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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 

(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 Aïn Khira (or Aïn 
El Khira) in the N, to Aïn Dakhla/Cahkrat-ach-
Chleh and Aïn-al-Aliliga in the middle, and to 
Aïn-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”. 
ROCH (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). 

KERGOMARD (1970): Unpublished report on 
the Silurian-Devonian of the Western Meseta, 
with data for the Oued Cherrat, e.g., a section 
log for Aïn-al-Aliliga. 

 

 
 

Fig. 2: Position of the four re-studied successions in the 
narrow Oued Cherrat Zone. AKS = Aïn Khira South, 
AD = Aïn Dakhla (W of the river) and CAC = Cakhrat-
ach-Chlee (E of the river), AAA = Aïn-al-Aliliga, and 
AAS = Aïn-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 Aïn 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 
Aïn 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 Ikem 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 
Aïn Khira, including two new taxa, 
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 Aïn Khira. 
BENFRIKA (1999): Description of the lower 
Emsian Caudicriodus celtibericus from Aïn al 
Quob at the southern end of the Oued Cherrat 
Devonian outcrop strip. 

MAMET et al. (1999): Description of calcareous 
algae from the Oued Cherrat region, with the 
Emsian of Aïn 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 successions, 
including the Oued Cherrat. 
ABOUSSALAM et al. (2012): Preliminary note 
on new conodont data for the Oued Cherrat 
Devonian. 
EICHHOLT et al. (2013): Preliminary new data 
on reefal faunas and microfacies at Aïn Khira 
and Aïn-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 new 
conodont data for the isolated reefal olistolite 
at Aïn-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 
Phoebodus fastigatus, Ph. gothicus gothicus, 
and Ph. gothicus transitans from Aïn-al-
Aliliga and Aïn-as-Seffah. 
HELLING, S. & BECKER, R. T. (2015): 
Preliminary data on a new Pragian trilobite 
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assemblage from the Aïn-al-Dakhla Formation 
of Aïn-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 Aïn Khira 
South and Aïn-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 palaeogeography 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 

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 Aïn Khira, see Fig. 2). The 
unit requires 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 
Limestone” from Aïn Dakhla yielded 
unexpectedly a faunule 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 
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 Aïn-ad-Dekhla Formation (d2) 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 

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. (?= “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 Aïn-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 

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 (d3-

l), named after the hill/area W of the type-
section at the Aïn 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, Favosites), 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 
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 showing several 
shallowing-upwards sequences, with two main 
regressive episodes in the lower/middle part, 
separated by more argillaceous deepening 
intervals. The formation and member base 
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, Aïn 
Dakhla (=Aïn-ed-Dekhla), and Aïn-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 d3 limestones 
of Aïn 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 (Aïn-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 occur in 
reworked crinoidal limestone olistolites at Aïn 
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 Aïn 
Dakhla). Where the succession is complete 
(e.g., at Cakhrat Mohammed-Ben-Brahim), a 

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 steinhornensis, which 
characterizes the upper half of the lower 
Emsian. This suggests a possibly correlation 
with the transgressive, global Upper Zlíchov 
Event sensu GARCÍA-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 sequence stratigraphic 
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 Aïn-al-Aliliga 
(see below).  

The subsequent, argillaceous Mohammed-
Ben-Brahim Formation (d4-1) 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” in 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 Aïn-
al-Aliliga, it can be subdivided into two 
members. The Lower Member (d4-1l) 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).  
 

 
 

Fig. 5: The Aïn-Kheneg-en-Nmer Formation at Aïn-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 Aïn-Kheneg-an-Nmer Formation (d4-2) 
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 Aïn-
al-Aliliga to the S (Aïn-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 
a range of “middle” Eifelian (middle/upper Po. 
costatus Zone) polygnathids and icriodids, 
such as Po. angusticostatus, Po. 
angustipennatus, Po. 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 Aïn-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 Aïn-al-Aliliga, where 
the formation base falls within the L. serotinus 
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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 Choteč 
Event is locally not distinctive. Upper Eifelian 
conodonts, including the index species T. 
kockelianus, are regionally known from the top 
of the formation (Aïn-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 Kačak 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 Aïn 
Khira Formation (d5). 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 subcycles. 
Characteristic facies types are: 

 
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) 

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 A1: 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) 
MF A5: 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 A8: 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 calcareous 
algae), including the new issinellid 
Palachemonella maroccanica.  
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The Givetian age of the Aïn Khira 
Formation is 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 
beckmanni beckmanni and rare Poly. cf. 
insculpta confirm the Givetian age (CASIER et 
al. 1997). 

Towards the S, at Aïn 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 Aïn-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 Aïn-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 

in the cross-section of CHALOUAN (1981). This 
would make it a preserved southern 
continuation of the Aïn 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 Aïn-as-Seffah, southern Oued Cherrat. 

 
The term Aïn-as-Seffah Formation (d6) 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 Aïn-as-
Seffah within the Al Brijat Formation. Only the 
thin-bedded Member 1 (d6a) and the open 
biostromal Member 2 (d6b) 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 Aïn 
Khira Formation. Since the Lower Member of 
the Aïn-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 
Aïn-as-Seffah, where it is strongly condensed 
and incomplete, with unconformities between 
Member 3 (d6c, lower Frasnian, massive 
brachiopod limestone) and Member 4 (d6d, 
top-middle to upper Frasnian flaserlimestone). 
The famous rose limestone with Manticoceras 
(Member 5, d6e, 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 
Aïn-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 (d7-2) 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 
Aïn-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 Aïn-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 

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 to us only 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 upper Givetian species, I. 
expansus and Po. ex gr. pennatus, were 
allegedly associated, which suggests a mixed, 
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 lower 
Famennian) and middle/upper Famennian 
block tilting causing uplift, deep erosion, and 
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 Aïn-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 Aïn-al-Aliliga Formation) at Aïn 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 Aïn–al-Aliliga Formation 
(B. costatus Subzone) seems more likely but requires 
further sampling.  

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-
FRÖDER (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 Viséan-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 Aïn Khira South 

Givetian reefs stretch as a narrow band from 
Aïn 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 

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 Aïn Khira South. The 
evidence can be summarized as follows: 

The local total thickness of the Aïn 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 A1. 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 
A1) 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 Aïn 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 Aïn 
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 Aïn 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), Aïn Khira South at 10 m. 
 

 
 

Fig. 11: MF A3, sparitic rudstone with Amphipora (A) 
and thick Stringocephalus shells (B), Aïn Khira South at 
ca. 12 m. 
 

 
 

Fig. 12: MF A7, dense mudstone with fenestral 
(microbial) birdseyes (black arrows), AKS at 29 m. 
 

 
 

Fig. 13: MF A5, stromatoporoid float-rudstone: between 
bulbous stromatoporids lie delicate Amphipora (A)-rich 
mud seams. Irregular component contacts create a 
stylobreccioid structure, Aïn Khira South at 56 m. 
 

 
 

Fig. 14: Field example of a weathered Amphipora rud-
bafflestone (MF A6) from Aïn Khira South. 
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Fig. 15: Inner platform macro- and microfacies succession at Aïn 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 Aïn Dhakla  
CHALOUAN & HOLLARD (1979) and 

CHALOUAN (1981) published a geological 
cross-section from the Beni Moussi/Aïn 
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 
Aïn-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 Aïn-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 calcareous Pragian/Emsian 
transition. Starting from the Aïn 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, 
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 
yielded a rich conodont fauna with 
Caudicriodus celtibericus (Figs. 18.12-13), 
Lat. bilatericrescens multicostatus (Figs. 
18.14-15), and the single-cone species 
Neopanderodus perlineatus (Fig. 18.16). This 
assemblage is typical for shallow settings of 
the Lat. bilatericrescens bilatericrescens Zone 
in the ca. lower half of the lower Emsian (see 
ABOUSSALAM et al. 2015). The subsequent, 

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, 
narrow ravines, in his d2 (“Siegenian 
argillites”). However, the shales are 
unfossiliferous, unlike the typical Aïn-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 
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-RÍOS 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, d3u) of the Dhar-es-Smene Formation (upper 
left) at Aïn 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).  
 

 

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 d3. 
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 

(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 Aïn-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 
Aïn Dakhla (12-16, d3u) 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 

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-
Fröder (Krefeld) sampling for palynomorphs. 
 

 
 

Fig. 20: View from the main road from Aïn 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). 
 

 
 

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 (d3).  

 

 
1 
 

 
2 
 

Fig. 23: Tongue of Aïn-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 Eifelian-Givetian carbonate 
ramp, both with biostromes and adjacent open 
and deeper marine settings (polygnathid 
biofacies), once extended to the Aïn 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 Aïn-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 Aïn-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 Aïn 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 

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 succession 
characterized by minor sea-level change and 
lateral shifts of patch reef construction (with 
some identifications my A. MAY, Unna; 
compare MAY 1993, 2005). 

 
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.  

 

1.   2. 
 

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.  
 

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. 

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. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

 
 

Fig. 28: Geological cross-section from the area W of Aïn-al-Aliliga to Cakhrat Mohammed-Ben-Brahim in the E; for 
detailed explanation see text (updated from CHALOUAN 1981, fig. 4); d2 = Pragian, d3 = lower Emsian, d4-1 = upper 
Emsian, d4-2 = Eifelian, d5 = Givetian, d7 = upper Famennian, dh = upper Famennian/Tournaisian, hv = Viséan). 
 
 

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

The locality name Aïn-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. 

Following the ‘piste’ eastwards, which has 
been much improved in 2015, there is the Aïn-
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 Aïn-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 
(d3u). 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 Aïn-Al-Aliga Formation 

There is a gradual transition into the 
massive boulders of the thick, poorly studied 
lower 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 Aïn-
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 Aïn-Al-Aliga 
Formation begins with distinctive, thick, 

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 cm; 
problematical thallus of green algae), upper part of Beni 
Moussi Member at Aïn-Al-Aliliga. 
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Fig. 30: Rather monotonous peloidal mudstone with 
some crinoid debris from the upper Beni Moussi 
Member at Aïn-Al-Aliliga. 
 

 
 

Fig. 31: Massive reef boulders of the Emsian Cakhrat-
ach-Chleh Member at Aïn-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 Aïn-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).  
 

 
 

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 
Aïn-Al-Aliliga Formation. 
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Fig. 36: Medium-sized Heliolites colony from the 
Lower Member of the Aïn-Al-Aliliga Formation, typical 
for Givetian reefs (picture width ca. 10 cm). 
 

 
 

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

 
 

Fig. 38: Large, silicified alveolitid coral from the Lower 
Member, Aïn-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: 

a. well-sorted crinoidal grainstones with syntaxial 
cements (EICHHOLT & BECKER 2916, fig. 7a, MF B1a) – 
crinoid meadows 
b. bioclastic crinoid grainstone with brachiopods and 
solitary Rugosa, often silicified – biostrome margin 
c. brachiopod-solitary Rugosa floatstone, often silicified 
(EICHHOLT & 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 two 
morphotypes of I. subterminus (47.5 %, Fig. 
40.1-2); I. tafilaltensis is present, too. The 
assemblage falls in the I. 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, 
Neopanderodus perlineatus), a small amount 

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

 
Fig. 39: Ancyrodella rotundiloba pristina from the 
“lower conglomerate” near the base of the Lower 
Member of the Aïn-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 I. 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 ?MN 1 MN 1 subt. MN 1 MN 1 Frasn. Frasn. (Fam.) steinach. L.Giv. 

 Sample no. base 
breccia 

lower 
cgl. AAA main 

cgl. 
top 
reef 

top 
dom. 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     

 I. expansus 1   114 9       35     

 Ling. linguiformis M δ1b   1   4     2     2 

 Ling. mucronatus   1                 

 Ad. rotundiloba pristina   1                 

 Po. webbi   1         ?2  25      

 I. subterminus Morph alpha     67         9     

 I. subterminus Morph beta     30         23     

 Neopand. perlineatus       7             

 I. symmetricus       3     1 3     

 I. 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 Aïn-Al-Aliliga and olistolites within the Al Brijat 
Formation.  
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Fig. 40: Conodonts from Aïn-Al-Aliga, samples AAA (1-2), main conglomerate (3-12), “Klotz” (13-16), VFP (17-
26), and Al Brijat (sample “block”, 27). 1-2. I. subterminus, x 90; 3. I. brevis, x 85; 4. I. difficilis, x 65; 5. I. expansus, 
x 70; 6. I. 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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I. 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. 

 

3  4 
 

1  2 
 

Fig. 41: Microfacies of breccia samples from the Lower Member of the Aïn-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 I. n. sp. aff. symmetricus sensu 

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 Aïn-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. Upper Member of Aïn-al-Aliliga 
Formation 

The typical Aïn-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, I. 
brevis) and basal Frasnian species (I. 
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 (T. aff. caelatus, Fig. 
40.22, T. aff. weddigei, Fig. 40.23, T. 
variabilis, Fig. 40.24) resembles the bloom of 

the genus in the Taghanic Crisis Interval at the 
middle/upper Givetian boundary 
(ABOUSSALAM 2003; ABOUSSALAM & 
BECKER, 2011). Three I. 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 requires 
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.  

 
4.4.4. Aïn-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 
well as spiriferids, strophomenids 
(Dalejodiscus aff. subcomitans, det. U. 
JANSEN, Frankfurt a. M., Fig. 43.3), large 
ostracods (zygobeyrichiid, det. H. GROOS-
UFFENORDE, Göttingen, Fig. 43.4), and solitary 
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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 Aïn-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 Aïn-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 

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 Aïn-ad-
Dekhla Formation at Aïn-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 Aïn-ad-Dekhla 
Formation on the eastern slope at Aïn-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 Pragian brachiopod limestone 
(floatstone), Bed 2 of “central section” at Aïn-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). Icriodus 
homorectus first occurs in the basal upper 
Emsian I. 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. resima and Caudicriodus 
culicellus culicellus (Tab. 2). The latter is an 
alternative index species for the basal upper 
Emsian I. fusiformis Zone (GOUWY & 
BULTYNCK 2003; ABOUSSALAM et al. 2015).  

Beds 27b–57b represent fine crystalline, 
macrofauna-poor calcisiltites that alternate 
with dark-grey shales. They are assigned to the 
Aïn 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 Choteč 
Event in the basal Eifelian. Bed 57b yielded a 
typical lower Eifelian conodont assemblage 
(Po. costatus Zone) with dominant single 
cones (Bel. resima, 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 Aïn-al-Aliliga showing the lithostratigraphy, 
slumping intervals, position and age of conodont samples, and the sparse macrofauna record. 
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Aïn-al-Aliliga, central section 
Conodonts zones steinachensis fusiformis serotinus costatus 

Sample no. brachiopod lst. base "Eif. lst." Em 13 Em 31-2 Em 50-3 top D3 

bed no. 2a 6a 13b 31-2 50-3 57-b 

Caud. cf. curvicauda 32      

Lat. beckmanni sinuatus  5     

I. 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 Aïn-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 Aïn-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 Aïn-ad-Dekhla Formation (d2) in 
the W. 

 
4.4.6. Al Brijat Formation (dh) 
CHALOUAN (1981) showed a second small 
syncline with limestones of the Dhar-es-Smene 
Formation (d3) 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 Aïn-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 Aïn-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 Panderodus and acrotetrid 
brachiopods. This deeper neritic, calcareous 
litho- and biofacies is in strong contrast to the 
ca. contemporaneous, siliciclastic Aïn-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 
equivalent to the transitional limestones 

reported from Aïn 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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Fig. 50: Mikrofacies of carbonates from the “central section” at Aïn-al-Aliliga; scale bar = 2 mm. 1. Bioclastic 
wackestone with dense, fine, bioturbated micrite matrix, shell filaments and rare trilobite fragment,s Bed 6a, I. 
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 
“central section” of Aïn-al-Aliliga (Bed 57b). 1. Bel. 
resima, x 75; 2. Neop. perlineatus, x 80; 3. Po. costatus, 
x 80; 4. Po. zieglerianus, x 85. 
 

 
 

Fig. 52: Entomozoid ostracod from Bed 57b (lower 
Eifelian) of Aïn-al-Aliliga, “central section”. 
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Fig. 53: Top part of the “central section” at Aïn-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 Aïn-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, 

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. 1 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., CHLUPÁČ & 
KUKAL 1988; CHLUPÁČ & LUKEŠ 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 
another tongue of the calcareous, 

conglomeratic Aïn-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 

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 
typical concave flank lirae from the basal 
Mohammed-Ben-Brahim Formation at its type 
locality (max. diameter = 27 mm.).
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Fig. 58: The isolated olistolite complex of Aïn-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) Aïn Kheneg-an-
Nmer Formation, which is cut off by a fault.  
 
4.4. Middle/Upper Devonian at Aïn-as-
Seffah 

The Emsian reef band of the Oued Cherrat 
(Fig. 2) is not well exposed in the area of Aïn-
as-Seffah (or Aïn-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 Aïn-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 

(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. Aïn Kheneg-an-Nmer Formation. 

Between the N-S running road and the main 
olistolite lies the plateau of Dhar al Qlaqez. It 
is occupied by an upper Emsian to upper 
Eifelian succession, the Aïn 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 Aïn 
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 I. 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 1 of Aïn-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 

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 Aïn-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 I. 
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 I. 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 I. 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 I. 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, bioturbated, bioclastic wacke-
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packstone with brachiopods, tabulate corals, 
shell filaments, crinoid debris, micrite to 

calcisiltite matrix, and iron-stained, dark 
pressure solution seams.  

 
 

conodont zones                                         difficilis    cristatus ectypus norr. MN 1 MN 1 

 sample no. 4 5 6a 6b 7a 7b 8 9 L 10 11 

 unit and field no. 
top B base 

C 
C top 

top C base D AAS 2 low. D 50cm  AAS 1 top  top D 

bel. C +14m b. reef loose 1.5m ab. C loose reef 1.4m 

 L. linguiformis * 2 8 1               

 I. difficilis 1 5 9 * 5 * 1 * * * *  

 I. obliquimarginatus 2 * * * 3             

 L. klapperi  1                   

 Po. xylus     1 *  *  4 * 2 4     

 Bel. triangularis      1               

 Prioniodina sp.        1             

 Po. pseudofoliatus        4             

 I. brevis brevis          1           

 I. expansus            3  * 1     

 Po. cristatus ectypus       3     

 Po. dubius       3 * * 8 3 

 Po. pennatus        1 * * 1 

 Po. paradecorosus              9 2 19 

 S. pietzneri                7     

 I. tafilaltensis              2 14   

 Po. webbi              3 * 5 

 Po. alatus              1 * 1 

 I. subterminus                  2   

 Po. cf. lanei                  1 * 

 Po. pollocki                  3 * 

 I. 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 Aïn-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 
Aïn-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 Aïn-as-Seffah Formation, showing the variability in 
icriodids. 1. Icriodus difficilis, typical morphptype, top of Unit B (Sample 4), x 60; 2. I. 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 I. expansus, top of 
Unit C (Sample 6a), x 65. 
 
 

4.4.2. Reefal Member 2 of Aïn-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 
regressive episodes can be recognized 
following changes in macro- and microfacies 
(EICHHOLT & BECKER 2016, fig. 10).  

The Aïn-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 
grainstone (MF B1a), 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 ÁLVARO et al. 2007) but there are only 
few in-situ reef builders (Fig. 65). There are 
now coral-intraclast rudstones with washed 

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, 
Alveolites 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).  
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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 Aïn-as-Seffah 
Formation. 1. I. obliquimarginatus, top Unit B (directly below Unit C; Sample 4), x 55; 2. I. 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. I. 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. I. subterminus, top reef, top Unit D (Sample 10), x 80; 14. Po. cf. lanei, top 
reef, top Unit D (Sample 10), x 45; 15. I. 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. 
 

 
 

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

 
 

Fig. 64: Field photo of a Phillipastrea from the lower 
half of Member 2 at Aïn-as-Seffah (picture width ca. 4 
cm). 
 

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 

facies but the tectonic and diagenetic overprint 
is very strong. 
 

 
 

Fig. 65: Field photo of silicified alveolitids encrusting in 
situ a solitary rugose coral at Aïn-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 
trend at 40-42 m: this interval forms the top 
reef on the southern side (Fig. 60). Subsequent 
(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.  
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3  4 
 

1  2 
 

Fig. 66: Examples of reef facies from Unit D of the Aïn-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 (Aïn-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 Aïn-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 I. difficilis and late forms of I. 
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 I. 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. 

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, I. tafilaltensis (Fig. 
62.15), and Po. pollocki (Fig. 62.16). The 
relatively diverse conodont sample indicates a 
deeper neritic, non-reefal environment. This 

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, tectonically distorted 
Phillipsastrea colony from the biostromal upper part of 
Member 2 at Aïn-as-Seffah (picture width = 3 cm). 
 
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 B1b, EICHOLT & BECKER 
2016). The brachiopods are thick-shelled but 
not well preserved and difficult to extract.
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1  2 
 

Fig. 70: Basal Frasnian index conodonts from Sample 
10, collected from the last solid limestone at the top of 
Member 2 of the Aïn-as-Seffah Formation, ca. 8 m 
above the marker tree. 1. Fragmentary Ancyrodella sp. 
(possibly an advanced Ad. rotundiloba pristina); 2. I. 
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 I. 
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 

& 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 Ad. 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 I. symmetricus, unusually young I. 
difficilis (Fig. 71.2), and a form with large 
basal cavity, tentatively assigned to I. 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 narrow morphotype 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 
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 

 unit and field no. 
top D  base E below  2.8m  top  Mant. Bed 

(Mbr. 3) (Mbr. 4) Mant. Bed above tree flaserlst. (Mbr. 5) 

 I. 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     

 I. symmetricus 3 20 50 59 def 23   

 Ad. africana 90           

 Ad. nodosa (gigas M1) 100 5         

 Ad. hamata (gigas M2) 10           

 A. pramosica 13           

 I. 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 

 I. curvatus     9       

 Ad. curvata early morph     38 2     

 Ag. coeni     7 * 1   

 Ag. leonis     2       

 Ag. triangularis         12 1 + 1 cf. 

 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 Aïn-as-Seffah. 
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Fig. 71: Conodonts from the top Member 3 to top Member 4 of the Aïn-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. I. 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. 
 

 
 



Oued Cherrat zone Becker & al.

82  Hassan II Academy of Science and Technology                                                Frontiers in Science and Engineering - Vol. 10 - n° 1 - 2020

Fig. 72: Microfacies of non-reefal carbonates at Aïn-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 Aïn-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 I. 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, 

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 Aïn-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 I. 
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 

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 Aïn-
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 
matrix. 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 
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. bogartensis Zone). In some 
specimens of Ag. triangularis (Fig. 76.1), the 
outer lobe has been bent backwards, as in Ag. 
barbus. The same deformation may explain 
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. 

 

 

 
 

Fig. 76: Tectonically distorted upper Frasnian 
conodonts from Member 5 of the Aïn-as-Seffah 
Formation (Sample 17). 1. Ag. triangularis with anterior 
direction of the side lobe due to distortion, x 45; 2. 
Specimen resembling “Pa. ljaschenkoae”, 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, 

strongly oligotrophic, Corg-poor lithology 
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 
then olive-colored, with siltstone nodules. The 
latter have prospects for palynological data. By 
comparison with Aïn-Al-Aliliga, we assume 
preliminarily an upper Famennian age. We did 
not observe limestone clasts above the main 
olistolite level.  
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