites with reworked
Lower/Middle Devonian limestones, including many
reefal blocks, cannibalized breccias, and
sandstone/quartzite clasts. Our new samples from
several localities provided no evidence for reworked
Upper Devonian limestones. This is not really surprising
since the youngest strata will have been eroded first and
should have been re-deposited in Unit 1.

Unit 4: Ca. 300 m of alternating silty shales, siltstones
and, increasing towards the top, sandstones.

Unit 5: Up to 30 m thick, relatively fine
conglomerate/breccia with rounded limestone and
angular quartzite clasts. This unit underlies in the S, at
Ghar al Anz (in the SW of topographic sheet, 1 : 50 000,
Sidi Bettach), a thin black shale with laminated
limestone concretions and an overlying dolomitized
carbonate unit. Unfortunately, the first did not yield any
conodonts to us.

The age of the formation and especially the
precise timing of Eovariscan reworking events
is still poorly constrained. As stated by
CHALOUAN (1981), there have been two peak
intervals of Famennian re-deposition. Unless
good palynological data become available, it
will remain impossible to  separate
upper/uppermost Famennian and Tournaisian
strata in the upper part of the formation. Some
samples have been given to C. HARTKOPF-
FRODER (Krefeld) but results are not yet
available. So far, there is no record of black
shales that might mark the onset of the global
Hangenberg Crisis, as in the Oulmes region to
the E (KAISER et al. 2007). As a hypothesis, the
D/C boundary regression may be represented
by the upper part of Unit 4 to Unit 5.

3.9. Lower Carboniferous

The thick, upper and eastern part of the Al
Brijat Formation comprises the lower
Tournaisian since it is overlain at Sidi Jilali, in
the southern Sidi Bettache Basin, by a
limestone with middle Tournaisian conodonts
(IZART & VIESLET 1988; new samples). As
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suggested in FADLI (1994a), the term Al Brijat
Formation should be restricted to the
siliciclastics below this Sidi Jilali Member and
below the supposedly equivalent dolomitic
limestones of Ghar al Anz in the S (Ghar al Anz
Member). The middle Tournaisian to middle
Viséan clastics and intercalated limestones
(e.g., the Viséan Sidi Radi Member) of the
southern Sidi Bettache Basin fall in the
complex, flyschoid Khourifla Formation. In
the Oued Cherrat, transgressive, upper Viséan
limestones with index foraminifers have been
named by CHALOUAN & HOLLARD (1979) as
Mechra-al-Kraret (open shelf limestones and
shales) and Kaf-Anzaha Formations (shallow-
water limestones). NEQQAzI et al. (2014)
showed that the Mechra-al-Kraret Formation
ranges into the Viséan-Serpukhovian transition
with Lochriea cruciformis and Mestognathus
bipluti. Whilst the latter was widespread in the
upper Viséan (e.g., ABOUSSALAM et al. 2017:
Marrakech region), L. cruciformis enters above
L. ziegleri, the proposed future Serpukhovian
index species (e.g., BARHAM et al. 2015).
However, this level is much older than the
traditional Vis€an-Namurian boundary of
Central Europe (e.g., WANG et al. 2018).
Therefore, the conodont evidence does not
prove that the open marine Oued Cherrat
Carboniferous includes Namurian equivalent
strata.

Since we have not studied or re-sampled the
Viséan, our detailed review and summary of
Oued Cherrat stratigraphy ends with the Al
Brijat Formation.

4. Key successions

4.1. Givetian reef at Ain Khira South
Givetian reefs stretch as a narrow band from
Ain Khira, ca. 6 km E of Bouznika, for ca. ca.
3 km to the SSE. The successions described by
ZAHRAOUI (1991), CATTANEO et al. (1993),
and ZAHRAOUI et al. (2000) have been quarried
away. This is unfortunate since former small
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quarries exposed reef facies types beautifully
in sawed walls. As a consequence, EICHHOLT
& BECKER (2016) published a section log
(from 2012) and the facies history for an inner
platform succession at the southern margin of
the most southern quarry at that time (Fig. 8),
here named as section Ain Khira South. The
evidence can be summarized as follows:

The local total thickness of the Ain Khira
Formation is almost 100 m. Conodont samples
were barren but Stringocephalus cross-sections
found at 12 and 59 m above base prove a lower
to middle Givetian age (Fig. 9). At the base,
there are middle- to dark-gray peloidal
grainstones (MF A1) with gastropods and
subordinate brachiopods. At 7 m there are up
to 30 cm thick, late diagenetic dolomite
boulders, followed by a re-onset of MF Al. At
9 m begins a short interval with bioclastic
grainstone (MF A2, Fig. 10) containing
fragmented stromatoporids, corals, and some
crinoid debris.

Back-reef shedding of crinoid fragments in
channels or during storms is also known from
contemporaneous German reefs (e.g., KREBS
1974). An Amphipora Boundstone (MF A6) at
11 m documents the return to restricted, calm
lagoonal conditions. It is overlain by storm
beds consisting of Stringocephalus-Amphipora
float-/rudstone (MF A3, 11.5-15 m, Fig. 11).
At 16-20 m, more peloidal grainstones (MF
Al) are overlain by Stachyodes-Thamnopora
float-/rudstones (MF A4). Subsequent
bioclastic mud-/wackestones indicate even
more restricted conditions and a deepening
interval from 23 m on (MF A7). The fossil
content is poor (ostracodes, rare gastropods,
parathuramminid foraminifers). Small-sized
sparite fenestrae indicate a microbial content
(Fig. 12). Between 33 and 35 m, peloidal
grainstones (MF A1) are intercalated, as
evidence for an interval of again increased
turbidity. At 44-46 m a small patch reef
episode with MF A6 (Amphipora float-
bafflestone) is developed. A thicker patch reef
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interval ranges from 48-59 m. Stachyodes-
Thamnopora float-rudstones (MF A4) occur at
the base, followed by MF A5 (Fig. 13). Such
reefal structures within the inner platform are
characterized by small bulbous or laminar
stromatoporids, which interspaces were settled
by solitary Rugosa, branching tabulates, and
dendroid stromatoporids (Stachyodes,
Amphipora). At 59 m, MF A8, Stringocephalus
floatstones (Fig. 9), become characteristic.
Despite their thick shells, this brachiopod
group preferred protected lagoons (e.g.,
BECKER et al. 2016a). Wide-spread
disarticulated valves show their sensivity to
episodic major storm events.

At 64-65 m and 70-71 m, there are thin
Amphipora rud-bafflestones (see Fig. 14), a
typical back-reef facies that re-occurs at the top
(95-97 m, Fig. 15). The main upper part of the
succession is formed by the deeper lagoonal

MF A7. This suggests a second deepening
phase, as it was also shown in the more
northern locality of CATTANEO et al. (1993).
MF A4, Stachyodes-Thamnopora float-
rudstone, occur at 75-76 and ca. 83 m. They are
typical for lagoon parts adjacent to patch reefs;
both forms are more robust and storm-resistant
than Amphipora.

Characteristic for our section is the lack of
cyclicity and the rarity of fenestral/microbial
facies. It lacks the unit with laminites (F8 of
CATTANEO et al. 1993) separating the two
deeper lagoonal sequences. Instead, there are
the solid patch reef boulders of 48-59 m. We
did not reach the reef top. Therefore, we cannot
asses at Ain Khira South the reasons for the
reef extinction. Further studies are required to
solve this question.

Fig. 8: View on the logged Givetian inner platform reefal succession exposed in 2012 near the southern end of Ain
Khira. Beds are exposed in large, partly poorly stratified boulders (GPS coordinates N33°42°56,9” W007°01°12,8”°).
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Fig. 9: Field photo from Ain Khira South showing a
typical, thick-shelled Stringocephalus cross-section with
median septum, embedded in fine-grained bioclastic
limestone.

Fig. 10: MF A2, bioclastic peloidal grainstone with
debris of blocky stromatoporoids (S), and Amphipora
(A), Ain Khira South at 10 m.

Fig. 11: MF A3, sparitic rudstone with Amphipora (A)
and thick Stringocephalus shells (B), Ain Khira South at
ca. 12 m.
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Fig. 12: MF A7, dense mudstone with fenestral
(microbial) birdseyes (black arrows), AKS at 29 m.

Fig. 13: MF AS, stromatoporoid float-rudstone: between
bulbous stromatoporids lie delicate Amphipora (A)-rich
mud seams. Irregular component contacts create a
stylobreccioid structure, Ain Khira South at 56 m.

Fig. 14: Field example of a weathered Amphipora rud-
bafflestone (MF A6) from Ain Khira South.

Frontiers in Science and Engineering - Vol. 10-n" 1 - 2020

41



Becker & al. QOued Cherrat zone

Ain Khira South o
A6 A\
A6 A7
A7 -
A7
Al - g
A4 \
g|5 2; - A7
8o - - »
o - A4 \
=10 L‘ol:
NEIE
o g S| A7 - deepening deepening
< — —
< A6 A\
A4 - 1
- ] Az \
Al AS I AN
r | [T =)
A6 |
) fe Az \ &
A8 — L1 | ¢ 4] Az \ &
a EE R0 Az \ &
3z @}’ 60
A6 A
A2 A=\ .
> T
Al - A5 - I e A« \
% [ [ ae\
| | N\
T [l &\
A1 | I QA @\
ol T 1 926\
PR el | [N v
base ] Q& \ :a_owmg
MF A back reef facies
Peloidal Grainstone (A1) limestone & gastropod
detrital Grain-/ Rudstones (A2, A3) dolomite &N Stringocephalus

coral stromatoporoid Float-/ Rud-Boundstones (A4, A5, A6) |== faserlimestone )’ dendroid stromatoporoid

(bioclastic) mud-/ wackestone (A7) mar @  bulbous stromatoporoid

Stringocephalus Floatstone (A8) coarse grained ¥£Z% laminar stromatoporoid

MF B fore reef facies

ERLNE

b o>

i Iveolitid |
- bioclastic grainstone (B1) breccia S alveolitid cora
. sample N\ thamnoporid coral
- Stromatoporoid Coral Float-/ Rudstones (B2)
MF C boundstone facies crinoids Q solitary rugose coral
stromatoporoid coral boundstone (C1, C2, C3) brachiopod @’ colonial rugose coral

Fig. 15: Inner platform macro- and microfacies succession at Ain Khira South, based on logging in 2012. Two
transgressive episodes but no cyclicity are evident (EICHHOLT & BECKER 2016, fig. 9)
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4.2. Pragian to Famennian at Ain Dhakla

CHALOUAN & HOLLARD (1979) and
CHALOUAN (1981) published a geological
cross-section from the Beni Moussi/Ain
Dhakla area W of the Oued Cherrat (Fig. 17) to
Cakhrat-ach-Chleh (Fig. 1) on the eastern side.
This includes the type localities for the Pragian
Ain-ed-Dekhla, Emsian Dhar-es-Smene, and
originally supposed Givetian (but also Emsian)
Cakhrat-ach-Chleh Formations. Based on our
re-sampling, the ca. W-E succession can be
summarized as follows:

The shales of the Ain-ed-Dekhla Formation
at the western end are rather deeply weathered
and often covered. ZAHRAOUI et al. (2000, fig.
4) illustrated a detailed section log for the
increasingly Pragian/Emsian
transition. Starting from the Ain Dhakla spring
at x =349.2 and y = 340.85 (topographic sheet,
1 : 50 000, NI-29-XI-4b Benslimane), the new
Beni Moussi Member consists of well-bedded,
fossiliferous light- to medium-grey crinoidal
and bioclastic limestones with many chert
nodules. In the higher part there are frequent
phacopid trilobites and some gastropods.
Conodont samples from this part were,

calcareous

unfortunately, barren.

There is a gradual transition towards the
massive, thick- or non-bedded, biostromal
Cakhrat-ach-Chleh Member. A middle-grey,
fine-grained crinoidal limestone from the base
yieldled a rich conodont fauna with
Caudicriodus celtibericus (Figs. 18.12-13),
Lat.  bilatericrescens (Figs.
18.14-15), and the species
Neopanderodus perlineatus (Fig. 18.16). This
assemblage is typical for shallow settings of

multicostatus
single-cone

the Lat. bilatericrescens bilatericrescens Zone
in the ca. lower half of the lower Emsian (see
ABOUSSALAM et al. 2015). The subsequent,
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light-grey, thick and massive reefal blocks are
partly rich in stromatoporids and alveolitids.
Gastropod limestones, beds with small
brachiopods, and fine-grained bioclastic
limestones to mudstones are intercalated.
Towards the top there is a strong increase of
dolomitization, which destroyed the fossil
content.

The upper part of the lower Emsian reef is
cut off by a normal fault. Many big dolomitized
blocks lie on the slope of the plateau E of the
fault (Fig. 16). Due to poor outcrop, it is not
really clear if they only cover the slope or
whether they are embedded in a shale matrix.
CHALOUAN (1981) placed the subsequent, very
thick, first brownish weathering, then green
shales (Figs. 16, 19), which weather in small,
in his d» (“Siegenian
argillites™). the shales are
unfossiliferous, unlike the typical Ain-ed-
Dekhla Formation. Unlike as in the W, they
grade on the next hill to the E into cross-bedded
sandstones and reddish dolomite beds (Fig.
20).

A single slab of “Orthoceratid Limestone”
from the base of the problematical shales

narrow ravines,

However,

yielded single Pa-elements of Ancyrodelloides
transitans (Fig. 21) and Wurmiella sp.
(possibly a new species with arched low carina
and narrow, triangular basal cavity). The first
is the index species for the Anc. transitans
Zone in the lower half of the middle
Lochkovian; it does not range above the middle
Lochkovian (e.g., CORRADINI & CORRIGA
2012; VALENZUELA-Rios et al. 2015).
Although the limestone block is alien to the
thick green hales, it leads to the suspicion that
at least large parts of the shale unit are of
Lochkovian age. This has to be resolved by
palynological data (Fig. 19).
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Fig. 16: View on the blocky, reefal part (Cakhrat-ach-Chleh Member, dsu) of the Dhar-es-Smene Formation (upper
left) at Ain Dakhla, followed after a fault contact by deeply weathered, brownish, possibly Lochkovian shales, which
are partly covered by dolomitized reef blocks (to the upper right).
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Fig. 17: Revised stratigraphy of the transsect from Beni Moussi and Dhar-es-Smene in the W to the eastern slope of
the reef cliff at Cakhrat-ach-Chleh (middle Oued Cherrat region, updated from CHALOUAN & HOLLARD 1979).

The plateau with a quarry and small settlement
between Dhar-es-Smene and the Cherrat valley
to the E exposes banks of crinoidal to
biostromal limestone (Fig. 22), which
CHALOUAN & HOLLARD (1979) assigned to ds.
Two conodont samples were barren, which is
typical for the upper Dhar-es-Smene
Formation. Downslope and on the next hill E
of the sandstones mentioned above, there is a
thick succession of grey shales and siltstones
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(Al Brijat Formation, Fig. 22) with intercalated
accumulations of isolated, up to 2 m large
limestone olistolites and massive, compact
limestone breccias (Figs. 7, 23). This 10-20 m
thick unit, a tongue of the Ain-al-Aliliga
Formation, (d7-3) can be followed downslope to
the main road, where the number of reworked
blocks decreases. Among the olistolites,
middle to dark grey crinoidal limestones are
dominant.
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Fig. 18: Conodonts from a double reworked breccia (1-8) and from other olistolites (9-11) within the Al Brijat
Formation (dh) at the eastern summit W of the Oued Cherrat, and from the basal Cakhrat-ach-Chleh Formation at
Ain Dakhla (12-16, dsu) 1. Icriodus retrodepressus, x 45; 2. Belodella resima, x 80; 3. Polygnathus aff. xylus, with

narrowly angular posterior platform end, x 65; 4. Po. paradecorosus, x 75; 5. Po. costatus, x 30; 6-7. Po. timorensis,

x 50 and x 60; 8. Po. varcus, x 50; 9. Linguipolygnathus klapperi, x 30; 10. Po. ansatus, x 40; 11. L. linguiformis, x
35; 12-13. Caudicriodus celtibericus, x 80 and x 50; 14-15. Lat. bilatericriodus multicostatus, x 35 and 55; 16.

Neopanderodus perlineatus, x 55.

Sample S2 yielded lower Givetian
conodonts (Linguipolygnathus klapperi, Fig.
18.9, and L. linguiformis, Fig. 18.11), Sample
S3 Po. ansatus (Fig. 18.10), the index species
of the Po. ansatus Zone in the upper half of the
middle Givetian. A double reworked breccia
block (Fig. 23.2) displayed the very
heterogenous nature of a strongly unsorted and
angular clast assemblage. There are reworked
dark-grey mudstones, middle-grey bioclastic
wackestones, partly with irregular, microbial
fenestrae, peloidal grainstones, coarse,
bioclastic crinoid rudstones, and isolated
fragments of different species of tabulate
corals (thamnoporids, Roseoporella). Most
clasts are in diagenetic dissolution contacts

with thin brownish, sideritic or goethitic
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seams. Such a breccia produced a mixed
conodont fauna, consisting of Eifelian (Po.
costatus, Fig. 18.5, Icriodus retrodepressus,
Fig. 18.1) and lower/early middle Givetian
taxa (Po. timorensis, Figs. 18.6-7, Po. varcus,
Fig. 18.8, and Po. aff. xylus, Fig. 18.3), in
association with the long-ranging Belodella
resima (Fig. 18.2). One specimen is identified
as the top-Givetian to lower Frasnian Po.
paradecorosus (Fig. 18.4). Reefal blocks
typically do not have conodonts. Rud- and
boundstones contain up to 20 cm large
components, such as abundant tabulate corals
(alveolitids, favositids, thamnoporids),
stromatoporids, receptaculitids, brachiopods,
and rare trilobite remains. There is no evidence
of middle Frasnian to Famennian clasts.
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Fig. 19: Outcrop of monotonous green shales (?Pragian)
exposed along the road and on the lower slope below
(SE) of the Dhar-es-Smene reef; with C. HARTKOPF-
Froder (Krefeld) sampling for palynomorphs.

Fig. 20: View from the main road from Ain Dakhla to
the E, showing the slope occupied by
Lochkovian/Pragian shales, followed high on the next
hill (Hill E) by sandstones.

Fig. 21: Conodonts from the “Orthoceratid Limestone”
clast embedded in lower parts of the shale unit, E of the
fault that cuts off the Dhar-es-Smene reef (see Fig. 16).
Left: Ancyrodelloides transitans (blade length = 1.2
mm); middle-right: Wurmiella sp. (blade length = 1.47
mm).
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Fig. 22: Well-bedded, grey -crinoidal limestones
exposed at the southern shoulder of the plateau between
Dhar-es-Smene and the Oued Cherrat, interpreted by
CHALOUAN & HOLLARD (1979) as an eastward re-
occurrence of the Dhar-es-Smene Formation (ds).

Fig. 23: Tongue of Ain-al-Aliliga Formation within the
Al Brijat Formation at the hill E of Dhar-es-Smene. 1.
Field photo of large, compact, very solid breccia mass
exposed on the SE slope; 2. Thin-section of breccia:
polymict intraclast rudstone with unsorted, angular
clasts, often in dissolution contact, and with only a small
amount of brownish, iron-rich, fine matrix.
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Our incipient analysis of the clast spectrum
proves that an FEifelian-Givetian carbonate
ramp, both with biostromes and adjacent open
and deeper marine settings (polygnathid
biofacies), once extended to the Ain Dakhla
region. It was obviously completely eroded by
uplift after the middle/upper Givetian and then
further reworked and re-sedimented in the
upper Famennian (considering the sparse
conodont data from Ain-al-Aliga). The
following thick shales and siltstones occupying
the main eastern slope towards the Oued
Cherrat probably represent the upper Brijat
Formation, not the Ain-ed-Dakhla Formation,
as shown in the cross-section of CHALOUAN &
HOLLARD (1979; Fig. 9).

4.3. Cakhrat-ach-Chleh region

The Cakhrat-ach-Chleh Member extends
from its type locality northwards to an active
quarry at Kaf al Baroud and from there, across
the winding piste coming from Ain Dakhla, to
the central elevation of Mechra al Kraker (Fig.
1). We sampled and measured the section
along the northern slope of the road, just
opposite to Mechra al Kraker, at x =350.7,y =
342.1 (Fig. 24). The bedding is steep, vertical
or slightly overturned.

Since CHALOUAN & HOLLARD (1979)
assigned the Cakhrat-ach-Chleh Formation to
the Givetian, we were surprised to find
unequivocal lower Emsian conodonts at the
formation base (ABOUSSALAM et al. 2012,
2013). The record of Lat. bilatericrescens
bilatericrescens (Fig. 25.1.), associated with
Bel. resima (Fig. 25.2), resembles the Lat.
bilatericrescens assemblage found at the base
of the biostromal upper part of the Dhar-es-
Smene Formation W of the Cherrat river.
There is also no principle difference in the
macrofauna of both reef units: we did not
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encounter any stringocephalids or Givetian-
type rugose corals at Kaf al Baroun.

The lower Cakhrat-ach-Chleh Member
(previously formation) consist of different
carbonate platform microfacies types (Fig. 26)
which re-occur in distinctive episodes. There
was no bioherm but a wide, storm- and current-
influenced shallow platform with dominant
crinoid forests in deeper and marginal parts and
with low-relief coral-stromatoporid patch
reefs, that sheltered areas dominated by
branching forms (thamnoporids, Stachyodes).
Recurrent large storms destroyed almost
completely the in-situ record of reef builders.
Typical lagoonal facies, such as Amphipora or
microbial limestones, are rare or missing. Our
comprehensive section logging (at meter scale)
established the  following
characterized by minor sea-level change and
lateral shifts of patch reef construction (with
some identifications my A. MAY, Unna;
compare MAY 1993, 2005).

succession

Base (0-3 m): middle-grey, variably coarse (pack- to
rudstone), detrital crinoidal limestones; typical
microfacies (Fig. 26.1): strongly recrystallized, flaser-
bedded, crinoid-intraclast rudstone; storm-swept, open
neritic, marginal, deeper platform setting with crinoid
forests and an influx of open marine organisms
(conodonts).

4-5 m: level with phaceloid rugose corals; subtidal patch
reef.

5 m-A: fine-grained, recrystallized, micritic to
microsparitic, bioturbated dacryoconarid packstone with
fine and large pyrite aggregates (Fig. 26.2); short-termed
deepening causing an intercalation of pelagic or at least
deep neritic facies.

5 m-B: biostromal limestone with blocky stromatoporids
(Stromatoporella sp.), laminar alveolitids
(Squameoalveolites?), chaetetids, brachiopod debris,
and solitary Rugosa; microfacies: stromatoporid-coral
rudstone with fragmented crinoids and dark, brownish
micrite matrix (Fig. 26.3); storm-influenced biostrome
core.
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Fig. 24: Well-bedded crinoidal limestone at the base of the Cakrat-ach-Chleh Member on the northern slope of Kaf

al Baroun, which yielded typical lower Emsian conodonts.

13 m: light-grey to reddish, thick-bedded storm beds;
microfacies: partly dolomitized grain-rudstone with
large brachiopod fragments, intraclasts, crinoid and
stromatoporid debris (Fig. 26.4); tempestitic biostrome
platform.

14 m: light-grey, detrital crinoid limestone; deeper
platform influenced by storms.

20 m: light grey or reddish-grey crinoid-reefal debris
with thamnoporids; minor shallowing of platform.

Fig. 25: Conodonts from the base of the Cachrat-ach-
Chleh Member at Kaf al Baroun E of the Oued Cherrat.
1. Lat. bilatericrescens bilatericrescens, 2. Bel. resima.
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22 m: light-grey reefal debris with crinoids, tabulate and
solitary rugose corals; storm-ridden biostrome platform.
24 m: middle- to dark-grey stromatoporid and coral
limestone;  microfacies:  Stachyodes-Thamnopora
floatstone with some nodular stromatoporids;
moderately protected reef patch on the platform.

30 m, increasingly coarse crinoid limestones;
shallowing-upwards of deeper platform with crinoid
forests.

50 m: laminar stromatoporids; biostrome core.

52 m: Amphipora floatstone with dense, micrite to
microsparite matrix (Fig. 26.5); protected platform
depression.

53-59 m: light-to middle grey crinoid limestone; deeper
platform with storm-destructed crinoid forests.

60 m: middle-grey, detrital limestone with crinoids and
alveolitids; microfacies: wacke-floatstone with fine shell
debris, small, rounded tabulate coral clasts, very fine,
reddish dolomite, and partly washed out micrite matrix
(Fig. 26.6); storm-and current-influenced, moderately
deep platform.

61-62 m: middle-grey, fine-grained crinoid limestone;
deeper platform.

63-64 m: middle- to dark-grey Tabulata (Scoliopora
sp.)-stromatoporid  (Stachyodes  sp.)  limestones;
microfacies:  stromatoporid-coral  floatstone  with
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subrounded reef builder clasts, shell filaments, and dark
micrite to calcisiltite matrix (Fig. 26.7); moderately
protected platform near a patch reef.

65-77 m: middle- to dark-grey crinoid limestones,
occasionally with stromatoporids (69 m); longer-lasting
episode of platform drowning with storm-ridden crinoid
forests.

78 m: dolomitized Stachyodes baffle-rudstone;
moderately protected platform near a patch reef.

80-84 m: middle grey, partly reddish-grey crinoid
limestones; deeper platform.

84-85 m: reddish Stachyodes limestone; microfacies:
Stachyodes rudstone with stylolithic clast contacts and
fine, pyritic micrite matrix (Fig. 26.8); moderately
protected reef patch.

86-88 m: reddish crinoid limestone; deeper platform.

Fig. 26: Heterogeneous microfacies of the Cachrat-ach-Chleh Emsian reef platform. 1. Coarse, strongly

89-91 m: middle- to dark-grey micritic limestone;
platform drowning (?), but without influx of open water
organisms.
92 m: detrital crinoid limestone; drowned/deeper
platform.

At the eastern end, the limestones are
sharply cut off by a fault; the biostrome
extinction patterns cannot be studied. The
following silty shales and laminated,
micaceous siltstones belong to the Al Brijat
Formation, possibly to higher parts since we
did not observe any limestone olistolites.

recrystallized, flaser-bedded, crinoid-intraclast rudstone with oblique running, post-sedimentary calcite vein, at 3 m,
x 2.8; 2. Dark, fine-grained, recrystallized, micritic to microsparitic, bioturbated dacryoconarid packstone with fine

and large pyrite aggregates, at ca. 5 m, x 2.4; 3. Stromatoporid-coral rudstone with chaetetids, some fragmented

crinoids and dark, brownish micrite matrix, at ca. 5 m, x 1.9; 4. Coarse, partly dolomitized grain-rudstone with large
brachiopod fragments, intraclasts, crinoid and stromatoporid debris, at 13 m, x 2.4; 5. Amphipora floatstone with
dense, micrite to microsparite matrix, at 52 m, x 2.7; 6. Wacke-floatstone with fine shell debris, small, rounded coral

clasts, very fine, reddish dolomite, and partly washed out micrite matrix, at 60 m, x 2.8; 7. Stromatoporid-Tabulata

floatstone with subrounded reef builder clasts, shell filaments, and black, micrite to calcisiltite matrix, at 64 m, x 1.7;
8. Stachyodes rudstone with stylolithic clast contacts and fine, pyritic micrite matrix, at 85 m, x 2.
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Fig. 27: Thick-bedded alternation of basal Frasnian limestone breccias and biostromal limestone at the type locality

of the Lower Member of the Ain-al-Aliliga Formation.

WSW

Ain-al-
Aliliga

ENE

Oued
Cherrat

Cakhrat-Mohammed-
Ben-Brahim

Fig. 28: Geological cross-section from the area W of Ain-al-Aliliga to Cakhrat Mohammed-Ben-Brahim in the E; for
detailed explanation see text (updated from CHALOUAN 1981, fig. 4); d2 = Pragian, ds = lower Emsian, ds.1 = upper
Emsian, ds4-2 = Eifelian, ds = Givetian, d7 = upper Famennian, dh = upper Famennian/Tournaisian, hv = Viséan).

4.4. Pragian to Famennian at Ain-al-Aliliga
to Cakhrat Mohammed-Ben-Brahim

The locality name Ain-Al-Aliliga stands for
a ca. W-E running secondary valley starting on
topographic sheet Benslimane, 1 : 50 000, just
E of the asphalt road coming from Beni Moussi
in the N, or just N of Dayet ach Choum.

Hassan II Academy of Science and Technology

Following the ‘piste’ eastwards, which has
been much improved in 2015, there is the Ain-
Al-Aliliga spring at ca. x = 350.55, y = 337.05
(GPS N33°37°16.3” W007°00°48.9°"). From
there, the track winds down to the Oued
Cherrat, where it takes a sharp turn, reaching
the bases of the two massive limestone units of
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Cakhrat Mohammed-Ben-Brahim (the first at
ca.x =351.5,y=337.75). Our detailed logging
and re-sampling followed the cross-section of
CHALOUAN (1981, fig. 4), resulting in
stratigraphic revisions and improvements (Fig.
28). We did not study the Viséan and Pragian
strata W of Ain-Al-Aliliga (Fig. 28).

4.4.1. Beni Moussi Member

At the western end of the widely visible
limestone outcrop (GPS N33°37°17.0”
W007°01°09.2°"), there is a ca. 20 m thick
succession of medium- to dark-grey, well-
bedded, solid, neritic limestones with crinoid
debris, poorly reserved phacopids,
brachiopods, receptaculites (Fig. 28), and
common chert nodules, the Beni Moussi
Member of the Dhar-es-Smene Formation
(dsu). A typical microfacies are peloidal,
bioclastic  mud-wackestones  (Fig.  30).
Conodont samples were barren. Therefore, the
position of the Pragian/Emsian boundary is
locally unknown, especially with respect to the
currently open stage boundary definition
(current Zinzilban GSSP definition versus the
proposed new level at the entry of
Eolinguipolygnathus excavatus M114; see
discussion in CARLS et al. 2008, 2009).

4.4.2. Cackrat-ach-Chleh Member and Lower
Member of the Ain-Al-Aliga Formation

There is a gradual transition into the
massive boulders of the thick, poorly studied
Emsian reef (Cakhrat-ach-Chleh
Member, Fig. 31). It occupies as an anticline
the top of the northern hill, where it is
increasingly exploited by a new quarry. In the
woody SE slope, it is sometimes difficult to
locate precisely the boundary between the
Emsian reef complex and the overlying Ain-
Al-Aliga Formation. Controlled by folding and
faulting, the latter cuts down variably into the
Beni Moussi or Cakhrat-ach-Chleh Members.

The Lower Member of the Ain-Al-Aliga
Formation begins with distinctive, thick,

lower

Hassan Il Academy of Science and Technology

polymict limestone conglomerates and
breccias (Figs. 32-33) that show neither sorting
nor grading. Uplift and erosion of a local
carbonate platform occurred after lithification;
many clasts show cut off corals. There must
have been a long period of erosion that reached
down into different units, as represented by
black (lagoonal) mudstones, middle-grey
crinoid limestones, and middle-grey coral-
stromatoporid float-rudstones (Fig. 33). At
least partially, recurrent reworking in a
nearshore high-energy setting led to clast
rounding prior to re-deposition. The matrix is a
brownish dolomite-siderite mud. It suggests
that the unit originated in a nearshore setting
with  incipient evaporation and the
accumulation of fine, iron-rich terrestrial mud.
During the seismically triggered downslope
transport, the mass flow picked up isolated
tabulate corals and branching stromatoporids
(Stachyodes). Their fragments lie free in the
matrix, next to fragmented reefal limestone
clasts (Fig. 33). These corals and sponges lived
shortly before or at the time of the seismic
event. Matrix lamination may be the result of
current-induced winnowing after the main re-

deposition event.

Fig. 29: Field photo of a limestone slab with a large,

eroded Receptaculites (total diameter = 11 cmy;
problematical thallus of green algae), upper part of Beni
Moussi Member at Ain-Al-Aliliga.
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Fig. 30: Rather monotonous peloidal mudstone with
some crinoid debris from the upper Beni Moussi
Member at Ain-Al-Aliliga.

Fig. 31: Massive reef boulders of the Emsian Cakhrat-
ach-Chleh Member at Ain-Al-Aliliga (slope NW of
spring), view from the W-E track.

Fig. 32: Coarse, unsorted breccia (mass flow deposit)
from near the base of the Lower Member of the Ain-Al-
Aliliga Formation (basal Frasnian). Clasts are angular to

subrounded, light-grey = weathering  limestones
embedded mostly without contact in a brownish, non-
calcareous matrix (picture width = 13 cm).
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Fig. 33: Polished section of the same slab as in Fig. 31,
showing the heterogeneity of limestone clasts: dark-grey
mudstones (lower part, partly rounded), medium-grey
crinoid limestones (wacke-packstones, middle to upper
part), coral-rich float-rudstones, and isolated tabulate
corals (alveolitids, thamnoporids). The fine dolomite-
siderite matrix is laminated in the upper part.

Fig. 34: Slab of bluish Stachyodes floatstone from the
Lower Member, typical for a shallow lagoonal setting.

Fig. 35: Floatstone with isolated, silicified rugose and

tabulate corals from the middle, non-brecciated
biostromal limestone within the Lower Member of the
Ain-Al-Aliliga Formation.
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Fig. 36: Medium-sized Heliolites colony from the
Lower Member of the Ain-Al-Aliliga Formation, typical
for Givetian reefs (picture width ca. 10 cm).

Fig. 37: Silicified Phillipsastrea colony from the Lower
Member of the Ain-Al-Aliliga Formation, index rugose
coral for the Givetian/Frasnian (picture widths 5 cm).

Fig. 38: Large, silicified alveolitid coral from the Lower
Member, Ain-Al-Aliliga Formation (picture width 15
cm).

The more than 50 m thick Lower Member
consists of two boulder units with breccias and
a bedded middle interval with silicified coral-

brachiopod limestones (Fig. 35) and detrital,

dark-grey, autochthonous limestones that
resemble the inter-reefal Flinz limestones of
the Rhenish Massif. We observed the
following facies types:

Hassan Il Academy of Science and Technology

a. well-sorted crinoidal grainstones with syntaxial
cements (EICHHOLT & BECKER 2916, fig. 7a, MF Bla) —
crinoid meadows

b. bioclastic crinoid grainstone with brachiopods and
solitary Rugosa, often silicified — biostrome margin

c. brachiopod-solitary Rugosa floatstone, often silicified
(EIcCHHOLT & BECKER 2016, fig. 7e, MF C1) — biostrome
margin

d. coral floatstone with thamnoporids, alveolitids,
laminar stromatoporids, and solitary Rugosa, often
silicified (Fig. 34, MF C3) - biostrome

e. Stachyodes-Thamnopora floatstone (MF A7, Fig. 34)
— protected inner biostrome or bioherm lagoon

f. gastropod floatstone — biostrome depression or lagoon
g. coral float-rudstone with tabulate (Favosites,
Thamnopora, Alveolites) and rugose (Phillipsastrea)
corals, sometimes silicified (Fig. 37) — storm affected
biostrome to bioherm

h. coral-rich reef breccias (extraclast rudstones, Figs.
41.1-4) with Tabulata (MF B2b, Heliolites, Fig. 36,
Alveolites, Fig. 38, Thamnopora, Fig. 41.3), bulbous or
laminar stromatoporids (up to 20 cm large), and solitary
Rugosa (Fig. 41.1) — seismically shocked biostrome (in-
situ brecciass) and proximal mass flows on the upper
slope of tilted block

i. crinoidal grainstones with reefal slump blocks —
seismically shocked biostrome margin, receiving clasts
from uplifted, tilted block

j. organic-rich mudstones - lagoon

The facies assemblage shows that there was
a biostromal carbonate platform bordered by
crinoid forests and brachiopod-rugose coral
banks (see facies model of EICHHOLT &
BECKER 2016, fig. 6). The bulbous
stromatoporids and common rudstones
combined with some back-reef facies types
indicate that a small bioherm with steep slopes
and a sheltered lagoon developed eventually.
Since most samples yielded at least some
conodonts, an influx of open-water organisms
persisted. In the lower part, icriodid-rich
shallow-water conodont faunas are typical.
The platform was strongly affected by syn- and
post-sedimentary  seismic shocks (block
tectonics), leading to internal brecciation and
the shedding of mass and debris flows from
uplifted and tilted near-by areas. The polymict
nature of the breccias (Figs. 41.1-4) shows that
they do not represent “normal’” marginal slope
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debris flows of a bioherm. At the top of the
Lower Member, a reworked polygnathid-
dominated assemblage shows that outer ramp
limestones started to be uplifted and eroded.

The age of the destructed carbonate
platform can be assessed by the dating of
individual blocks and of mixed faunas from
breccia units (Tab. 1). The oldest breccias
should provide the youngest age, the age of
carbonates which were eroded first. This
approximates the onset of Eovariscan
reworking. None of our samples from the
Lower Member includes any Famennian
conodonts. The stratigraphically youngest
taxon, indicating the basalmost Frasnian (MN
1 Zone), is an Ad. rotundiloba pristina from the
“lower conglomerate” (Fig. 39). It is associated
with Po. webbi and Po. paradecorosus, two
species that straddle the Givetian-Frasnian
boundary (e.g., ABOUSSALAM & BECKER
2007). Typical lower/middle Givetian
Linguipolygnathus (L. linguiformis and L.
mucronatus) show that some of the clasts
derived from much older parts of the carbonate
platform that pre-dated the global Taghanic
Crisis (ABOUSSALAM 2003). This is supported
by reworked L. [linguiformis in younger
conglomerates (Fig. 40.7). A second sample
from the basal part of the Lower Member
(“basal breccia”) may be upper Givetian in age
but all taxa found range into the basal Frasnian.
Sample AAA is dominated by Icriodus
expansus (56 %), followed by
morphotypes of 1. subterminus (47.5 %, Fig.
40.1-2); L tafilaltensis is present, too. The
assemblage falls in the 1. subterminus Zone
sensu NARKIEWICZ & BULTYNCK (2010) but it
is not possible to specify a subzone.

A sample from the main part of the
conglomerate/breccias is rather species-rich,
heterogeneous and heterochronous in nature.
There are single cone taxa typical for very
shallow reefal settings (Belodella resima,

two

Neopanderodus perlineatus), a small amount

Hassan II Academy of Science and Technology

of lower/middle Givetian forms (L.
linguiformis, Fig. 40.7), middle/upper Givetian
icriodids (/. brevis, 40.3, I difficilis, Fig. 40.4,

1. expansus,

Fig. 39: Ancyrodella rotundiloba pristina from the
“lower conglomerate” near the base of the Lower
Member of the Ain-Al-Aliliga Formation (max. width =
0.43 mm)

Fig. 40.5, I tafilaltensis, Fig. 40.6), long-
ranging lower-upper Givetian polygnathids
(Po. xylus, Fig. 40.11, Po. varcus, Fig. 40.10),
and upper Givetian index polygnathids, such as
Po. ordinatus (Fig. 40.12, Po. paradecorosus,
Po. cf. paradecorosus (Fig. 40.9: approaching
the platform size and ornament of Avignathus
decorosus), and Po. dengleri dengleri. One
specimen (Fig. 40.8) represents a still un-
named new genus and species, which
ABOUSSALAM (2003) illustrated as
?Skeletognathus n. sp. from the top-Givetian
Skel. norrisi Zone of the Montagne Noire.
According to NARKIEWICZ & BULTYNCK
(2010), the presence of [ symmetricus
indicates that basal Frasnian clasts are present.
Associated are agglutinating foraminifers
(Hyperammina, Thurammina, Tolypammina),
indicative for clasts from condensed
sedimentation, intertidal ooids with polished
surface, and pyritized juvenile bivalves,
evidence for hypoxia — each representing
completely different biofacies.
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Ain-Al-Aliliga Formation, Lower Member Upper Mbr. | Al Brijat Fm.
Conodont zones ?MN1 | MN1 |subt. | MN 1 MN 1 | Frasn. |Frasn.|(Fam.) | steinach. | L.Giv.
Sample no. b:’::fia l‘;;vfr AAA “;g:“ ::Ef dt;’:l’l. Klotz | VFP | griotte | block
Belodella resima 2 11 22 6 3
Prionodina sp. 1
Po. xylus 7 1 4 3 3
Po. varcus 1 6 34
Po. ovatinodosus 1
Po. paradecorosus 2 3 1 17 82 623
I. tafilaltensis 3 2 4 1? 94
1. expansus 1 114 9 35
Ling. linguiformis M 81b 1 4 2 2
Ling. mucronatus 1
Ad. rotundiloba pristina 1
Po. webbi 1 72 25
I. subterminus Morph alpha 67 9
I. subterminus Morph beta 30 23
Neopand. perlineatus 7
1. symmetricus 3 1 3
L difficilis 3
I brevis 2 2
Po. cf. paradecorosus 3
Po. dengleri dengleri 1
Po. ordinatus 1 1
N. Gen. n. sp. 1
Po. aff. xylus 17
I n. sp. aff. symmetricus 9
Po. aff. paradecorosus 1
Po. timorensis 3
Po. alatus 42
Po. aff. dubius 16
Po. pollocki 2
Polygnathus sp. (pathol.) 1
T. variabilis 6
T. aff. caelatus 3
Phoebodus gothicus X
T. aff. weddigei 2
Caud. steinachensis 3
Panderodus sp. 9

Tab. 1: Range of conodonts and sharks in samples from the type Ain-Al-Aliliga and olistolites within the Al Brijat
Formation.
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Fig. 40: Conodonts from Ain-Al-Aliga, samples AAA (1-2), main conglomerate (3-12), “Klotz” (13-16), VFP (17-
26), and Al Brijat (sample “block™, 27). 1-2. . subterminus, x 90; 3. I. brevis, x 85; 4. I. difficilis, x 65; 5. I. expansus,
x 70; 6. 1. tafilensis, x 60; 7. L. linguiformis, x 70; 8. N. Gen. n. sp., x 60; 9. Po. paradecorosus, with long free blade,
transitional towards the Pa element of Avignathus decorosus, x 60; 10. Po. varcus, x 55; 11. Po. xylus, x 80; 12. Po.
ordinatus, x 45; 13. I. symmetricus, x 60; 14. L. linguiformis, x 70; 15. Po. timorensis, x 85; 16. Po. webbi, x 50; 17.
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L tafilaltensis, x 55; 18. Po. alatus, x 35; 19. Po. ordinatus, x 40; 20. Po. pollocki, distorted, x 45; 21. Po. webbi, x
40; 22. T. aff. caelatus, with partially free blade, x 35; 23. T. aff. weddigei, x 40; 24. T. variabilis, x 40; 25. I. expansus,

x 60; 26. I. subterminus, x 85; 27. L. linguiformis, x 50.

Fig. 41: Microfacies of breccia samples from the Lower Member of the Ain-Al-Aliliga Formation; scale bar = 2 mm.
1. Extraclastic rudstone with subrounded clasts of dark-grey bioclastic wackestone with gastropod (upper center),
middle-grey bioclastic wackestone with crinoid debris (upper left), bioclastic coral floatstone with favositids (lower
part), and an isolated solitary rugose coral, all sitting in a dense, unsorted, bioclastic packstone matrix, “Lower
conglomerate” (MN 1 Zone); 2. Extraclastic rudstone showing additional, mostly angular clast types, such as coarse
crinoidal packstone (lower right), dark-grey intraclast pack-rudstone with a parathuramminid foraminifer (lower left,
Cribrosphaeroides (Parphia) robusta), middle-grey bioclastic floatstone with a thamnoporid branch (middle left),
and an isolated fragment of tabulate coral (upper center), “Lower conglomerate” (MN 1 Zone); 3. Sparitic brachiopod-
coral grain-rudstone with variably recrystallized, thin to thick brachiopod shells, thamnoporids, and other tabulate
corals in a fine intraclast matrix, “main breccia” (basal Frasnian); 4. Coarse extraclastic rudstone with clasts of
middle-grey bioclastic wackestones rich in fine crinoid debris, small gastropods, and tabulate coral (perhaps Coenites,

lower left), “basal breccia” (top-Givetian).

From the top of the middle, non-brecciated
interval of the Lower Member comes a sample
(“top reef”) with some scolecodonts (typical
for neritic limestones) and spherical “conodont
pearls” (see LINDSKOG et al. 2017 for a recent
discussion). Among the conodonts, Po.
paradecorosus and Po. varcus are dominant.
Associated are 1. n. sp. aff. symmetricus sensu
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SCHUMACHER (1971), Po. aff. xylus (with Po.
varcus-type anterior basal pit), and Po. aff.
paradecorosus (even more transitional towards
Av. decorosus; with a long free blade and
wider, flatter small platform than in typical
paradecorosus). This fauna indicates a top-
Givetian age for the clasts.
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The combined evidence dates the first main
episode of Eovarican uplift and reworking as
top-Givetian to basal Frasnian. It is remarkable
that there are no pre-Givetian clasts/conodonts.
Erosion had not yet penetrated the Givetian
carbonate platform. A younger age should have
resulted in the presence of typical Frasnian or
Famennian conodont assemblages. At the
eastern end of the main Ain-Al-Aliliga hill, the
Lower Member is overlain by yellowish, thin-
bedded dolomites without macrofauna that dip
gently to the E. They yielded only belodellids
(Tab. 1). This suggests a post-reefal calm, very
condensed, and very shallow to slightly
evaporitic sedimentation that was no younger
than the Frasnian.

4.4.3.
Formation

The typical Ain-al-Aliliga Formation is
exposed around the spring and characterized
by up to 3 m large, rounded or angular clasts,
abundant dark-grey weathering quartzites,
light-grey volcanites, and mixed limestones
(Fig. 42). The clast size decreases upwards,
whilst dolomitization increases. One block
(“Klotz”) yielded a mixed conodont fauna with
lower/middle Givetian (L. linguiformis, Fig.
40.14, Po. timorensis, Fig. 40.15, Po. xylus, L.
brevis) and basal Frasnian species (/.
symmetricus, Fig. 40.13, and Po. webbi, Fig.
40.16). A very rich and diverse conodont
assemblage came from Sample VFP (Tab.1),
collected just N of the track. It is by far
dominated by Po. paradecorosus (70 %),
followed by common (10.5 %) I tafilaltensis
(Fig. 40.17). There are various polygnathids of
the Givetian-Frasnian transition: Po. ordinatus
(Fig. 40.19), Po. alatus (Fig. 40.18), Po. webbi
(Fig. 40.21), Po. aff. dubius, and Po. pollocki
(Fig. 40.20). Lower/middle Givetian index
species or even older taxa are absent. A minor
content of tortodids (7. aff. caelatus, Fig.
40.22, T. aff. weddigei, Fig. 4023, T.
variabilis, Fig. 40.24) resembles the bloom of

Upper Member of Ain-al-Aliliga
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the genus in the Taghanic Crisis Interval at the
middle/upper Givetian boundary
(ABOUSSALAM  2003; ABOUSSALAM &
BECKER, 2011). Three /. symmetricus indicate
the basal Frasnian (NARKIEWICZ & BULTYNCK
2010).

The mixture of (only) upper Givetian/basal
Frasnian and Lower Palaeozoic clasts is
intriguing. It could be explained by the original
transgression of an upper Givetian carbonate
platform directly on an uplifted Lower
Paleozoic block - prior to the second
Eovariscan uplift. This aspect
confirmation by further sampling: the search
for clasts of other time intervals. We could not
confirm the upper Famennian conodonts
reported in CHALOUAN (1981). However, we
found in Sample VFP five teeth of Phoebodus
gothicus gothicus and four teeth of Ph.
gothicus transitans (SCHWERMANN 2014). The
first subspecies ranges in the Anti-Atlas from
high in the lower Famennian (Pa. glabra
pectinata Zone) to the upper Famennian (B.
costatus Subzone). In Poland, it ranges even
higher, until the global Hangenberg Event
(e.g., GINTER & IvANOV 2000). The second
subspecies was so far only known from the
supposed middle/upper Famennian of Algeria
(GINTER et al. 2002). The combined data show
that the second regional Eovariscan reworking
event occurred high in the upper Famennian.

requires

4.4.4. Ain-ad-Dekhla Formation

Down towards the Oued Cherrat, the
western slope of the winding track exposes,
after an obvious fault, Pragian fossiliferous
silty shales (Fig. 44). There are very common
trilobites, especially asteropygids (two species
of Metacanthina, Fig. 43.2), homalonotids
(Wenndorfia, Fig. 43.1), and Odontochile, as
spiriferids, strophomenids
(Dalejodiscus  aff. subcomitans, det. U.
JANSEN, Frankfurt a. M., Fig. 43.3), large
ostracods (zygobeyrichiid, det. H. GROOS-
UFFENORDE, Goéttingen, Fig. 43.4), and solitary

well as
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rugose corals (HELLING & BECKER 2015;
HELLING in BECKER 2015). As typical for the
formation, fossils are stained by limonite. The
neritic siliciclastic facies is in contrast with the
subsequent shallow-water limestones. There

must have been a change in the weathering
regime and in the discharge of fine detritus,
perhaps induced by a change from humid to
arid conditions.

Fig. 42: Upper Member of the Ain-Al-Aliliga Formation in outcrop (type locality), with unsorted, subrounded,

polymict clasts.

4.4.5. “Central Section”

Around the next corner to the E, another
fault delimits the Pragian shales and the dip
changes, with beds becoming younger from E
to W. This was not evident in the cross-section
of CHALOUAN (1981), who suggested, instead,
a syncline structure. Along the track lies our
“central section”, which ranges from the upper
Pragian (Fig. 45) into the Eifelian (Figs. 48,
50). The basal, greenish-grey shale (Bed 1)
belongs to the upper part of the Ain-ad-Dekhla
Formation. This is supported by some trilobites
found in a shale package below (to the E). Bed
2 is a peculiar, 70 cm thick, dark-grey, massive
but lenticular brachiopod floatstone (Figs. 45,
46). Apart from a few scolecodonts, it yielded
a monotypic conodont fauna with Caud. cf.
curvicauda. Typical representatives of the
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species and similar cf. specimens (without
curved posterior end) range in the Anti-Atlas
from the upper Pragian Lat. steinachensis Zone
into the basal Emsian. Therefore, we place the
brachiopod limestone close to the Pragian-
Emsian transition. Since there is no change of
bedding (Fig. 45), the contact to the overlying
shale appears to be conformable (Beds 3 and 5,
with limestone lenses = Bed 4). However, the
overlying limestone (Bed 6, bioclastic
wackestone, Fig. 50.1) yielded much younger
conodonts from the lower-upper Emsian
transition (Tab. 2). Where is the thick Dhar-es-
Smene Formation? In the field we did not
observe a fault (Fig. 45) but the lenticular
nature of the brachiopod limestone is
suspicious and indicates tectonic contacts. The
fauna of Bed 6 includes common Bel. resima,
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Fig. 43: Trilobites and brachiopods from the Ain-ad-
Dekhla Formation at Ain-al-Aliliga. 1. Wenndorfia sp.,
cephalon, length = 10.4 mm; 2. Four cephala of
Metacanthina n. sp.; 3. Small strophomenid
Dalejodiscus aff. subcomitans (Plectambonitoidea; det.
U. JANSEN), width 12 mm; 4. Large zygobeyrichiid
(width = 6 mm).

Fig. 44: Trilobite-rich shales of the Ain-ad-Dekhla
Formation on the eastern slope at Ain-al-Aliliga.

Fig. 45: Upper Pragian brachiopod limestone, followed
conformably (?) by a shale unit (base of measuring
stick), limestones with basal upper Emsian conodonts,
and (above the stick) supposed Daleje Shale equivalents
(Lower  Member of  Mohammed-Ben-Brahim
Formation).
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Fig. 46: Upper limestone

Pragian  brachiopod
(floatstone), Bed 2 of “central section” at Ain-al-Aliliga.

Neop. perlineatus, acrotetrids (minute,

phosphatic, cone-shaped inarticulate
brachiopods), and acanthodian dermal scales.
Age diagnostic is Latericriodus beckmanni
sinuatus, which enters in the Anti-Atlas in the
Lat. latus Zone (upper part of lower Emsian),
but it ranges into the upper Emsian
(ABOUSSALAM et al. 2015).
homorectus first occurs in the basal upper
Emsian /. fusiformis Zone.
The shales of Beds 3 and 5 and the 1.3 m thick
greenish shale of Bed 5 are tentatively
correlated with the Daleje Shales at the base of
the upper Emsian. At the top is an up to 2 m
large slump block (Bed 10) and evidence of
faulting. It is followed by ca. 6.5 m (Beds 11-
27a) of thin-bedded, bioturbated, macrofauna-
poor nodular limestone and flaserlimestone.
This unit, which has no other described
exposure in the Oued Cherrat, is assigned to a
new, local Upper Member of the Mohammed-
Ben-Brahim Formation (Figs. 47, 49). Bed 13b
is a trilobite floatstone (Fig. 50.2) with
anarcestid cross-sections (Fig. 48). It also
contains  Bel. and Caudicriodus
culicellus culicellus (Tab. 2). The latter is an
alternative index species for the basal upper
Emsian [ fusiformis Zone (GOUWY &
BULTYNCK 2003; ABOUSSALAM et al. 2015).

Icriodus

resima

Hassan Il Academy of Science and Technology

Beds 27b-57b represent fine crystalline,
macrofauna-poor calcisiltites that alternate
with dark-grey shales. They are assigned to the
Ain Kheneg-en-Nmer Formation. Typical are
dark-grey, detrital, weakly bioturbated
mudstones with trilobite debris (Fig. 50.3),
small shell filaments, or parathuramminids
(Fig. 49.4). The latter are normally typical for
Givetian lagoons (VACHARD et al. 1994;
EICHHOLT & BECKER 2016) but may range into
hypoxic open marine settings (see BECKER et
al. 2016b for a Famennian example), As an
exception, we collected a large Favosites
colony in Bed 33. This tabulate coral genus is
also known to range from reefal into deeper-
water, muddy settings (e.g., POTTHAST &
OEKENTORP 1987).

In the lower part, Bed 31 yielded L. bultyncki,
an alternative index species for the upper
Emsian L. serotinus Zone. It is more common
in Morocco than the zonal name-giving species
(ABOUSSALAM et al. 2015). In the middle and
upper part (top Bed 31, Beds 45/46, Bed 55b)
there is evidence for slumping and
synsedimenary seismic instability but this is
overprinted by the post-sedimentary tectonics.
Bed 41 is rich in trilobite debris. The L.
serotinus Zone ranges at least until Bed 50-3.
Due to the still too crude sampling, the Emsian-
Eifelian boundary cannot be fixed. There is no
sedimentary expression of the global Chotec
Event in the basal Eifelian. Bed 57b yielded a
typical lower Eifelian conodont assemblage
(Po. costatus Zone) with dominant single
cones (Bel. vresima, Fig. 51.1, Neop.
perlineatus, Fig. 51.2), rare Po. costatus (Fig.
51.3) and Po. zieglerianus (Fig. 51.4). The
conodont biofacies indicates a neritic setting
but  associated  planktonic  ostracods
(entomozoids, Fig. 52) are more typical for a
pelagic environment. A small shale/marl cliff
(Bed 59) follows.
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Fig. 47: Section log for the Emsian/Eifelian “central section” at Ain-al-Aliliga showing the lithostratigraphy,
slumping intervals, position and age of conodont samples, and the sparse macrofauna record.

Hassan I Academy of Science and Technology Frontiers in Science and Engineering - Vol. 10-n" 1 - 2020



64

Becker & al. Oued Cherrat zone
Ain-al-Aliliga, central section
Conodonts zones steinachensis fusiformis serotinus costatus
Sample no. brachiopod Ist. base "Eif. Ist." Em 13 Em31-2 | Em50-3 top D3
bed no. 2a 6a 13b 31-2 50-3 57-b
Caud. cf. curvicauda 32
Lat. beckmanni sinuatus 5
1. homorectus 5
Bel. resima 27 7 * 1 17
Neopand. perlineatus 10 * 1 * 9
Caud. culicellus culicellus 15
Ling. bultyncki 1 1
Po. costatus 1
Po. zieglerianus 1
total conodonts 32 47 22 2 2 28

Tab. 2: Conodonts from the “central section” at Ain-al-Aliliga, illustrating the mysterious gap between top-Pragian
and top lower Emsian limestones.

Fig. 48: Cross-sections of phacopids and an anarcestid
in the Upper Member of the Mohammed-Ben-Brahim
Formation at Ain-al-Alilig (Bed 13b, picture width 7
cm).

The western end of the “central section” is
characterized by irregular bedding and
slumping (Fig. 53). Limestone beds
disintegrated to bands of limestone blocks.
This interval ranges to the fault zone that
separates the Ain-ad-Dekhla Formation (dz) in
the W.
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4.4.6. Al Brijat Formation (dh)

CHALOUAN (1981) showed a second small
syncline with limestones of the Dhar-es-Smene
Formation (ds) in his cross-section (Fig. 28).
Limestones do not crop out along the track that
winds down towards the Oued Cherrat. A fault
zone separates greenish shales of the Ain-ad-
Dekhla Formation (d2) from unfossiliferous,
grey silty shales of the Al Brijat Formation
(dh). On the gentle slope above the main curve
to the E, close to the Cherrat river, the shales
are deeply weathered and include numerous
isolated olistolites. Dominant are reef
limestone blocks with solitary Rugosa,
Thamnopora and stromatoporids, crinoid
limestones, and cannibalized (secondarily
reworked) breccia clasts. One of the
conglomerate block yielded two specimens of
L. linguiformis (Fig. 40.27).
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Fig. 49: New Upper Member of the Mohammed-Ben-Brahim Formation at Ain-al-Aliliga, consisting of micritic,

pelagic flaserlimestone.

This proves that parts of a lower/middle
Givetian carbonate ramp were excavated and
double reworked. In addition, there are
laminated limestone concretions without
conodonts. A single clast of light-grey griotte
limestone (bioturbated bioclastic wackestone,
Fig. 54) contained, surprisingly, three
specimens of the upper Pragian index icriodid
Lat. steinachensis. Associated are more
common and  acrotetrid
brachiopods. This deeper neritic, calcareous
litho- and biofacies is in strong contrast to the
ca. contemporaneous, siliciclastic Ain-ad-
Dekhla Formation to the W. Most likely, the
clasts derived from a deeper neritic upper
Pragian carbonate ramp that once existed E of
the clastic shelf area. It may have been

Panderodus

equivalent to the transitional limestones
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reported from Ain Dakhla (CHALOUAN 1981;
see 3.4.) but the biofacies is clearly different. It
is unlikely that the “griotte” block was
transported over a large distance.

4.4.7. Cakhrat Mohammed-Ben-Brahim

The main track follows the NW side of the
Oued Cherrat. According to CHALOUAN (1981)
the shales in this part are Silurian in age, which
implies a steep fault separating them from the
shales and siltstones of the Al Brijat
Formation. The following area named as
Cakhrat Mohammed-Ben-Brahim is marked
by two steep cliffs with reef limestone, the first
of which is in fault contact with the shales at its
western end (Fig. 55). The general succession
and geological structure of the area has first
been documented by GENDROT et al. (1969).
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1

Fig. 50: Mikrofacies of carbonates from the “central section” at Ain-al-Aliliga; scale bar = 2 mm. 1. Bioclastic
wackestone with dense, fine, bioturbated micrite matrix, shell filaments and rare trilobite fragment,s Bed 6a, 1.
fusiformis Zone, basal upper Emsian; 2. Bioturbated, nodular trilobite floatstone with partly microsparitic matrix and
many dissolution seams, Bed 13b, I. fusiformis Zone, basal upper Emsian, Upper Member of Mohammed-Ben-
Brahim Formation; 3. Detrital, bioclastic mud-wackestone (calcisiltite) with trilobite debris and shell filaments, Bed
31-3, L. serotinus Zone, upper Emsian, basal Kheneg-an-Nmer Formation); 4. Detrital, dark-grey mudstone
(calcisiltite) with parathuramminid foraminifers (Moravammina, Bisphaera), Bed 57b, Po. costatus Zone, lower
Eifelian, Kheneg-an-Nmer Formation.

Fig. 51: Conodonts from the lower Eifelian of the  Fig. 52: Entomozoid ostracod from Bed 57b (lower
“central section” of Ain-al-Aliliga (Bed 57b). 1. Bel.  Eifelian) of Ain-al-Aliliga, “central section”.

resima, x 75; 2. Neop. perlineatus, x 80; 3. Po. costatus,

x 80; 4. Po. zieglerianus, x 85.
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Fig. 53: Top part of the “central section” at Ain-al-
Aliliga showing poor bedding due to strong slumping,
overprinted by the main Variscan tectonics.

Fig. 54: Microfacies of the upper Pragian “griotte clast”
found in the Al Brijat Formation at Ain-al-Aliliga, a
light-grey, bioclastic wackestone with trilobite, crinoid,
and mollusk debris.

The Emsian “ensemble récifal inférieur”
sensu GENDROT et al. consist of an anticlinal
structure, complicated by faulting and
secondary folding. Along the track, medium-
to thick-bedded limestones of the Cakhrat-ach-
Chleh Member stand near-vertical or dip
variably steeply (with 80°) to the W and E (in
the eastern part). Dominant are light- to
middle-gray crinoidal limestones with only
subordinate reefal organisms. The typical
microfacies are bioclastic wacke-floatstones
and calcisiltites (Fig. 56). GENDROT et al.
(1969) separated a fore-reef slope setting in the
W from dominant off-reef bank carbonates in
the E. Two samples from the western and main
part of the up to 130 m thick sequence yielded,
in accord with the shallow litho- and biofacies,
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only single cone taxa (Sample R2 with six Bel.
resima and acrotetrids, Sample S7 with six Bel.
resima and six Neop. perlineatus).

Towards the eastern end, the track slope
exposes an isolated giant stromatoporid with
ca. I m diameter. It is overlain by well-bedded,
bioclastic to increasingly nodular limestones.
A sample from this interval yielded Caud.
celtibericus (12 specimens), Criteriognathus
steinhornensis (12 specimens), Lat. beckmanni
beckmanni (two specimens), Lat.
bilatericrescens bilatericrescens (four
specimens), Neop. perlineatus (13 specimens),
and, by far dominant, Bel. resima (90
specimens, 63 %). This assemblage is typical
for the upper part of the lower Emsian (Crit.
steinhornensis Zone or Lat. latus Zone of the
icriodid zonation, ABOUSSALAM et al. 2015).
The absence of polygnathids and the Belodella
enrichment confirm a neritic environment.

The well-bedded top of the Dhar-es-Smene
Formation is sharply overlain by reddish shales
of the (main) Mohammed-Ben-Brahim
Formation. This facies break represents
regionally the global Daleje Event and
transgression, which suddenly drowned the
extensive lower Emsian carbonate platform.
The squashed fauna consists of common
goniatites  (Gyroceratites sp., Fig. 57),
orthoconic cephalopods, rare phacopids, and
up to 8 cm large bivalves (Panenka). This
assemblage is typical for a basal upper Emsian
(LD IV-A) pelagic setting, as it is widespread
in the eastern Anti-Atlas (Tafilalt, e.g., BECKER
et al. 2018a, 2018b) or in the classical Daleje
Shale region of Bohemia (e.g., CHLUPAC &
KUKAL 1988; CHLUPAC & LUKES 1999).

Separated by a fault zone (Fig. 27) follows
the second, near vertically bedded, up to 200 m
thick reefal unit (“barre calcaire supérieur” of
GENDROT et al. 1969). It has been assigned to
the Givetian/Frasnian but we do not have new
biostratigraphic data that could confirm or
reject this dating. GENDROT et al. (1969)
showed the presence of for-reef breccias W and
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E of a wide, central part with bank facies and a
thinner back-reef interval. At the eastern end,
the reef was shown to have been eroded by
tongue  of  the

another calcareous,

conglomeratic ~ Ain-al-Aliliga  Formation,
locally with a siliciclastic matrix (GENDROT et
al. 1969, pl. 3, fig. 6).

Fig. 55: View from the track next to the Cherrat river on the steep and faulted first (western) reefal limestone cliff at
Cakhrat Mohammed-Ben-Brahim, here assigned to the Cakhrat-ach-Chleh Member (lower Emsian).

Fig. 56: Example for the dominant microfacies of the
Cakhrat-ach-Chleh Member of the Dhar-es-Smene
Formation at Cakhrat Mohammed-Ben-Brahim, a
bioturbated, bioclastic (detrital) wacke-floatstone
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with shell filaments, trilobite remains, gastropods, and
an isolated favositid coral, grading into calcisiltite in
the upper part.

Fig. 57: Limonitic, flattened Gyroceratites sp. with

basal
type

typical concave flank lirae from the
Mohammed-Ben-Brahim Formation at its
locality (max. diameter = 27 mm.).
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Fig. 58: The isolated olistolite complex of Ain-as-Seffah on the upper eastern slope towards the Oued Cherrat,
recognizable from the distance by its marker tree, and surrounded by middle/upper Famennian siliciclastics of the Al
Brijat Formation. The limestones in the front left represent the top of the Eifelian (Po. eiflius Zone) Ain Kheneg-an-
Nmer Formation, which is cut off by a fault.

4.4. Middle/Upper Devonian at Ain-as-
Seffah

The Emsian reef band of the Oued Cherrat
(Fig. 2) is not well exposed in the area of Ain-
as-Seffah (or Ain-as-Safah, topographic sheet,
1:50 000, Benslimane, x =351.45, y = 334.9,
GPS N33°34°30.8” W006°59°18.7”").
However, this locality is peculiar because of an
isolated, allochthonous, ca. 40 m thick,
internally structured slump unit of Givetian
reef limestone and adjacent strata (Fig. 58). It
has been named by CHALOUAN & HOLLARD
(1979) as  Ain-as-Seffah  Formation.
ABOUSSALAM et al. (2013) introduced a
member subdivision (Fig. 59) and provided
preliminary conodont data, which enable a
precise dating of unconformities, changes in
facies and sea-level, the reef extinction, and for
under- and overlying pelagic units (members).
EICHHOLT & BECKER (2016) studied the
microfacies succession of the biostrome

Hassan II Academy of Science and Technology

(Members 2-3). The olistolite ends in the S by
a fault but grades on the northern slope into a
level of many smaller olistolites.

4.4.1. Ain Kheneg-an-Nmer Formation.

Between the N-S running road and the main
olistolite lies the plateau of Dhar al Qlagez. It
is occupied by an upper Emsian to upper
Eifelian succession, the Ain Kheneg-an-Nmer
Formation. Beds dip mostly to the E with a
variably inclination of ca. 45-90° (average ca.
60°). In the W, there are ca. 30 m of platy,
marly, detrital to crinoidal, thin-bedded (up to
10 cm thick), dark-grey limestones alternating
with calcareous shales. The microfacies is
monotonous (silty, dark-grey calcisiltites, Fig.
58). Conodont sampling was without success.

After a ca. 45 m wide outcrop gap, probably
occupied by weathered shales, follows to the E
a second, limestone-dominated part of the
formation (ca. 80 m).
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Fig. 59: The monotonous microfacies of the lower Ain

Kheneg-an-Nmer Formation: unfossiliferous, silty,
poorly bioturbated mudstones (calcisiltites; scale bar = 1
mm).

This upper part tends to form small cliffs in
the upper slope towards the Oued Cherrat
(Figs. 5, 58). The basal alternation of dark-
grey, poorly fossiliferous (some small
brachiopods, crinoid debris) limestones and
shale exposed in a fenced area did not yield
conodonts (Sample 1). Further ca. 150 m to the
E, solid limestones (10-20 cm thick) were
exploited in a small quarry, where
(?overturned) beds fall steeply to the E.
Laminated beds suggest a tempestitic or
turbiditic origin. Sample 2 from the eastern
quarry margin falls in the top-Eifelian Po.
eiflius Zone (NARKIEWICZ & BULTYNCK
2018), an upper subdivision of the former
Tortodus kockelianus Zone. Apart from both
index species (1 and 3 specimens), we found
Po. angustipennatus (3 specimens), Po.
parawebbi (3 specimens), L. linguiformis (3
specimens), and two questionable /. hollardi.
There is no evidence for the global Kacak
Event Interval before the limestones are cut off
by a fault; the Eifelian-Givetian transition is
not preserved.

4.4.2. Member I of Ain-as-Seffah Formation
Unlike the Eifelian succession, beds within
the main olistolite fall with 50-70° to the SW
(202°/50° to 220°/69°). ABOUSSALAM et al.
(2013) assigned the more than 20 m thick
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alternation of light- to middle-grey,
unfossiliferous, thin- to medium-bedded (2-20
cm) and often lenticular flaserlimestones and
calcareous shales to Member 1 of the Ain-as-
Seffah Formation. It underlies the reef
sequence but continues on the southern side in
parallel (laterally) to the reef boulders, with a
strictly  disconformable contact of both
members. In the lower part (Unit A, Fig. 60)
there are only isolated limestone lenses in
shale, which increase in number in the top 2 m.
The ca. 4 m thick Unit B consists of many
isolated, thin limestones in calcareous shale
matrix. Conodont Sample 3 from its main part
was barren. Sample 4 from the top yielded /.
difficilis (Fig. 61.1) and I. obliquimarginatus.
(Fig. 62.1). In the zonal scheme of BULTYNCK
(1987), both taxa should not overlap but a late
morphotype ranges in the Montagne Noire
(southern France) until the Taghanic Crisis
(WALLISER  1990; ABOUSSALAM  2003).
Icriodus difficilis is the index species of the
shallow-water /. difficilis Zone, which base has
been correlated with the ca. middle part of the
Po. varcus-rhenanus Zone (GOUWY &
BULTYNCK 2002). Therefore, Unit B is
assigned to the lower part of the middle
Givetian, while the underlying, thicker Unit A
probably includes parts of the lower Givetian.
Just a little bit higher, the base of Unit C
(Sample 5) produced 1. difficilis (Figs. 61.2-3)
in association with L. linguiformis (Fig. 61.5)
and L. klapperi (Fig. 61.4). The latter two taxa
are long-ranging in the top Eifelian to middle
Givetian (e.g., WALLISER & BULTYNCK 2011).
Sample 6a with 1 difficilis (Fig. 62.2), Po.
xylus (Fig. 62.4), and L. linguiformis (Fig.
62.3) from the top of Unit C, and the laterally
equivalent Sample 6b (= C+14m; collected 14
m above a solid limestone within Unit A) with
L. linguiformis and Bel. triangularis (Fig. 62.5)
still fall in the same conodont zone (Tab. 3).
The neritic microfacies of Sample 6b (Fig.
72.1) is a middle-grey to brownish, flaser-

bedded, Dbioturbated, bioclastic = wacke-
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packstone with brachiopods, tabulate corals, calcisiltite matrix, and iron-stained, dark
shell filaments, crinoid debris, micrite to  pressure solution seams.

conodont zones difficilis cristatus ectypus norr. MN 1 MN 1
sample no. 4 5 6a 6b Ta 7b 8 9 L 10 11
top B | 1ace topC |baseD |AAS2 low. D 50cm | AAS1 top top D
unit and field no. C top
bel. C C +14m | b. reef loose 1.5m ab.C | loose reef 1.4m
L. linguiformis * 2 8 1
L. difficilis 1 5 9 * 5 * 1 * * * *
1. obliguimarginatus 2 * * * 3
L. klapperi 1
Po. xylus 1 * * 4 * 2 4
Bel. triangularis 1
Prioniodina sp. 1
Po. pseudofoliatus 4
1. brevis brevis 1
1. expansus 3 * 1
Po. cristatus ectypus 3
Po. dubius 3 * * 8 3
Po. pennatus 1 * * 1
Po. paradecorosus 9 2 19
S. pietzneri 7
L. tafilaltensis 2 14
Po. webbi 3 * 5
Po. alatus 1 * 1
1. subterminus 2
Po. cf. lanei 1 *
Po. pollocki 3 *
1. symmetricus 24 23
Ancyrodella sp. 1 *
Bel. resima 1
Ad. rotund. pristina 42
Po. cristatus cristatus 2

Tab. 3: Ranges of conodonts in Member 1 to the lower part of Member 3 of the Ain-as-Seffah Formation.
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Fig. 60: Sketch showing the spatial relationship of units/members and conodont samples for the southern part of the
Ain-as-Seffah Formation, with the marker tree providing orientation in the field.
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Fig. 61: Conodonts from Units B/C within Member 1 of the Ain-as-Seffah Formation, showing the variability in
icriodids. 1. Icriodus difficilis, typical morphptype, top of Unit B (Sample 4), x 60; 2. 1. difficilis, narrow and straight
morphotype, base of Unit C (Sample 5), x 60; 3. I. difficilis, morphotype with low number of node rows, base of Unit
C (Sample 5), x 60; 4. L. klapperi, base of Unit C (Sample 5), x 30; 5. L. linguiformis, base of Unit C (Sample 5), x
55; 6. I difficilis, robust and curved morphotype with strongly alternating nodes, trending towards /. expansus, top of

Unit C (Sample 6a), x 65.

4.4.2. Reefal Member 2 of Ain-as-Seffah
Formation

Member 2 consists of up to 3 m large,
massive limestone boulders (Fig. 63), which
made the section logging difficult. Therefore,
Fig. 60 is a simplified sketch using a rough
meter scale. Within the member, three
episodes can be recognized
following changes in macro- and microfacies
(EICHHOLT & BECKER 2016, fig. 10).

The Ain-as-Seffah “reef” was originally a
small, isolated patch reef that developed on the
neritic, muddy carbonate platform of Member
1. A distinctive zonation with fore reef, reef
core, and back reef never developed. The initial
phase of Member 2 consists of crinoid

regressive

grainstone (MF Bla), representing a subtidal
crinoid  bank.  Subordinate  biostrome
organisms, such as stromatoporoids and
Alveolites, were fragmented and scattered by
storms. One meter above base, fragments
become larger and more divers. This suggests
initial biostrome growth (a ‘“parabiostrome”
sensu ALVARO et al. 2007) but there are only
few in-situ reef builders (Fig. 65). There are
now coral-intraclast rudstones with washed
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out, peloidal grainstone matrix and solitary
Rugosa (Sample 7a, Figs. 67, 72.2) or detrital
coral-stromatoporoid float-rudstones (MF B2a,
Fig. 66.2). Both formed probably by high-
energy storm events but we cannot exclude
some slumping due to synsedimentary
tectonism. Between 8 and 16 m above base,
floatstones with fragments of Thamnopora,
and solitary Rugosa prevail.
Laminar stromatoporoids dominate at 4 and 8
m (Fig. 66.1).

In situ laminar stromatoporoids are
preserved at 17 to 18 m. They stabilized
detritus-rich float-/rudstones in the transition
towards coral-stromatoporoid boundstones
(MF (C2a and MF C2b, 19-22 m).
Phillipsastrea boundstones appear 19 m above
the base (Fig. 64). This interval marks the first
of the three shallowing upwards cycles. It is
overlain by detrital coral-stromatoporoid float-
rudstones at 22-28 m (MF B2a). Intercalated is
a crinoid grainstone at 24-26 m, which
deposited during relative deepening. At 28 m,
coral-stromatoporoid boundstones reappear,
either with Phillipsastrea (MF C2a) or as
Thamnopora or Stachyodes rud-bafflestones
(MF C2b, Fig. 66.3).

Alveolites
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Fig. 62: Conodonts from Member 1 (Units B/C) to the lower part of Member 3 (Samples 11-12) of the Ain-as-Seffah
Formation. 1. 1. obliquimarginatus, top Unit B (directly below Unit C; Sample 4), x 55; 2. L difficilis, top Unit C
(Sample 6a), x 60; 3. Ling. linguiformis, top Unit C (Sample 6a), x 30; 4. Po. xylus, top Unit C (Sample 6a), x 30; 5
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Bel. triangularis, top Unit C (Sample C+14m = 6b), x 65, 6. 1. obliquimarginatus, base Unit D (Sample 7a), x 80; 7.
Po. pseudofoliatus, base Unit D (Sample 7a), x 90; 8. Prioniodina sp., base Unit D (Sample 7a), x 40; 9. I. expansus,
1.5 m above base Unit D (Sample 8), x 65; 10. Po. cristatus ectypus, 1.5 m above base Unit D (Sample 8), x 40; 11.
Po. pennatus, middle Unit D, 50 cm above top Unit C (Sample 9), x 50; 12. Po. cf. tafilensis, middle Unit D, 50 cm
above top Unit C (Sample 9), x 70; 13. . subterminus, top reef, top Unit D (Sample 10), x 80; 14. Po. cf. lanei, top
reef, top Unit D (Sample 10), x 45; 15. L. tafilaltensis, top reef, top Unit D (Sample 10), x 60; 16. Po. pollocki, top
reef, top Unit D (Sample 10), x 50; 17. Ad. rotundiloba pristina, early morphotype, Member 3, upper 1.4 m of Unit
D (Sample 11), x 50; 18. Ad. rotundiloba pristina, larger, therefore more advanced morphotype, Member 3, upper
1.4 m of Unit D (Sample 11), 30; 19-20. Ad. africana, top Unit D, top Member 3 (Sample 12), both x 65; 21. Po.
webbi, Member 3, upper 1.4 m of Unit D (Sample 11), x 35; 22. Po. cristatus cristatus, Member 3, upper 1.4 m of
Unit D (Sample 11), x 40; 23. Ad. hamata (= gigas M2), top Unit D, top Member 3 (Sample 12), x 50; 24-25. Ad.
pramosica, top Unit D, top Member 3 (Sample 12), x 54 and x 40.

facies but the tectonic and diagenetic overprint
is very strong.

Fig. 63: Massive (up to 3m thick) reef boulders of
Member 2 on the logged southern side at Ain-as-Seffah.

Fig. 65: Field photo of silicified alveolitids encrusting in
situ a solitary rugose coral at Ain-as-Seffah (picture
width ca. 10 cm).

A strongly brecciated coral-stromatoporoid
float-rudstone (MF B2a) at 37 m signals the
deepening above the second biostrome phase.
Above, dolomitization obscures the facies
Fig. 64: Field photo of a Phillipastrea from the lower  trend at 40-42 m: this interval forms the top
half of Member 2 at Ain-as-Seffah (picture width ca. 4 reef on the southern side (Fig. 60). Subsequent
cm). (higher) reef boulders with breccias and
rudstones can be found around and just above
the marker tree. The brecciated interval ends at
ca. 46 m, slightly higher than the tree level. It
is overlain up to the top by the third regressive,
biostromal  phase  with  Phillipsastrea
Boundstones (MF C2a, Fig. 69). These contain
crinoid debris, alveolitids, and laminar
stromatoporids.

Laterally to a dolomitized part of the second
and rather massive biostrome unit, at the
southern margin (left in Fig. 60), Sample 9
(Fig. 68) is a recrystallized coral-crinoid pack-
rudstone with fragmentary favositids, other
tabulate corals, and coarse, angular crinoid
debris. It represents a shallow platform storm
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Fig. 66: Examples of reef facies from Unit D of the Ain-as-Seffah Formation. 1. MF B2a, open marine reef breccia
with laminar stromatoporoids (S) and alveolitids (A) as clasts within a crinoidal grainstone matrix, lower part of
Member 2; 2. MF B2a (Ain-as-Seffah type), tempestitic rudstone with thamnoporid branches (T, with geopetal
fillings marked by arrow), other tabulate corals (lower left), and coarse crinoid debris, within a sparitic, crinoidal
grainstone matrix, lower part of Member 2; 3. Tectonically elongated MF C2b, Thamnopora rud-bafflestone with a
sparitic matrix, Member 2, 29 m above base; 4. MF B1b, coarse, recrystallized crinoid-brachiopod grainstone, top of

Unit D (Member 3, Sample 12).

The age of the Ain-as-Seffah reef is fairly
well constrained by conodont data. The
presence of conodonts within reef breccias and
crinoid limestones proves a recurrent influx of
open water biota, unlike as in Devonian
bioherms. A conodont sample from near the
base of Member 2 provides the same early
middle Givetian age (I. difficilis Zone) as
Member 1. Sample 7a yielded the same
association of 1. difficilis and late forms of 1.
obliquimarginatus (Fig. 62.6). The presence of
Po. pseudofoliatus (Fig. 62.7) and Prioniodina
(Fig. 62.8) indicate a slightly deeper neritic
setting. A different fauna with 1. brevis brevis
and Po. xylus was obtained from a loose block
(Sample AAS 2). These conodont data suggest
that the initial biostrome was established in the
middle Givetian when the mud supply stopped.
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This resembles the Givetian reef initiation in
the Rhenish Massif (BECKER et al. 2016a).
Sample 8 from ca. 1.5 m above the member
base is markedly younger. There are three
typical upper Givetian species, I expansus
(Fig. 62.9), Po. dubius, and Po. cristatus
ectypus (Fig. 62.10), the index species of the
Po. cristatus ectypus Zone (ABOUSSALAM
2003). Combined with the irregular lateral
contact to Member 1, we suspect that the main
part of Member 2 is an allochthonous slump
mass that glided onto Member 1 in the upper
Givetian. Accordingly, at the lateral end of the
outcrop (left in Fig. 60), the same age gap
exists between the top of Member 1 (Unit C,
Sample 6b) and Sample 9 from the light-grey,
massive, detrital limestones (Fig. 68) just 50
cm above. The latter yielded with Po. pennatus
(Fig. 62.11) and Po. cf. tafilensis (Fig. 62.12)
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two further upper Givetian species. They are
typical for deeper-water settings, for example
of the eastern Anti-Atlas (ABOUSSALAM &
BECKER 2007). An even younger, top-Givetian
age (Skel. norrisi Zone) applies to the conodont
assemblage from a block of reef breccia
collected loose at the base of the outcrop
(Sample AAS 1). Age diagnostic are the most
common polygnathid, Po. paradecorosus, as
well as Po. alatus (see lowest range established
by ABOUSSALAM & BECKER 2007), The sample
yielded also the only local Schmidtognathus
pietzneri, a species that does not range above
the Skel. norrisi Zone.

Fig. 67: Microfacies near the base of Unit D (Member
2, Sample 7a, middle Givetian): biostrome breccia (MF
B2a), coral-intraclast rudstone with solitary rugose
corals and a peloidal grainstone matrix (picture width =
4.2 cm).

The detrital limestone at the top of Member
2 (Sample 10) falls in the basal Frasnian, based
on a fragmentary Ancyrodella sp. (Fig. 70.1)
and frequent (ca. 45 % of the fauna) I
symmetricus (Fig. 68.2). Other typical forms
for this level are I. subterminus (Fig. 62.13),
Po. cf. lanei (Fig. 62.14; with a different
platform shape than in the types of lanei,
compare ABOUSSALAM & BECKER 2007, figs.
6L-M), Po. paradecorosus, . tafilaltensis (Fig.
62.15), and Po. pollocki (Fig. 62.16). The
relatively diverse conodont sample indicates a
deeper neritic, non-reefal environment. This
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suggests that the reef drowning occurred in the
course of the second (MN 1 Zone) phase of the
global, transgressive Frasnes Events.

Fig. 68: Strongly recrystallized coral-crinoid pack-
rudstone with tabulate corals, diffuse crinoid debris,
dolomite crystals, and iron-stained dissolution seams
(Sample 9, Member 2, upper Givetian, scale bar =2 cm).

Fig. 69:

Vertically cut,
Phillipsastrea colony from the biostromal upper part of
Member 2 at Ain-as-Seffah (picture width =3 cm).

tectonically distorted

4.4.3. Brachiopod limestone, Member 3

At the southern margin (Fig. 60), thick,
dolomitized reef limestone boulders with
bulbous, laminar and branching (Stachyodes)
stromatoporids turn without a bed boundary
rapidly into ca. 2 m of light-grey, brachiopod-
rich detrital limestones, Member 3 sensu
ABOUSSALAM et al. (2013). There are coarse,
recrystallized  crinoid-brachiopod  grain-
floatstones (MF Blb, EICHOLT & BECKER
2016). The brachiopods are thick-shelled but
not well preserved and difficult to extract.
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Fig. 70: Basal Frasnian index conodonts from Sample
10, collected from the last solid limestone at the top of
Member 2 of the Ain-as-Seffah Formation, ca. 8 m
above the marker tree. 1. Fragmentary Ancyrodella sp.
(possibly an advanced Ad. rotundiloba pristina); 2. 1.
symmetricus.

Conodonts from the lower 1.4 m (Sample
11) gave the same basal Frasnian age as the top
of Member 2, despite the lateral height
difference of 9-10 m of reef limestone (Fig.
60). Early (Fig. 62.17) and larger, more
advanced (Fig. 62.18) morphotypes of Ad.
rotundiloba pristina, the MN 1 Zone index
species, are common (43 % of the fauna). They
are followed in terms of abundance by /L
symmetricus (24 %) and Po. paradecorosus
(ca. 20 %). Apart from some usual lower
Frasnian polygnathids (Po. webbi, Po. alatus,
Po. pennatus), there are two specimens of the
much rarer Po. cristatus cristatus (Fig. 62.22).
The rather sudden change from reefal
boundstones to conodont-rich (ancyrodellid-
icriodid-polygnathid biofacies), deeper neritic
brachiopod limestones underlines the role of
reef drowning as the main extinction agent and
the local significance of the Frasnes Events
(see BECKER & ABOUSSALAM 2004).

Member 3 is a strongly condensed and
probably stratigraphically incomplete unit,
since Sample 12, a crinoid-brachiopod
grainstone (Fig. 66.4), yielded already rich
conodonts from the top of the lower Frasnian
(top MN 4 or Ad. nodosa Zone; ABOUSSALAM
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& BECKER in PIZARZOWSKA et al. in press;
Tab. 4). Typical for a post-reefal, current- and
storm-influenced neritic facies are the
dominant ancyrodellids (see VANDELAER et al.
1989). The most common form is Ad. nodosa
(= gigas M1), whose early to middle stages
may resemble closely the older Ad. rotundiloba
soluta (Fig. 71.1.). Associated are almost
equally common A4d. africana (Figs. 62.19-20),
rarer Ad. pramosica (Figs. 62.24-25), and a
constricted form with marginal ribbing (Fig.
62.23) that we include in Ad. hamata (= gigas
M2, Ad. symmetrica or Ad. buckeyensis).
However, that species occurs normally higher,
in the late middle Frasnian (KLAPPER &
KIRCHGASSER 2016). Among the polygnathids,
there are Po. webbi (Fig. 62.21), more common
Po. paradecorusus (Fig. 71.14), Po. alatus,
and “Po. aff. angustidiscus” sensu HUDDLE
(1981) (Fig. 71.13). Among the icriodids, we
found 1. symmetricus, unusually young I
difficilis (Fig. 71.2), and a form with large
basal cavity, tentatively assigned to 1. pupus.
The palmatolepids (s.l.) are represented by
Mesotaxis  guanwushanensis M3  (sensu
ABOUSSALAM & BECKER in PIZARZOWSKA et
al. in press; Figs. 71.6-7), with a slight
widening of the elongated basal pit, Mes.
asymmetrica (Figs. 69.4-5), slender Mes.
bogoslovskyi, different morphotypes of
Zieglerina unilabius (Figs. 71.8-10), and an
unusually of Pa.
transitans (Fig. 71.12, transitional towards Pa.
keyserlingi), the MN 4 Zone index species. The
presence of Nothognathella ziegleri (Fig.
71.11), its assumed Pb element, supports our
Palmatolepis identification.

The long interval of the MN 2 to main part
of MN 4 Zone is either missing or extremely
condensed within the less than 50 cm between
Samples 11 and 12. On the originally exposed
central reef top, there was a much longer period
of non-deposition. Member 3 is lacking and the

narrow  morphotype

top of Member 2 is laterally bordered by upper
Frasnian flaserlimestone (Fig. 60).
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Conodonts zones MN 4 MN 10 ?MN 10 MN 12 MN 13
sample no. 12 13 14 15 16 17
top D base E below 2.8m top Mant. Bed

unit and field no.
(Mbr.3) | (Mbr.4) | Mant. Bed | above tree | flaserlst. (Mbr. 5)

L difficilis 6

Po. paradecorosus 19 14 22 24 def

Po. webbi 2 * * * 6+ 1 def. 7
Po. alatus 1 1
Po. cf. lanei 1

Po. pollocki * * * 6 def

1. symmetricus 3 20 50 59 def 23

Ad. africana 90

Ad. nodosa (gigas M1) 100 5

Ad. hamata (gigas M2) 10

A. pramosica 13

L. pupus 2

Z. unilabius 8

Pa. transitans 2

M. guanwushanensis M3 4

M. asymmetrica 6

M. bogoslovskyi 5

Po. "aff. angustidiscus" 3

Nothognathella sp. 1 2 * 4 * 2
Pa. plana 1 1 * * 2
1. curvatus 9

Ad. curvata early morph 38 2

Ag. coeni 7 * 1

Ag. leonis 2

Ag. triangularis 12 1+1cf
Pa. hassi 1? 16
Pa. winchelli 1

Pa. wildungensis 2

I alternatus alternatus 5

Ad. curvata late morph 14 52
Pa. “ljaschenkoae* 21
Ag. asymmetricus 10
Po. amana 5
Pa. “proversa* 2
Palmatolepis sp. (def.) 3
Po. imparilis 7
Po. aff. incompletus 3
Pa. bogartensis morph B 4

Tab. 4: Stratigraphic ranges of conodonts in the top of Unit D (upper Member 3) to Member 5 (Manticoceras
Limestone) at Ain-as-Seffah.
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Fig. 71: Conodonts from the top Member 3 to top Member 4 of the Ain-as-Seffah Formation; Sample 12 (top Unit
D, 1-14), Sample 13 (base Unit E, 15-16, 18), Sample 14 (top Member 4, 17, 19), and Sample 16 (20-22). 1. Ad.
nodosa (resembling Ad. rotundiloba soluta), x 40; 2. L. difficilis, x 55; 3. I. pupus, X 65; 4-5. Mes. asymmetrica, two
different morphotypes, x 40 and x 45; 6-7. M. guanwushanensis M3, slightly transitional towards Z. ovalis, both x
40; 8. Z. unilabius, nodose morphotype, x 40; 9. Z. unilabius, narrow morphotype, x 45; 10. Z. unilabius, wide
morphotype, x 50; 11. Nothognathella ziegleri, x 60; 12. Pa. transitans, narrow form, transitional towards Pa,
keyserlingi, x 35; 13. Po. aff. angustidiscus sensu HUDDLE (1981), x 40; 14. Po. paradecorosus, x 40; 15. Ad. nodosa
(= gigas M1), posterior fragment, x 75; 16. I. symmetricus, narrow form, x 50; 17. Pa. plana, fragment showing the
rectangular anterior margin of the outer lobe, x 45; 18. Po. xylus, x 80; 19. Ad. curvata early morph, x 55; 20. Ad.
curvata late morph, x 60; 21. Pa. winchelli, tectonically elongated, x 30; 22. Ag. coeni, fragmentary, x 80.
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Fig. 72: Microfacies of non-reefal carbonates at Ain-as-Seffah (Members 3-5, scale bar = 2 mm). 1. Bioturbated,
flaser-bedded bioclastic wackestone with shell filaments, crinoid debris, fragmentary tabulate corals and variably
micritic or calcisiltite matrix, Sample 6b (top Unit C, Member 1, I. difficilis Zone); 2. Details of Fig. 65: intraclast-
coral float-rudstone with peloidal grainstone matrix, rich in crinoid debris and with eroded solitary Rugosa, Sample
7a (Member 2, base Unit D, I. difficilis Zone); 3. Strongly unsorted, heterogeneous flaser-bedded intraclast pack-
rudstone with angular crinoid fragments, tabulate corals, and a peloidal matrix, Sample 13 (base Member 4, top
middle Frasnian, MN 10 Zone); 4. Flaser-bedded mud-floatstone with dense, weekly bioturbate micrite matrix,
isolated crinoid fragments, shell filaments, and a Sphaeromanticoceras cross-section (lower right), Sample 15 (upper
Member 4, 2.8 m above marker tree, middle Frasnian); 5. Nodular, bioturbated, bioclastic mud-wackestone with
crinoid debris, shell filaments, and iron-coated dissolution seams, Sample 16 (top Member 4, upper Frasnian, MN 12
Zone); 6. Cephalopod-extraclast floatstone with dense, fine micrite matrix, many coated, unsorted grains, juvenile

goniatites, phosphate clasts, and shell filaments, Sample 17 (Manticoceras Bed, Member 5).

4.4.4. Member 4 of Ain-as-Seffah Formation.
The outcrop distribution of Member 4 is
highly irregular, curving backwards around the
upper margin of the reef boulders in the SW
and re-appearing, after an interruption by a
Member 5 block, adjacent to the top of
Member 2 (left in Fig. 60). The strike and dip
do not follow this outcrop pattern, which
suggests an array of individual, slumped
blocks. The main macroscopic lithology is
grey, thin-bedded, platy, flaser- and nodular
limestone. Above the sharp and marly base,
there are still some clasts of reefal organisms.
Sample 13 (Fig. 72.3) is a heterogeneous,
flaser-bedded intraclast pack-rudstone without
any sorting, strongly fragmented crinoid
debris, some thamnoporid branches, hematite
enrichments, especially along dissolution
seams, and with a washed out, sparitic peloid-
intraclast grainstone matrix. It represents a
proximal debris flow originating from the flank
of the drowned reef, which was exposed for a
long time to erosion and submarine
carstification. This interpretation is supported
by the neritic conodont biofacies (Tab. 4:
dominance of 1. symmetricus, Fig. 71.16, and
Po. paradecorosus, rare Ad. nodosa, Fig.
71.15, and Po. xylus, Fig. 71.18), and a
fragmentary Pa. plana, (Fig. 71.17), the index
species of MN 10 Zone (top middle Frasnian).
The main middle Frasnian, MN 5-9 Zones,
falls in a long period of non-deposition and
erosion. Just slightly higher, Sample 14
represents a  deeper neritic  setting,
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characterized by a mixed icriodid-
ancyrodellid-polygnathid facies (with 33 % I.
symmetricus, 25.5 % Ad. curvata, Fig. 71.19,
and 15 % Po. paradecorosus). A single Pa.
plana, Ancyrognathus coeni (Fig. 71.22) and
Ag. leonis suggest that the sample still falls in
the MN 10 Zone (= Pa. plana Zone). The thin
section (Fig. 73) shows a strongly nodular
mudstone with some crinoid and shell debris,
deposited during increasing sea-level rise and
under calm conditions. As a contrast to the base
of the member (Sample 13), there are now a
few dacryoconarids, a typical pelagic
(planktonic) organism group. The abundance
of minute iron oxide grains indicates hypoxic
conditions.

Fig. 73: Microfacies of the main part of Member 4 (Unit
E, Sample 14), a nodular, hypoxic mudstone with
dacryoconarids, rare crinoids, other bioclasts, and a
dense matrix rich in small iron oxide grains (scale bar =
2 mm).
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Fig. 74: SW corner of the Ain-as-Seffah outcrop, with
massive, dolomitized boulders to the right, overlain by
flaserlimestone (Members 4 and 5) in the foreground,
and with a few higher isolated blocks in the midground,
followed by bushy outcrop of the Al Brijat Formation.

Sample 15 from a flaserlimestone
succession lateral to the last reef boulders
(Figs. 60, 74) continues the calm mudstone
facies (Fig. 72.4). Pelagic biota are here
represented by shark teeth (Phoebodus
fastigatus, SCHWERMANN 2014) and the cross-
section of a goniatite (Sphaeromanticoceras).
This genus ranges from the lower middle (UD
I-F3) to the top-Frasnin (BECKER et al. 1993).
Conodonts belong to a similar biofacies as
below, but with only rare ancyrodellids. The
majority of specimens is affected by tectonic
deformation. Although we did not find a single
Palmatolepis, we assume the same age as for
the similar samples below: MN 10 Zone.

The youngest part of Member 4 (Sample 16)
lies as isolated blocks adjacent to the southern
corner of the last reef boulders (Figs. 60, 74),
well above the block with Sample 15. In thin-
section, the microfacies (Fig. 72.5) is a
brownish, bioturbated, nodular, bioclastic
mud-wackestone with crinoid debris and shell
filaments. No planktonic or nektonic groups
are present. Most conodonts are less deformed
than below. Apart from abundant [
symmetricus (35 % of the fauna), there are ca.
equally frequent Ancyrognathus (20 %, mostly
Ag. triangularis) and Ancyrodella (22 % Ad.
curvata). An upper Frasnian age is based on the
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joint occurrence of Ag. triangularis and I.
alternatus alternatus. A single, tectonically
elongated Pa. winchelli (= Pa. subrecta, Fig.
71.21, with some resemblance of the platform
shape to Pa. khaensis from Thailand; SAVAGE
2013) dates the fauna as MN 12 Zone (= Pa.
winchelli Zone). Currently we have no local
record of the basal upper Frasnian (MN 11
Zone) but there is an un-sampled interval
between Samples 15 and 16.

Fig. 75: Fully septate, eroded Manticoceras sp., cut by a
healed fracture, as seen in the field (Member 5 of Ain-
as-Seffah Formation).

4.4.5. Manticoceras Limestone, Member 5
Because of its exceptional nature for the
Moroccan Meseta, the grey to reddish goniatite
limestone of Member 5 has been frequently
mentioned in the literature (e.g., CHALOUAN &
HOLLARD 1979; EL HASSANI & BENFRIKA
1995; ZAHRAOUI et al. 2000). However, there
was no data base for the assumed early
Frasnian age. The up to 8 cm large
manticoceratids are too poorly preserved to
provide a specific age. One cross-section
belongs to the strongly compressed, long-

ranging M. lamed Group; others have
somewhat wider whorls. Associated are
breviconic oncoceratids, longi-orthocones,

small, solitary, deep-water Rugosa, and crinoid
debris. The microfacies is rather unusual (Fig.
72.6), a cephalopod-extraclast floatstone with
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many coated grains, crinoid pieces, juvenile
goniatites, phosphate clasts, and shell filaments
floating in a very dense, reddish, fine micrite
The dark micrite or phosphatic
envelopes of the coated particles show that
these were reworked prior to re-deposition.
There is no grading or sorting and the up to 6
mm large allochems/extraclasts stand in a
remarkable contrast to the very fine matrix that
indicates a calm sedimentary regime. The

matrix.

depositional mechanism is currently obscure
but shedding from the drowned reef after a
phase of non-deposition and reworking is
evident. This interpretation fits the conodont
age. Almost all conodonts are distorted or
twisted by tectonism (Fig. 76). This severely
hampers a precise identification, especially of
palmatolepids, in which the platform shape is
the most diagnostic feature. Despite this
complication, we could identify Ag.
asymmetricus (Fig. 76.3) and Pa. bogartensis
(Fig. 76.5), the index species of the MN 13a
Zone (Pa. some
specimens of Ag. triangularis (Fig. 76.1), the
outer lobe has been bent backwards, as in Ag.
barbus. The same deformation may explain

bogartensis Zone). In

specimens with Pa. proversa-type anterior
lobe (Fig. 76.4) and a platform shape and
ornament as in Pa. nasuta or Pa. ultima.
Tectonically elongated forms (Fig. 76.2)
resemble Pa. ljaschenkoae or Pa. khaensis but
cannot be identified reliably. Polygnathids are
often easier to name (Po. amana, Fig. 76.6, Po.
imparilis, Po. webbi, Po. alatus, Po. aff.
incompletus).

The MN 13a Zone age means a correlation
with the interval from the top of the Lower
Kellwasser to the intra-Kellwasser levels (e.g.,
KLAPPER 1997; HOUSE et al. 2000; BECKER et
al. 2016c¢). The mixed ancyrodellid (37.5 %)-
palmatolepid (35 %) facies indicates a deeper
carbonate ramp setting. There are no dark
Kellwasser beds; the Frasnian-Famennian
boundary is not preserved.

Hassan Il Academy of Science and Technology

Fig. 76: Frasnian

Tectonically distorted upper
conodonts from Member 5 of the Ain-as-Seffah
Formation (Sample 17). 1. Ag. triangularis with anterior
direction of the side lobe due to distortion, x 45; 2.
Specimen resembling “Pa. [jaschenkoae”, x 30; 3.

Folded Ag. asymmetricus, x 50; 4. “Pa. proversa, with
anterior orientation of side lobe due to distortion
(otherwise resembling Pa. nasuta), x 50; 5. Pa.
bogartensis morph B, x 45; 6. Po. amana, x 45.

4.4.6. Al Brijat Formation
Restricted to the SE corner of the outcrop
(upper left in Fig. 60) is a distinctive,
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unfossiliferous, 4-10 m thick package of red
shale, the Lower Member of the Al Brijat
Form sensu ABOUSSALAM et al. (2013). Its
palaeotopographically constrained distribution
laterally to the last reef boulders, indicates that
it was originally attached to the main olistolite
prior to redeposition. The red shale resembles
the red, basal middle Famennian, basinal (deep
pelagic) “Cypridinenschiefer” (lower
Hemberg Formation) of the Rhenish Massif
(e.g., DENCKMANN 1905; KREBS 1979;
BECKER 1992). However, this lithofacies
similarity does not necessarily mean an
identical age. So far, there are no fossils that
date the Lower Member. The fully oxygenated,
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strongly oligotrophic, Core-poor
prevents any palynological analysis.

The Upper Member lies above a sharp
lower contact (basal unconformity). It begins
with ca. 30 m of deeply weathered shales,
siltstones, and lenticular sandstones that
exhibit common slump folding. As evident
from the olistolites, there was recurrent seismic
activity. A higher, ca. 20 m thick unit consists

of fine or silty shales, reddish at the base and

lithology

then olive-colored, with siltstone nodules. The
latter have prospects for palynological data. By
comparison with Ain-Al-Aliliga, we assume
preliminarily an upper Famennian age. We did
not observe limestone clasts above the main
olistolite level.
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Devonian and basal Carboniferous of the
allochthonous nappes at Mrirt (eastern part of
Western Meseta) — review and new data

RALPH THOMAS BECKER, ZHOR SARAH ABOUSSALAM,
AHMED EL HASSANI, SVEN HARTENFELS & HEIKO HUNEKE

Fig. 1: The Eifelian (left minor cliff) to top-Frasnian (bent limestone in the middle ground) at Anjadam S of Mrirt,
with Sarah ABOUSSALAM (white cap) and Lahssem BAIDDER (red cap) for scale.

1. Introduction

The Mrirt region lies in the eastern part of
the Western Meseta or of the Variscan Central
Massif, close to the northwestern margin of the
Middle Atlas. A locally dominant geographic
feature is the Gara de Mrirt mountain (Fig. 2:
Al Gara, 1534 m) ca. 6 km ESE of the Mrirt
town, which is formed by tabular Miocene
carbonates that overlie a strongly folded and
faulted Devonian to Lower Carboniferous
succession. The Palaeozoic of the Azrou-Mrirt-
Khenifra region belongs to a system of nappes
that originated from the East. These were
thrusted during the main Variscan deformation

Hassan Il Academy of Science and Technology

phase onto the autochthonous Tanadra-Bou
Tazert Unit (or Kasba Tadla-Azrou Anticline,
autochthonous part of the Azrou-Khenifra
Basin), which consists of contemporaneous
strata (e.g., HUVELIN 1970; ALLARY et al.
1972; RIBEYROLLES 1976; FAIK 1988;
BOUABDELLI 1989). The Ziar-Mrirt Nappe
overlies the southern margin of the Azrou
Nappe and ranges from the NW of Mrirt to the
Ziar (= Ziyyar) region in the SW. South of
Mrirt, it is overlain by the northern margin of
the Khenifra Nappe (Fig. 3). The largest areas
of the Ziar-Mrirt Nappe are occupied by
Ordovician strata and Quaternary cover. Close
to Mrirt, the folded Devonian is best exposed at
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the SW foot of the Gara de Mrirt and at
Anajdam to the SW (Figs. 2, 4). Viséan
carbonates form a narrow strip of exposure at
the Jebel Aouam (= Jbel Awam). An important
Upper Viséan wildflysch outcrop is situated

o3

s, IATFAV) (B8-S
PNADC L e
ooy ) e i N |
Nt T AL

NW of Mrirt at the Jebel Tanoualt (Fig. 4). Ca.
20 km SW of Mrirt, near El Krad, lies the
Devonian of the Akellal (or Brouha Ahallal)
Plateau, which forms a steep eastern slope
towards the main road from Mrirt to Khenifra.

Fig. 2: Geographic position of the Tibouda/Bou Ounebdou OuN) area at the SW slope of the Gara de Mrirt (“Al
Gara”), of the Anjadam section SSW of Mrirt town (Anaj), and of the Jebel Aouma (= Jbel Awan) W of Mrirt (extract
from topographic map 1 : 50 000, sheet NI-30-VII-1b Mrirt).

2. Research history

The Mrirt region became famous for
Devonian fossils and strata since descriptions
in the monograph by H. TERMIER (1936) on the
geology of Central Morocco and the western
Middle Atlas. Our summary concentrates on
the allochthonous nappe succession, excluding
the more western Devonian exposed in the
Tighza (= Tirza) to Agarad-n-Azdait (= Dechra
Ait Abdallah) belt. The Devonian of the Jebel
Bouchot shown in Fig. 4 belongs to the
southern part of the Dechra Ait Abdallah zone.
Especially famous for the allochthonous Mrirt
Devonian  are  Famennian  brachiopod
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limestones with the peculiar, relatively large-
sized rhynchonellid genus Dzieduszyckia.
These are supposed to represent “cold vent”
(deeper marine methane seap) ecosystems
(e.g., SANDY 1995; BALINSKI & BIERNAT
2003). Equally famous are good exposures of
the two Kellwasser Limestones near the
Frasnian-Famennian boundary (e.g., LAZREQ
1992a, 1999; RIQUIER et al. 2005, 2007). The
Famennian provides text-book examples for re-
sedimentation events related to Eovarican
block faulting (e.g., WALLISER et al. 2000;
HUNEKE 2006, 2007).

The regional research history can be
summarized as follows:
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TERMIER (1927a, 1927b): First reference to the
Gara de Mrirt area as a Devonian fossil locality
based on the record of “Gephyroceras
intumescens” (which may refer to any species
of Manticoceras).

TERMIER (1936): Pioneer study of Hercynian
Morocco with a description of Bou Ounebdou
(= Bou Nebedou). Faunas include Frasnian
Manticoceras, middle Famennian (Upper
Devonian III) Sporadoceras, and upper
Famennian (UD IV/V) goniatites (“cf.
Aganides sulcatus = Prionoceras sp.) and
clymeniids (Laevigites hoevelensis = Clymenia
laevigata Group; Gonioclymenia speciosa), as
well as nautiloids, bivalves, and brachiopods.
TERMIER (1936, 1938a) and TERMIER &
TERMIER (1948, 1949, 1950a): Taxonomy and
phylogeny of Drzieduszyckia species, then

assigned to the genus Halorella; Bou
Ounebdou as the type locality of H.
crassicostata, H. tenuicostata, and H.

intermedia (with three subspecies).

TERMIER & TERMIER (1950): Illustration of the
suture of a Gonioclymenia speciosa from Bou
Ounebdou (Bou Nebedou; Upper Devonian V-
B).

RocH (1950, p.
occurrence  of

161): Reference to the
supposed  Manticoceras
carinatum and M. intumescens at Bou
Ounebdou, reaching partly giant size (> 30 cm
diameter).

AGARD et al. (1955): Recognition of uppermost
Famennian (“Strunian”) strata overlying
Frasnian-Famennian cephalopod limestones on
the Akellal Plateau.

AGARD et al. (1958): Silurian-Devonian
and Middle/Upper Devonian
succession of the Akellal Plateau, and Upper
Viséan beds of the Jebel Aouam.

WILLEFERT (1963): Description of graptolites
from around the Silurian-Devonian boundary
of the Touchchent section (Akellal Plateau).
BIERNAT (1967): Re-assignment of the Bou
Ounebdou Halorella species to the Polish

genus Dzieduszyckia.

transition
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HOLLARD (1967): Brief summary of the Bou
Nebedou succession (in fig. 4).

HOLLARD et al. (1970): Stratigraphic position
of the Dzieduszyckia limestones, giving details
for the Famennian of the Touchhent section
(Akellal Plateau).

HUVELIN (1970, 1973): Structural geology and
synsedimentary tectonics in the Mrirt region.
HOLLARD & MORIN (1973): New details for
Dzieduszyckia occurrences in the Mrirt region,
cross-section for Bou
1936, which (wrongly)
suggests a synclinal structure at the top.
TERMIER et al. (1975): Brief reference to the
Bou Ounebdou Upper Devonian and its faunas.
RIBEYROLLES (1976): of the
Aguelmous to Mrirt region.

BENSAID (1979): Reference to the Mrirt
Devonien succession.

FrRANCOIS et al. (1986): Silurian-Devonian
transition at the Jebel Aouam.

FAIK (1988): Unpublished Ph.D. Thesis on the
general stratigraphy and structural geology of
the Mrirt region, with a subdivision of the
regional Devonian into 10 units.

BOUABDELLI  (1989): Unpublished Ph.D.
Thesis on the structural geology of the Azrou-
Mrirt-Khenifra region.

LAZREQ (1992a, 1992b, 1999):
lithostratigraphy,
stratigraphy, and biofacies of sections at Bou
Ounebdou and Anajdam, with a focus on the
Frasnian-Famennian boundary.

BECKER (1993a): Brief summary of Upper
Devonian goniatite occurrences in the Mrirt

re-illustrating a
Ounebdou from

Tectonics

Upper

Devonian conodont

region, mentioning a record of
paratornoceratids.

ZAHRAOUI (1994): Schematic lithostratigraphic
column for the Emsian to Famennian assigned
to the Bou Ounabdou Formation (sensu FAIK
1988).

FADLI (1994): Reference to the Frasnian of
Anajdam and the Famennian and Tournaisian

of Touchchent.

new
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BOUBDELLI (1994): Tectonics of the Azrou-
Khenifra region, showing a geological cross-
section, including Anajdam.

BECKER (1993b, 1994), BECKER et al. (1997),
and BECKER & HOUSE (2000): Upper Frasnian
to middle Famennian nappe reconstruction,
litho- and goniatite stratigraphy at Gara de
Mrirt (= Bou Ounebdou), including the two
Kellwasser Events, emphasizing similarities
with the Montagne Noire succession of
southern France.

WALLISER et al. (1995, 2000): Detailed litho-
and conodont stratigraphy of the Tibouda-Bou
Ouenebdou (sections Mrirt I-IIT) area and
precise dating of Eovariscan xenosediments
and reworking phases.

SANDY (1995): Re-interpretation of the
Dzieduszyckia mass occurrences of the Mrirt
area as examples for Mid-Palaeozoic cold seep
chemosymbionthic habitats.

GIRARD & ALBAREDE (1996): Investigation of
trace element geochemistry of F-F boundary
conodonts, comparing trends in sections of
southern France and at Mrirt (Bou Ounebdou).
HUNEKE (2001, 2006, 2007, 2013): Detailed
description, conodont biostratigraphy, and
microfacies of three Tibouda-Bou Ounebdou
sections (MT, MG, and M), with a focus on

synsedimentary (Famennian) tectonic
instability, reworking, and on bottom current
patterns.

FEIST (2002): Description of trilobites from the
level between the two Kellwasser Limestones;
Bou Ounebdou as type locality of the youngest
known odontopleurid, Gondwanaspis
mrirtensis, and of the proetid Pteroparia
ziegleri maroccanica.

CHAKIRI (2002): Unpublished Ph.D. Thesis on
the sedimentology of Devonian successions of
the Meseta, including the Mrirt region and its
Frasnian-Famennian boundary interval.
BALINSKI & BIERNAT (2003): Taxonomy and
stable isotope geochemistry of Mrirt region

Dzieduszyckia, including specimens from
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Touchchent and Bou Ounebdou (= Bou
Nebedou).

FEIST (2003): Re-assignment of the proetid
trilobite Pteroparia ziegleri maroccensis from
Mrirt to the new genus Chlupaciparia.
DOPIERALSKA (2003, 2009) and DOPIERALSKA
et al. (2015): Use of 17 Frasnian/Famennian
samples from Gara de Mrirt for the analysis of
neodymium isotopes in conodont phosphate, as
a tool to reconstruct palaeoceanographic
changes.

CRONIER et al. (2004): Use of Acuticryphops
(Phacopida) material from Bou Ounebdou in a
comparative morphometric study of trilobite
eye ontogeny and variability.
GIRARD et al. (2005):
Palmatolepis linguiformis, index-species of
MN 13b Zone (Pa. linguiformis Zone), at Mrirt

First record of

(Bou Ounebdou).
RIQUIER et al. (2005, 2007): Isotope and trace
metal geochemistry and magnetic

susceptibility of the Frasnian-Famennian
boundary beds at Bou Ounebdou and Anajdam.
AVERBUCH et al. (2005): Whole rock
geochemistry across the F-F boundary.
GIRARD & RENAUD (2007): Use of conodonts
from the Kellwasser Beds at Gara de Mrirt in a
quantitative study of morphometry, abundance,
and generic distribution patterns as the base for
correlations at the Frasnian-Famennian
boundary.

BAMOUMEN et al. (2008): Sedimentary,
magmatic and tectonic history of the Upper
Viséan of the Azrou-Khenifra Basin, with a
geological cross-section at the Jebel Tanoualt
(= Tanwalt) ca. 7 km NE of Mrirt.

GIRARD & RENAUD (2008): Use of Mrirt
populations of the common conodont
Ancyrodella curvata in a study of growth
allometry and extinction patterns at the
Frasnian-Famennian boundary.

RAJI & BENFRIKA (2009): Conodont alteration
index variability of the Mrirt Devonian
suggesting overprints by hydrothermalism.
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GIRARD et al. (2010): Inclusion of
Palmatolepis assemblages from the Kellwasser
Beds at Bou Ounebdou in a statistical study on
uppermost Frasnian relationships
morphometry and palaeobiogeography.

TAHIRI et al. (2011): Summary of the Gara de
Mrirt geology as Stop 29 of an excursion guide

through the northwestern Meseta.
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Fig. 3: Overview of the tectono-sedimentary units in the
eastern part of the Central Massif, showing the position
and outline of the Ziar-Mrirt Nappe (HUNEKE 2001, fig.
41).

LE HOUEDEC et al. (2013): Oxygen isotopes
and Sr/Ca ratios in conodonts across the F-F
boundary, comparing trends at Coumiac
(southern France) and Mrirt.

BALTER et al. (2019): Use of Upper Devonian
conodonts from Mrirt in a calcium isotope
study that addresses the general question of the
trophic position of conodonts in Palaeozoic
ecosystems.

FEIST (2019): Description of the basal
Famennian phacopid Nephranops from Bou
Ounebdou.
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3. Palaeogeographic setting

The distance of post-sedimentary westward
transport of the Azrou-Mrirt-Khenifra nappes
is currently unclear but it is assumed that
Devonian deposition took place in the eastern
part of a joint
Synsedimentary block faulting
throughout the basin in the middle Givetian to

Azrou-Khenifra Basin.

occurred

lower Frasnian, middle/upper Famennian, and
in the Tournaisian to Middle Viséan but the
nappe movement post-dated these Eovariscan
events and occurred during the main Variscan
tectophase at the end of the Lower
Carboniferous. Within the Ziar-Mrirt Nappe,
all Devonian to Tournaisian sediments are
characteristic of an outer shelf hemipelagic to
pelagic setting, with condensed limestones
alternating  during  eustatically
deepening episodes with grey-green shales,
marls, or black shales. Neritic carbonates and
biostromes/reefal buildups are restricted to the
Dechra Ait Abdalla region, which formed the
western part of the Azrou-Khenifra Basin.

driven

4. General succession (Fig. 5)

The Ziar-Mrirt Nappe does not represent a
homogenous sedimentary unit. There are both
similarities and differences between the Ziar,
Anajdam, and Bou Ounebdou successions, and
the latter consists of a stack of smaller-scale
nappes (e.g., BECKER & HOUSE 2000). The
Anajdam lacks thick
conglomerate/breccia units, which probably led
to the assignment as a parautochthonous unit in
FADLI (1994). All of the Ziar-Mrirt Nappe is
characterized by significant episodes of non-

section

deposition, with a main interval in the
lower/middle Givetian.
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Fig. 4: Geological map of the Mrirt region based on surveys of M. RIBEYROLLES and A. LAVENU (see RIBEYROLLES
1976), showing the position of Devonian outcrops of the Gara de Mrirt (A), Anajdam (B), of the Akellal Plateau (C)
around El Krad, and the Jebel Bouechot (D; Dechra Ait Abdallah Devonian outside the Ziar-Mrirt Nappe). KO =
Cambro-Ordovician, Os = Upper Ordovician, S = Silurian, d = Devonian, hvS = Upper Viséan, red areas (uy) =
Hercynian rhyolites, microgranites, and granites, red area with black dots = Permian (Autunian), T = Triassic, yellow
top of the Gara de Mrirt = Miocene, yellow A = Tertiary volcanics, B = Quaternary basalts, q = Quaternary.

Upper Givetian and Frasnian condensed
pelagic limestones and calcareous contourites
are associated with further hiatuses. Both
erosional and depositonal features are caused
by bottom-current induced reworking and
redepositon during times of overall regression.
Widespread occurrence of Famennian density-
flow and rock-fall deposits probably reflect
uplift by block faulting, leading to increased
slope  instability and  gravity-induced
resedimentation Typical lithofacies and faunas
of the Ziar-Mrirt Nappe, for example the
Drzieduszyckia limestones, griotte blocks, and
Kellwasser limestones, compose many
olistolites in the Upper Viséan of the Khenifra
area, for example at the Jebel Tabainout (e.g.,
see MULLIN et al. 1976 and AGER et al. 1976).

Hassan Il Academy of Science and Technology

This  suggests close palacogeographic
relationships within the Azrou-Khenifra Basin,
prior to nappe emplacements. All sediments
were subject to significant diagenesis but the
illite crystallinity data and conodont colors
(CAI) suggest that the regional burial
temperature  did not  exceed  250°
(DOPIERALSKA 2003; RIQUIER et al. 2007).
The wupper Silurian-lower Lochkovian
transition of the Ziar-Mrirt Nappe is
charackterized by fissile, graptolite-rich black
shales and local Scyphocrinites Limestone
(e.g., AGARD et al. 1958; FRANCOIS et al. 1986).
Apart from monograptids and lobolites,
phyllocarid shields, orthocones, and pelagic
bivalves have been reported from this interval.
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The higher Lochkovian and Pragian consists
of grey calcareous shales and thin-bedded
nodular limestones. TERMIER et al. (1975)
introduced the term Bou Nebedou Formation
(= Bou Ounabdou Formation in FAIK 1988) for
the pelagic strata of the Mrirt region, which is
here subdivided into a new lower (Lochkovian
to Eifelian/middle Givetian; pre-unconformity)
Anajdam Member and a younger (top-
Givetian to upper Famennian, post-
unconformity) Mrirt Member. Both include
numbered new submembers. Whilst the
Lochkovian is difficult to recognize by faunas,
a Pragian age (in the classical sense) for upper
parts of the predominantly argillaceous
Submember A (Lochkovian to Pragian) is
proven by the index dacryoconarid Nowakia
(Turkestanella) acuaria (FRANCOIS et al. 1986)
and by the conodont Caudicriodus aff.
curvicauda (WALLISER et al. 2000) from
interbedded thin limestone. Locally (Jebel
Aouam region), there is a typical Pragian
trilobite fauna with the phacopid Reedops, the
cheirurid Crotalocephalus, odontopleurids,
harpids, and proetids. Such assemblages,
however, also could be of basal Emsian age.
For example, Odontochile, which was recorded
from Sidi Bou Ignousen (AGARD et al. 1958),
and which may refer to a species of the related
genus Zlichovaspis, is characteristic for the
Pragian-Emsian transition of the Anti-Atlas
(e.g., HOLLARD 1978; BECKER et al. 2004; DE
BAETS et al. 2010).

As noted above, the Pragian/Emsian
boundary is difficult to place in the region,
especially since there are so far no reports of
lower Emsian marker conodonts. A locally
developed silty/sandy interval (Unit B of
WALLISER et al. 2000, Submember B) may
reflect one of the lower Emsian eustatically
controlled regressions. More typical, and
following above, are thin bedded, poorly
fossiliferous (almost  no conodonts)
alternations of light-grey calcareous shale and

Hassan II Academy of Science and Technology

flaserlimestone (Unit C of WALLISER et al.
2000, Submember C).

Submember D of the Anajdam Member is
a thick dark shale unit, which has been
correlated by WALLISER et al. (2000) with the
Bohemian Daleje Shale of the basal upper
Emsian. Equivalent is a very distinctive, green
to dark-grey shale unit with (primary) pyritic
pelagic faunas in the Tafilalt (Unit K of the
Amerboh Formation, see BECKER et al. 2013,
2018a). Sedimentary similarities between the
eastern Anti-Atlas, Tinejdad allochthon (WARD
et al. 2013), Skoura region (see below), and the
Mrirt area support the concept of a continuous
sedimentary basin stretching from the cratonic
Anti-Atlas to the central Meseta during the
Emsian.

Submember E of the Anajdam Member
consists of the next higher alternation of grey
shales, nodular shales, and thin flaser
limestones. The report of juvenile Icriodus
angustus and Now. (Now.) richteri (WALLISER
et al. 2000) and a reference to the occurrence of
anarcestids at Touchchent (HOLLARD & MORIN
1973) give an upper Emsian age. Submember
F begins with more solid flaserlimestones,
which yielded upper Eifelian conodonts in
higher parts, at the transition towards
alternating shales, nodular shales, silty shales,
and nodular limestones. Locally there are dark
shales that are rich in dacryoconarids
(HOLLARD & MORIN 1973: Touchchent).

So far, there are no index conodonts or other
fauna of the lower to main middle Givetian for
all of the Ziar-Mrirt Nappe. WALLISER et al.
(2000) mention a single conodont fauna with
Linguipolygnathus linguiformis, the Po. varcus
Group, and “Polygnathus sp. aft. Po. bryanti”.
The latter taxon may refer to a relative of L.
transversus that is typical for higher parts of the
middle Givetian.

The new Mrirt Member (= “Calcaires a
Manticoceras” in FAIK 1988 and ZAHRAOUI
1994) begins with the upper part of the upper
Givetian  (Po.

cristatus  ectypus  to
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Skeetognathus norrisi Zones). There are either
condensed grey micrites or dark-grey shales
with lenticular, dark limestones, which
represent the Lower Frasnes Event Interval
(Submember 1; BECKER 1993b). Extreme
condensation and sedimentary gaps are the rule
and continue in the lower/middle Frasnian (MN
3-9 Zones). Bigradational micro-sequences of
calcilutites,
represent calcareous contourite deposits. Most

calcisitites and calcarenites

indicative are cross-laminated styliolinid
grainstones. These contourites, together with
repeated periods of non-deposition and even
erosion, reflect variably strong influences of
deep-marine bottom currents (HUNEKE 2006,
2007).

Submember 2 is characterized by solid,
light-grey flaserlimestones with
goniatites (manticoceratids, beloceratids) that
range from the Palmatolepis plana Zone (MN
10 Zone) to the Pa. winchelli Zone (upper MN
12 Zone; see LAZREQ 1992a, 1999). The
interval from the base of the dark-grey,
organic-rich Lower Kellwasser Limestone
(LKW, top MN 12 Zone with Ancyrognathus

asymmetricus) to the top of the dark Upper

abundant

Kellwasser Limestone (UKW, top-Frasnian)
forms the new Submember 3, which can be
subdivided into the LKW, intra-KW, and UKW
beds. The LKW is developed as a solid, rather
prominent marker bed whilst the UKW is more
recessive and less solid, just as on the outer
shelf carbonate platform of the Mt. Peyroux
Nappe of the southern Montagne Noire
(BECKER et al. 1989; BECKER 1993a, 1993b;
BECKER & HOUSE 1994, 2000a).

Submember 4 includes basal Famennian
solid, light-grey thin-bedded limestones,
followed by a thick package of nodular shales
and limestones, in the upper part with abundant
This represents
pelagic accumulation. It is a clear equivalent,
both in terms of lithology and biofacies, of the

cheiloceratids. succession

“vrai griotte” of the Montagne Noire (see FEIST
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1985; “Calcaire griotte” in FAIK 1988 and in
the summary log of ZAHRAOUI 1994, fig. 13).
Synsedimentary block faulting led to local
uplift, reworking of Frasnian to
Famennian limestones, and the gravity-induced
re-deposition of dm- to m-sized clasts within
laterally restricted mass and debris flow
deposits (griotte conglomerates, Fig. 6, and
polymict breccias with chaotic bedding).
WALLISER et al. (2000) distinguished
transported, early lithified xeno-sediments,
which are not part of the normal succession.
Examples
limestones or  Dzieduszyckia  coquinas.
HOLLARD et al. (1970) and HOLLARD & MORIN
(1973) suggested that the Ilatter may be
normally embedded within the higher part of
the lower Famennian but we did not encounter
autochthonous occurrences in the studied
sections (see WALLISER et al. 1995). The first
main reworking phase related to Eovariscan
block movements started in the Ziar-Mrirt

lower

are reworked dark Kellwasser

Nappe at the end of the lower Famennian
(Upper rhomboidea = Pa. gracilis gracilis
Zone sensu SPALLETTA et al. 2017; locally with
Pa. quadrantinodosa inflexa, Pa.
schleizia, and Pa. stoppeli). It lasted into the
lower part of the middle Famennian (Pa.
marginifera marginifera Zone; WALLISER et al.
2000; HUNEKE 2001).

The base of Submember 5 is marked in

minuta

undisturbed sections by a sudden change from
nodular griotte to more solid, light grey
micrites with ammonoids (e.g., Maeneceras;
HOLLARD et al. 1970), as at the base of the
“supragriotte” (Upper Member of the Griotte
Formation) in the Montagne Noire. It is highly
unlikely that this similarity is a coincidence; it
reflects deposition in a wide, single, continental
shelf basin that stretched from the source
region of the Ziar-Mrirt Nappe to southern
Europe (BECKER & HOUSE 2000a), without
interruption by a true oceanic area. The strong
similarity of the Mrirt and Montagne Noire
Upper Devonian clearly rejects ideas that the
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Meseta had a synsedimentary plate tectonic
position to the West of Iberia or far to the East
of the European Variscides.

Based on typical goniatites and clymeniids,
the flaserlimestone deposition lasted at least
until high in Famennian IV (Po. styriacus to
Pa. gracilis expansa Zones). Isolated records
of index clymeniids of Famennian V
(Dasbergian; TERMIER 1936: Gonioclymenia
and Clymenia), a thin detrital limestone with
conodonts of the upper Famennian Bispathodus
costatus (Sub)Zone (LAZREQ 1992a, 1999),
and reworked conodonts of the uppermost
Famennian B. ultimus ultimus Zone (HUNEKE
2001) suggest that the pelagic carbonate
platform (or the Mrirt Member) continued
originally ca. until the Hangenberg Crisis
(HUNEKE 2006). However, its upper part has
widely been cut off by the second major
episode
sedimentation.

of FEovariscan erosion and re-

The subsequent, variably thick succession of
pebble  rudstones/conglomerates,
polymict breccias, and isolated olistolites,
which often alternates with fossil-poor, olive-
green shales, is here named after the main
mountain E of Mrirt, as the new Al Gara
Formation. Since it includes individual clasts
that internally of
conglomerates/breccias, there was clearly a
second generation of reworking, which
cannibalized the older, Famennian reworking
units. Rock fall and various types of density
flows have caused the resedimentation. The
type locality is Section M of HUNEKE (2001).
There, the formation reaches a thickness of ca.
30 m. On the Akellal Plateau to the S, a
comparable conglomerate/breccia lies with an
angular unconformity on the Famennian
succession (AGARD et al. 1955; HOLLARD &
MORIN 1973). This proves a significant
synsedimentary block tilting in the nappe
source area. While it is possible to date

coarse,

consist
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precisely the age of individual clasts/olistolites
(top-Givetian to uppermost Famennian), the
precise (second) re-deposition age is less clear.
A single, autochthonous solitary rugose coral
recovered from the green shale matrix at Bou
Ounebdou suggests a Lower Carboniferous
age. This is supported by sparse miospore
evidence (MARSHALL in BECKER et al. 1997:
Viséan).

Conglomerates of the Dechra Ait Abdallah
allochthon W of Mrirt yielded “Strunian”
brachiopods, especially  Syringothyris, a
marker genus of the post-Hangenberg
Extinction interval (e.g., ZONG et al. 2015). The
co-occuring trilobite Pudoproetus enters at the
same level (transgressive Upper Hangenberg
Crisis Interval) in the Tafilalt (HAHN et al.
2016) and elsewhere. However, it is unclear
whether  the  very  different  Mrirt
conglomerates/breccias and olistolites have the
same re-deposition age (see brief discussion in
AGARD et al. 1958). At the Bou Khedra
between Mrirt and Azrou (BOUABDELLI 1994),
a lithologically similar package of green shales
overlies with a strong angular unconformity a
thick Lower Devonian succession. At the base,
it contains clasts of reworked Givetian
limestone. This un-named green shale is
overlain by conglomerates, quartzites, and
sandstones, the Bou Khadra-Afoud Formation,
which yielded Upper Tournaisian brachiopods
in higher parts (BOUABDELLI 1989; ZAHRAOUI
1994). Much younger are the breccias and large
that same Upper
Devonian lithofacies and faunas as at the Bou
Ounebdou, again with
conglomerates, in the SE of the Jebel Tabainout
W of Khenifra (LAVENU 1976; MULLIN et al.
1976). These klippen are part of a wildflysch
that deposited above Upper Viséan shallow-
water limestones with corals (ARETZ & HERBIG
2010).

olistolites include the

reworked
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Fig. 5: Comparison of the general Devonian succession of the Ziar-Azrou Nappe (seperate for Ziar, Anajdam, and
the Bou Ounebdou) with the Devonian of the Dechra Ait Abdallah W of Mrirt. Dzy = Dzieduszyckia, Frasn. = Frasne
Event, LKW/UKW = Lower and Upper Kellwasser levels, Con = Condroz Events, Annul. = Annulata Event, Dasb =
Dasberg Event.
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Fig. 6: Massive lower Famennian “griotte conglomerate” (lobe-shaped deposit of a gravity flow/non-cohesive debris
flow) overlying greenish-grey calcareous shales with flat limestones nodules at Bou Ounebdou, eastern end of Hill
A, lower section (ca. section MG of HUNEKE 2001).

Fig. 7: View from the Anajdam section towards the NW, showing top-Silurian black shales with abundant graptolites
in a small gully in the midground to the left, a gentle slope formed by poorly exposed Lochkovian/Pragian calcareous
shales and thin limestones (Bou Nebedou Formation, Anajdam Member, Submember A), and the base of the
supposedly basal Emsian minor limestone cliff to the right (Submember B).
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Regional comparisons suggest that different
parts of the original Azrou-Khenifra Basin
were affected by individual block movements.
This happened repeatedly and partly at
different times in the long Famennian to Viséan
interval. This led to facies differentiation of
adjacent tectonic units.

5. Anajdam

5.1. Location

The Anajdam section lies on topographic
sheet Mrirt, NI-30-VII-1b, 1 : 50 000, along a
minor hill and settlement at the coordinates x =
481.25, y = 281.58, ca. 5 km SE of Mrirt. So
far, only the Upper Devonian succession has
been published in detail (e.g., LAZREQ 1992a,
1999; RIQUIER et al. 2005, 2007). It is the type-
section of the Anajdam Member of the Bou
Nebedou Formation. Our new logging started
with the first more solid nodular limestones
(Figs. 7-8) and ended in the basal Famennian.

5.2. Lower Devonian

A small gully NW of the measured section
exposes graptolite-rich, fissile black shales
with large pyrite nodules of the upper Silurian
to basal Devonian (Fig. 7). The local graptolite
fauna has not yet been analysed. The shaly to
silty Submembers A/B at the base of the
Anajdam Member are poorly exposed. The
detailed section log of Fig. 10 begins with thin-
bedded shales and dacryoconarid-rich (Fig. 9),
relatively dark, yellowish weathering nodular
limestones  (bioclastic ~ wackestones) of
Submember C, which form a small cliff within
the northern hill slope (Fig. 8). The lack of
dacryoconarid orientation (e.g., in Beds 1b and
5) and their abundance prove a eutrophic, quiet
outer ramp setting with low sedimentation rate.
Slumping as indicator of synsedimentary
tectonics occurs in Bed 2. Conodont samples
were barren (Bed 1b) or yielded only rare
icriodid fragments (Bed 5), which are too poor
to confirm the assumed lower Emsian age. Bed

Hassan Il Academy of Science and Technology

5 is a partly microsparitic, bioturbated
styliolinid wacke- to packstone with some
ostracods. Above lie ca. 1.5 m of greenish-grey
silty shales (Bed 6).

The transition to darker shales marks the
base of Submember D, the assumed local
Daleje Shale Equivalent. It contains numerous
slump blocks consisting of fine crystalline,
dark to middle grey limestone, which are partly
laminated (e.g., at the top of Bed 10).

Fig. 8: Supposed lower Emsian cliff (Anajdam Member,
Submember C, Beds 1-5, ca. 6.3 m thick) consisting of
thin-bedded, nodular, unfossiliferous limestone with
some slumping as evidence of tectonic instability.

Fig. 9: Microfacies of Bed 1b, a bioturbated bioclastic
wackestone to floatstone with abundant dacryoconarids,
shell filaments, crinoid remains, and gastropods, floating
in a rather dark, variably Corg-rich micrite matrix (scale
bar =1 mm).

Frontiers in Science and Engineering - Vol. 10-n" 1 - 2020
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Fig. 11: Thin-sections showing characteristic microfacies of the Mrirt Member at Anajdam. a. Styliolinid packstone,
Bed 30, top-Givetian (Po. dengleri dengleri Zone); b. Recrystallized styliolinid wackestone with mollusk debris, Bed
33a, lower Frasnian (MN 2a Zone, Ad. rotundiloba soluta Subzone); c. Bioturbated styliolinid wackestone with
gastropods, ostracods, mollusk, and trilobite debris, Bed 33c, top-middle Frasnian (MN 10 Zone, Pa. plana Zone);
d. Mudstone with some shell debris, Bed 45, upper Frasnian (immediately below LKW, MN 12 Zone, Pa. winchelli
Zone); e. Strongly recrystallized, sparitic wackestone with goniatites and mollusk debris, showing a stylolithic
dissolution seam in the lower part LKW, Bed 38 (top MN 12 Zone with Ag. asymmetricus); f. Mud-wackestone with
large, crushed cephalopod shells (with a basal dissolution seam of the lower shell), crinoid pieces, and dispersed, fine
hematite, Intra-KW limestone, Bed 42, top-Frasnian (MN 13a Zone, Pa. bogartensis Zone); g. Recrystallized
wackestone (microsparite) with tentaculitoids, ostracods, and large mollusk debris, upper part of UKW, topmost
Frasnian, Bed 44c (MN 13b/c Zone, Pa. linguiformis Zone); h. Strongly bioturbated mud-wackestone, partly with
washed out micrite matrix, basal Famennian, Bed 45 (Pa. subperlobata Zone). Scale bar = 2 mm, except for d and h

(1 mm); for further explanations see text.

5.2. Middle Devonian (Eifelian)
Submember E begins with a thin,
distinctive interval of black shale with
limestone (Bed 12b: a strongly recrystallized
microsparite with some crinoid ossicles) and
limonite concretions (lower Bed 13a). In the
absence of fauna (barren conodont sample), it
can only be speculated whether this level
represents the global Chote¢ Event. Above,
there are alternating lighter grey shales and thin
nodular limestones (Beds 14-16). Submember
F starts with more solid limestones (Beds 17-
24). At the base, Bed 17 lacks conodonts and is
a poorly fossiliferous mud-wackestone with
styliolinids, rare ostracods, crinoid, and
trilobite debris. It was deposited on a deep outer
shelf ramp. At the top of this interval, Bed 24
yielded the Cherry Valley Morphotype of L.
linguiformis. The Cherry Valley Limestone of
New York State falls in the upper Eifelian. This
supports the assumption that Submembers E
and F represent the lower part of the Middle
Devonian. Records of L. linguiformis and 1.
regularicrescens from the top of Bed 25a agree
with this interpretation. The second species
enters ca. in the middle part of the Po. costatus
Zone with Po. pseudofoliatus and ranges into
the Givetian. The change from solid to more
thin-bedded limestones and an increase of
shales/marls above Bed 24 reflect a slight
deepening but the thin limestones continue the
microfacies from below. Accordingly, Bed 25a
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is a bioturbated, styliolinid-rich bioclastic
wackestone with a partly microsparitic matrix.
Until there are better biostratigraphic data, we
hesitate to correlate the local minor deepening
with one of the upper Eifelian eustatic signals.
A small conodont fauna from the top of
Submember F (Bed 28d) still consists of typical
Eifelian polygnathids (Po. pseudofoliatus) and
icriodids (1. struvei) while normally common
Givetian members of both genera are lacking.
Therefore, that all of the
lower/middle Givetian is locally missing in a
disconformity due to non-deposition (long-
lasting, strong bottom current activities). The
microfacies of Bed 28d is characterized by an
increase of the styliolinid content, which
supports the interpretation of increasing
condensation and a reduced deposition and
washing out of fine micrite.

W€ assume

5.3. Top-Givetian/Famennian
Member)

Although there is no evidence for any
faulting or unconformity, Bed 30, the base of
the Mrirt Member (Submember 1), shows a
significant stratigraphic jump from the top-
Eifelian (of Bed 28d) to the top-Givetian, either
within Bed 29 or at the base of Bed 30 (Fig. 10).
The microfacies (Fig. 11A), a styliolinid
packstone with only minor micrite matrix,
provides support for a strongly reduced

(Mrirt
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sedimentation rate. The conodont assemblage
of Bed 30 is rich and diverse:

Linguipolygnathuis linguiformis Morph A* (rare)
Linguipolygnathus weddigei* (rare)

Polygnathus varcus (rare)

Polygnathus dubius (moderately common)
Polygnathus ordinatus (rare)

Polygnathus cristatus ectypus (rare)

Polygnathus dengleri dengleri

Polygnathus paradecorosus (common)
Polygnathus pollocki (rare)

Polygnathus webbi

Polygnathus pennatus

Polygnathus “collieri Morph 2 (moderately common)
Ctenopolygnathus angustidiscus (moderately common)
Klapperina disparilis (common)
Schmidtognathus peracutus

Schmidtognathus gracilis (rare)

“Ozarkodina” proxima (rare)

“Ozarkodina” sannemanni (moderately common)
N. Gen. n. sp.

Icriodus difficilis

Icriodus expansus

Icriodus aff. obliquimarginatus

The fauna falls clearly in the dengleri
dengleri Subzone of ABOUSSALAM & BECKER
(2007). The linguipolygnathids
regarded as having been reworked. They
indicate that lower/middle Givetian strata once
deposited in the area, but these were eroded
during subsequently increasing bottom-current
intensity, which also caused the strong
condensation. The listed new genus is the same
unusual form as described in ABOUSSALAM
(2003) as ?Skeletognathus n. sp. Two fragmens
of middle Frasnian conodonts suggest a minor
stratigraphic leak from above. LAZREQ (1992a,
1999) placed her corresponding Samples 29
and 29a in the old Schmidtognathus hermanni-
(now ectypus) and
Klapperina disparilis Zones. This suggests that
slightly older upper Givetian
preserved laterally within the extremely
condensed succession. She also reported
other

rarc arc

cristatus cristatus

strata are

Linguipolygnathus and a few
polygnathids, such as Po. xylus and Po.

ovatinodosus. The latter two species are known
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to range into the upper Givetian and lower
Frasnian.

Whilst there is so far no record of the
terminal Givetian Skel. norrisi Zone, the basal
Frasnian has been found by LAZREQ (1992a,
1999) in her Samples 30/ 30a. The MN 1 Zone
was proven by the index taxon 4Ad. rotundiloba
pristina and by supposed Ad. rotundiloba
binodosa (?juvenile pristina specimens). An
unusually early Mesotaxis asymmetrica record
refers to a strongly ornamented form that is
somewhat transitional towards Po. cristatus
cristatus (see LAZREQ 1999, pl. 3, figs. 1-2).
Our Bed 33a yielded Ad. rotundiloba soluta,
the index species for the lower part of the MN
2 Zone. (Ad. rotundiloba soluta Subzone), in
association with Po. and other
polygnathids that continue from below. The
bed is a microsparitic styliolinid wackestone
with mollusk debris, dispersed hematite, and
partly washed out micrite matrix (Fig. 11b).
This suggests condensed, slightly dysoxic
deposition on a subphotic outer shelf ramp.

A significant gap, extending from the higher
part of MN 2 Zone (Ad. rotundiloba
rotundiloba Subzone) to MN 9 Zone (Pa.
proversa Zone) follows in our section. LAZREQ
(1992a, 1999), however, found a thin
development of the Pa. transitans (MN 4
Zone), Pa. punctata (MN 5/6 Zones), and Pa.
hassi Zones (ca. MN 7-9 Zones) in her lateral
Samples 30b-f. Submember 2, the Calcaires a
Manticoceras of FAIK (1988), includes the thin
Beds 33b-37. Some light grey, bioturbated
micrite beds are very rich in corroded
gephuroceratids (Fig. 13). Loose material
include a new relative of M. intermedium with
relatively wide and deep umbilicus (Fig. 14B).
Near the base, Bed 33c is a fossiliferous
wackestone (Fig. 11C) with styliolinids,
gastropods, other mollusk debris, trilobite
remains, and subordinate ostracods.

alatus
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Fig. 12: The somewhat disconformable contact (angular
bedding or slumping) between the topmost Givetian
(Bed 30 with hammer, Po. dengleri dengleri Zone) and
the basal Frasnian (MN 2a or Ad. rotundiloba soluta
Zone recognized in the thick Bed 33a). The overhanging
Bed 33c falls already in the top middle Frasnian (MN 10
Zone), indicating a long interval of non-deposition (late
lower Frasnian to main middle Frasnian). The same
applies to the succession below Bed 30, where there is
no evidence for the lower/middle and early upper
Givetian.

Fig. 13: to mass

Strong condensation
accumulations of eroded, median-sized manticoceratids
at the top of an upper Frasnian bedding surface exposed
laterally to the main section.

leading
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Fig. 14: Two Frasnian goniatites from Anajdam. Upper
picture: Sinobeloceras aff. acutum (CHAO, 1956), Bed
33, with five E- and outer U-lobes (max dm = 84 mm);
lower two pictures: Manticoceras n. sp. aff. intermedium
(WEDEKIND, 1913a), loose, with moderately thick, flat
whorls, wider, deeper umbilicus than in typical M.
intermedium (max. dm 72 mm).

Fig. 15: Mantiococeras Bed of Fig. 13 overlain by dark-
grey (organic-rich) Kellwasser Limestone.
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Fig. 16: The dark-grey Lower Kellwasser Limestones
(Beds 38-40) in the foreground, light-grey intra-
Kellwasser Beds (Beds 41-42), the thin Upper
Kellwasser Limestone (Bed 43-44c¢ above the hammer
blade), followed by thin-bedded basal Famennian
limestones (above the hammer, Beds 45-48).

Fig. 17: Adult Phonixites frechi (WEDEKIND, 1918),
loose from light grey micrites of the lower Famennian
(dm = ca. 64 mm).

It yielded several convolute specimens of
Sinobeloceras (Fig. 14), which is characterized
by five external lobes (four in Mesobeloceras,
six to eight in the descendent and more involute
true Beloceras). The associated rich conodont
fauna is dominated by Po. paradecorosus (Fig.

18.11), Pa. hassi (Fig. 18.5), and L
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symmetricus (Fig. 18.10). Associated are
ancyrodellids (A4d. lobata, Fig. 18.3, Ad.
curvata early form, Ad. nodosa, Fig. 18.1),
ancyrognathids (Ag. coeni, Fig. 18.4, Ag.
barbus, Fig. 18.2), and one /. brevis (Fig. 18.6-
7). Subordinate Pa. plana (Fig. 18.9) and a
transitional form towards Pa. feisti (Fig. 18.8)
give an upper MN 10 Zone (Pa. plana Zone)
age, near the top of the middle Frasnian.

The thin nodular to flaserlimestones of Beds
34-37 record a deepening interval related to the
eustatic semichatovae Transgression, which
was emphasized by SANDBERG et al. (1992).
Increased sedimentation rates are documented
by high amounts of micrite in the mudstone
facies of Bed 37 (Fig. 11D). LAZREQ (1992a,
1999) found Pa. subrecta, the index species of
MN 12 Zone (Pa. winchelli Zone) at the top of
Submember 2 (in her Sample 34). Our
corresponding sample from Bed 37 is rich in
Ad. curvata early form (Fig. 19.12), Ag.
triangularis (Fig. 19.14), Po. webbi (Fig.
19.17), Pa. hassi, 1. praealternatus (Fig.
19.15), and 1. symmetricus. More subordinate
are Ad. ioides (Fig. 19.13), Ad. gigas, Pa.
kireevae (Fig. 19.18), Palmatolepis ‘m. sp.
(Fig. 19.19 and a second un-figured taxon), /.
vitabilis (Fig. 19.16), and early representatives
of I. alternatus.

Submember 3 embraces the two
Kellwasser units and ranges from Beds 38 to
44c (Figs. 10, 11, 16). The main LKW (Bed 38,
see Sample 35 of LAZREQ 1999) is a solid
limestone that is moderately rich in dark
organic matter, buchiolid bivalves,
tentaculitoids, and goniatites (Manticoceras).
The thin section (Fig. 11E) shows goniatites
and crushed mollusk shells, and a strong
recrystallization, which is typical for KW beds
in many regions (e.g., BUGGISCH 1972; WENDT
& BELKA 1991).
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Fig. 18: Conodonts from Beds 33C (1-11), 37 (12-19), and 38 (20-21). 1. Ad. nodosa, x 40; 2. Ag. barbus, x 40; 3.
Ad. lobata, x 60; 4. Ag. coeni, x 65; 5. Pa. hassi, x 35; 6-7. . brevis, x 110; 8. Pa. aff. plana, x 45; 9. Pa. plana, x
40; 10. 1. symmetricus, x 50; 11. Po. paradecorosus, x 35; 12. Ad. curvata early form., x 70; 13. Ad. ioides, x 55; 14.
Ag. triangularis, x 50; 15. I. praealternatus, x 6; 16. 1. vitabilis, x 110; 17. Po. webbi, x 45; 18. Pa. kireevae, x 60;
19. Palmatolepis. M. sp., X 55; 20. Ad. curvata late form, x 35; 21. Ag. amana, x 40.

The increase of organic matter created
closed diagenetic systems with reduced pore
water circulation. Palaecoproductivity
indicators among trace elements (e.g., Ba/Al,
Cu/Al, Ni/Al, Zn/Al; RIQUIER et al. 2005), the
Corg content, and the blooming pelagic fauna
indicate eutrophic conditions. Redox sensitive
trace element ratios suggest dysoxic
conditions, resulting from oxygen consumption
required for the increased biogradation of the
enhanced supply of organic matter. A
minimum of magnetic susceptibility supports
the prevailing interpretation of the LKW to
have accumulated during an episode of
maximum transgression (RIQUIER et al. 2007).

In the LKW conodont assemblage, Ag.
amana (Fig. 18.21) is a newcomer, which
signals higher parts of the MN 12 Zone (Pa.
winchelli Zone; see KLAPPER & KIRCHGASSER
2016). Ancyrodellids, such as Ad. gigas (s.str.,
Fig. 19.1) and Ad. curvata late form (Fig.
18.20) co-occur. LAZREQ (1999, fig. 18) noted
an icriodid spike in her conodont biofacies
analysis, which expresses the palaeoecological
change.

The top of the LKW shows bioturbation.
The overlying argillaceous to concretionary
Bed 39 forms a middle part of the LKW (=
Sample 36 of LAZREQ 1999). The more solid
Bed 40 is the top part of the LKW, still with
manticoceratids, in which the amount of dark
Corg decreases upwards. This suggests a gradual
trend towards better oxygenated, normal and
mesotrophic  pelagic LAZREQ
(1992a, 1999) recorded from her corresponding
Sample 37 Pa. rotunda, the index species of
MN 13a Zone (Pa. bogartensis Zone), Ag.

asymmetricus, as well as a new, rather slender

conditions.

ancyrognathid (n. sp. B).
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The intra-KW beds (Beds 41-42) are thin-
bedded and nodular towards the top. Magnetic
susceptibility data, a positive double spike,
suggest a regressive peak in the upper half of
this interval (AVERBUCH et al. 2005; RIQUIER et
al. 2007). Near the top, Bed 42 is a mud- to
wackestone with isolated crinoid pieces,
conodonts, tentaculitoids, large
cephalopod fragments, and small amounts of
dispersed hematite (Fig. 11F). Bioturbation
was weak, indicating dysoxic conditions. The
conodont fauna includes a flood of small

rarc

palmatolepids, abundant Pa. bogartensis (four
different morphotypes, Fig. 19.5-8), Pa. hassi,
winchelli (cf. Fig. 19.9), Ag
asymmetricus (Fig. 19.2), Ad. curvata late
form, moderately common [ alternatus
19.4), and subordinate 1.
The assemblage is
typical for MN 13a Zone (Pa. bogartensis
Zone). But since Pa. linguiformis is extremely

some Pa.

alternatus (Fig.
alternatus mawsonae.

rare both in the Montagne Noire and Mrirt
region (GIRARD et al. 2005), a basal MN 13b
Zone age (lower Pa. linguiformis Zone) cannot
The directly overlying,
recrystallized, dark-grey, organic-rich UKW
can be subdivided into four thin subunits (Beds
43 to 44c) that were not separated in previous
section logs. The unit correlates with Samples
38 and 38a of LAZREQ (1999). Sheet cracks
indicate minor interruption of sedimentation
(Fig. 15), as in the eastern Anti-Atlas (see
WENDT & BELKA 1991). The microfacies (Fig.
11G) is a microsparitic bioclastic wacke-
packstone with tentaculitoids, some ostracods,
and mollusk debris. Trace element ratios prove
increased trophic and dysoxic to even anoxic
conditions, as for the LKW (RIQUIER et al.
2005).

be excluded.
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Fig. 19: Conodonts from Beds 38 (1, MN 11), 42 (2-8, MN 13a/b), 44C (9-13, MN 13c), and 45 (14-19, subperlobata
Zone). 1. Ad. gigas, x 45; 2. Ag. asymmetricus, X 30; 3. Pa. cf. nasuta, x 40; 4. . alt. alternatus, x 80; 5. Pa.
bogartensis M-A, x 60; 6. Pa. bogartensis M-B, x 65; 7. Pa. bogartensis M-C, x 75; 8. Pa. bogartensis M-D, x 65;
9. Pa. cf. winchelli, x 35; 10. Pa. aff. bogartensis, x 45; 11. Po. imparilis, x 35; 12. Ad. curvata 1.f., x 50; 13.
Nothognathella sp., x 50; 14. Neo. aff. communis, x 65; 15. Pa. ultima, x 65; 16. Pa. del. delicatula, x 125;17. L. alt.
alternatus, x 85; 18. 1. alt. mawsonae, x 60; 19. I. alt. helmsi, x 60.

This explains the lack of any endobenthos and
of oxygen-sensitive epibenthos. Magnetic
susceptibility and maximum CaCOs contents
signal, as for the LKW, deposition during a
time of very high sea level, when the carbonate
ramp setting became increasingly distal
(RIQUIER et al. 2007). Sample 38 included
specimens of Pa. semichatovae (LAZREQ 1999,
pl. 10, figs. 1-3), which should normally not
occur so high in the Frasnian. In relation to the
underlying light grey limestones, polygnathids
are slightly enriched (ca. 20 % of the total
fauna, LAZREQ 1999, fig. 27). The top of the
UKW (Sample 38a) yielded Ag. ubiquitus and
Pa. ultima (= praetriangularis), the two index
species of the terminal Frasnian MN 13¢ Zone
(Ag. ubiquitus Zone/Subzone). Our new sample
from Bed 44c also produced several Ag.
ubiquitus, a large variety of Pa. bogartensis,
many specimens with a lappet-like side lobes
as in Pa. amplificata (Pa. cf. winchelli, Fig.
19.9), narrow forms identified as Pa. aff.
bogartensis (Fig. 19.10), Pa. hassi, rare Pa. cf.
brevis, common Po. webbi and Ad. curvata late
form (Fig. 19.12), Po. imparilis (Fig. 17.11),
nothognathellids (Fig. 19.13), all three
subspecies of I alternatus, and the perhaps
youngest known FEnantiognathus. Locally,
there is little evidence for a palmatolepid
extinction within the upper UKW, as a
supposed marker of the MN 13b/13¢c Zone
boundary.

The Frasnian-Famennian stage boundary
is locally marked by a sudden return to organic-
poor, light grey micritic limestones. Bed 45, the
base of Submember 4, is a strongly
bioturbated bioclastic wackestone with a
surprising high amount of possibly reworked

tentaculitoids and mollusk debris. Sharp
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changes of the matrix and its color give the
impression  of
described from the basal Famennian bed of
Rhenish sections (Schmidt Quarry, SCHINDLER
1990; Beringhauser Tunnel, HARTENFELS et al.
2016). Geochemical data support a gradual but
strong return to fully oxic and less nutrient-rich
palaeoceanographic conditions (RIQUIER et al.
2005, 2007). Rising magnetic susceptibility
shows a regressive trend, which, however, is
pronounced than the pre-UKW
Regression. Phoenixites frechi, the only F-F

reworked mudclasts, as

less

boundary survivor goniatite, occurs as large,
loose specimens (Fig. 17). The conodont fauna
of Bed 45 is restricted and typical for the basal
Famennian Pa. subperlobata Zone. Despite the
presence of mudclasts and tentaculitoids, there
is no evidence of reworking of conodonts from
Frasnian strata. There are abundant Pa. ultima
(Fig. 19.15), subordinate Pa. subperlobata,
some small Pa. delicatula delicatula (Fig.
19.16), L alternatus alternatus (Fig. 19.17), L.
alternatus helmsi (Fig. 19.19), I alternatus
mawsonae (Fig. 19.18), Po. procerus, and a
possibly new polygnathid, which is probably
the ancestor of Neopolygnathus communis
communis (Fig. 19.14). Typical Neo. communis
communis enter higher in the lower Famennian,
within the Pa. crepida Zone (see discussion in
WANG et al. 2016). Some simple ozarkodinids
from Bed 45 fall in the genus Walliserodina
SCHULKE, 1999. One

transitional between Pa.
triangularis. LAZREQ (1999) noted an increase
of relative icriodid abundance, which is an
extinction-related

Palmatolepis is
ultima and Pa.

opportunistic  biofacies
feature, not necessarily a consequence of sea

level change.
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The subsequent Famennian sedimentary and
faunal succession has been described by
LAZREQ (1992a, 1999). She found all lower
Famennian (Submember 4) conodont zones up
to the Upper rhomboidea Zone (now Pa.
gracilis gracilis Zone, SPALLETTA et al. 2017).
The lithology fluctuates between nodular shale
and nodular limestone. The two levels of the
regressive Lower and Upper Condroz Events
are weakly marked by two levels of more solid
limestone in the (Lower) Pa. rhomboidea and
Pa. gracilis gracilis Zones, separated by a shale

Hassan II Academy of Science and Technology

unit. Peak abundances of palmatolepids, as
probable indicators of transgression, are
recorded high in the Pa. termini Zone (Middle
crepida Zone) and in the Pa. glabra pectinata
Zone (Uppermost crepida Zone). This reflects
the two phases of maximum deepening of the
so-called, prolonged “Nehden Event”, which
is not a true event but an interval of strong
radiation when the shelf had reached its widest
extension. Cheiloceratids, that record this
radiation in outer shelf settings, have not yet
been collected at Anajdam.
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6. Bou Ounebdou (Gara de Mrirt)

XA ! Tibouda
.

%00 m

Fig. 20: Position of the numerous numbered sections
distinguished at Bou Ounebdou (Bou Nebedou or Bou
Ounabdou) SE of Mrirt. E/NE-W/SW running gullies
separate the Tibouda sections in the NW, Hill A (with
Section MG), Hill B (with Sections A-C), Hill C (with
Section D), and Hill D (with Sections X and M; updated
from HONEKE 2001, fig. 42).

6.1. Location and overview

The Bou Ounebdou area at the SW/S slope
of the Gara de Mrirt (or Al Gara, Fig. 2)
mountain exposes the Devonian in numerous
lateral sections (Fig. 20) and in cliffs of two
small-scale nappes that overlie each other
directly (see BECKER & HOUSE 2000a, fig. 2),
exemplified by the repetitive sections A and
B/D (Fig. 19). The erosion at the base of the
overlying, Lower Carboniferous Al Gara
Formation has truncated the Famennian of both
nappes but laterally to a variable extent. Shales
with embedded conglomerates, breccias and
large olistolites under- and overlie the
incomplete Upper Devonian of both nappe
successions. Below, there is no undisturbed
contact to the Lower/Middle Devonian that can
be best studied at Tibouda (Fig. 18; x = 282.97,
y = 488.66) and in Section III of WALLISER et
al. (2000). Our investigations concentrated on
the Upper Devonian and, therefore, we have to
refer to the latter publication. It included
Pragian index species (e.g.,
(Turkestanella) acuaria) for Submember A of
the Anajdam Member, a  silty/sandy
Submember B, and some upper Emsian

Nowakia
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conodonts and dacryoconarids, such as Now.
(Now.) richteri. The so far only reliable
evidence for (top) middle Givetian strata is
based on a conodont sample with “Polygnathus
sp. aff. bryanti”. The Middle Devonian requires
further studies.

The following summary combines for the
Upper Devonian a brief review of the many
previous publications with detailed new data.
Around the Frasnian-Famennian boundary,
there are many similarities with the Anajdam
succession.

6.2. Frasnian

Unit/Bed A in the slope below the lower
cliff/nappe consist of dark-grey shales with
numerous, partly meter-sized and internally
folded slump blocks, including laminated black
limestone (clasts of Bed B, see below), light-
grey Frasnian micrites, and Famennian
Drzieduszyckia Limestone. The latter prove that
Unit A is a post-Famennian tectonic melange
formed during nappe emplacement, not a
Givetian unit. Bed B is a lenticular, solid,
laminated, pyritic black marker limestone (10-
20 cm thick). It forms the base of the Mrirt
Member of the Bou Nebedou Formation.
Locally, the lithofacies of Submember 1
differs strongly from the contemporaneous oxic
limestones of Anajdam (see Fig. 5). At Bou
Ounebdou, the first pulse of the global Frasnes
Events is well-developed as an anoxic interval
(BECKER 1993b). The absence of macrofauna
and bioturbation suggests hostile conditions on
the sea floor. Sample 30 of LAZREQ (1999)
yielded M. falsiovalis (s.l.), which refers
possibly to a morphotype of the closely related
M. guanwushanensis (see new taxonomic notes
by ABOUSSALAM & BECKER in PIZARZOWSKA
et al. 2020 in press). In any case, this forms
provides a topmost Givetian age (norrisi =
basal falsiovalis Zone).

Bed C is an up to 3 m thick (Section A),
laminated, black shale unit, locally with partly
irregularly embed (slumped), lenticular, middle

Frontiers in Science and Engineering - Vol. 10-n" 1 - 2020
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Section VIIIc). The bed numbering was harmonized, leading to
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Fig. 21: Correlation of four lateral Frasnian successions at Bou Ounebdou: Hill A, lower cliff, slightly W of main

section of LAZREQ (1992a, 1999), Hill B, lower cliff, Section A, Hill C, lower cliff, Section B (= Section VIIIa), and

Hill B/C, continuous outcrop between Section B/D (
changes in Section B/D (numbers of BECKER & HOUSE 2000a given in brackets). Numbers in brackets in Sections 11

and A refer to sample numbers in LAZREQ (1999: L-numbers) and HUNEKE (2001: M-numbers).
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Fig. 22: Naplesites n. sp. (with three E- and three outer
U-lobes), loose from Bou Ounebdou (max. dm = 86 mm).

to dark grey limestones. Records of Pa.
transitans, M. asymmetrica,
unilabia, and Ad. pramosica from a limestone
in the higher part give a top lower Frasnian age
(MN 4 Zone, Pa. transitans Zone). Associated
are 1. symmetricus, Po. dengleri dengleri, and

Po. varcus. So far, there is no record of MN 1-

Zieglerodina

3 Zones but the anoxic interval may represent
the complete interval from the upper pulse of
the Frasnes Event (MN 2a Zone, Ad.
rotundiloba soluta Subzone; see ABOUSSALAM
& BECKER 2007) to the top lower Frasnian
Timan Event sensu HOUSE et al. (2000b).

The middle Frasnian (upper part of
Submember 1) is locally almost missing (Fig.
21). The only evidence is a loose specimen of
Naplesites (Fig. 22), which is the index genus
of Upper Devonian (UD) Gi, correlating with
the upper part of MN 6 to lower MN 7 Zone in
eastern  North  America (KLAPPER &
KIRCHGASSER  2016), in the Anti-Atlas
(BECKER et al. 2018b), or Western Australia
(BECKER & HOUSE 2009). The fully grown
specimen belongs to the new species with three
external U-lobes that occurs in the Tafilalt.

As at Anajdam, Submember 2 is
characterized by a strongly condensed but more
or less complete succession of outer shelf, light-
grey limestones  with
goniatites and other pelagic fauna. Coarsening-

well-oxygenated
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to-finning-upward micro-sequences comprise
calcarenites (styliolinid grain- to packstones
with locally preserved horizontal and cross-
lamination), laminated calcisiltites (rich in

conodonts and phosphate clasts), and
bioturbationally mottled calcisiltites and
calcilutites — analogous to contourite

formations in modern oceans (HUNEKE 2007,
2013). While calcarenites and calcisiltites result
from vigorous Dbottom-current  activity,
calcilutites are formed under conditions of
weak current influence or pelagic rain.

Bed D is detrital, irregularly developed, up
to 20 cm thick, and contains intraclasts that
prove some reworking high in the middle
Frasnian. Records of Pa. plana and Pa.
proversa (Sample MG1 of HUNEKE 2001) place
the unit in MN 10 Zone (Pa. plana Zone). The
thickness of the overlying, solid marker
limestone (Bed E = Bed F in BECKER & HOUSE
2000a) varies laterally between 16 and 47 cm.
There are more intraclasts at the base and large
orthocones and ammonoids (Beloceras,
Manticoceras, ?Maternoceras). Conodonts
from Samples 31 of LAZREQ (1999) and Sample
MG 2/3 of HUNEKE (2001) include Ag.
triangularis and Ag. seddoni, as markers of the
MN 11 Zone (Pa. feisti Zone). The sudden
change to a sequence of thin-bedded nodular
shales and limestones (Unit/Bed F = Beds G-J
in BECKER & HOUSE 2000a) reflects an overall
deepening, the semichatovae Transgression
just above the base of the MN 11 Zone. This is
parallelled by a major change of seawater
geochemistry, as manifested in a gradual,
strong positive excursion of neodymium
isotopes, with a maximum at the base of Bed F
(Sample 98 of DOPIERALSKA  2003;
DOPIERALSKA et al. 2015). The same influx of
supposed open Prototethys water masses has
been recorded in the Tafilalt. Thalassinoides
burrows are an indicator of fully oxic
conditions. There are manticoceratids and
beloceratids. At the top lies a more solid
flaserlimestone. The main part (Sample M55 of

Frontiers in Science and Engineering - Vol. 10-n" 1 - 2020
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HUNEKE 2001) yielded Pa. nasuta and Pa.
paragigas, which provide a correlation with the
Early rhemana Zone sensu ZIEGLER &
SANDBERG (1990). Sample M57 from the top of
Unit/Bed F contained Pa. semichatovae, the
iconic species for the major eustatic,
transgressive phase that shall define the base of
the upper Frasnian.

Beds G/H are a couplet of up to 120 cm thick
(= Beds K to middle L in BECKER & HOUSE
2000a) more argillaceous or more calcareous
nodular units. This level yielded in section B/D
a first Moroccan relative of the involute,
slender, and fast expanding M. lyaiolense (Fig.
23), which differs from the types in a somewhat
wider and narrower flank lobe. The Russian M.
lyaiolense occurs also in higher parts of MN
Zone 11 (feisti Zone; e.g., BECKER et al. 2000).
There are other loose manticoceratids, such as
M. aff. lenticulare (Fig. 24), related to an
insufficiently known Chinese (Hunan) species
with flattened but strongly converging flanks,
and a large, compressed fragment of M.
evolutum (Fig. 25). The latter was previously
only known from slightly smaller specimens of
the Saoura Valley, Algeria (PETTER 1959). The
closely related, also large-sized M. latisellatum
occurs typically in the early upper Frasnian of
northern Russia  (BOGOSLOVSKIY  1969;
BECKER et al. 2000). One specimen (Fig. 26) is
very close or identical with M. simulator, the
New York State type-species of the genus, in
which the subumbilical L-lobe stays rounded
during ontogeny. Finally, there is a new species,
M. inflatum n. sp. (Fig. 27), which is closest to
the Northern Russian M. The
admixture at Bou Ounebdou of manticoceratids
with  very  different  palaeogeographic
relationships emphasizes the kosmopolitan
nature of upper Frasnian pelagic faunas during
times of maximum transgression.

Bed I (Bed L in BECKER & HOUSE 2000a) is
a thin (up to 30 cm thick), solid marker

solnzevi.

limestone with some Manticoceras (at Hill A)
and Pa. subrecta (= winchelli; Sample M58 of
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HUNEKE 2001), the index species of the MN 12
Zone. A new restricted sample yielded Ad.
curvata late form, Po. amana, Po. aequalis, 1.
symmetricus, and others. Bed I forms the lower
part of the minor cliff, which is mostly built by
the sharply overlying, dark-grey LKW
Limestone (Bed J1, up to 25 cm thick, Bed M
in BECKER & HOUSE 2000a) at the base of
Submember 3. LKW fossils include M. lamed,
Aulatornoceras sp., Tornoceras sp., Buchiola,
orthocones, and homoctenids. A rich conodont
fauna of LAZREQ (1999, Sample L38) and a new
sample yielded Ag. triangularis, the late
morphotype of Ad. curvata, Ag. asymmetricus,
the marker for the top of MN 12 Zone, and a
new species of Icriodus with a few nodes on the
upper surface of the basal cavity, outside the
platform (spindle). As at Anjadam, there is a
bloom of icriodids (LAZREQ 1999). A thin
upper subdivion (Bed J2) forms a recessive top.
RIQIER et al. (2005, 2007) proved similar
geochemical conditions for Bou Ounebdou as
at Anjadam. The outer shelf carbonate ramp
deepened and became eutrophic (with a peak of
Ba/Al and V/Cr values, AVERBUCH et al. 2005)
and dysoxic. JOACHIMSKI et al. (2002) and
RIQUIER et al. (2005) documented the
associated positive carbon isotope excursion
known from many other sections on a global
scale (e.g., JOACHIMSKI & BUGGISCH 1993;
JOACHIMSKI et al. 2001; BUGGISCH &
JOACHIMSKI 2006). It indicates increased bureal
of organic carbon and a maximum of oceanic
organic productivity. A pronounced positive
excursion of 8'*0 in LKW conodonts means
that this occurred in parallel with rapidly falling
sea surface temperatures, in the scale of 4-7°C.
However, congruent transgression and major
cooling represent opposite trends that are not
easy compatible. A coincident sharp decrease
of Sr/Ca ratios has been linked by LE HOUDEC
et al. (2013) with an increasing erosion of
calcite-dominated reef bodies. However, the
LKW transgression drowned the carbonate
shelfs, for example of the Ardennes (e.g.,
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Fig. 23: Manticoceras aff. lyaiolense BOGOSLOVSKIY,
1969, loose specimen, upper nappe, Section B/D,
showing the slender, fast expanding (WER = 2.9) whorl
form and narrow umbilicus of the typical species but with
a different flank saddle (max. dm = 82.8 mm).

Fig. 24: Manticoceras aff. lenticulare XU, 1977 loose
specimen showing characteristic, flattened, strongly
converging flanks and a steep, narrow umbilicus (max.
dm = 66 mm).
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Fig. 25: Large, loose fragment (whorl height at last
septum = 67 mm) of a Manticoceras evolutum
PETTER, 1959 from Gara de Mrirt, showing the
widely arched flank saddle (saddle width/height = ca.
1.7) as typical for the M. latisellatum Group.

Fig. 26: Gara de Mrirt Manticoceras simulator (HALL,
1874) a species that was previously only known from
eastern New York (e.g., HOUSE & KIRCHGASSER 1993,
2009), showing the compressed, discoidal whorl form
and typical, rather wide and rounded L-lobes at 30 mm
diameter (max. dm = 46 mm).

Fig. 27: Manticoceras inflatum n. sp., holotype
(Geomuseum Miinster), loose from the upper Frasnian of
Section II (Hill A, max. dm =38 mm).
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Fig. 28: Manticoceras aff. guppyi GLENISTER, 1958, loose at Gara de Mrirt, upper nappe, Hill B, Section B (max. dm
= 107 mm; thicker than the guppyi holotype and with higher whorl expansion rate at ca. 2.8).

HOUSE et al. 2000a; MOTTEQUIN & POTY 2016),
and did not erode them. A higher content of Ca
in the marine limestones at Bou Ounebdou,
whilst the Sr influx remained stable, may be
explained alternatively by blooms of calcite-
producing and photosynthetic cyanobacteria
that probable also make up the present,
amorphous Corg.

The up to 50 cm thick Beds K/L (Intra-KW
Limestone, lower part of Bed N in BECKER &
HOUSE 2000a) reflect a gradual post-LKW
deepening with a change from thin-bedded,
light grey flaserlimestone with goniatites
(Manticoceras, Aulatornoceras) to more deeply
weathered nodular shales, marls, and green
calcareous shales. There was a gradual return to
fully oxic and oligotrophic conditions with low
carbon isotope and moderately high Sr/Ca
values. Sample M59 (HUNEKE 2001) from the
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base yielded Pa. rotunda (= bogartensis), the
index species of MN 13a Zone (Pa. bogartensis
Zone. FEIST (2002, 2003) found in Bed K (his
level 1A) the trilobites “Harpes” neogracilis,
Chlupaciparia maroccanica, Acuticryphops
acuticeps, and Otarion stigmatophthalmus.
These are of highest importance for the
understanding  of  trilobite  extinctions
associated with the global Kellwasser Crisis. A
subsequent minor shallowing episode is
represented by the up to 45 cm thick Beds M/N
(middle to upper parts of Bed N in BECKER &
HOUSE 2000a), a succession of light-grey,
bioturbated, platy, solid cephalopod limestone
that form a minor cliff. The regressive trend is
not prominent in the magnetic susceptibility
curve (RIQUIER et al. 2007). Beds M/N yielded
the upper trilobite assemblage of FEIST (2002,
1B) with Gondwanaspis mrirtensis, “Harpes”,
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Palpebralia brecciae, Otarion, and
Acuticryphops. Among the conodonts, Ag.
triangularis and Ad. curvata late form are
common (new sample).

The overlying limestones are, again, more
thin-bedded and recessive (Bed O, up to 40 cm
thick). Manticoceras are rather common in
Beds M-O and can reach giant size (25 cm
diameter or more, e.g. in Section B). Such large
representatives of the M. cordatum Group
probably belong to a new species. One well-
preserved, loose specimen (Fig. 28) is very
similar to the top-Frasnian M. guppyi
GLENISTER, 1958 of Western Australia, where
it occurs in UD I-L and the Pa. linguiformis
Zone (MN 13b Zone; see BECKER & HOUSE
2009). This agrees well with the discovery of
rare Pa. linguiformis by GIRARD et al. (2005) in
beds just below the UKW. We found at the top
of Bed O (in Section B/D) only Ag.
asymmetricus, Ad. curvata late form, Pa.
bogartensis, Pa. hassi, 1. alternatus alternatus,
and I. alternatus mawsonae. Another important
faunal element at this level are oncoceratids.
The Bou Ounebdou fossil record underlines the
survival of several important faunal groups
right until the base of the Upper Kellwasser
Event, as first described from the F-F boundary
stratotype at Coumiac, southern France
(BECKER et al. 1989; HOUSE et al. 2000a).

The dark-grey, organic-rich UKW Limestone
(Beds P to Rla, Bed P in BECKER & HOUSE
2000a) is more argillaceous and more deeply
weathered than the LKW. However, this is only
partly evident in the detrital trace element
proxies, magnetic susceptibility values, and
carbonate content curves of AVERBUCH et al.
(2005) and RIQUIER et al. (2005, 2007). The
UKW seems to have been locally less anoxic
than the LKW. There are at least two marl-
limestone cycles (Fig. 21). Common fossils are
goniatites (M. lamed Group, Crickites
holzapfeli, the UKW index species of UD I-Lo,
Aulatornoceras sp.), orthocones, homoctenids,
buchiolids, and other bivalves. LAZREQ (1999)
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documented Ag. ubiquitus, the marker for MN
13¢ Zone (upper linguiformis Zone or Ag.
ubiquitus Zone) in Samples L43a/44. The peak
positive carbon isotope values, and, therefore,
of oceanic productivity lies at the top of our Bed
44c (JOACHIMSKI et al. 2002; RIQUIER et al.
2005). Corg biodegradation caused probably an
oxygen minimum at the top of the UKW. But
since redox-sensitive elements are more
enriched in the LKW, it is difficult to relate the
sudden extinction of pelagic biota at the UKW
top simply to a peak of open water anoxia.
Extreme climatic fluctuations may also have
been an important environmental factor. LE
HOUEDEC et al. (2013) documented peak
temperature for the lower part of the UKW,
reverting suddenly to cooler values in the upper
part. However, the cooling was much less
drastic than within the LKW (see discussion in
HARTENFELS et al. 2016). The Ca/Sr values
were slightly more negative than in the LKW,
which suggests a higher influx of biogenic
calcite.

6.3. Famennian

According to LAZREQ (1992a, 1999), there is
an unconformity right at the F-F boundary at
Bou Ounebdou. The first Famennian bed (Bed
R1b, Samples L45/46, base of Submember 4)
contained already Pa. delicatula platys, the
index species of the (now) third Famennian
conodont zone (revised Middle triangularis
Zone of ZIEGLER & SANDBERG 1990; Pa.
delicatula platys Zone of SPALLETTA et al.
2017). Geochemical values prove a return to
normal, oxic to slightly dysoxic and
oligotrophic conditions (RIQUIER et al. 2007)
but there are inconsistent carbon isotope data in
JOACHIMSKI et al. (2002: marked negative shift)
and RIQUIER et al. (2005: continuing high §'*C
values). A basal Famennian regression is
supported by rising magnetic susceptibility
values (AVERBUCH et al. 2005) and an increase
of icriodid numbers (up to ca. 20 % of the fauna,
LAZREQ 1999).
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Section
Mrirt /M

Kellwasser Limestone

I 1Frasnian:Famennian

sorted limestone conglomerates, grio

[ 27 ‘ Rock-fall deposits and debris-flow deposits (chaotic limestone breccias, olistolites)

Deposits of hyperconcentrated densfit{‘ﬂows aind mo:liﬁ)ed grain flows (channelized and lobe-shaped,
e conglomerates;

Section
Mrirt / MT

Section
Mrirt / MG
1

Fig. 30: Facies model for the laterally variable origin of Eovariscan resediments of Gara de Mrirt prior to and during
the nappe displacement (HUNEKE 2001, fig. 54). For location of sections Mrirt M, MG, and MT see Fig. 20.

It is also in accord with peak positive (cool)
oxygen isotope values from conodont
phosphate (LE HOUEDEC et al. 2013). The local
F-F boundary hiatus is correlated with the basal
Famennian reworking event recognized at
Anajdam and elsewhere (BECKER et al. 2018).
The boundary level should be re-sampled at the
highest resolution for conodonts and
microfacies in the sections with the thickest
UKW development (Sections Il and A, Fig. 21).

Our up to 50 cm thick, basal Famennian Bed
R (Bed Q in BECKER & HOUSE 2000a) contains
up to three solid flaserlimestones alternating
with more argillaceous beds. There are
common Phoenixites frechi, the opportunistic
basal Famennian index goniatite (BECKER
1993a). The small-eyed pacopid Nephranops
(N.) aff. incisus occurs in the first 20 cm of the
Famennian. It records the earliest Famennian
trilobite radiation after the drastic extinction at
the UKW base (FEIST 2019). This initial
recovery occurred just before the onset of Pa.
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minuta minuta, the index species of the Pa.
minuta minuta Zone (= former Upper
triangularis Zone, Sample L46a).

The overlying Beds S-Z (of Section B, ca.
21.5 m), yellowish weathering nodular shales
and limestones, resemble strictly the “vrai
griotte” of the southern Montagne Noire
(BECKER 1993a, 1993b; BECKER & HOUSE
2000a). LAZREQ (1992a, 1999) recognized all
lower Famennian conodont i
Submember 4. Especially similar are the
abundant cheiloceratid faunas, which range
from UD II-C to II-F1. The Bou Ounebdou is
one of the globally few successions, where the
post-KW conodont and goniatite radiations can

zones m

be corrclated. However, the search for the
oldest Cheiloceratidae within the thick Bed U
requires further collecting. The oldest fauna
from Bed V includes typical taxa of the second
cheiloceratid zone (Ch. (Ch.) subpartitum
Zone, UD II-C). Index taxa for UD II-D are
locally

surprisingly rare. Only Armatites
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planidorsatus has been noted (BECKER &
HOUSE 2000a), but as a locally rare form. At the
top there are large-sized, rather unusual
relatives of Ch. (Ch.) amblylobum, Ch. (Ch.)
sacculum, and a loose Paratornoceras, which
suggest that the level of UD II-E/F1 has been
reached. This interval correlates with the Pa.
rhomboidea and Pa. gracilis gracilis Zones
(previous Lower and Upper rhomboidea
Zones). The latter has been identified by
LAZREQ (1999) based on records of Po.
triphyllatus (see lower range in SPALLETTA et
al. 2017). As in the Montagne Noire, the
preservation of goniatites as isolated, corroded
nodules is poor. However, the following taxa
have ben identified so far (Figs. 29, 31):

Cheiloceras (Ch.) subpartitum subpartitum (Figs. 31c-d,
m-n, partly unusually large, up to 67 mm dm)
Cheiloceras (Ch.) subpartitum crassum

Cheiloceras (Ch.) amblylobum

Cheiloceras (Ch.) aff. amblylobum (Fig. 31i-))
Cheiloceras (Ch.) cf. sacculum (Fig. 31-g-h)
Compactoceras (Com.) verneulii sublentiforme (Figs.
31o-p)

Compactoceras (Com.) tenue

Compactoceras (Com.) undulosum undulosum (Figs.
31e-f)

Compactoceras (Com.) undulosum planilobum
Puncticeras pompeckji pompeckji (Figs. 31a-b)
Falcitornoceras falcatum (Fig. 31k-1)

Armatites sp. indet.

Paratornoceras sp.

WALLISER et al. (1999), LAZREQ (1999), and
HUNEKE (2001) emphasized the
synsedimentary Eovariscan reworking and re-
sedimentation at Gara de Mrirt. This is
manifested, with strong variation in lateral
sections, by monomict, “griotte
conglomerates”, polymict breccias, and many,
often wildly displaced olistolites and slump
blocks. Hyperconcentrated density flows
(depositing sorted conglomerates) have been
caused by slope instability on tilted blocks,
while rock fall deposits (breccias, olistolites)
originated at active fault scarps with variably
steep slopes (HUNEKE 2001; Fig. 30). In Section
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VIII (Hill C) of WALLISER et al. (2000), the re-
sedimentation of “xeno-blocks” straddled the
lower-middle Famennian boundary. This is
supported by conodont data for Section MG
(Hill A) in HONEKE (2001), where several
pebbly rudstone beds range from the Pa.
gracilis gracilis (= Upper rhomboidea, Sample
MGS89) to Pa. marginifera marginifera (=
Lower marginifera) Zones (up to Sample
MG140). Corresponding Eovariscan tectonic
movements are wide-spread in the Moroccan
Meseta. In Section B (Fig. 29), slumping,
occurs in the lowest Famennian (Bed S2, higher
frechi Zone).

Submember 5 equals the Montagne Noire
“supragriotte” (e.g., FEIST 1985; BECKER
1993a). Its base is best observed in sections
without massive reworking. Typical are thin-
bedded, micritic, light-grey to rose-grey solid
flaserlimestones with some ammonoids and
other macrofauna (Beds a-k of Section B, Beds
0-16 of Section II, Fig. 29). At the base is a
marker bed  with  thinly
Acrimeroceras that are mostly seen as cross-
sections on the outcrop. Armatites cross-
sections and orthocones are associated. A loose

oxyconic

slab from Section D (Fig. 32) shows how large
the local Acrimeroceras species may grow and
that it lacks the typical varices of Tafilalt
species (see BECKER 1993a and EBBIGHAUSEN
et al. 2000). There are more similarities with the
un-named large form that occurs in the Rhenish
Massif (e.g., at Beringhauser Tunnel,
HARTENFELS et al. 2016). The intriguing
Acrimeroceras Bed represents a short-termed
bioevent (faunal bloom interval) across the
Variscan oceans/seas, from the Gara de Mrirt to
the Pyrenees, Montagne Noire, Saxothuringian
Zone, and Rhenish Massif. It falls in the basal
middle Famennian (basal Pa. marginifera
marginifera Zone; Sample 64 of LAZREQ
1999), as in the other regions. Just slightly
above, in Bed c of Section B (Fig. 29), the first
sporadoceratids enter. Apart from typical cross-
sections, there are Maeneceras subvaricatum
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nuntio, the index species for the base of UD II-
G, and some loose, larger M. cf. subvaricatum.
In Section II (Fig. 29), ca. 8 to 8.5 m above the
Acrimeroceras Bed, a different goniatite fauna,
typical for the higher middle Famennian (UD

III-B, lower Hembergian of German
terminology), was collected. It includes the two
zonal index  species  Planitornoceras
euryomphalum and Sporadoceras

angustisellatum (Fig. 33). The absence of
Pseudoclymenia faunas and the dominance of
Planitornoceras and of Sp. angustisellatum
strongly resemble the Tafilalt faunal succession
(e.g., BECKER et al. 2002, 2018a). LAZREQ
(1992a, 1999) recognized at this level the Sc.
velifer velifer Zone, which agrees with
conodont-ammonoid correlations elsewhere
(e.g., BECKER & HOUSE 2009).

Fig. 31: Goniatites from the lower Famennian of Bou Ounebdou (Mrirt Member, Submember 5); a-b. Puncticeras
pompeckji pompeckji (WEDEKIND, 1918), Section A, loose, x 1.3; c-d. Cheiloceras (Ch.) subpartitum subpartitum
(MUNSTER, 1839), Section B/D, Bed Y2, x 1.5; e-f. Compactoceras (Com.) undulosum undulosum (MUNSTER, 1832),
Section 11, loose, x 1.3; g-h. Ch. (Ch.) aff. sacculum (SANDBERGER & SANDBERGER, 1850), Section B/D, Bed X3, x
1.2; i-j. Ch. (Ch.) aft. amblylobum (SANDBERGER & SANDBERGER, 1850), Section B/D, loose, x 1.2; k-l
Falcitornoceras falcatum (FRECH, 1887), Section B/D, loose, x 1; m-n. Cheiloceras (Ch.) subpartitum subpartitum
(MUNSTER, 1839), Section B/D, loose, x 1.5; 0-p. Compactoceras (Com.) verneuilii sublentiforme (SOBOLEV, 1914),

Section B/D, above Bed W, x 1.
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the
erosion/reworking, the cephalopod limestone
succession of Submember 5 ranges laterally
variably to higher parts of the middle
Famennian (Sc. velifer velifer Zone in the
LAZREQ section) or into the upper Famennian.
In Section A (Hill B) the slope on the back side
of the lower cliff is formed by light-grey
nodular limestone with unusually abundant
goniatites and clymeniids that whether out

Depending on degree of

freely:

Protactoclymenia stenomphala (common, Figs. 34a-b)
Protactoclymenia sp. indet. (common)

Stenoclymenia cf. rectangula (rare, relatively large
specimen with suture and ventrolateral edges)
Platyclymenia (PL.) cf. pattisoni (rare)

Platyclymenia (Pl.) subnautilina (Figs. 34e-f)
Platyclymenia (Pl.) sp. indet. (moderately common)
Prionoceras aff. frechi (moderately common, Figs. 34c-
d)

Sporadoceras n. sp. (extremely compressed, rare)

The fauna falls in the basal upper Famennian
UD [IV-A (Prionoceras Genozone). The
extremely thin new sporadoceratid is too poorly
preserved to establish a new taxon. A
correlation of the local Protactoclymenia Bed
with Annulata Event beds or the overlying,
usually  very fossiliferous, so-called
Wagnerbank  (see ~ HARTENFELS  2011;
HARTENFELS & BECKER 2016) is possible. By
contrast, the last limestone at the top of the
upper cliff yielded beside shark teeth an older
conodont fauna:

Branmehla ampla
Palmatolepis gracilis gracilis
Palmatolepis minuta schleizia
Palmatolepis perlobata helmsi
Palmatolepis rugosa trachytera
Polygnathus doulingshanensis
Polygnathus perplexus
Scaphignathus velifer velifer

This assemblage falls in the Pa. rugosa
trachytera to Pseudopolygnathus granulosus
Zones and pre-dates the Annulata Events. The
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regionally first recognition of faunas with Pa.
rugosa trachytera is remarkable since they
cannot be identified in the Anti-Atlas
(HARTENFELS 2011, p. 39). Therefore, the Gara
de Mrirt ammonoid and conodont record is a
mixture of Tafilalt and southern Europe faunal
elements, as it can be expected from an
intermediate terrain.

Fig. 32: Extremely thinly oxyconic Acrimeroceras n. sp.,
loose from the basal Submember 5 of the upper cliff at Hill C
(Section D, whorl width < 10 mm at ca. 140 mm dm).

Fig. 33: Strongly compressed (ww/wh = 0.28), typical
Sporadoceras angustisellatum WEDEKIND, 1908 without
varices and with high whorl expansion rate, Hill A,
Section B, Bed 6, Pl euryomphalum Zone, UD III-B,
max. dm = 54 mm.
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Fig. 34: Ammonoids from the Protactoclymenia Bed at the back side of the lower cliff at Hill B (Section A); a-b.
Protactoclymenia stenomphala (PETTER, 1959), max. dm = 48 mm; c-d. Prionoceras aff. frechi (WEDEKIND, 1913b),
max. dm = 28.5 mm,; e-f. Platyclymenia (Pl.) subautilina subnautilina (SANDBERGER,1855), max. dm = 36 mm.

In Section M (Hill D) of HUNEKE (2001),
large slump blocks appear above nodular
limestones with conodonts of the Pa. minuta
minuta /crepida Zones (based on the presence
of Pa. minuta minuta and Pa. minuta loba in
Sample M72). The overlying thick succession
of slump blocks, breccias, conglomerates and
nodular limestone may represent a completely
reworked unit or may consist of autochthonous
middle/upper Famennian beds alternating with
synsedimentary re-sediments. Conodonts from
the last conglomerate above the lower cliff
succession (top Section A, Hill B) represent an
admixture of lower to upper Famennian taxa:

Bispathodus spinulicostatus M1
Bispathodus stabilis stabilis

Bispathodus stabilis vulgaris
Bispathodus stabilis zizensis

Branmehla ampla

Icriodus sp.

Palmatolepis glabra lepta late morphotype
Palmatolepis glabra pectinata M1
Palmatolepis glabra prima M3 or M1
Palmatolepis gracilis gracilis
Palmatolepis perlobata schindewolfi
Palmatolepis perlobata sigmoidea
Palmatolepis tenuipunctata (fragmentary)
Palmatolepis termini

Palmatolepis triangularis M2
Pseudopolygnathus primus primus M3
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Fig. 35: Clymenia laevigata (MUNSTER, 1831), large-
sized incomplete specimen found loose as an olistolite
within the conglomerate/mass flow above Section B (Hill
B, upper cliff, max. wh =35 mm).

The youngest species, B. spinulicostatus,
indicates at least the B. aculeatus aculeatus
Zone. Combined with records of B. costatus in
LAZREQ (1999, Sample L70) and of B. ultimus
in HONEKE (2001, Sample M75), there is no
doubt that the pelagic carbonate ramp existed
originally through all or most of the
upper/uppermost Famennian. However, there is
so far no evidence for synsedimentary
reworking in that time interval; all current age
data come from re-deposited clasts, not from
autochthonous limestone.
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6.4.
Formation)

The northern slope of the lower cliff (e.g., at
Section A, Hill B) and the plain below the
second or upper cliff are occupied by poorly
exposed shales, in the higher part with slump
blocks, followed by interbedded,
polymict conglomerates, which are, again,
overlain by a brownish, fine conglomeratic
crinoidal limestone. Unfortunately, the latter

Lower Carboniferous (Al Gara

coarse,

yielded no conodonts. It is unclear whether this
distinctive bed correlates with the crystalline,
crinoidal limestone of LAZREQ (Sample L70)
that yielded a mixture of re-deposited upper
Famennian and Lower Tournaisian conodonts,
such as Po. purus subplanus and Ps. cf.
brevilaminus. WALLISER et al. (2000) assigned
the succession of Section VIII (Hill C) that lies
above typical Submember 5 limestones, our
Lower Member of the Al Gara Formation,
provisionally to the “Etroeungt”. The latter
term, however, should be restricted to
uppermost Famennian strata of the western
Rhenish Massif/Ardennes (e.g., AMLER &
HERBIG 2006). Accepting the sparse conodont
data by LAZREQ (1999), and in accord with
reworked upper Famennian conodonts in our

new sample from the last polymict
conglomerate of Section A, we assume a second
Eovariscan  reworking phase in the

lower/middle Tournaisian. It may correlate
with lower/middle Tournaisian tectonic and
seismic events in the Oulmes region (BECKER
etal. 2015), Tafilalt (KAISER et al. 2011; TAHIRI
et al. 2013), and in the Tinerhir region to the
SW (RYTINA et al. 2013), which is the Eo-
Variscan 2 Event of MICHARD et al. (2008). It
is also likely that the angular unconformities at
the Bouechot W of Mrirt (FAIK 1988;
BOUABDELLI et al. 1989) and at Bou Khedra N
of Mrirt (e.g., BOUABDELLI 1989) formed
during the same block faulting episode.
Olistolites within the reworking unit at the
top of the lower nappe consist mostly of Upper
Devonian cephalopod limestones, partly with
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cheiloceratids, but there are also Dzieduszyckia
Limestones  (Fig. 36). The  coarse
conglomerates near the top are distinctively
polymict and poorly sorted. Isolated olistolite
blocks consist  themselves  of
conglomerates. This proves a second reworking
of Famennian re-sediments (presence of
cannibalized reworking beds).

may

Fig. 36: intermedia

Specimen of Dzieduszyckia
(TERMIER, 1936), pedicle valve above, brachial valve
below, extracted from an isolated Dzieduszyckia Coquina

from the melange above the lower cliff (Hill B, Section
A; max. incomplete width = 51 mm).

The lower slope of the upper cliff is assigned
to a distinctive Upper Member, formed by
green, silty shales. In higher parts, the latter turn
into a melange of shale and Upper Devonian
olistolites, which were obviously detached
from the upper nappe during its emplacement.
There are mostly black laminated or crinoidal
limestones and concretions as well as micrites
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with Manticoceras and Beloceras, all Frasnian
in age (derived from just above). The shale unit
appears to be identical with the green shales and
siltstones that overlie the Bou Nebedou
Formation in the upper cliff. A survey of
isolated clasts from above Sections B/D (top of
upper cliff) yielded the following array of
lithologies:

upper Famennian, middle grey cephalopod limestone
with large-sized clymeniids (Clymenia laevigata, Fig. 35,
Cyrtoclymenia sp. with 180 mm dm)

lower Famennian griotte with cheiloceratids

brown encrinites with spiriferids (?Tournaisian)

rose colored, unfossiliferous micrites (probably middle
Famennian)

reworked conglomerate (top lower/middle Famennian)
Dzieduszyckia Limestone (basal middle Famennian,
based on a conodont fauna with Pa. marginifera
marginifera, Pa. glabra lepta late morphotype, Pa.
perlobata schindewolfi, Pa. minuta schleizia, B. stabilis
vulgaris, and Po. fallax)

dark-grey limestone (?KW beds)

vein calcite

quartzite

The Viséan age of the Upper Member is
constrained by palynomorphs from the green
shale. There is a vague support from a single
solitary rugose coral embedded in the shale
matrix identified by D. WEYER (Berlin) as Gen.
nov. sp. (see
taxonomic notes below). The third regional

aff. Sochkineophyllum n.

reworking of Devonian strata and re-deposition
of olistolites may have occurred before or
during the nappe formation and transport
process. Olistolites represent the detached
“smaller-sized” fraction of the large, internally
intact glide masses. The age of the nappe
movements is still poorly constrained in the
Mrirt region (compare the discussion in
HUVELIN & MAPET 1997). Possibly, it occurred
within the Upper Viséan, correlating with the
thick wildflysch overlying the Jebel Tabainout
SW of Khenifra. The latter includes very
similar reworked Devonian strata, ranging from
Frasnian flaserlimestone and Kellwasser beds
to blocks of cheiloceratid-rich griotte,
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Drzieduszyckia Limestone and encrinites.
However, in the Eastern Meseta to the NE
(Debdou-Mekam Massif), the “D1 folding” of
a thick flysch precedes
unconformably overlying Upper Vis€an strata

(e.g., ACOTTO et al. 2019).

succession

7. Taxonomic Notes
7.1. Ammonoids

Suborder Gephuroceratina
Superfamilie Gephuroceratoidea
Family Gephuroceratidae

Manticoceras inflatum BECKER n. sp.
Figs. 27, 37

Type: The original of Figs. 27 and 37, currently
the only known specimen (Geomuseum
Miinster).

Derivation of name: After the characteristic
shell inflation.

Diagnosis: Medium-sized, whorls depressed
throughout ontogeny, with strongly
converging, rounded flanks and narrowly
rounded venter, fast expanding (WER = ca.
3.0), involute (uw/dm = ca. 0.17), umbilical
wall steep, deeply rounded, no distinctive
ornament. Sutures with moderately high
median saddle (< 50 % of flank saddle at
medium size), wide and subsymmetric flank
saddle (width/height = ca. 1.7), small pointed
L-lobe and short, low saddle lateral outside the
umbilical wall.

Description: The holotype is sufficiently
preserved to justify the introduction of a new
species. Shell parameters are as follows: dm =
38 mm, umbilical width = 6.3 mm (uw/dm =
0.17), whorl height = 20.4 mm (wh/dm = 0.54),
whorl width = 22.2 mm (ww/dm = 0.58),
apertural height = 16 mm (ah/dm = 0.42),
ww/wh = 1.09, WER = 3.0. Most characteristic
are the deep umbilicus and the whorl cross-
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section, in combination with a wide and
proportionally low flank saddle.

Discussion: The wide flank saddle places the
new species in the M. latisellatum Group,
which also includes, as the most similar species,
the Russian M. solnzevi. The latter is more
compressed at comparable size (see data in
BOGOSLOVSKIY 1969) and its subumbilical
saddle is slightly wider. All known other
species of the latisellatum Group have
compressed, discoidal conches. Similar whorl
forms are developed in some species of
Crickites, Gephyroceras, and in the M.
cordatum Group. However, all these forms are
characterized by higher and narrower, strongly
asymmetric flank saddles.
bullatum 1is less inflated at the same size (see
WEDEKIND 1913), which is also true for M.
crassum that, in addition, displays flattened
flanks (see re-illustration of holotype in HOUSE
& ZIEGLER 1977, pl. 6, fig. 2). Gephyroceras
rhynchostomum has a different cross-section
(see HOUSE & KIRCHGASSER 2009, pl. 22, figs.
6 and 9), and in Cr. holzapfeli (? = rickardi) the
flanks do not converge strongly (WEDEKIND
1913). The Siberian ?Cr.
characterized by extremely narrow flank
saddles and a wider umbilicus, whilst in the
associated ?Cr. neverovi, the flank saddle and
E-lobe are strongly asymmetric; the latter is
dorsally incurved (see BOGOSLOVSKIY 1969).
The species is not placed in
Sphaeromanticoceras, which has to be
restricted to small-sized forms around the type-
species (Sph. affine) that possess a ventral band
in early stages (see CLAUSEN 1969).
Geographic and stratigraphic
Restricted to the upper Frasnian of the eastern
Central Meseta.

Manticoceras

altaicus 1s

new

range:
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Fig. 37: Outer suture of the holotype of M. inflatum n. sp.
at 11 mm whorl height, showing the wide, subsymmetric
flank saddle as typical for the M. latisellatum Group.

7.2. Corals (by Dieter WEYER)

Gen. nov. aff. Sochkineophyllum n. sp.
Figs. 38.1-4

Material: Only a single specimen from the
green shale matrix above the upper cliff at Bou
Ounebdou, Hill C, Section D (Fig. 38).
Discussion: The new ahermatypic taxon is
similar to Sochkineophyllum (elongated counter
septum, initial tachylasmatoid trend sensu
HUDSON 1936), but differs in the development
of dissepiments at maturity. Hitherto, such a
morphology has never been described. The
precise stratigraphic age remains unknown.
Sochkineophyllum occurred from the basal
Lower Carboniferous [Lower Tournaisian:
Sochkineophyllum n. sp. (SCHINDEWOLF 1942)
and Sochk. internectum FEDOROWSKI, 1973] to
the Middle Permian [Guadalupian: Sochk.
turgidiseptatum (TIDTEN, 1972)]. Probably, the
Gara de Mrirt specimen is of Viséan age, but
our knowledge of Tournaisian ahermatypic
Rugosa faunas is rather incomplete.
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Fig. 38: Four thin sections of Gen. nov. aff. Sochkineophyllum n. sp. from the Lower Carboniferous of Gara de Mrirt,
Bou Ounebdou, green shales at the top of the upper cliff, Hill C, Section D; x 8 (38.1) or x 4 (38.2-4); type collection
of the Geomuseum Miinster (thin sections and photos by D. WEYER).
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The unique Devonian of Immouzer-du-Kandar
(Middle Atlas basement) — biostratigraphy, faunas,
and facies development

ZHOR SARAH ABOUSSALAM, RALPH THOMAS BECKER,
JULIA RICHTER, SVEN HARTENFELS,
AHMED EL HASSANI & STEPHAN EICHHOLT

Fig. 1: View (from the hill at Douar Ahmed-ben-Mellouk) on Devonian exposures of Immouzer-du-Kandar (hill
rising from Chabat el Jenanet, Sections C2 and C3 of CYGAN et al. 1990), our Section C4, with outcrop of the lower
Emsian conglomerate (Chabat Jenanet Formation) along and above the track, faulted upper Emsian to lower Givetian
limestones in the lower slope (new Ahmed-ben-Mellouk Formation), the reef breccia forming a small terrace ca. 2/3
upwards, and the Famennian upper slope (new Chabat el Hallouf Formation, Section C5) towards the top. The slope
to the left (NNE) is occupied by Triassic red beds. Section numbers are marked in circles.

1. Introduction

The Middle Atlas divides the Moroccan
Meseta into the Western and Eastern Meseta,
which differ strongly in the Devonian in terms
of facies and synsedimentary structural
geology (e.g., overviews of EL HASSANI &
BENFRIKA 1995, 2000). There is restricted
knowledge of the Palaeozoic basement of the

Hassan II Academy of Science and Technology

Mesozoic Middle Atlas, with the best and most
important outcrops in the tectonic window
(“boutonniére”) at Immouzer-du-Kandar, ca.
40 km S of Fés. The wooded Jebel Kandar to
the SW is a more than 1600 m high mountain
built of Jurassic strata (Fig. 2). Fossiliferous
Ordovician to  Lower  Carboniferous
formations crop out to the NW, from Dour
Rouda towards the SE, the Chabat el Jenanet,
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and then towards the Chabat al Sitout (Fig. 4)
The Devonian litho- and biostratigraphy of the
area has been established by the CHARRIERE &
RENAULT (1989) and CYGAN et al. (1990; Fig.
3). Comparisons with other Meseta regions
showed from the beginning that the succession
includes many unique sedimentological units,
faunas and floras (FAIRON-DEMARET &
REGNAULT 1986), which isolate it both from
the closest Devonian of the East-Central
Meseta (e.g., PIQUE & MICHARD 1981; Azrou-
Khenifra nappes) and from the predominantly
siliciclastic Eastern Meseta e.g., at Tazekka,
which is separated by the Tazekka-Bsabis-
Bekrit Fault Zone (see HOEPPFNER et al. 2005,

385 14

R™ Princ* N'24
de Fes 3 Marrakech

2006 for overview)). There are coarse
conglomerates and slump masses with “alien”
(e.g., TAHIRI et al. 2017) magmatic rocks,
which must have been derived from a proximal
Neoproterozoic to Lower Palacozoic source.
This differs considerably from the basement of
other Meseta regions. Therefore, any new
stratigraphical, sedimentological,

palaeontological, and geochemical data add to
the knowledge of a crucial segment of Meseta
palacogeography and tectonics. However, the
Immouzer-du-Kandar Devonian may represent
a transported, allochthonous unit, as the nappes
of the Azrou to Khenifra region.

Fig. 2: Position of the Jurassic Jebel Kandar and the Jenanet succession (red dot for Fig. 1) in the SW corner of

topographic sheet, 1: 50 000, NI-30-VIII-3c, Sefrout.
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By detailed section logging, conodont and
macrofauna sampling, as well as microfacies
analyses in the last ca. 10 years, we can
significantly refine the local litho- and
biostratigraphy and provide a more precise
reconstruction of facies changes, sea-level,
and local influences of global events, for
example around the Emsian-Eifelian, middle-
upper Givetian,
boundaries. The studied sections begin in the
branching valley of Chabet el Jenanat and
ascend the western slope of the hill just to SE,
reaching up to the crest (Figs. 1, 2, 4; at x =
5418, y = 352.3; GPS N33°45'58.4",
W4°56°50.9""). There are numerous normal
faults, which offset especially the upper
Emsian to Givetian succession at close
distance (Fig. 1). These had to be respected in
order to avoid mistakes in the small-scale

and Frasnian-Famennian

lateral correlations.
2. Research History

HORON (1954): First (unpublished) report on
fossiliferous Silurian (with graptolites) to
Lower Devonian (with brachiopods) strata at
Immouzer-du-Kandar, followed by a Viséan
transgression.

CHARRIERE & REGNAULT (1983) and
CHARRIERE et al. (1984): Preliminary notes on
the Immouzer-du-Kandar Devonian litho- and
biostratigraphy.

BRICE et al. (1984): Description and
biostratigraphic dating of Emsian, supposed
Frasnian, and upper Famennian brachiopods.
FAIRON-DEMARET & REGNAULT (1986):
Description of Lower and Middle Devonian
plant remains, with implications for
stratigraphy (Fig. 3) and palaecobiogeography.
REGNAULT & CHAUVEL (1987): Description
of the first Lower Devonian carpoid of
Morocco from the Ain el Beida Formation,
representing probably a new (un-named)
genus of the Anomalocystitida (Mitrata).

Hassan II Academy of Science and Technology

OUARHACHE (1987): Unpublished thesis on
the Palaeozoic to Triassic at the NW margin
of the Middle Atlas S of Fés.

CHARRIERE (1989) and CHARRIERE &
REGNAULT (1989): Principles of Devonian
and Carboniferous litho- and biostratigraphy
of Immouzer-du-Kandar.

CHARRIERE  (1990): Unpublished Ph.D.
Thesis on the Hercynian evolution of the
Middle Atlas basement, with detailed data for
Immouzer-du-Kandar.

WILLEFERT & CHARRIERE (1990): Detailed
description of Ordovician and Silurian litho-
and graptolite biostratigraphy.

CyGaAN et al.  (1990):
biostratigraphy of Emsian to lower Frasnian
units at Immouzer-du-Kandar and their
significance for the understanding of the
sedimentary evolution and palacogeography
of the region.

RACHEBEUF (1990a, 1990b): Record of the
chonetids

Conodont

Ctenochonetes robardeti and
Plicanoplica carlsi from lower Emsian grey
shales of Immouzer-du-Kandar.

OUARHACHE et al. (1991): Records of Upper
Viséan foraminifers, algae
(Koninckopora), and “pseudo-algae”, such as

Palaeoberesella, Kamaena, Stacheia, and

calcareous

Aoujgalia.

EL HASSANI & BENFRIKA (1995, 2000):
Overviews of the Devonian of the Moroccan
Meseta, including a summary for the Middle
Atlas basement.
BERKHLI  (1999):
foraminifer age of Viséan limestones at
Immouzer-du-Kandar.

BERKHLI et al. (2000): Brief discussion of the
microfacies of Upper Viséan limestones of
Immouzer-du-Kandar in the frame of a

Discussion of the

general discussion of Lower Carboniferous
sedimentologie and geodynamics of the NE
Meseta.

SARTENAER (2000): Re-assignment of
supposed Planovatirostrum sp. described by
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BRICE et al. (1984) to the new genus
Phacoiderhynchus.

JANSEN (2001): Brief comments on some of
the Pragian brachiopods (Euryspirifer)
described by BRICE et al. (1984).

MICHARD et al. (2008): Reference to the
Chabat Jenanat conglomerate with reworked
granites, ignimbrites, Ordovician quartzites,
and Silurian slates.

GERRIENE et al. (2010): Reference to the
possible occurrence of the aneurophytalean
genus Rellimia in the “plant shale” at
Immouzer-du-Kandar.

BECKER (2012): Illustration of the Eovariscan
breccia at Immouzer-du-Kandar, as an
example for double reworking.

BECKER & ABOUSSALAM (2014): Brief
reference to the distinctive upper Givetian to
middle Frasnian facies at Immouzer-du-
Kandar.

SCHWERMANN (2014): Unspecified record of
shark teeth samples from
Immouzer-du-Kandar.

RICHTER et al. (2016): Preliminary new
conodont data for the Emsian/Eifelian and

in Frasnian

upper Famennian at Immouzer-du-Kandar.
BECKER et al. (2016): Brief reference to the
discovery of upper Givetian goniatites at
Immouzer-du-Kandar.

RICHTER (2017): Unpublished M.Sc. Thesis
on the upper Emsian to Eifelian and upper
Famennian carbonate succession.

TAHIRI et al. (2017): Geochronological dating
of granite clasts within the Chabat Jenanet
Conglomerate as Ediacarian and Cambrian.
CozAarR et al. (2019):
Immouzer-du-Kandar Viséan foraminifers in

Discussion of

the context of survival and/or reworking of
Lower/Middle Viséan forms into the Upper
Viséan.

3. Facies
tectonics

setting and synsedimentary

The Immouzer-du-Kandar facies setting
was very complex, with a close superposition
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of sediments with a terrestrial, coastal,
siliciclastic inner shelf, carbonate platform,
seamount, and deep pelagic origin (compare
CHARRIERE & REGNAULT 1989, tab. 1). The
presence of several coarse reworking units
proves significant synsedimentary tectonic
movements and active, steep fault scarps in
the source region of material, from where
mass flows moved downwards. The deep
erosion into Neoproterozoic basement and the
perfect rounding of pebbles show that an
adjacent island must have existed, where
material was constantly moved in fluviatile or
coastal environments, prior to transport and
downslope re-deposition. Parts of the
topographic high were deeply drowned
leading to condensed cephalopod limestone
accumulation on a former seamount. But
during highstands, pelagic anoxic to euxinic
conditions developed. Upslope, along the
island shoals, a top Middle to basal Upper
Devonian reef existed, which was later
uplifted and completely eroded. These strong
contrasts indicate in total a tectonically highly
active shelf basin slope near to one or more
islands. After the complex Eovariscan period,
the Viséan strata can be better placed in the
palacogeographic  context of adjacent
successions (e.g., BERKHLI et al. 2000).

4. Litho- and biostratigraphy

Our new studies concentrated on the
Emsian to Famennian interval (Fig. 4), but for
the sake of completeness, earlier and later
intervals are included and briefly reviewed
based on literature data.

4.1. Silurian-Devonian transition

A thick succession of Pridoli graptolite
shales, previously without a formation name
(proposal: Douar Rouda Formation), occurs
around the Douar Rouda village (WILLEFERT
et al. 1990, figs. 3-4). At the top, records of
Pristiograptus transgrediens and Linograptus
posthumus and scyphocrinitid debris give an

Frontiers in Science and Engineering - Vol. 10-n" 1 - 2020



Aboussalam & al.

Devonian of Immouzer-du-Kandar

upper Pridoli age. CHARRIERE & REGNAULT
(1989) recorded the Lochkovian
species Uncinatograptus uniformis from
several samples but this was not upheld in the
more detailed study of WILLEFERT et al.
(1990). The same applies to a record of
“Monograptus hercynicus” (Sample 1K 92),
which was changed to “M.” prognatus.

index
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Fig. 3: Devonian lithological succession at Immouzer-
du-Kandar by FAIRON-DEMARET & REGNAULT (1986,
fig. 2), with proportions of unit thicknesses and the
position of biostratigraphically relevant samples.

The graptolite-rich unit is conformably
followed by a thick succession of nodular

limestone  (“barre  noduleuse”)  with
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orthoconic cephalopods, nuculid bivalves,
and fragmented crinoids. This un-named
formation may correlate at least partly with
the widespread Scyphocrinites Limestone of
the Anti-Atlas (HAUDE et al. 2014) and many
other regions (e.g., REGNAULT 1985), which
straddles the Silurian-Devonian boundary
(e.g., CORRIGA et al. 2013). However, there
are no local conodont data so far. Therefore, a
lower Lochkovian age still needs to be
proven.

4.2. Ain el Beida Formation (Pragian)
WILLEFERT et al. (1990) illustrated only a
faulted lower contact of the thick, fine, rather
monotonous, dark-grey, micaceous shales of
the Ain el Beida Formation. It forms a 250 m
wide outcrop belt at the SE end of Douar
Rouda (BRICE et al. 1984; Fig. 5). The
laminated or slightly bioturbated shales
yielded, apart from bivalves, gastropods,
ostracods, bryozoans, and orthocones,
abundant trilobites, including asteropygids,
phacopids, and Odontochile (s.l.). The
traditional Odontochilinae are most typical
for the Pragian and extend into the basal
Emsian (e.g., BUDIL et al. 2008). The known
brachiopods, crinoids (Asperocrinus), plants
(Taeniocrada), acritarchs, and poorly
preserved spores (Camptozonotriletes
caperatus) are not in conflict with a Pragian
age (FAIRON-DEMARET & REGNAULT 1987).
REGNAULT & CHAUVEL (1983) discovered a
rare stylophorid echinoderm in this formation.
The environment was a subtidal, moderately
shallow shelf with a constant supply of fine
siliciclastics from a hinterland that could have
been at some distance. In comparison with the
preceding pelagic nodular limestones, the
Pragian was locally regressive. But there is
currently no record for the middle/upper
Lochkovian at Immouzer-du-Kandar (Fig. 3).
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Fig. 4: Revised top-Silurian to Lower Carboniferous lithology and lithostratigraphy at Immouzer-du-Kandar.
showing the succession of characteristic fossil groups, facies, seismically triggered reworking episodes, and locally

expressed bioevents.
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Fig. 5: Simplified geological cross-section through the Immouzer-du-Kandar Devonian (updated from BRICE et
al. 1984, fig. 2, showing their sample numbers = K.-no.; compare more expanded NW-SE cross-section of
CHARRIERE 1989, fig. 6), using the new lithostratigraphic units.

4.3. Chabat Jenanat Formation (lower
Emsian)

The “Poudingue de la Chabat Jenanat” of
BRICE et al. (1984) and CHARRIERE &
REGNAULT (1989) is here re-named as Chabat
Jenanat Formation but restricted to its main
lithology, up to 100 m thick, coarse, strictly
unsorted and polymict conglomerate with
well-rounded pebbles (Figs. 5-6; Chabat
Jenanat Conglomerate). The main lithologies
are grey Ordovician quartzites, dark cherts
(perhaps Silurian), slates, Neoproterozoic to
Cambrian granites of wunclear regional
provenance (TAHIRI et al. 2017), and various
acidic volcanites (Figs. 7-8). CHARRIERE &
REGNAULT (1989) described various tuffs and
ignimbrites. There is no evidence for any
sorting or grading within thick beds.
Therefore, sedimentation must have occurred
as violent mass flows in channels along a
significant slope. The source for the top-
Precambrian to Lower Palaeozoic pebbles
must have been at close distance (within a few
km). Deep excavation and rounding occurred
over considerable time in a fluviatile to
coastal setting of an uplifted tectonic block
forming an island. This enabled the
excavation and mixing of very heterogeneous
and heterochronous rocks. Marine re-
sedimentation occurred due to a second phase
of seismic activity (see also the sedimentary
model of CHARRIERE & REGNAULT 1989),

Hassan II Academy of Science and Technology

which caused gravitational gliding down from
the original shallow-water setting. Therefore,
the local change from subtidal shales and
siltstones with neritic fauna to coarse
conglomerate and high-turbulence does not
necessarily mean a shallowing of the
environment. It rather reflects a second
interval of block faulting, which created an
instable slope.

The timing of synsedimentary tectonism
can be deduced from the age of the youngest
observed clast and of the oldest overlying
sediment. Limestone pebbles are very rare but
we extracted one directly from the solid bed
that was large enough for microfacies analysis
and conodont dating. It represents a unique,
hypoxic, ostracod wackestone (Fig. 9.1) with
calcisiltite matrix, a facies type that does not
occur in the overlying limestone succession.
The single obtained, fragmentary
Polygnathus s. str. is too incomplete for
species identification but its small basal pit is
a morphological feature that did not develop
until the upper half of the lower Emsian (Po.
inversus Zone; e.g., BULTYNCK 1987). Top-
lower to basal upper Emsian conodonts occur
in crinoidal limestones overlying the
conglomerate (CYGAN et al. 1990; see below).
In consequence, one block tilting phase must
have occurred within the late lower Emsian, a
time interval of ca. 3 ma duration (BECKER et
al. 2020 in press). It was capable to uplift
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sediment from subtidal, deeper neritic facies
to a coastal level, leading there to rounding
and pebble formation. Just slightly later, the
pebble was picked up by a seismically
triggered mass flow that brought with it much
older pebbles that may have been around for
a much longer time.

Strong lower Emsian block faulting and
reworking is not common in other Meseta
regions. BECKER et al. (2015) used the phrase
“Eovariscan prelude” for the Lochkovian to
Eifelian interval. The closest other evidence
for a contemporaneous formation of breccias
and olistolite emplacement comes from the
Jebel ben Arab between Azrou and Meknes
(LAZREQ 1990 and new data). As already
noted by CYGAN et al. (1990), it is also no
coincidence that the even closer Devonian of
Bab-el Ari just NE of Azrou shows a peculiar
unconformity high in the lower Emsian, with
a subsequent gap encompassing all of the
upper Emsian (BOHRMANN & FISCHER 1985).
It seems that late lower Emsian tectonism and
uplift is a distinctive feature at the NE end of
the Western Meseta.

4.4. (new) Chabat Sitout Member (Emsian)

The type area of the new member is at the
Chabet el Sitout valley (BRICE et al. 1984;
Fig. 5), ca. 1.5 km SE of the conodont-bearing
Section 1 of CYGAN et al. (1990; compare

cross-section  in  CHARRIERE  1989).
Unfortunately, faults complicate the
succession.  Calcareous  shales  with

brachiopods underly lenticular limestones and
conglomerates. This suggests that the shaly
type unit (Submember A) is at least partially
older than the Chabat Jenanat Conglomerate.
Restricted support comes from the presence
of the brachiopod Bifida aff. dahlia; typical
Bif. dahlia occur in the lower Emsian Zlichov
Limestone of Bohemia (HAVLICEK 1956).
The same brachiopod occurs in coquina
sandstones at the top, adding to the local
stratigraphic complexity.

Hassan Il Academy of Science and Technology

Fig. 6: The coarse, polymict conglomerate (Chabet
Jenanat) Formation as exposed at the base of the
Jenanat hill.

Fig. 7: Details of the Chabet Jenanat Conglomerate,
showing unsorted, well-rounded Lower Palaeozoic
(probably Ordovician), light- to middle-grey quartzites
and Ediacarian/Cambrian granite (center).

Fig. 8: Large clasts of grainy, yellowish-weathering
volcanite in the Chabat Jenanat Conglomerate.
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Fig. 9: Microfacies of a limestone pebble found within the Chabat Jenanat Formation (1) and of Emsian-Eifelian
beds (new Ahmed-ben-Mellouk Formation) of Section C3 sensu CYGAN et al. (1990) (2-8); scale bar = 2 mm. 1.
Ostracod wackestone with grainy calcisiltite matrix and many fine pyrite grains; 2. Bioturbated, flaser-bedded
wackestone with trilobites, shell filaments, ostracods, rare dacryoconarids, micritic matrix and dark, clay and
pyrite-enriched dissolution seams, Bed C3/1, Po. serotinus Zone/Subzone; 3. Bioturbated, flaser-bedded,
bioclastic wackestone with gastropods, mollusk debris, crinoid ossicles, and dense micrite matrix, Bed C3/2, L.
cooperi Subzone; 4. Bioturbated, flaser-bedded, bioclastic wacke-floatstone with trilobite cephala, fragmented,
finely ribbed, large bivalves, and dense micrite matrix, Bed C3/4, Po. partitus Zone; 5. Bioturbated, flaser-bedded,
bioclastic wackestone with many dacryoconarids, trilobite and mollusk debris, and micritic matrix, Bed C3/6c,
basal Po. costatus Zone; 6. Bioturbated, flaser-bedded, bioclastic wackestone with some dacryoconarids, trilobite
and mollusk debris, and dense micrite matrix, Bed C3/8a, higher Po. costatus Zone; 7. Unsorted, bioturbated,
bioclastic pack- and grainstone with abundant, small ostracods, dacryoconarids, masses of fine shell hash, micritic
matrix in the lower and washed out, microsparitic matrix in the upper part, Bed C3/10b, 7. kockelianus Zone; 8.
Bioturbated, flaser-bedded mud-wackestone with dacryoconarids (styliolinids), rare shell debris, and microsparitic
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to calcisiltitic matrix, middle part of Bed C3/27, Po. varcus-rhenanus Zone.

In the Chabat el Jenanat ravine, the
conglomerate grades upwards into a thin unit
of sandstones, locally again with a rich neritic
brachiopod fauna (BRICE et al. 1984; Fig. 5).
The facies was shallower and more proximal
than in the Pragian Ain el Beida Formation.
Plant remains were descrined by FAIRON-
DEMARET & REGNAULT (1986) as cf.
their
nearshore environment. In Section C1 of
CYGAN et al. (1990; Unit 3a), there are
intercalated, detrital  (sandy)
limestones that lack conodonts. This ca. 3 m

Haskinsia and abundance fits a

lenticular

sequence forms a local Submember B (of the
Chabat Sitout Member). The brachiopod
assemblage (Samples K.25, K.29, K.40 and
K.45) with Leptostrophiella, Sicorhyncha,
“Zdimir”, (s.l),
Oligoptycherhynchus, Arduspirifer,
Euryspirifer (genus identification confirmed
by JANSEN 2001, p. 194), and atrypids has
been placed in the basal upper Emsian. This
led to a correlation with the top of the
Mdaouer-el-Kbir Formation (Rich 3), which
marks the lower-upper Emsian transition of
the western Dra Valley (see JANSEN 2007 and
ABOUSSALAM et al. 2015). Although the
brachiopod fauna requires further work, it

“Uncinulus”

Hassan Il Academy of Science and Technology

indicates that the level of the global Daleje
Event post-dated the regional “Eovariscan
prelude” of tectonic movements.

A local upper Submember C is formed in
Section C1 (CYGAN et al. 1990) by up to 4 m
of detrital, sandy to crinoidal limestones with
conodonts. They deposited on a shallow open
shelf after the clastic supply decreased
strongly. There are no polygnathid faunas, as
typical for such a palaeogeographic setting.
The presence
bilatericrescens suggests a lower Emsian age,
in contrast to the brachiopod age from just

of Latericriodus

below. However, this species ranges just into
the basal Dalejan (ABOUSSALAM et al. 2015,
L fusiformis Zone), a level which is, perhaps,
supported by the associated “Icriodus sp.” (if
it represents an Icriodus s.str.). Latericriodus
beckmanni  beckmanni,
straddling the lower-upper Emsian boundary
(e.g. BERKYOVA 2009), was found in the
middle part. Icriodus cf. corniger indicates

another species

that the next younger /. corniger Zone of the
icriodid succession is reached at the top of
Submember C. This conodont zone begins
still low in the upper Emsian in upper parts of
the extended Daleje Event Interval.
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Lithostratigraphy and conodont ranges in the type locality of the Ahmed-ben-Mellouk Formation (Section

C3 of CYGAN et al. 1990) above the Chabat el Jenanat valley.

Fig. 10
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sample no. Eml | Em2 Em4 Emé Mae 1 Em7 Em9 | Em10 | 4m b. t. | top gr. | last bed
bed no. top 1 2a 4c 6¢ Ta 8a 9 10b 27 36 37

conodont zones serot. | coop. | partitus costatus kockelianus rhenanus-varcus

Bel. resima 5 1 1 * * * * * 14 * 1

Neopand. perlineatus 5 3 * * * * * * 1

L. bultyncki 11 4 * 2 juv. * * * 27

"Ozarkodina" sp. 2 1

Lat. beck. beckmanni 1

L. undulatus n. sp. 2

"Pand." expansa 1 E 157

L. serotinus 16 65 4 * 85

L. cooperi 1 627

L. pugiunculus 5 * 1

L. gilklapperi >50

Po. partitus >100 15 * 4 aff.

Po. praetrigonicus 15 4 8

Po. n. sp. aff. partitus 1

Po. costatus 3 1 5

L. linguiformis 18 * >10 * 8 63 14

L. cf. linguiformis 5

Po. angusticostatus 2

L. alveolus 1

L. zieglerianus 16 * 21 8

Po. holynensis 10

L. aff. parawebbi 1

T. kockelianus .
juv.

Po. pseudofoliatus 1

L. ginjiaensis 8

L. pinguis 2

L. oviformis 2

L rectirostratus 1

L. weddigei 4 8 3

L. transversus 1

L. mucronatus 1

Po. xylus 1

Po. timorensis 8 15 3

Po. varcus 11 31 5

Po. rhenanus 1

1. obliquimarginatus 3

total conodonts 24 35 > 280 198 47 109 c. 40 48 50 120 26

Tab. 1: Frequencies and ranges of conodonts in Section C3 of CYGAN et al. (1990), based on our new samples.
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Fig. 11: Upper Emsian and Eifelian conodonts from the (new) Ahmed-ben-Mellouk Formation at Immouzer-du-
Kandar, Section C3 sensu CYGAN et al. (1990), Bed C3/1 (1-3), Bed C3/2 (4-5), Bed C3/6¢ (6-11), Bed C3/8a (12-
17), Bed C3/9 (18, 23), Bed C3/10b (19-22). 1. Bel. resima, x 35; 2. Neopand. perlineatus, x 50; 3. Lat. Beckmanni
beckmanni, x 40; 4-5. Linguipolygnathus n. sp., x 40 (4) and x 45 (5); 6. Po. costatus, x 45; 1. Po. partitus, x 30;
8-9. Po. praetrigonicus, x 60, x 50; 10. L. serotinus, x 75; 11. Polygnathus n. sp. aff. partitus, x 50, unusually
straight and long form; 12. Po. aff. Partitus, x 30; 13: Po. costatus, x 40; 14. Po. holynensis, x 30; 15-16. L.
serotinus, X 65, upper and lower views; 17. Po. aff. Parawebbi, x 35, with smooth platform margin; 18. Juvenile
T. kockelianus, x 75; 19. L. pinguis, x 40; 20. Po. zieglerianus, x 30; 21. L. bultyncki B, x 55; 22. L. bultyncki o, X

35; 23. L. linguiformis, x 50.

4.5. (new) Ahmed-ben-Mellouk Formation
(upper Emsian-middle Givetian)

Previous authors did not assign the “Série
carbonaté” to a formally named lithological
unit. Based on the name for the small
settlement just to the W (Fig. 2), we introduce
here the new name Ahmed-ben-Mellouk
Formation for all pelagic limestones ranging
from the (higher) upper Emsian to the middle
Givetian  (“calcaires amygdalaires” of
CHARRIERE & REGNAULT 1989; CYGAN et al.
1990: Unit 3b). Section C3 (Figs. 1, 10, 12,
13) is the type locality. The total thickness is
ca. 18 m. The prevailing microfacies is
bioturbated, flaser-bedded, bioclastic
wackestone with micrite matrix and dark, clay
and pyrite-enriched dissolution
Variably there are common trilobite remains
(Bed 1, Fig. 9.1, Bed 4, Fig. 9.3, and Bed 8a,
Fig. 9.6), gastropods (Bed 2, Fig. 9.2), or
dominant dacryoconarids (Bed 6c, Fig. 9.5).

s€ams.

Fig. 12: Flaser-bedded lower part of the new Ahmed-
ben-Mellouk Formation (Section C3 sensu CYGAN et
al. 1990).

Hassan Il Academy of Science and Technology

Fig. 13: Sampling in the solid Eifelian part of the new
Ahmed-ben-Mellouk Formation.

In the lower part of Section C3 (Beds C3/0-
2g, Fig. 10), beds are up to 70 cm thick. The
abundance of pelagic fossils increases
gradually from Bed 1 to Bed C3/2, which
reflects a fast but gradual deepening. The
neritic limestone environment of the upper
Chabat Sitout Member turned into pelagic
cephalopod limestone, as typical for open
shelf seamount or deep offshore carbonate
ramp settings. This is supported by the
conodont biofacies, with faunas that are now
dominated by polygnathids. CHARRIERE &
REGNAULT (1989) pointed out some
similarities with the “Orthoceratitico et
Goniatitico-rosso” developed in the Rif,

Frontiers in Science and Engineering - Vol. 10-n" 1 - 2020
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which, however, was situated far away in the
NE in Devonian time.

Bed 1 still has a large amount of shallow-
water single cone genera (Belodella resima,
Fig. 11.1, Neopanderodus perlineatus, Fig.
11.2). Latericriodus beckmanni beckmanni
(Fig. 11.3) has persisted from the underlying
formation. But Linguipolygnathus bultyncki
is more common (> 50 % of the fauna, Tab.
1). It is an alternative index species of the L.
serotinus Zone, ca. in the middle of the upper
Emsian. In Morocco it is more widespread
than the zonal species (e.g., ABOUSSALAM et
al. 2015). The latter (L. serotinus) enters as
the most common taxon in Bed C3/2a, in
association with narrow forms identified as L.
and rare “Pandorinellina”
expansa. specimens  are
assigned to a new, possibly endemic species,
Linguipolygnathus n. sp. (Figs. 11.5-5). A
single L. cooperi shows that the upper part of
the L. serotinus Zone (L. cooperi Subzone of
ABOUSSALAM et al. 2015) has been reached.
Two small “ozarkodinids” with three isolated
posterior denticles, small, very narrow basal
cavity, and gently ascending, dense anterior
denticles, may represent a new taxon.

An interval of more platy beds (Beds C3/3-
4) is characterized by a sudden flood of
polygnathids, especially of Po. partitus and
Po. gilklapperi, followed in abundance by L.
?cooperi and L. serotinus. This signals a first,
minor deepening in the basal Eifelian Po.
partitus Zone. As in the Anti-Atlas (BECKER
et al. 2018a), the Emsian-Eifelian boundary is
not marked by any lithological change. A
subsequent more solid Bed C3/5 is overlain
by 60-65 cm marl with very thin limestone
beds (Beds C3/6a-c), the local expression of
the global and transgressive Chote¢ Event
(CHLUPAC & KUKAL 1986, BERKYOVA 2009,
and KOPTIKOVA 2011 for the Bohemian type
region; BECKER & ABOUSSALAM 2013a for
the  Anti-Atlas). An  increase  of

pugiunculus
Two unusual
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dacryoconarids is indicative of eutrophic
conditions.

The re-onset of more solid limestone can
be correlated with a similar change to solid
lower Eifelian marker limestones in the
Tafilalt (BULTYNCK 1986; KLUG 2002;
BECKER & ABOUSSALAM 2013a). Conodonts
support this correlation. Bed C3/6¢ yielded L.
serotinus (Fig. 11.10), Po. partitus (Fig.
11.7), Po. praetrigonicus (Figs. 11.8-9), and
the first, somewhat questionable Po. costatus
(Fig. 11.6), the index species of the lower
Eifelian Po. costatus Zone. A specimen
provisionally called Polygnathus n. sp. aff.
partitus (Fig. 11.11) is unique in its straight
carina (which rules out any deformation),
long, narrow, evenly ribbed platform, paired
with unequal anterior platform ends on both
sides. Since we have only one specimen, we
refrain at this time from naming this
apparently new species. Very peculiar is the
sudden flood of “Pandorinellina” expansa
(ca. 80 % of the fauna, Tab. 1). Current
conodont biofacies models do not include a
Lower Devonian “Pandorinellid” Biofacies.
The close proximity to the Chote¢ Event
suggests a palaeoecological connection that is
not known from the type region (BERKYOVA
2009) or from the Anti-Atlas (BULTYNCK
1985; BECKER & ABOUSSALAM 2013a). The
microfacies of Bed Ce3/6¢ is a dacryoconarid
wacke-packstone with a strong overprint by
pressure solution (Fig. 9.5).

Just above, Beds C3/7a and 7b contain
abundant but poorly preserved goniatites.
Based on three species, Po. costatus, L.
alveolus, and Po. angusticostatus, the lower
level (Sample Mae 1) can be assigned reliably
to the Po. costatus Zone (compare composite
range charts in BELKA et al. 1987 and GOuwy
& BULTYNCK 2002, 2003).
Linguipolygnathus linguiformis is often
thought to enter slightly higher in the costatus
Zone but an earlier range, even from below
the Chote¢ Event Interval, was observed in
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the Tafilalt (BECKER & ABOUSSALAM 2013a).
This agrees with the Ardennes record.
Specimens identified as L. cf. linguiformis
display an unusually strongly bent lingua.

In Section 2, CYGAN et al. (1990) showed
a rather early onset of Eifelian polygnathids,
from ca. 60 cm above the base of the
formation (with the first L. linguiformis in
their Sample 231 and Po. costatus, Po. cf.
robusticostatus, and Po. cf. angustipennatus
in Sample 211). This implies that the upper
Emsian and Chote¢ Event Interval is laterally
missing in an unconformity at the base of the
Ahmed-ben-Mellouk Formation. The
Emsian-Eifelian transition at Immouzer-du-
Kandar is rather condensed and, as noted
above, marked by biofacies patterns that are
not known from the Anti-Atlas.

The main part of the Eifelian (from Bed
C3/8a on) and the lower/middle Givetian
consist of more compact, light-grey micrites
with flaser bedding. This lithological change
was also shown by CYGAN et al. (1990: fig. 3,
from their Sample 221 on). However, it is not
evident in the microfacies, which still consists
of flaser-bedded, micritic dacryoconarid
wackestones with trilobite and shell debris
(Bed C3/8a, Fig. 9.6).

Sample Em7 (later recognized as Bed
C3/8a) is dominated (ca. 78 % of the fauna)
by a different conodont species, L. serotinus
(Tab. 1; Figs. 11.15-16, Linguipolygnathus
Biofacies). Associated are Po. aff. partitus
(Fig. 11.12), Po. costatus (Fig. 11.13), Po.
holynensis  (Fig.  11.14), and  Po.
praetrigonicus. An incomplete polygnathid
with strongly asymmetric, smooth platform,
bolstered, upturned margins, an anterior
platform collar, and very narrow, deep
adcarinal furrows may belong to a new
species, here called Po. aff. parawebbi (Fig.
11.17). The only similarity is with some L.
parawebbi, in which the concave outer
anterior margin may be smooth, but not on

Hassan Il Academy of Science and Technology

both platform sides (see, e.g., CHATTERTON
1974 and VODRAZKOVA et al. 2011).

Ca. 80 cm higher, the solid Bed C3/9
yielded a smaller conodont fauna dominated
again by linguipolygnathids, this time by L.
zieglerianus and L. linguiformis (Fig. 9.23).
Two small-sized Tortodus kockelianus (Fig.
11.18) prove the wupper Frasnian T.
kockelianus Zone. The so far missing 7.
australis Zone can be sought for in the un-
sampled interval. There is a minor change of
microfacies: the shell debris of the bioclastic
wackestone becomes very fine and matrix
was partly washed out and microsparitized.

The microfacies of Bed C3/10b (Fig. 9.7)
shows that the calm deeper-water
sedimentation was occasionally interrupted
by episodes of slightly increased bottom
turbulence, perhaps by distal storms.
Alternating bioturbated pack-and grainstones
with dacryoconarids, many
ostracods, and a lot fine shell hash are poor in
larger fossils (Fig. 9.7). There is no flaser-
bedding and the matrix varies between micrite
and microsparite. There is no grading or
sorting as indicators of distal turbidite
deposition. The very small and light ostracods
were probably washed in by slow currents

two-valved

from an adjacent (up-ramp) shallower setting.
The conodont assemblage type has changed
again. Characteristic is a late resurge (56 %)
of L. bultyncki (both morphotypes, Figs.
11.21-22), which normally should not occur
in the T. kockelianus Zone. Associated are L.
zieglerianus (Fig. 11.20), L. pinguis (Fig.
11.19), and I rectirostratus (Fig. 17.4).
Because of their irregular ornamention, even
on the lingua, some forms agree with the
Chinese L. ginjiaensis XIONG (in XIAN et al.
1980) (Figs. 17.2-3). Two poorly preserved
specimens represent L. oviformis KONONOVA
& KM, 2005 (Fig. 17.1), a species only
known so far from the upper Eifelian of the
Russian Platform. CYGAN et al. (1990)
recorded from the lower part of the compact

Frontiers in Science and Engineering - Vol. 10-n" 1 - 2020



Aboussalam & al. Devonian of Immouzer-du-Kandar

limestones of Section C3 Po. ensensis, the
index species of the top-Eifelian ensensis
Zone, which was assumed to straddle the
Eifelian-Givetian boundary. NARKIEWICZ et
al. (2017) noted widespread inconsistencies in
the identification of the species, which is
more typically found in the basal Givetian Po.
hemiansatus Zone. In the absence of
illustrations, we cannot re-evaluate the local

Po. ensensis record.

Fig. 16: Weathered agoniatite from Section C2 of
CYGAN et al. (1990) with fast expanding whorls and
widely rounded flank lobe (max. diameter = 8 cm).

Laterally across a fault (Fig. 1), a bioclastic
solid Eifelian limestone displays on its
surface an  evolute anarcestid, a
Cabrieroceras sp. (Fig. 14). This genus is
characteristic for the upper Eifelian of the
eastern and western Anti-Atlas  (e.g.,
BULTYNCK & HOLLARD 1980; BECKER &
HOUSE 1994a; KLUG 2002; BAIRD et al. 2009)
and other regions, such as the Montagne
Noire or North America (see review in
BECKER & HOUSE 2000Db). Its first recognition
in the Meseta was, therefore, to be expected
in pelagic cephalopod facies. It i1s well
possible that the record of “Anarcestes
lateseptatus™ by M. BENSAID (in CYGAN et al.
Fig. 14: Field photo of an upper Eifelian 1990) refers to the same genus. To the
Cabrieroceras sp. (first record of the genus for the  goutheastern side, ca. in the middle of the cliff
Moroccan Meseta). of Section C2, there are also common
goniatites: involute anarcestids with low
whorls (Fig. 15, ?Subanarcestes) and
agoniatitids with fast expanding, high whorls
and simple, wide flank lobe (Fig. 16; see
record of Agoniatites sp. in CYGAN et al.
1990). A small loose block yielded a
sectioned Fidelites cf. verna, known in the
Tafilalt as a moderately common Eifelian
agoniatitid species with relatively wide
whorls (see KLUG 2002).

The still incomplete sampling did not yet
Fig.  15:  Weathered  involute  anarcestid  onaple us to fix locally the Eifelian-Givetian

(?Subanarcestes) from Section C2 of CYGAN et al. . . .
(1990) boundary. There is no macroscopic evidence

i
< :'<G¢_"‘r..
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for the global Kacak Event Interval. This is
unusual since the earlier Chote¢ Event is

locally so well expressed as a deepening
episode

Fig. 17: Conodonts from the upper Eifelian (7. kockelianus Zone, Bed C3/10b, 1-4) and middle Givetian (Po.
rhenanus-varcus Zone, Bed C3/36) of the Ahmed-ben-Mellouk Formation, Section C3, at Immouzer-du-Kandar.
1-2. L. ginjiaensis, x 30; 3. L. oviformis, x 55; 4. L. rectirostratus, x 55; 5. 1. obliquimarginatus, x 45; 6. L.
linguiformis with reduced outer platform ornament, x 40; 7. L. weddigei, x 45; 8. Po. timorensis, x 35; 9. Po.

varcus, X 60; 10. Bel. resima, x 80.

The lower Givetian has not yet been re-
sampled for conodonts and microfacies. The
rather massive middle part of Bed C3/27 (a
sample from 4 m below the top of the
formation) yielded a rather diverse conodont
fauna assigned to the lower part of the middle
Givetian (sensu BULTYNCK 2005; Po.
rhenanus-varcus Zone; Tab. 1). Apart from
the index species Po. varcus and Po.
rhenanus, we found two species that are more
typical for the next younger Po. ansatus Zone,
L. transversus and L. mucronatus. The first
was shown by BULTYNCK & HOLLARD (1980)
to range lower down in the Anti-Atlas. The
second is restricted to the amsatus Zone in
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eastern North America (WORK et al. 2007,
BRETT et al. 2018) but rare specimens were
recorded by BULTYNCK (1987) from below
the first Po. ansatus at Bou Tchrafine in the
Tafilalt. Consequently, we date Bed C3/27 as
upper part of the Po. rhenanus-varcus Zone.
The microfacies (Fig. 9.8) is strongly
reminiscent of the Eifelian: a flaser-bedded,
slightly bioturbated dacryoconarid mud-
with
microsparite matrix. The constant repetition

wackestone dense  micrite to
of this facies type proves that the lower ramp
environment was stable for a very long period

(at least 15 ma, BECKER et al. 2020). This
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gives a big difference to the unstable lower
Emsian to basal upper Emsian time.

The next higher local conodont record is
from ca. 1.2 m below the formation top
(Sample 233 of CYGAN et al. 1990). The only
difference to our facies is another, rather late
record of Po. ensensis. Elsewhere, the species
(former subspecies of Po. xylus) is known to
range to levels just below the global Taghanic
Crisis (ABOUSSALAM 2003).

The top of the Ahmed-ben-Mellouk
Formation consists first of very solid, light-
grey flaserlimestone (Fig. 18) and finally of
gradually thinner beds (Beds C3/35-37).
Conodont faunas of Beds C3/367 and C3/37
(compare Sample 234 of CYGAN et al. 1990)
are rather similar, with common L.
linguiformis (Fig. 17.6; > 50 %, Tab. 1),
followed in terms of abundance by Po. varcus
(Fig. 17.9, 20-25 %) and Po. timorensis (Fig.
19.8, ca. 12 %). Bel. resima (Fig. 17.10) and
L. weddigei (Fig. 17.7) are accessory. As in
the Oued Cherrat region, there are some rather
late/atypical representatives of the slender /.
obliquimarginatus (Fig. 17.5). Although there
are no characteristic species of the Po.
ansatus Zone, the record of L. mucronatus
from ca. 4 m below (see above) suggests that
the upper part of the middle Givetian has been
reached. NARKIEWICZ et al. (2016) noted in
their late middle Givetian (“Taghanic”™)
conodont biofacies analysis that the L.
linguiformis/Po. ratio
towards the outer shelf or in Anti-Atlas
pelagic platform settings, where the second
species becomes rather rare. Therefore, it is
reasonable to infer that the absence of Po.
ansatus  at  Immouzer-du-Kandar
controlled by palacoecology. This implies
some uncertainty for the “standard” zone
application potential in deeper settings. The
carbonate microfacies, the locally usual

ansatus increases

was
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flaser-bedded micritic to
bioturbated  wackestone
macrofauna (Fig.

microsparitic,
with  sparse
19.1), is in complete

agreement with the conodont biofacies
evaluation.

Fig. 18: Top (middle Givetian) part of the new Ahmed-
ben-Mellouk Formation (top of Section C3), grading
by limestone-shale alternations (with the hammer for
scale) into the overlying, hypoxic “plant shale”
(Taghanic Event Interval). Note the sharp fault
demarcation of the limestone along the slope (in the
middle ground), followed by Givetian limestones of
Section C4 lower on the slope (right middle ground).

The transition from the Ahmed-ben-
Mellouk to the overlying (new) Immouzer-
du-Kandar Formation was also studied in our
new Section C4 (Figs. 1, 18, 21). The nodular
to flaser-bedded Beds C4/1-3 correlate with
the thick-bedded upper part of the adjacent
Section C3 (ca. Beds C3/32-34). Bed C4/4 is
an argillaceous interval with limestone
nodules. The oldest conodont fauna of
Section C4 comes from Bed 5, which is the
top of the Ahmed-ben-Mellouk Formation. Its
composition agrees with the faunas from the
top of that unit in Section C3; L. linguiformis
is by far dominant (85 %, Tab. 2). A minor
difference is the presence of 1. difficilis, the
most common icriodid of the top middle
Givetian.
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Fig. 19: Carbonate microfacies of middle Givetian (Ahmed-ben-Mellouk Formation, 1) to middle Frasnian
(Immouzer-du-Kandar Formation, 2-8) limestones at Section C3 sensu CYGAN et al. (1990) and our Section C4 (scale
bar =2mm). 1. Bioturbated, flaser-bedded wackestone with fine shell debris, micrite to microsparite matrix, and poor
macrofauna, Bed C3/37, ?Po. ansatus Zone; 2. Bioturbated, silty calcisiltite with rare large shell fragments, Bed
C4/7c, ? ansatus Zone, Member 1, Submember A; 3. Detrital, silty calcisiltite with some styliolinids, Bed C4/13, top
of Submember A, ?Po. ansatus Zone; 4. Unfossiliferous, bioturbated, detrital, silty calcisiltite, Bed C4/19, Member
1, middle Submember C, upper Givetian, MD III-C/D; 5. Strongly flaser-bedded, bioturbated, silty mudstone, Bed
C4/23, Member 1, upper Submember C, MN 1 Zone; 6. Partly laminated, partly weakly bioturbated, silty, calcisiltitic
wackestone with dacryoconarids (styliolinids) and mollusk shells, Bed C4/26a, Member 2, Submember B, top MN 4
Zone; 7. Organic-rich, dark, weakly bioturbated mud-wackestone with shell filaments and fine silt, Bed C4/28a,
Member 2, top Submember B, top MN 4 Zone; 8. Organic-rich, dark mudstone, with sharp contact to an erosive

calcisiltite that shows larger intraclasts at the channel base, Bed C4/35, base Member 3, top MN 6 Zone.

4.6. (new) Immouzer-du-Kandar Formation
(upper Givetian-lower Famennian)

We assign the distinctive “lutites a plantes”
(e.g., FAIRON-DEMARET & REGNAULT 1986;
CHARRIERE & REGNAULT 1989; Unit 3¢ of
CYGAN et al. 1990) and the overlying pelagic
shales and limestones (Unit 3d) as well as the
subsequent limestone breccias (Unit 3e) to a
new formation named after our study region. In
our type Section C4, the total thickness reaches
up to 55 m but there is significant lateral (NW-
SE) The
heterogeneous that a subdivision into five
members, partly with further submembers, is
inevitable. The oldest beds still fall in the
middle Givetian, the main breccia was re-
deposited after shales with lower Famennian
goniatites (see below).

variation. succession 1S SO

4.5.1. Member 1 (top middle/upper Givetian
“plant shale™)

Member 1 is easly identifiable by its
predominant siltstones and silty shales, which
yielded numerous, up to 15 cm long plant
remains (FAIRON-DEMARET & REGNAULT
1986; Fig. 23). We place the formation and
member base at the base of Bed 6 (Fig. 21).
Submember A comprises a thin basal
intercalation of silty shales and reddish
weathering siltstones (e.g., Bed C4/8) with
thin, detrital, silty limestones. Representative
are Beds C4/7c (Fig. 19.2) and C4/13 (Fig.
19.3). They consist of slightly bioturbated,

Hassan II Academy of Science and Technology

calcareous siltstones or silty calcisiltites with
rare mollusk shells and some dacryoconarids
(styliolinids). CHARRIERE & REGNAULT (1989)
noted rare phacopids. The abundance of plants
and the strong terrigenous influx may be
interpreted as a significant regressive episode,
changing gradually from a pelagic outer ramp
to a siliciclastic nearshore realm. This sea-level
fall could be related to the global pre-Taghanic
Regression near the end of the middle Givetian
(ABOUSSALAM 2003; ABOUSSALAM & BECKER
2011). However, the continuation of pelagic
fauna (styliolinids, goniatites higher up), now
diluted by a flood of silt, whilst benthic fauna
is almost lacking, suggests that the setting
remained rather distal marine. Fragmented
plants were probably transported over a long
distance. Increased weathering rates in the
hinterland, perhaps by increasingly humid
conditions, could have played a significant role
to explain the facies change. Humidity would
have supported a richer plant cover in the
region. Aneurophytales
(progymnosperms), such as Rellimia, and the
recorded fern Protocephalopteris were plants
of a seasonally wet-dry tropical habitat
(TAYLOR et al. 2009).

Conodonts from Submember A still fall in
the middle Givetian. Beds C4/5 to C4/13
yielded similar assemblages as in the top
Ahmed-ben-Mellouk Formation, again with
dominant L. linguiformis (Tab. 2). There is also
no evidence for marker species of the

source
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Fig. 20: Conodonts from the lower and middle Frasnian of Section C4 at Immouzer-du-Kandar, Bed C4/23 (1-6, MN
1 Zone), Bed C4/26a (7-11, top MN 4 Zone with Ad. nodosa), Bed C4/28a (12-16, top MN 4 Zone), Bed C4/32 (17-
19, MN 5/6 Zone), and Bed C4/37 (20-26, MN 7 Zone). 1. M. guanwushanensis M3, intermediate towards Z. ovalis,
x 80; 2-3. Po. paradecorosus, morphotype with slightly widened outer platform, x 50 and x 80; 4. Po. cf. pennatus,
eroded specimen, x 40; 5. Po. n. sp. aff. lanei x 60; 6. Ad. rotundiloba pristina, x 65; 7. Po. aff. paradecorosus,
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transitional towards Av. decorosus, x 45; 8. Ad. nodosa (= gigas M1), x 75; 9. I. symmetricus, x 55; 10. Po. cf.

dengleri, morphotype with incipient anterior rostrum, x 45; 11. Avignathus decorosus, x 40; 12. Ad. africana, x 40;
13. Nothognathella sp., resembling Tortodus, x 70; 14. Po. aff. varcus (sp. 1) with ribbed platform, x 85; 15. Po.
Jjorfensis, X 65; 16. Po. xylus, x 90; 17. Palmatolepis sp. indet., x 75; 18. Polygnathus n. sp., x 70; 19. Po. aff. varcus
(sp. 2) with relative large, triangulat platform, x 80; 20. Ad. gigas s. str., x 30; 21. Ad. lobata, with incipient second
outer side lobe, transitional towards Ad. curvata, x 45; 22. Ad. pramosica, unusually late representative, x 60; 23. Ag.
leonis, x 40; 24. M. asymmetrica, lower view showing the minute basal pit, x 50; 25. Robust Nothognathella sp., x

30.

Po. ansatus Zone. But, as outlined above,
we consider that this was the true age of the
interval. CYGAN et al. (1990) reported a
“Polygnathus sp. A” from a lenticular
limestone (Sample 235) of their basal Unit 3¢
(basal Member 1 of the Immouzer-du-Kandar
Formation) but did not explain this taxon.

Submember B embraces the up to 40 m
thick main siltstone interval (Beds C4/14-16).
In the middle is a calcareous, greenish-grey
more solid cliff, which represents the peak of
regression. A thin calcareous siltstone (Bed
C4/17) did not produce any conodonts. Middle
grey, limonitic (originally pyritic) silty shales
at the top (around Bed C 4/19), surprisingly
yielded several specimens of pharciceratids
(Fig. 25). This is the first record of this
goniatite superfamily for the Moroccan
Meseta. Both and
Stenopharciceras are present. These genera
occur abundantly in the upper Givetian

Synpharciceras

Synpharciceras and Taouzites Genozones (MD
III-C/D) of the eastern Anti-Atlas (e.g.,
BOCKWINKEL et al. 2008, 2013). In the
conodont scale, the two zones correlate with
the Klapperina disparilis to Po. dengleri
dengleri Zones (BOCKWINKEL et al. 2017).
Therefore, the main Taghanic Crisis Interval
and the middle/upper Givetian boundary sensu
ABOUSSALAM & BECKER (2002), which
coincides with the global Geneseo
Transgression (ABOUSSALAM & BECKER
2011), are locally masked by the siltstone
shedding into a hypoxic, eutrophic and fully
pelagic environment.

Bed C4/19 marks the re-onset of
unfossiliferous calcisiltites (Fig. 19.4) and is
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taken as the base of Submember C (Fig. 24).
CYGAN et al. (1990) found Schmidtognathus
hermanni and KI. disparilis in their Samples
237 and 236, their first limestones of Unit 3¢
(probably our Beds C4/21a-b, a poorly
fossiliferous, silty mudstone). These are the
index species of two successive zones in the
lower part of the upper Givetian but both
species range higher within the substage
(ABOUSSALAM & BECKER 2007). Therefore,
there i1s not necessarily a discrepancy between
the goniatite and conodont ages.

Higher in Submember C, the calcareous
Bed C4/23 is a flaser-bedded, partly laminated,
partly bioturbated, fine-grained, silty mudstone
(Fig. 19.5). It yielded a diverse (15 taxa) basal
Frasnian conodont assemblage. Ancyrodella
rotundiloba pristina is the zonal index of MN
1 Zone (or Ad. rotundiloba pristina Zone, Fig.
20.6). As emphasized by NARKIEWICZ &
BULTYNCK (2010), I symmetricus 1is an
alternative marker (Tab. 2). Rare first Po.
praepolitus are important for correlation into
polygnathid-dominated shallow-water
carbonate platforms (e.g., Russia,
OVNATANOVA & KONONOVA 2008; Iran,
GHOLAMALIAN et al. 2013). Associated are Po.
paradecorosus  (Figs.  20.2-3), poorly
preserved Po. cf. pennatus (Fig. 20.4), Po.
dengleri  dengleri, and I tafilaltensis.
Characteristic for the basal Frasnian is an
intermediate from Mesotaxis guanwushanensis
M3 (sensu ABOUSSALAM & BECKER in
PISARZOWSKA et al. 2020 in press) towards
Zieglerina ovalis (Fig. 20.1). A still un-named
species with quadrate platform and posteriorly
extending carina, here provisionally called
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Section
C4
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L. linguifcemis:
Pa. varcus

|
|

MIDDLE GIVETIAN
Immouzer-du-Kandar Formation

Mombeor 1

Po. timorensis
L. linguiformis

thenanus-varcus / anssatus Zone

L. linguifcrmis:
Pa. varcus

1. difficis
Bes. msima

Ahmed-ben-Hallouf Formation I

Fig. 21: Litho- and biostratigraphy (level of barren and
productive conodont samples) of the lower part of
Section C4, with the gradual transition from the Ahmed-
ben-Mellouk to the overlying (new) Immouzer-du-
Kandar Formation. For microfacies see Fig. 19.

Polygnathus n. sp. aff. lanei (Fig. 20.5), is
also known from the Tafilalt (compare Po.
lanei from MN 1 Zone in ABOUSSALAM &
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BECKER 2007, figs. 61-m). The true Russian
Po. lanei possesses a more strongly nodose and
triangular platform. The
accompanied by some fish scales (probably
from acanthodians). Polygnathus aff. cristatus
refers to two very robust and coarsely nodose
specimens with a marked concavity on one side
of the thick anterior platform. Polygnathus cf.
dengleri differs from typical members of the
species in a reduced ornament and short

conodonts are

anterior collar of the platform (compare Fig.
20.10). The of Polygnathus
supports a pelagic setting. Member 1 concludes
with a last, up to 80 cm thick siltstone interval
(Bed C4/24).

dominance

4.5.2. Member 2 (pelagic shale and limestone)

Member 2 is characterized by alternating,
dark-grey, thin platy, originally pyritic
(secondarily hematitic) shales, limonite-rich
marls, and dark-grey, calcareous styliolinites
(Fig. 26). Bedding planes show that the light-
weighted dacryoconarids
bedding planes undisturbed by any currents
(Fig. 27). This is a typical shelf basin
lithofacies  reflecting transgression

accumulated on

and
eutrophication, probably due to climate-
controlled upwelling. Our conodonts from just
below and above the main organic-rich shale
package (Bed C4/25, Submember A) suggest
that the sharp base of Member 2 can be
correlated with the Upper Styliolinite of the
Tafilalt (e.g., BULTYNCK 1986; ABOUSSALAM
& BECKER 2007; NARKIEWICZ & BULTYNCK
2010). It expresses the main and second
hypoxic pulse of the global Frasnes Events
(BECKER & ABOUSSALAM 2004). Large
hematite balls (oxidized from original pyritic)
and the absence of any benthos indicate
completely anoxic conditions that persisted
apparently for a long time. Submember B (of
Member 2) comprises the styliolinid-rich marl-
limestone alternations, named by CHARRIERE
& REGNAULT (1989) as “calcaires noirs a
tentaculites”.
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sample no. lense | b. bl. | top bl. 1. Ist. t. Fr. bl. 3 | bl. 5 | dis. bl. | top br.
bed no. 5 | 7c |13 | top23 | 26a 28a 30 32 35 | 37 | 38+ |39 44-46 top 47

stage m. Givetian | L Fr. middle Frasnian (reworked faunas)

?ansatus
conodont zones Zone MN1 top MN4 MNS5 MN6 MN7 Fr. | MN4 Fr. MN7

L. linguiformis 1716 |1

L. weddigei * * 1

L difficilis 1

Po. timorensis * 1

Po. varcus 1 * 1 8 * * 4

Bel. resima 1 * * 4 * * 3

Po. xylus 11 * 2

Po. cf. pennatus 2

Po. n. sp. aff. lanei 1

Ad. rotund. pristina 2

M. guanwushanensis M3 1 * 4 * * 2 1

Po. dengl. dengleri 4 2

Po. cf. dengleri 2 1

1. symmetricus 4 5 9 3 11 61 49 7 8 12

I tafilaltensis 2

Po. paradecorosus 11 9 28 48 * >10 | xx 1 XX 3 1 27

Schm. latifossatus 1

Po. n. sp. aff. cristatus 2

Po. praepolitus 1 * * * * XX 24 * 4

Z. ovalis 1

Po. aff. paradecorosus 1

Avign. decorosus 1

Ad. nodosa 2 * 1 * 4 4

Po. jorfensis 4

Po. aff. varcus (sp. 1) 15 26 * * * * 1

Ad. africana 6 1

Nothognathella sp. 2 * * 3 4 1

M. asymmetrica 45 * * 1 1

Z. unilabius 37 * 2 7 * 1 1

Pa. punctata 1 * 19 19

Po. "aff. angustidiscus" 12 1 * 5 1

Palmatolepis sp. 1 1

Po. aff. varcus (sp. 2) 9

Po. n. sp. 1dK-1 1 1

Ad. lobata 7 5 1?

Po. webbi 1 13 * 1 1

M. falsiovalis 2

Ad. gigas 5
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sample no. lense | b. bl. | top bl.

bed no. 5 |7c| 13| top23 | 26a 28a

30 32 35 | 37 | 38+ |39

1. Ist. t. Fr. bl. 3 | bl. 5 | dis. bl. | top br.

44-46 top 47

stage m. Givetian | 1. Fr.

middle Frasnian

(reworked faunas)

?ansatus

MN1
Zone

conodont zones top MN4

MNS MN6 MN7 Fr. | MN4 Fr. MN7

Pa. cf. hassi

Pa. cf. bohemica

Ad. pramosica

Po. robustus

"Oz." trepta

"Oz." nonaginta

Ag. leonis

Po. aequalis

1. aff. symmetricus

Po. alatus

Z. orchardi

Po. pollocki

Po. aff. sculptilis

Po. n. sp. 1dK-2

Po. zinaidae

Tab. 2: Ranges and frequencies of conodonts in the middle Givetian to middle Frasnian (including reworked
faunas) in the upper part of Section C4 at Immouzer-du-Kandar.

They were also marked by CYGAN et al. (1990:
lower part of Unit 3d; Figs. 26, 28; Beds
C4/26a-28a). Characteristic are silty, partly
laminated, partly = weakly  bioturbated
wackestones with styliolinids and mollusk
shells at the base (Bed C4/26a, Fig. 19.6), and
organic-rich, dark, weakly bioturbated mud-
wackestone with shell filaments at the top (Bed
C4/28a, Fig. 19.7). Conodonts from both
sampled beds fall in the top of MN 4 Zone with
Ad. nodosa (= gigas M1; Fig. 20.8). This is the
alternative Ad. nodosa Zone of ABOUSSALAM
& BECKER (in PIZARKOWSKA et al. 2020) that
shows the best potential to define a future
formal lower/middle Frasnian boundary. The
same interval is marked globally by one of the
most significant positive carbon isotope
excursions (PISARZOWSKA et al. 2006) and by
the eustatic, transgressive Middlesex Event
(HOUSE & KIRCHGASSER 1993; BECKER et al.
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1993). This suggests to conduct future isotope
studies at Immouzer-du-Kandar.

In Bed C4/26a, Po. paradecorosus is the
most common species, grading via a
transitional form with shortened and flattened
platform (Po. aff. paradecorosus, Fig. 20.7)
towards a specimen that closely resembles
Avignathus (Fig. 20.11). An
avignathan Pb element was not encountered
but, due to hydraulic sorting, we hardly found
anything than Pa elements. The so far oldest
record of typical Avignathus is only slightly
younger, from the basal MN 5 Zone (Pa.
punctata Zone) of the Tafilalt (BECKER &
ABOUSSALAM  2013b) but these
associated with a Po. brevilamiformis type Pa-
element. The typical lowest range of Avign.
decorosus i1s much younger, high in MN 10
Zone (KLAPPER 1997).

decorosus

Wwere
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Fig. 22: Lithological log for the main/upper part of Section 4 (upper Member 1-5 of the Immouzer-du-Kandar Formation).
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Fig. 23: Plant (Aneurophytales) from Member 1 of

Immouzer-du-Kandar Formation (FAIRON-DEMARTET
& REGNAULT 1986, pl. 3, fig. 7, picture width ca. 3 cm).

Fig. 25: Limonitized pharciceratids from Member 1 (top
Submember B) of the Immouzer-du-Kandar Formation
(loose at Bed C4/19): Synpharciceras sp. (left, dm = 31
mm) and Stenopharciceras sp. (right, dm = 26 mm).

Fig. 24: Thin-bedded, lenticular, silty limestones
embedded in Submember C of Member 1.
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Fig. 26: Laminated and cyclic alternation of limonite-
rich marls and darker, calcareous limestones with
styliolinids, lower Bed C4/26, lower Member 2
(Submember 2, top lower Frasnian, Middlesex Event
Interval) of Immouzer-du-Kandar Formation.

Fig. 27: Styliolinid mass accumulation without current-
orientation on the surface of Bed C4/26 (Submember 2,
Member 2, top lower Frasnian; photo width 9 cm).

Fig. 28: Member 2 of Immouzer-du-Kandar Formation:
alternating yellowish marls and thin grey limestones at
the hammer (upper part of Bed C4/26), marker Bed
C4/28, with a change from dark (28a, top of Submember
B) to light-grey wackestone (28b, base Submember C),
blocks of the thick, nodular Bed C4/32 in the
background, and the main breccia at the top.
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It needs to be emphasized that Po.
paradecorosus continues to be confused by
many authors (cf. in BAHRAMI et al. 2019; just
recently in CABRERA-PORRAS et al. 2020) with
Av. decorous. The Pb is not required for
separation. Both Pa elements are not too
similar, especially when type-specimens are
respected. Other conodonts of Bed C4/26a are
L. symmetricus (Fig. 20.9) and Po. cf. dengleri
(Fig. 20.10).

The conodont fauna at the top of
Submember B (Bed C4/28a) differs from
below by a resurge of the Givetian survivor Po.
xylus (Fig. 20.16). Relatives of Po. varcus,
provisionally identified as Po. aff. varcus (sp.
1) (Fig. 20.14), display a slightly larger
platform, a carina consisting of up to five large
nodes, and regular transverse ribbing along the
widened platform margins. In addition, there
are some Ad. africana (Fig. 20.12) and a
subtriangular Nothognathella with weekly
ornamented platforms on both sides of the bent
carina (Fig. 20.13), resembling
Nothognathella n. sp. of POLLOCK (1968).
Polygnathus jorfensis was so far only known
from the basal Frasnian (MN 1 Zone) of the
northern Tafilalt (ABOUSSALAM & BECKER
2007). The absence of palmatolepids is
intriguing and resembles the peculiar hypoxic
conodont biofacies of the Upper Styliolinites
of the Tafilalt (BULTYNCK 1986).

Submember C begins with Bed C4/28b, a
light-grey weathering flaserlimestone. The
styliolinid mass occurrences have disappeared.
Above, alternating silty marls and griotte-type
limestones follow (Beds C4/29-34). Bed C4/30
contains a different and distinctive conodont
assemblage than known from below. Three

species are near equally dominant, M.
asymmetrica, Z. unilabius, and Po.
paradecorosus, followed in terms of

abundance by Po. aff. varcus (sp. 1). Such a
middle  Frasnian = mesotaxid-polygnathid
biofacies,
almost without Ancyrodella, has been regarded

without any Palmatolepis and
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by SANDBERG et al. (1989) as the deepest, most
offshore facies. It occurs in comtemporaneous
outer marginal reef slope settings of the Holy
Cross Mountains, Poland (SOBSTEL et al. 2006:
P-M  facies, e.g., at Kostomloty and
Sluchowice). A single Pa. punctata shows that
the MN 5 Zone (Pa. punctata Zone) has been
reached. There are moderately frequent Po.
“aff. angustidiscus” sensu HUDDLE (1981).
This form is not related to Ctenopolygnathus
angustidiscus because it has a short anterior
free blade, as in the Po. lanei-Po. aspelundi
Group, which members are all characterized by
an only incipient free posterior blade.

Bed C4/32 is an up to 30 cm thick,
yellowish-weathering marker unit with karstic
upper surface (Fig. 28) that can be traced
around the hill. CYGAN et al. (1990) noted it in
the upper part of their Unit 3d as “calcaire
massif’. Our sampling confirmed a relatively
sparse conodont fauna, in relation to the beds
below, with only rare, fragmentary
Palmatolepis (Fig. 20.17, possibly Pa.
punctata) and dominant (50 % of the fauna) /.
symmetricus. This short-termed icriodid-
polygnathid biofacies indicates shallowing.
However, I symmetricus is not a shallow-
water form but is regarded as a eurytopic
species that flourished during environmental
perturbations, for during the
lower/middle Frasnian transition (SOBSTEL et

example

al. 2000).
Some polygnathids do not agree with
described  middle Frasnian species.

Polygnathus aff. varcus (sp. 2) (Fig. 20.19) is
characterized by smooth, narrow, posteriorly
pointed platforms that are larger/longer than n
in typical varcus. Polygnathus n. sp. IdK-1 is
characterized by a long, flat, narrow and finely
ribbed platform with a hardly curved carina.
Most characteristic are the uneven anterior
platform ends. The outer side starts earlier and
is slightly upturned while the inner end is
shorter, flat and rounded. The new form falls in
the lower Frasnian Po. pollocki Group; we wait
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with formal naming until we have more
material. CYGAN et al. (1990) reported in
addition “L. cf. eslaensis”. Typical I. eslaensis
do not have a proven Frasnian range
(NARKIEWICZ & BULTYNCK 2007), especially
not in southern Morocco (ABOUSSALAM &
BECKER 2007; GOUWY et al. 2007). The tabled
“Po. decorosus” may have referred to our Po.
aff. varcus (sp. 2).

4.5.3. Member 3 (middle Frasnian debris
flows)

Within Bed C4/35 (Fig. 19.8), a sharp
change from organic-rich, dark mudstone to
erosive, sparitic calcisiltites, with small
intraclasts filling a channel, marks the base of
Member 3 of the Immouzer-du-Kandar
Formation. The discharge of heterogeneous
clasts reflects the onset of a second phase of
significant Eovariscan block faulting, tilting
and downslope deposition of reworked
carbonate ramp material in debris and mass
flows. The relatively diverse conodont
assemblage probably comes from the
mudstone. The abundance of I symmetricus
continues, followed by Po. paradecorus and
Po. praepolitus. Palmatolepis punctata is
finally more common, nothognathellids
resemble N. ziegleri. The associated Ad. lobata
enters elsewhere near the top of MN 6 Zone
(KLAPPER 1997). Interesting is the locally
oldest Po. webbi since this generally
widespread species is elsewhere also not too
common in the lower Frasnian and blossoms in
the middle Frasnian (PISARZOWSKA et al. 2006;
NARKIEWICZ & BULTYNCK 2010). The pelagic
nature of Bed C4/35 is underlined by the
presence of several goniatite ammonitellae in
the conodont sample residue. There are also
fish scales and shark teeth: one protacrodid
(probably Deihim mansoorae) and one and a
half Wellerodus sp. (Antarctilamnidae, Fig.
29), which is close to the Givetian type-
species, Well. wellsi. In general, there is only
little knowledge of middle Frasnian sharks.
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Fig. 29: Wellerodus sp. from Bed C4/35 (top MN 6
Zone, middle Frasnian, tooth width = 1.6 mm).

Fig. 30: Member 3 of the Immouzer-du-Kandar
Formation, starting with the still mostly micritic Bed
C4/35 (upper MN 6 Zone), followed by lenticular
detrital limestones (Beds C4/37-38, MN 7 Zone, at the
hammer), and ending with more massive breccia beds
(mass flow deposits, Bed C4/39, higher MN 7 Zone), all
intercalated in yellowish weathering, strongly cleaved,
limonitic (anoxic) shales.
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Dark- or middle-grey lenticular, detrital
limestones (Fig. 30) are embedded in greenish-
grey, silty marls and shales of Beds C4/36-38.
The conodont biofacies is similar to Bed C4/35
(polygnathid-icriodid), with a dominance of
Po. paradecorosus, Po. robustus (Fig. 33.6,
partly transitional from Po. paradecorosus,
Fig. 33.11, or Po. aequalis, Fig. 33.12), and L
symmetricus. Markedly curved variants of the
latter are identified as [ aff. symmetricus.
There are no shallow water icriodids. The total
number of taxa is unusually high (24 species,
Tab. 2).

The age of the fauna, MN 7 Zone, is
constrained by the distinctive, strongly bent
“Ozarkodina” trepta (Fig. 33.2) and “Oz.”
nonaginta (Fig. 33.1; KLAPPER 1989; KLAPPER
et al. 1996). Palmatolepids belong to Pa.
punctata (most common, Tab. 2), rare Pa. cf.
bohemica (Fig. 33.4) and Pa. cf. hassi (Fig.
33.3; still a wide side lobe).
Ancyrodellids include Ad. nodosa (= gigas
M), Ad. lobata (Fig. 20.21, intermediate
towards Ad. curvata early form), Ad. gigas
s.str. (Fig. 20.20, early form with many strong
nodes; compare a cf. M2 specimen from MN 7
Zone of the Canning Basin, KLAPPER 2009, fig.
1.3.11), and unusually late Ad. pramosica
(Fig. 20.22). The upper range of the latter ends
normally much earlier (KLAPPER 1989, 1997).
PISARZOWSKA et al. (2006) noted in Poland a
just brief overlap with Pa. punctata at the base
of MN 5 Zone. However, there is no evidence
for reworking in our assemblage, no local
occurrence in older beds, and no other middle

without

Frasnian ancyrodellid our specimens could be
confused with. A single Ancyrognathus leonis
(Fig. 20.23) supports the MN 7 Zone age.
Icriodids with relatively
basal

large,
and

strongly
asymmetric cavity laterally
connected posterior platform nodes are
provisionally called 1. aff. symmetricus (Tab.
2).  Subordinate
nothognathellids with a strongly ornamented
platform on one side only (Fig. 20.25), M.

forms are robust
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asymmetrica (Fig. 20.25), Z. ovalis, Z.
unilabius (Fig. 33.5), Po. praepolitus (Figs.
33.7-8), Po. aequalis (Fig. 33.9), and Po. “aff.
angustidiscus” sensu HUDDLE (1981).
Laterally, on the next hill to the W, there
seem to be more non-brecciated limestone beds
of Member 3. A conodont sample from the last
limestone (Sample C4/38+) yielded only a
sparse fauna (Tab. 2) that agrees in general
with the richer faunas of Beds C4/35 and 37.
Bed C4/39 is the first coarse breccia Bed
(Fig. 35.1). In thin-section, it is a strongly
polymict extraclast grain-rudstone without any
sorting or grading, typical for gravitational
debris flow deposition. Crinoid debris, peloids,
fragmented tabulate corals, brachiopods,
calcareous algae, and conodonts lie free in a
sparite matrix, together with variably large
extraclasts, dark, organic-rich
mudstones. The latter probably derived from
eroded strata of Member 2. Most of the debris,
however, stems from an adjacent shallow-
platform  with reefal
(biostromal) organisms that has today no
preserved outcrop. Since the corals are not part
of clasts, it can be assumed that they lived just

such as

water carbonate

prior to the seismically triggered reworking
event. The
mixed/reworked. It is dominated by Po.
paradecorosus, accompanied by Po. robustus
(Fig. 33.17), Po. aff. varcus (sp. 1) (Fig.
33.18), Po. praepolitus, and I. symmetricus
(Fig. 33.14). In one Zieglerina, the shallow,
asymmetric basal pit has expanded widely, as
in the poorly known, Chinese Z. orchardi TIAN
in Hou (1988; Figs. 33.15-16). There is no
evidence for taxa that are younger than MN 7
Zone. Bed C4/39, therefore, proves the former
existence of a  middle Frasnian
reef/biostrome in the Middle Atlas basement,
which is unique for all of Morocco. All other
Meseta reefs, including the bioherms of the
Coastal Block or of the Oulmes region, died
latest in the basal or at the end of the lower
Frasnian (ABOUSSALAM et al. 2012). The

conodont fauna is not
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youngest known coral bank of the Anti-Atlas
also falls in the Givetian-Frasnian transition
(BECKER et al. 2013). Member 3 concludes
with three more, similar breccia layers (Beds
C4/41-43), which are partly lenticular and
intercalated in grey shales; these have not yet
been sampled for conodonts.

4.5.4. Member 4 (upper Frasnian-lower
Famennian anoxic goniatite shale)

Just a few meters laterally to Section C4,
Member 3 is overlain by a distinctive unit (5-6
m) of dark-grey to greenish, very pyrite-rich
(weathering to yellow-ochre limonite) shale
(Fig. 34). Its (for the Meseta) very unusual
pelagic fauna shows that it is an extremely
condensed, hypoxic/anoxic deep-water unit
that straddles without any evidence of facies
change or interruption the Frasnian-Famennian
boundary. Goniatites in brown limonite
preservation belong to Costamanticoceras,
Clauseniceras, Sphaeromanticoceras, and the
Manticoceras cordatum Group (Fig. 31). The
first genus enters low in the upper Frasnian
(sensu BECKER & HOUSE 1998; UD I-I,
BECKER & HOUSE 1993) and does not reach the
Lower Kellwasser level. The second enters in
UD I-J and ranges into the interval between the
two Kellwasser Events (UD I-K). The Mant.
cordatum Group and Sphaeromanticoceras are
long-ranging through the middle/upper
Frasnian. Fragmentary orthocones, small-
sized, smooth brachiopods, and the small
gastropod Platystoma, which is typical for
German goniatite shales, complete the
hypoxic, muddy ecosystem. We correlate the
onset of Member 4 tentatively with the basal
upper Frasnian global eustatic rise known as
the semichatovae Transgression (SANDBERG
et al. 1992, 2002). In the Anti-Atlas, it
introduced a long-lasting hypoxic interval
(Kellwasser Facies s.l.), drowning the oxic
middle Frasnian, pelagic Tafilalt Platform
(e.g., WENDT & BELKA 1991; BECKER et al.
2018b). Based on neodymium isotopes,
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DOPIERALSKA (2009) and DOPIERALSKA et al.
(2015) showed that this eustatic rise was
associated with a major re-organisation of
water masses in the western Prototethys,
including the wide Moroccan shelf areas.

More or less next to the upper Frasnian
manticoceratids, we collected three lower
Famennian goniatites. However, these are
differently preserved in black hematite (Fig.
32). There are two taxa, Cheiloceras (Ch.)
subpartitum crassum and Compactoceras
(Com.) undulatum undulatum. Both are
common in the (Ch.) (Ch.) subpartitum Zone
(UD II-C) of the Anti-Atlas (BECKER 1993a).
In the Meseta, both generally widespread
forms occur also in the ca. middle of the lower
Famennian in the Oulmes region (e.g.,
TERMIER 1938; TERMIER & TERMIER 1950b;
BECKER 1993a).

Since we have no local evidence for
Kellwasser Beds or for the basal Famennian
Phoenixites faunas, which are widespread in
the Anti-Atlas (BECKER 1993a) or Mrirt
allochthon (see Mrirt chapter of this volume),
we assume that there is a hidden unconformity
(non-deposition episode) within Member 4.
But with respect to the long time involved, and
in comparison with a strong peak of
synsedimentary tectonics at the Frasnian-
Famennian boundary in the eastern Anti-Atlas,
the pelagic facies uniformity across that
interval of global biotic crises at Immouzer-du-
Kandar is remarkable.

Fig. 31: Three wupper Frasnian, limonitic
gephuroceratids from Member 4 of the Immouzer-du-
Kandar Formation: a finely ribbed Costamanticoceras
sp. (left, max dm. = 12 mm), Clauseniceras (middle, dm
=18 mm), and a Manticoceras cordatum (right, dm =16
mm).
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Fig. 32: Two black, hematitic Cheiloceras (Ch.)
subpartitum crassum from the lower Famennian part of
Member 4 of the Immouzer-du-Kandar Formation (max.
dm = 7.2 mm, left, and 8 mm, right).

4.5.5. Member 5 (main reefal breccia, top
lower Famennian)

The main breccia unit, our Member 5 of the
Immouzer-du-Kandar Formation, eroded into
gradually older Frasnian beds along the slope
above Sections C4 to C2 (Fig. 34, upper photo;
GPS N33°46°7.2°°, W4°56°51°°). From a
better, distant perspective (Fig. 34, lower
photo) it can be clearly seen that isolated
breccia slump blocks overlie Member 4 and
that they form an incised channel at Section C4
(Fig. 22). Therefore, the re-deposition age
postdated UD II-C and can be assigned to the
upper part of the lower Famennian. The base of
Bed C4/44 is sharp, undulating, and
disconformable (Fig. 36). There are only
limestone clasts, which are up to 70 cm large,
with decreasing maximum size towards the
top. The lithology is strongly heterogeneous.
There are abundant flat limestone blocks (Fig.
37), which are often oblique embedded (Fig.
38). A typical microfacies are polymict,
unsorted coral-extraclast rudstones with
stylolithic clast contacts (Figs. 35.3, 39). Based
on field and thin-section examinations, we
recognize the following clast types:

1. Isolated colonial rugose corals, such as Phillipsastrea
(Figs. 35.4, 40; more than 20 cm large), hexagonariids
(up to 20 cm large), and large “disphyllids” (phaceloid
Rugosa, up to 70 cm large, Figs. 35.2, 41).

2. Isolated tabulate corals, such as Thamnopora
branches (Fig. 39), alveolitids (Figs. 39, 43; up to 20 cm
large), and nodular pachyfavositids.
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3. Isolated,
stromatoporids.
4. Isolated crinoid stems (Fig. 44).

5. Isolated solitary rugose corals (Fig. 39).

6. Often large clasts of medium-bedded, laminated, fine-
grained limestone (Figs. 37-38), partly with styliolinids,
derived from lateral equivalents of Submember C of
Member 2.

7. Dark, organic-rich, poorly fossiliferous mudstones
(Fig. 35.1), probably derived from lateral parts of
Submember B of Member 2.

8. Light-grey crinoidal limestones, sometimes with
rugose corals.

9. Floatstones with solitary Rugosa and a variable
amount of thamnoporids.

10 Floatstones with Amphipora, Stachyodes, and
Thamnopora.

11. Renalcis limestone with brachiopods (Fig. 35.2).

12. Alveolites-stromatoporid boundstones.

13. Limonite clasts (Fig. 42), reworked from anoxic
shale (upper Member 1 to lower Member 2).

nodular, laminar, or fragmented

14. Flaserlimestone with goniatite cross-sections
(reworked from the mostly Middle Devonian Ahmed-
ben-Mellouk Formation).

Corals are more frequent than stromatoporids.
We observed reef debris clasts but no clear
evidence for double reworking. The variability
of microfacies types (e.g., EICHHOLT &
BECKER 2016) suggests that the destructed reef
was ecologically zoned, with agitated and more
protected habitats. However, the evidence does
not require a bioherm with a large protected
lagoon. Renalcis limestones are recorded here
for the first time from North Africa. They are
more common in Frasnian than in Givetian reef
complexes, which fits our conodont dating. In
Australian, Canadian, and  European
(Ardennes) reefs, they characterize reef flat to
marginal slope settings and especially small to
medium-sized, open platform reef mounds
(MouNTIJOY & JULL 1978; BURCHETTE 1981;
PLAYFORD et al. 2009; GEORGE et al. 2009).
They were important binder and cementer of
coral-stromatoporid mounds (WHALEN et al.
2002), with possible cyanobacterial affinity.
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Fig. 33: Conodonts from Member 3 (Bed C4/37, 1-13, Bed C4/39, 14-18, all MN 7 Zone) and the main breccia,
Member 5 (top Bed C4/47, 19-24 and 27, MN 7 Zone, individual blocks 3 (25), and 5 (26) from Beds C4/44-46), of
the Immouzer-du-Kandar Formation. 1. “Oz. “ nonaginta, x 70; 2. “Oz.” trepta, x 55; 3. Pa. cf. hassi, x 60; 4. Pa. cf.
bohemica, x 40; 5. Z. unilabius, x 50; 6. Po. robustus, intermediate from Po. aequalis, x 50; 7-8. Po. praepolitus, x
45 and x 50; 9. Po. aequalis, x 30; 10. Po. “aff. angustidiscus” sensu HUDDLE (1981), specimen with abnormal
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(twisted) posterior end of carina, x 70; 11-12. Po. robustus, intermediate from Po. aequalis, both x 35; 13. Po. webbi,
x 45; 14. I. symmetricus, x 60; 15-16. Z. orchardi, with strongly widened basal cavity, x 60; 17. Po. robustus, x 50;
18. Po. aff. varcus (sp. 1), x 90; 19. Ad. lobata, fragmentary, x 35; 20. Po. zinaidae, x 65; 21. Po. “aff. angustidiscus”
sensu HUDDLE (1981), x 80; 22. Po. paradecorosus, x 60; 23. Po. ?pollocki, x 60; 24. Po. pollocki, x 55; 25. Po.
webbi, x 45; 26. I. aff. symmetricus, curved form, x 50; 27. Polygnathus n. sp. 1dK-2, x 90.

>

o :[r‘ <

Fig. 34: Upper photo: Thick breccia beds (Member 5) cutting off increasingly older parts of the middle Frasnian
Members; lower photo: showing how Member 5 overlies the intensively ochre weathering F-F boundary shales
(Member 4), cutting them off in the back and eroding as a channel into middle Frasnian strata.
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Fig. 35: Microfacies of breccia beds in Member 3 (1) and Member 5 (2-4) and of upper Famennian thin carbonates
(4-8), scale bar =2 mm in 1-3 and 7, 1 mm in 4-8 and 8. 1. Polymict, unsorted, extraclast grain-rudstone with crinoid
debris, peloids, tabulate corals, brachiopods, reworked dark, organic-rich mudstones, conodonts (free in the sparite
matrix), and calcareous algae, Bed C4/37, MN 7 Zone; 2. Bioturbated Renalcis-coral floatstone with isolated or
clumped Renalcis aggregates in dark micrite matrix, other microproblematica, sparite- or geopetally filled
brachiopods, and large phaceloid rugose coral (lower right bar), block in Bed C4/47; 3. Polymict, unsorted coral-
extraclast rudstone with stylolithic clast contacts, various tabulate corals, crinoid debris, shell fragments, reworked,
dark- or middle-grey silty mudstones and bioclastic wackestones, top of Bed C4/47; 4. Extract of large Phillipsastrea
colony, Bed C4/47; 5. Flaser-bedded, unfossiliferous silty mudstone (lower part) to calcareous siltstone (upper part),
Bed C5/Fa 1; 6. Pyrite-rich, bioturbated, bioclastic wackestone with recrystallized ostracods, tabulate coral (middle
right) and micrite/microsparite matrix, Bed C5/Fa 6; 7. Flaser-bedded, bioturbated, strongly mixed dark mudstones
and microsparitic crinoid wacke-packstones with tabulate corals, eroded by an overlying channel with strongly
recrystallized crinoid-mollusk grainstone, Bed C5/Fa 13: 8. Bioturbated, unfossiliferous, silty mudstone interrupted
by a thin band of angular silt and mudclasts, Bed C5/Fa 15.

and a nothognathellid (Pb element of
Mesotaxis/Palmatolepis), indicative of the top
lower to middle Frasnian. Block 5 contained
the strongly curved representative of [ aff.
symmetricus (Fig. 33.26), Po. paradecorosus,
and Ad. africana. This suggests a top lower
Frasnian (MN 4 Zone) age. The block with
large phaceloid “disphyllid” colony (Fig. 35.2)
only gave a single Po. paradecorosus (Tab. 2;
topmost Givetian to Frasnian).

More intriguing is a breccia sample from the

Fig. 36: Base of the main breccia (base Bed C4/42, base top of the breccia (top Bed C4/47). The
Member 5) at Immouzer-du-Kandar.

abundance of Po. paradecorosus, Po. robustus,
and /. symmetricus is the same as in Bed C4/37,
with further similarity given by “0Oz.”
nonaginta, the index species of MN 7 Zone, a
fragmentary Ad. lobata (Fig. 33.19), and Po.
“aff. angustidiscus” sensu HUDDLE (1981; Fig.
33.21). In accord with the clast spectrum, there
was no change of the source of the mass/debris
flow influx between Members 3 and 5. As
minor differences, Bed C4/47 yielded some
Po. pollocki (Figs. 33.23-24), characterized by
a relatively short free blade, very narrow and
long platforms with marginal ribbing, unlike as
in the evenly curved Po. paradecorosus that
has a longer free blade and always a small
anterior platform collar.

The erosion and reworking affected mostly
Frasnian strata (Members 2-3 of the
Immouzer-du-Kandar Formation and the
destructed adjacent biostrome); clasts from the
Ahmed-ben-Mellouk Formation are very
subordinate. Uplift, excavation and re-
sedimentation occurred after lithification,
which may have been fast.

Age data come from conodont faunas
obtained either from mixed breccia blocks or
from individual larger clasts. As expected, the
conodont yield is mostly poor. We found no
reworked Emsian to Givetian conodonts but
did not sample any flaserlimestone clast. Our
Block 3 produced only Po. webbi (Fig. 33.25)
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Fig. 37: Block of main breccia (Member 5) showing Fig. 38: Oblique embedding of a large, fine-grained,

large, flat lying blocks of laminated, light-grey laminated limestone block in the polymict, unsorted
limestone below unsorted, smaller-sized clasts. Bed C4/44.

Fig. 39: Disorganized, coarse extraclast-coral rudstone with a near-vertical block of laminated, fine-grained limestone
(right), numerous rugose corals, pieces of stromatoporids, and angular clasts of crinoidal and reefal limestone.

Fig. 40: Field photo of a Phillipsastrea colony from
the upper part of the main breccia.

Fig. 41: Large phaceloid rugose coral colony.

164 Hassan Il Academy of Science and Technology Frontiers in Science and Engineering - Vol. 10-n" 1 - 2020



Aboussalam & al.

Devonian of Immouzer-du-Kandar

Fig. 42: Mass flow (Member 5) with angular reef limestone clasts, limonite pebbles, isolated Thamnopora branches,

and alveolitids swimming in an argillaceous matrix.

Fig. 43: Isolated A/lveolites colonies as clasts in the main
breccia (Member 5).

There is also a second specimen of
Polygnathus n. sp. 1dK-1 (Fig. 33.22; see
earlier record from Bed C4/32), which may be
a relative of Po. pollocki. One specimen agrees
closely with the holotype of Po. zinaidae (Fig.
33.20), apart from a few scattered platform
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nodes. This species occurs on the central
Russian Platform, in the Timan in the hypoxic
pelagic facies of the Middle Domanik
(OVNATANOVA & KoONONOVA 2008; MN 6
Zone, see HOUSE et al. 2000b), as well as in
middle Frasnian shallow-watter settings of the
SE Iran (e.g., GHOLAMALIAN & KEBRIAEI
2008).

Fig. 44: Thick crinoid stem parts lying isolated in
breccia with argillaceous matrix.

Frontiers in Science and Engineering - Vol. 10-n" 1 - 2020

165



166

Aboussalam & al.

Devonian of Immouzer-du-Kandar

A single, robust polygnathid with straight
carina, coarse marginal platform nodes,
asymmetric anterior platform ends, and short,
free posterior carina is identified as Po. aff.
sculptilis (Fig. 45). It is possibly a new species
but too poorly preserved for formal naming. A
second new species, Po. n. sp. IdK-2, is
represented by a single polygnathid with
straight carina, constricted narrow platform,
which marginal ribbing becomes more regular
in the posterior half (Fig. 33.27). The free blade
occupies slightly more than 40 % of the total
length and the anterior platform has a short
smooth collar.

Fig. 45: The unique Po. aff. sculptilis specimen from
Bed C4/47, the top of the brecciated Member 5 of the
Immouzer-du-Kandar Formation (x 100).

CYGAN et al. (1990: Sample 25B) found in
the breccia matrix Po. webbi, a questionable
Ad. rotundiloba (perhaps one of the different,
top lower Frasnian species), a “Polygnathus sp.
A” and “Po. (probably Po.
paradecorosus). More interesting is their block
with Sample 25A, allegedly with 1. alternatus

decorosus”

and Apatognathus sp. The first ranges from the
upper Frasnian into the lower Famennian. If
correctly identified (no figure available), the
Apatognathus definitely proves an at least late
lower Famennian age. This lends support to the
observed depositional structure. The genus was
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revised by NicoLL (1980), who noted in the
NW  Australian reef complexes its first
occurrence in the Middle/Upper crepida Zones
(now including the Pa. glabra pectinata Zone
= Uppermost crepida Zone; SPALLETTA et al.
2017). This gives a good fit with a level just
above our UD II-C cheiloceratids (see
goniatite-conodont correlation in BECKER
1993a).

4.6. (new) Chabat el Hallouf Formation
(middle/upper Famennian)

The thick predominant siliciclastics, with
interbedded thin limestones in the upper part,
that occupy the main upper slope at Immouzer-
du-Kandar (Figs. 1, 46), are assigned to the
new Chabat el Hallouf Formation, using the
name for the valley on the SE side of the
mountain (Fig. 2). It comprises the “lutites a
galets” of CHARRIERE & REGNAULT (1989) as
well as Units 3f and 3g of CYGAN et al. (1990)
that are assigned to formal Lower and Upper
Members. The new formation begins with a
regressive unit in comparison with the
underlying Immouzer-du-Kandar Formation.
However, the influx of clastic material is
completely different than in the Emsian Chabat
Jenanat Conglomerate or in the middle/upper
Givetian “plant siltstones”.

4.6.1. Lower Member (middle Famennian
brachiopod-volcanite pebble siltstones)

The main breccia of Section C4 or laterally
Member 4 are overlain by non-fossiliferous,
mostly reddish, occasionally dark-grey to
ochre weathering shales and siltstone,
Submember A of the Lower Member of the
Chabat el Hallouf Formation. In the absence of
any fossils, a basal middle Famennian age is
tentative. Both in Europe and in the Anti-Atlas,
hypoxic and  fossiliferous  (eutrophic)
sedimentation was terminated by the global
Condroz Regressions at the top of the lower
Famennian (BECKER 1993a, 1993b). These
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may have ended the deposition of Member 4 of
the Immouzer-du-Kandar Formation, too.
Submember B refers to the up to 30 m thick
“lutites a galets” of BRICE et al. (1984),
CHARRIERE & REGNAULT (1989), and CYGAN
et al. (1990), which are partly covered by
vegetation on the steep slope (Fig. 46).

Fig. 46: View from the main breccia (top of Immouzer-
du-Kandar Formation, foreground) onto the upper slope
occupied by the new Chabat el Hallouf Formation, with
reddish silty shales at the base (Submember A) and the
Upper Member at the crest. Note the ochre weathering
Member 4 on the plateau to the middle right.

Fig. 47: Variably-sized, well-rounded, isolated volcanite
pebbles  weathering out of partly brachiopod-rich,
volcaniclastic, greenish siltstones in the middle of the Lower
Member (Submember B) of the Chabat el Hallouf Formation.

Hassan II Academy of Science and Technology

Fig. 48: Thin-section of feldspar-dominated, altered
volcanite pebble from the “lutites a galets”.

Fig. 49: Two examples of new brachiopods collected in-
situ from volcaniclastic siltstones in Submember B of
the Lower Member of the Chabat el Hallouf Formation
(shell width =11 and 13.5 mm, respectively).
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The main lithology are greenish-grey
siltstones with abundant, up to 10 cm large,
well rounded, light greenish-grey, yellowish
weathering pebbles consisting of argillaceous
siltstone and, more frequently, volcanite
pebbles (Figs. 47-48). The latter were briefly
noted and were not explained by CHARRIERE &
REGNAULT (1989, p. 33). They consist mostly
of plagioklase, with some chlorite and
pumpellyite (identified by M. BROCKER,
Miinster). This characterizes an altered
composition of basaltic to, in this case more
likely, intermediate volcanics.

BRICE et al. (1984) described brachiopods,
which are typical for a neritic environment;
these contrasts with the pelagic faunas from
below. Records of Cyrtospirifer and
“Eodmitria? sp.” were used to suggest a
possible lower Frasnian age, which can now be
rejected. We found layers with univalved
brachiopods (Fig. 49) and fragmented tabulate
corals in the middle slope in greenish
mudstones. They contain numerous, isolated or
horizontally enriched, up to ca. 5 mm large
(mostly as sand-sized fraction), angular clasts
of light yellowish weathering (acid) magmatic
particles. They also seem to represent
reworked material since they are associated in
epiclastitic sandstone layers with some angular
quartz grains and siltstone micropebbles.
However, they differ clearly from the well-
rounded, much larger volcanic pebbles, as
proof for a heterogeneous source. The age
remains unclear; currently there is no
published evidence for synsedimentary
middle/upper Famennian volcanism in the
Meseta (see review of Moroccan magmatic
events by IKENNE et al. 2016).

The depositional mechanism of Submember
B is odd. The siltstone and volcanite pebbles
must have been reworked and rounded for a
long time in a coastal or fluvial environment
prior to re-deposition. A wide transport
distance is impossible. The pebble age is
currently unknown (Lower Palaeozoic to
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Devonian). The dropstone-type, isolated, not

lumped, embedding in open marine,

volcaniclastic brachiopod silt-sandstones can
only be explained by a succession of mass
flows along a shallow-water slope.

Fig. 50: Two views of the measured section through the
Upper Member of the Chabat el Hallouf Formation,
showing that beds dip near-parallel with the topography on the
(ESE) back side of the mountain.

Fig. 51:

Example for one of the brachiopods
documented by BRICE et al. (1984) from the “niveau
carbonates supérieur” (= Upper Member of Chabat el
Hallouf Formation): a supposed Planovatirostrum sp.,

re-assigned by SARTENAER

Phacoiderhynchus.

(2000)  to
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4.6.2. Member 2 (upper Famennian limestone
and shale)

Unit 3g, the “niveaux carbonate supérieur”
of BRICE et al. (1984) and CHARRIERE &
REGNAULT (1989), or “calcaires et marno-
calcaires terminaux” of CYGAN et al. (1990), is
here named as (new) Upper Member of the
Chabat el Hallouf Formation. CYGAN et al.
(1990) considered 40-50 m thickness but our
detailed Section C5 includes only ca. 20 m of
dominant greenish-grey or middle-grey, marly
siltstones with intercalated, thin, lenticular,
middle- to dark-grey limestone beds (Figs. 50,
53). The difference reflects the fact that we
concentrated on the interval with limestones.
BRICE et al. (1984) described brachiopods,
such as the productid Whidbornella and
rhynchonellids, supposed Planovatirostrum
(Fig. 51). The latter was re-assigned to
Phacoiderhynchus, possibly to its type-
species, Phac. antiatlasicus, which occurs in
the Maider (eastern Anti-Atlas) in zones UD
III-B (higher middle Famennian) to UD IV-B
(lower part of upper Famennian, SARTENAER
2000). Our new conodont data prove a younger
(upper part of upper Famennian, UD V) age for
the limestone interval. The combination of
moderately fine siliciclastics and open neritic
benthic fauna suggests a moderately deep
(subtidal) setting at the outer margin of an inner
shelf. Plant remains (“Psilophytales” in BRICE
et al. 1984) may haved been transported over a
long distance. CHARRIERE & REGNAULT (1989)
mentioned a dark cephalopod limestone lense,
which we did not re-discover. It indicates a
deepening interval, possibly the
Dasberg Event (see HARTENFELS 2011).

In Section C5, the more than 1.2 m thick
lower part (Bed C5/Fa 1) includes strongly
bioturbated, unfossiliferous, silty mudstones
and calcareous siltstones (Fig. 35.1). The same
lithology continues for the next ca. 2 m (Beds
C5/Fa 2-5a). The partly pyrite-rich, calcareous
siltstone of Bed C5/5b vyielded the first
conodonts, but only two specimens of zonally

global
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within  the
middle/upper Famennian interval (Fig. 53). In
Bed C5/Fa 6a there are three layers of middle-
to dark-grey limestone lenses, which represent
a more fossiliferous microfacies: bioturbated,
with recrystallized
ostracods, a tabulate coral, and silty micrite
matrix. Among the conodonts, there are
Bispathodus aculeatus aculeatus (Fig. 52.1),
Clydagnathus  plumulus, Pa. perlobata
schindewolfi (Fig. 52.2), “Po.” diversus (Fig.
52.3), and Ctenopolygnathus cf. brevilaminus
(Fig. 52.4). The first is the index species of the
B. aculeatus aculeatus Zone in the late upper
Famennian (using the proposed substage
definition of HARTENFELS et al. 2009). The
second enters at the same level (ZIEGLER et al.
1974), the third does not range above that zone

undiagnostic ~ forms long

bioclastic wackestone

in well constrained, complete, pelagic

(KAISER et al.  2009).
“Polygnathus” diversus was so far not known
to range above the Po. styriacus Zone
(GLENISTER & KLAPPER 1966; SPALLETA et al.
2017). Since there are regionally no older
Famennian conodonts, we do not think that the
specimen was reworked. HARTENFELS (2011)
extended the range of the Ct brevilaminus
Group to the B. aculeatus aculeatus Zone. The
dominance of double-rowed bispathodids,
which originally included Cly. plumulus
(ZIEGLER et al. 1974), is normally typical for
deep pelagic facies (part of the Palmatolepid-
Bispathodid Biofacies of SANDBERG 1976).
However, SOTE et al. (2017) drew attention to
bispathodid-dominated faunas occurring in

successions

much shallower crinoid shoals around
uppermost Famennian islands in the eastern
Anti-Atlas (section Lalla Mimouna, BECKER et
al. 2013). Therefore, there was not necessarily
a discrepancy between litho-, brachiopod and
conodont biofacies at Immouzer-du-Kandar.
The shallow-water Clydagnathid Biofacies of
SANDBERG (1976) was based on high
abundances of Cly. ormistoni, not on the facies

distribution of Cly. plumulus.
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Fig. 52
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Fig. 52: Upper Famennian conodonts from Immouzer-du-Kandar, Section C5, Bed Fa 6 (1-4), Bed Fa 13 (5-18), Bed
Fa 15b (19-26), and base Bed Fa 17 (27-28). 1. Bispathodus aculeatus aculeatus, x 85; 2. Pa. perlobata schindewolfi,
x 95; 3. “Po.” diversus, x 100; 4. Ctenopolygnathus cf. brevilaminus, x 100; 5. B. bispathodus, x 50; 6-7. B. stabilis
vulgaris, both x 60; 8. Branmehla fissilis, x 50; 9-10. Clydagnathus plumulus, both x 55; 11. Pa. perlobata
schindewolfi, x 30; 12. Pa. gracilis gracilis, x 45; 13-15. Neopolygnathus cf. communis, x 70, x 65, and a juvenile
with posterior free blade (15, x 75); 16. Po. semicostatus central morphotype; x 60 17. Po. cf. semicostatus with
upturned platform margins and narrow adcarinal furrows, x 80; 18. Po. semicostatus M6, x 55; 19. B. aculeatus
aculeatus, x 45; 20-21. B. bispathodus, both x 50; 22-23. Cly. plumulus, both x 35; 24. Pa. perlobata schindewolfi, x
45; 25. Po. delicatulus, x 45; 26. Pa. gracilis gracilis, x 35; 27. Mehlina strigosa; x 90; 28-29. Neo. communis

communis, X 95 and x 90.

All higher faunas seem to fall in the same
zone and we did not encounter B. costatus,
which defines an upper subzone (HARTENFELS
2011; B. costatus Zone in SPALLETTA et al.
2017). The detrital Bed C5/Fa 13 displays a
complex microfacies: bioturbated, therefore
strongly mixed, dark mudstones and
microsparitic ~ crinoid wackestones  with
tabulate corals were eroded by a channel filled
by strongly recrystallized crinoid-mollusk
grainstone. Such short intervals of increased
bottom currents reflect the episodic, distal
impact of large storms. The conodont fauna is
rather diversified (15 taxa/morphotypes).
Bispathodus aculeatus aculeatus 1s missing so
far, but Cly. plumulus is present (Fig. 52.9-10).
There are various single row spathognathodids,
such as B. stabilis stabilis, B. stabilis vulgaris
(Figs. 52.6-7), Branmehla fissilis (Fig. 52.8),
as well as the long-ranging B. bispathodus
(Fig. 52.5) with an incipient double row of
carina nodes. Among the palmatolepids, there
is, again, Pa. perlobata schindewolfi (Fig.
52.119 and the widespread, bradytelic Pa.
gracilis gracilis (Fig. 52.12). Two polygnathid
groups appear, various Neopolygnathus,
including Neo. cf. communis with constricted,
slightly upturned anterior platforms margins
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(giving a tendency towards Neo. lectus; Figs.
52.13-14), juveniles (Fig. 52.15), and the Po.
semicostatus Group (Figs. 52.16-18). The
latter species group possesses a platform lingua
and is homoeomorphic to the Middle Devonian
Linguipolygnathus (and should be separated as
an own genus). The first represents ecological
generalists (see discussion in SOTE et al. 2017),
the second is typical for neritic shallow-water
biofacies (SANDBERG 1976). The upper range
of the semicostatus Group is not well
established. DREESEN & THOREZ (1994, tab. 5)
have previously recorded a co-occurrence of
Po. semicostatus and Cly. plumulus at
Anseremme in the Belgian Ardennes. The
unusual assemblage of Bed C5/Fa 13 (30 %
Bispathodus/Clydagnathus, 21 %
Palmatolepis, 17 % Po. semicostatus, 33 %
Neopolygnathus) may reflect a sedimentary
admixture of taxa living originally in different,
adjacent environments, brought together at the
outer margin of an inner shelf.

Unit C5/Fa 15 includes several lenses
(original channels) of recrystallized crinoid
debris (crinoid wacke-packstone or grain-
rudstone), alternating with  bioturbated,
unfossiliferous, silty mudstone and thin bands
of angular siltstone with mudclast (Fig. 35.8).
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Fig. 53: Section log for the Upper Member of the Chabat el Hallouf Formation (Section C5) giving the conodont

ranges.
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The conodont fauna is sparse but with many
taxa each represented by single specimens
(e.g.; B. aculeatus aculeatus, Fig. 52.19 (very
early form with incipient secondary nodes), B.
bispathodus, Figs. 52.20-21, Cly. plumulus,
Figs. 52.22-23, Pa. perlobata schindewolfi,
Fig. 52. 24, Pa. gracilis gracilis, Fig. 52.26).
Polygnathus delicatulus (Fig. 52.25) has
previously been recorded from the B. aculeatus
aculeatus Zone (former Middle expansa Zone,
KLAPPER in ZIEGLER 1975).

Our logging of Section C5 (Fig. 53) ended
with a ca. 5 m thick, grey to (upwards)
greenish-grey siltstone package (Bed C5/17).
A lense of strongly bioturbated, silty mud-
wackestone, from the base yielded our so far
youngest conodonts with the long-ranging
spathognathodid Mehlina strigosa (Fig. 52.27)
and by far dominated by the opportunistic to
generalistic Neo. communis communis (Fig.
52.28). It seems that the ecological conditions
for conodonts worsened. At the top of the unit
lies a last intercalation of bioclastic grainstone
grading into slightly laminated silty mudstone.

A comparison of the Chabat el Hallouf
Formation with contemporaneous strata of the
Azrou region to the SW (BOHRMANN &
FISCHER 1985; many new data) shows marked
differences. The middle Famennian of Azrou
lacks neritic faunas and is characterized by a
thick sequence of shales and recurrent
limestone breccias with mixed neritic-pelagic
conodont taxa. Whilst the timing of Eovariscan
uplift and reworking seems similar, the
respective hinterland was very different
(volcanic siliciclastic shelf versus a destructed
carbonate ramp). The upper/uppermost
Famennian of Azrou was also silty but strongly
condensed, currently without a record of the B.
aculeatus aculeatus Zone.

4.7. “Flyschoid Succession”

The wide area between the crest of Section
C5 and Chabat el Sitout (Fig. 2) is occupied by
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a thick siliciclastic unit named in BRICE et al.
(1984) “ensemble flyschoide” (see also
CHARRIERE 1989, fig. 6, and Unit 4 of CYGAN
et al. 1990). Its proposed top-Famennian to
?Tournaisian age is not based on any fossils but
on the bracketing between upper Famennian
and Viséan formations. A second, thick
flyschoid unit (“série pélitique supérieure of
CHARRIERE 1989) forms the matrix of
lenticular Viséan limestone bodies. We did not
re-study these un-named formations.

4.8. Viséan

Viséan shallow-water carbonates crop out
as thick lenticular limestone bodies SE of
Chabat el Sitout (e.g., CHARRIERE 1989, 1990;
cross-section in OUARHACHE et al. 1991). They
contain foraminiferes and calcareous algae,
which first provided a supposed Middle Viséan
(upper Molinacian, V2a = Cf46) age. This was
changed by OUARHACHE et al. (1991) to lower
Asbian (lower Warnantian, V3bo/B = Cf 60/8),
then to V3By (BERKHLI 1999; BERKHLI et al.
2000). This “younging” of the limestones with
ongoing research was also briefly commented
on by CozARrR et al. (2019). We cannot
contribute to this question since we did not re-
sample the Upper Viséan carbonate platform.
Previous authors (e.g., BERKHLI et al. 2000)
compared the Immouzer-du-Kandar Viséan
with other Meseta regions and found that it fits
well into the wider palacogeographic patterns.
Therefore, it seems that the rather peculiar
facies development of Immouzer-du-Kandar
ended in the Lower Carboniferous, latest with
the Upper Viséan spread of carbonate
platforms. The local Carboniferous
macrofauna has not yet been studied
sufficiently. We collected marly limestone
slabs brachiopods and
fenestellid bryozoans. CHARRIERE (1989)
listed wvarious brachiopod taxa, including
schizophoriids, productids, and spiriferids.

with numerous
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