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Abstract. The upper Tremadocian to lower Floian messaoudensis�trifidum acritarch assemblage was first described from the 
Skiddaw Group of England and subsequently from several localities on the Gondwanan margin that were positioned in high 
southern latitudes during the Early Ordovician. It is here reported for the first time from North Africa, from the Fezouata 
formations (Tremadocian to Floian) in the AZ-1 borehole, southeastern Morocco. The assemblage is comparable with that from 
the Skiddaw Group, with Cymatiogalea deunffii, C. messaoudensis, C. velifera, Caldariola glabra glabra, Stelliferidium trifidum 
and Veryhachium lairdii s.l. The Moroccan assemblage indicates a late Tremadocian age. 
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INTRODUCTION 
 
The messaoudensis�trifidum acritarch assemblage is 
known from upper Tremadocian to lower Floian (Lower 
Ordovician) strata in many localities on the Gondwanan 
margin (Servais et al. 2003). It was first described as the 
�Watch Hill assemblage� from the Watch Hill Formation 
of the Skiddaw Group in the English Lake District by 
Molyneux & Rushton (1988). Its seven most common 
species, considered to be the diagnostic taxa, are 
Cymatiogalea messaoudensis Jardiné et al., 1974, 
Stelliferidium trifidum (Rasul, 1974) Fensome et al., 1990, 
as well as Acanthodiacrodium? dilatum Molyneux  
in Molyneux & Rushton, 1988, Caldariola glabra 
(Martin, 1972) Molyneux in Molyneux & Rushton, 1988, 
Cymatiogalea deunffii Jardiné et al., 1974, Stellechinatum 
sicaforme Molyneux in Molyneux & Rushton, 1988 and 
Vavrdovella areniga s.l. (Vavrdová, 1973) Loeblich & 
Tappan, 1976 (cited in Molyneux & Rushton 1988 as 
�Tetraniveum arenigum (Vavrdová) Vavrdová 1976�). 
The assemblage was renamed the �messaoudii�trifidum 
assemblage� (and subsequently the �messaoudensis�
trifidum assemblage� by Servais & Molyneux 1997) and 
divided into five sub-divisions by Cooper et al. (1995). 
The stratigraphical range of the assemblage has been 
correlated with the British and Baltic Araneograptus 

murrayi to Tetragraptus phyllograptoides graptolite zones 
(Molyneux et al. 2007). Reports have been published on 
its presence from other locations in England, Wales, 
Ireland, the Isle of Man, Argentina, Belgium, Germany, 
Spain and Turkey (Molyneux et al. 2007). Common 
palaeogeographical reconstructions place all these 
localities at high southern latitudes during the Early 
Ordovician (Servais et al. 2003; Molyneux et al. 2007). 
So far the assemblage has not been effectively reported 
from North Africa, although Cymatiogalea messaoudensis 
was originally described from the Algerian Sahara 
(Jardiné et al. 1974). Snape (1993), in an unpublished 
PhD thesis, recognized an association comparable to 
the one reported by Molyneux & Rushton (1988), 
marked by the co-occurrence of Cymatiogalea deunffii, 
C. messaoudensis, Stelliferidium trifidum and Vogtlandia 
coalita Martin in Dean & Martin, 1978, from surface 
samples of the Moroccan Lower Fezouata Formation. 

The Lower and Upper Fezouata formations consist 
mainly of argillites and, together with the overlying Zini 
Sandstones and the Tachilla Formation, comprise the 
Outer Feijas Shale Group (Tremadocian to Darriwilian). 
The Fezouata formations range in age from the 
Tremadocian to the early Floian, with the lower formation 
disconformably overlying Cambrian sediments. Outcrops 
of the Fezouata formations are found in the Draa valley 
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near the city of Zagora, in the central Anti-Atlas region, 
and they are also known to extend further to the 
southwest in the subsurface (Destombes et al. 1985). 
Recently the formations gained attention after the 
discovery of fossils with exceptional preservation 
(Van Roy et al. 2010) and are currently being studied 
under the auspices of the French �Agence Nationale de 
la Recherche� (ANR) RALI (Rise of Animal Life) 
project. Palynomorphs from the Fezouata formations 
have previously been studied by Deunff (1968a, 1968b, 
in Destombes et al. 1985), Elaouad-Debbaj (1984, 1988) 
and Snape (1993). 
 
 
MATERIALS  AND  METHODS 
 
The AZ-1 (or Adrar Zouggar-1) borehole was drilled for 
petroleum exploration by Petrofina in 1963 to 1964 on 
Adrar Zouggar Mountain, about 300 km southwest  
of Zagora. It had a total depth of 3398.13 m. The 
interval between 624 and 1134.8 m was assigned to the 
Fezouata formations without discrimination between the 
lower and upper parts. Sixteen well cutting samples 
from that interval (see Table 1) were each treated partly 
according to standard palynomorph extraction procedures 
and partly using a low manipulation technique similar  
to that described by Butterfield & Harvey (2012). The 
residue was filtered at 51 µm (for the standard technique) 
or 63 µm (for the low manipulation technique) and 
15 µm mesh sizes. Slides were produced from the 15�
51 µm or 15�63 µm fractions and examined under a 
light microscope. 

All specimens figured herein are housed at the Evo-
Eco-Paleo Department of University Lille 1 (France). 

RESULTS 
 
The lowermost sample (1129.5 m) and the samples  
from 905 m upwards yielded no or very few, poorly 
preserved acritarchs (see Table 1). The seven remaining 
samples from 1100.65 to 930.0 m provided comparatively 
rich and diverse acritarch assemblages. Chitinozoans are 
also abundant in all levels except for the lowermost 
sample. Graptolite prosiculae and nema fragments occur 
sporadically. Scolecodonts are very rare. The residues 
produced by both techniques are comparable in terms of 
palynomorph richness. 

Several, but not all species typical of the 
messaoudensis�trifidum assemblage of the Skiddaw 
Group are present, including four out of the seven 
diagnostic taxa: Cymatiogalea deunffii Jardiné et al., 1974 
(Fig. 1B), C. messaoudensis Jardiné et al., 1974 (Fig. 1C), 
Caldariola glabra glabra (Martin, 1972) Molyneux in 
Molyneux & Rushton, 1988 (Fig. 1A) and Stelliferidium 
trifidum (Rasul, 1974) Fensome et al., 1990 (Fig. 1F). 
The other taxa recorded are Cymatiogalea velifera 
(Downie, 1958) Martin, 1969 (Fig. 1D), Veryhachium 
lairdii s.l. Deflandre, 1946 ex Loeblich, 1970 (Fig. 1G), 
Impluviculus milonii (Deunff, 1968b) Loeblich & Tappan, 
1969 (Fig. 1E), Vulcanisphaera frequens Górka, 1967 
(Fig. 1H) and various species of Acanthodiacrodium, 
Actinotodissus, Baltisphaeridium, Cymatiogalea, Leiofusa, 
Goniosphaeridium, Impluviculus?, Leiosphaeridia, 
Micrhystridium, Multiplicisphaeridium, Polygonium, 
Priscogalea, Solisphaeridium, Stellechinatum? and 
Stelliferidium. 

The occurrence of Cymatiogalea velifera and the 
absence of Coryphidium and Veryhachium trispinosum 
(Eisenack, 1938) Stockmans & Willière, 1962 would be  

 
Table 1. Occurrences of palynomorph groups and selected acritarch species in the Fezouata formations of borehole AZ-1 

 
Depth (m)  

1129.5 1100.65 1077 1038 1014 999 965 930 905 874 749 734 699 669 653 634

Acritarchs + + + + + + + + + +    + + + 
Chitinozoans  + + + + + + + + + + + + + + + 
Graptolites  +   +  +    +   + +  
Scolecodonts      +     +      

Caldariola glabra glabra  +     +          
Cymatiogalea deunffii   +              
Cymatiogalea 

messaoudensis 
      +          

Cymatiogalea velifera   + cf.   +          
Impluviculus milonii   +              
Stelliferidium trifidum  + + + + + + cf.         
Veryhachium lairdii s.l.   + cf.   +          
Vulcanisphaera frequens  + + cf.             
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consistent with an attribution to the messaoudensis�
trifidum subassemblages 1 and 2 and thus indicate a late 
Tremadocian age, corresponding to the Araneograptus 
murrayi or Hunnegraptus copiosus graptolite zones 
(Molyneux et al. 2007). 
 
 
DISCUSSION 
 
The presence of the messaoudensis�trifidum assemblage 
in Morocco adds further evidence to the importance and 
wide distribution of this assemblage in high southern 
latitudes during the Early Ordovician. It allows for 
correlation of the studied part of the AZ-1 borehole with 
surface samples from the Zagora area and with other 
regions. The late Tremadocian age in the borehole fits 
well with the established age of the Lower Fezouata 
Formation from the outcrop areas (Destombes et al. 
1985). Similarities between surface and borehole samples 
(Snape 1993) also support the assumption that the 
respective sediments are contemporaneous and palaeo-
ecologically comparable. The full range of diversity of 
acritarchs and other palynomorph groups present as well 
as their potential for high-resolution biostratigraphy are 
planned to be reported in a future publication. 
 
 
Acknowledgements. Access to the borehole material and the 
permission to publish these results were generously provided 
by the ONHYM (Office National des Hydrocarbures et des 
Mines, Rabat, Morocco). Acid treatment of rock samples was 
performed by Laurence Debauvais (University Lille 1). The 
work was funded by the ANR (Agence Nationale de la 
Recherche, France) as part of the RALI (Rise of Animal Life; 
reference ANR-11-BS56-0025) project. We thank Stewart G. 
Molyneux (British Geological Survey, UK), Reed Wicander 
(Central Michigan University, USA) and Li Jun (Nanjing 
Institute of Geology and Palaeontology, China) for valuable 
revisions of the manuscript. This paper is a contribution to 
IGCP (International Geoscience Programme) Project 591 �The 
Early to Middle Palaeozoic Revolution�. 

REFERENCES 
 
Butterfield, N. J. & Harvey, T. H. P. 2012. Small carbonaceous 

fossils (SCFs): a new measure of early Paleozoic 
paleobiology. Geology, 40, 71�74. 

Cooper, A. H., Rushton, A. W. A., Molyneux, S. G., Hughes, 
R. A., Moore, R. M. & Webbs, B. C. 1995. The strati-
graphy, correlation, provenance and palaeogeography of 
the Skiddaw Group (Ordovician) in the English Lake 
District. Geological Magazine, 132, 185�211. 

Dean, W. T. & Martin, F. 1978. Lower Ordovician acritarchs 
and trilobites from Bell Island, eastern Newfoundland. 
Geological Survey of Canada, Bulletin, 284, 1�35. 

Deflandre, G. 1946. Fichier micropaléontologique � série 8. 
Hystrichosphaeridés III. Espèces du Primaire. Archives 
Originales, Centre de Documentation; Centre National 
de la Recherche Scientifique, France, 257, I�V, 1096�
1185. 

Destombes, J., Hollard, H. & Willefert, S. 1985. Lower 
Palaeozoic rocks of Morocco. In Lower Palaeozoic of 
North-Western and West-Central Africa (Holland, C. H., 
ed.), pp. 157�184. John Wiley & Sons, Chichester. 

Deunff, J. 1968a. Arbusculidium, genre nouveau d�acritarche 
du Trémadocien marocain. Compte Rendu Sommaire  
des Séances de la Société Géologique de France, 3,  
101�102. 

Deunff, J. 1968b. Sur une forme nouvelle d�Acritarche 
possédant une ouverture polaire (Veryhachium miloni 
n. sp.) et sur la présence d�une colonie de Veryhachium 
dans le Trémadocien marocain. Comptes Rendus des 
Séances de l�Académie des Sciences, 267, 46�49. 

Downie, C. 1958. An assemblage of microplankton from  
the Shineton Shales (Tremadocian). Proceedings of the 
Yorkshire Geological and Polytechnic Society, 31, 331�
350. 

Eisenack, A. 1938. Hystrichosphaerideen und verwandte 
Formen im baltischen Silur. Zeitschrift für Geschiebe-
forschung und Flachlandsgeologie, 14, 1�30. 

Elaouad-Debbaj, Z. 1984. Acritarches et chitinozoaires de 
l�Arenig�Llanvirn de l�Anti-Atlas (Maroc). Review of 
Palaeobotany and Palynology, 43, 67�88. 

Elaouad-Debbaj, Z. 1988. Acritarches et chitinozoaires du 
Trémadoc de l�Anti-Atlas central (Maroc). Revue de 
Micropaléontologie, 31, 85�128. 

Fensome, R. A., Williams, G. L., Barss, M. S., Freeman, J. M. 
& Hill, J. M. 1990. Acritarchs and fossil prasinophytes: 

 

 
Fig. 1. Selected acritarchs from borehole AZ-1. A, Caldariola glabra glabra (Martin, 1972) Molyneux in Molyneux & Rushton,
1988, 965 m. B, Cymatiogalea deunffii Jardiné et al., 1974, 1077 m. C, Cymatiogalea messaoudensis inconnexa Servais &
Molyneux, 1997, 965 m. D, Cymatiogalea velifera (Downie, 1958) Martin, 1969, 965 m. E, Impluviculus milonii (Deunff, 1968b)
Loeblich & Tappan, 1969, 1077 m. F, Stelliferidium trifidum (Rasul, 1974) Fensome et al., 1990, 999 m. G, Veryhachium
lairdii s.l. Deflandre, 1946 ex Loeblich, 1970, 1077 m. H, Vulcanisphaera frequens Górka, 1967, 1077 m. Scale bar = 20 µm. 

 



H. Nowak et al.: Messaoudensis�trifidum assemblage in Morocco 

 83

an index to genera, species and infraspecific taxa. 
American Association of Stratigraphic Palynologists 
Foundation Contributions Series, 25, 1�771. 

Górka, H. 1967. Quelques nouveaux acritarches des silexites 
du Trémadocien supérieur de la region de Kielce 
(Montagne de Ste. Croix, Pologne). Cahiers de 
Micropaléontologie, Série 1, 6, 1�8; Archives originales, 
Centre de documentation; Centre National de la 
Recherche Scientifique, France, 441, 1�8. 

Jardiné, S., Combaz, A., Magloire, L., Peniguel, G. & 
Vachey, G. 1974. Distribution stratigraphique des 
acritarches dans le Paléozoïque du Sahara algérien. 
Review of Palaeobotany and Palynology, 18, 99�129. 

Loeblich, A. R. 1970. Morphology, ultrastructure and 
distribution of Paleozoic acritarchs. Proceedings of the 
North American Paleontological Convention, Chicago, 
1969, part G, 2, 705�788. 

Loeblich, A. R. & Tappan, H. 1969. Acritarch excystment  
and surface ultrastructure with descriptions of some 
Ordovician taxa. Revista Española de Micropaleontologia, 
1, 45�57. 

Loeblich, A. R. & Tappan, H. 1976. Some new and revised 
organic-walled phytoplankton microfossil genera. Journal 
of Paleontology, 50, 301�308. 

Martin, F. 1969. Les acritarches de l�Ordovicien et du Silurien 
belges: détermination et valeur stratigraphique. Institut 
Royal des Sciences Naturelles de Belgique, Mémoire, 
160, 1�175. 

Martin, F. 1972. Les acritarches de l�Ordovicien inférieur  
de la Montagne Noire (Hérault, France). Bulletin de 
l�Institut Royal des Sciences Naturelles de Belgique, 
Sciences de la Terre, 48, 1�61. 

Molyneux, S. G. & Rushton, A. W. A. 1988. The age of the 
Watch Hill Grits (Ordovician), English Lake District: 
structural and palaeogeographical implications. Transactions 

of the Royal Society of Edinburgh: Earth Sciences, 79, 
43�69. 

Molyneux, S. G., Raevskaya, E. & Servais, T. 2007. The 
messaoudensis�trifidum acritarch assemblage and 
correlation of the base of Ordovician Stage 2 (Floian). 
Geological Magazine, 144, 143�156. 

Rasul, S. M. 1974. The Lower Palaeozoic acritarchs Priscogalea 
and Cymatiogalea. Palaeontology, 17, 41�63. 

Servais, T. & Molyneux, S. G. 1997. The messaoudensis�
trifidum acritarch assemblage (Ordovician: late Tremadoc�
early Arenig) from the subsurface of Rügen (Baltic Sea, 
NE Germany). Palaeontographia Italica, 84, 113�161. 

Servais, T., Li, J., Molyneux, S. & Raevskaya, E. 2003. 
Ordovician organic-walled microphytoplankton (acritarch) 
distribution: the global scenario. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 195, 149�172. 

Snape, M. G. 1993. A Palynological Study of the Ordovician 
to Devonian Sediments of the Anti Atlas, Morocco.  
PhD thesis (unpublished). University of Sheffield 
[http://etheses.whiterose.ac.uk/3536/; accessed 11 March 
2014]. 

Stockmans, F. & Willière, Y. 1962. Hystrichosphères du 
Dévonien belge (Sondage de l�Asile d�alienés à 
Tournai). Bulletin de la Société Belge de Géologie, de 
Paléontologie et d�Hydrologie, 71, 41�77. 

Van Roy, P., Orr, P. J., Botting, J. P., Muir, L. A., Vinther, J., 
Lefebvre, B., El Hariri, K. & Briggs, D. E. G. 2010. 
Ordovician faunas of Burgess shale type. Nature, 465, 
215�218. 

Vavrdová, M. 1973. New acritarchs from Bohemian Arenig 
(Ordovician). Věstník Ústředního Ústavu Geologického, 
48, 285�289. 

Vavrdová, M. 1976. Excystment mechanism of Early 
Paleozoic acritarchs. Cãsopis pro Mineralogii a Geologii, 
21, 55�64. 

 
 
 


