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a  b  s  t  r  a  c  t

Mesozoic  strata  of  North  Africa  yield  the  first  occurrence  of  the  ichnogenus  Selenichnites.
The  trace  fossils  occur  on the  top  surface  of  a sandy  carbonate  deposit  in  the  axis  of
a Middle  Atlas  syncline  (Skoura  Syncline,  NE  Morocco).  The  ichnofossil-bearing  horizon
belongs to  the  Late Bajocian–Early  Bathonian  Ich  Timellaline/Bou  Akrabene  Formation.
The  trace  fossils  are  crescent-shaped  and  the  best  preserved  exhibits  a  posterior  central
axial  impression  (possible  telson  tail  impression).  They  are  interpreted  as  feeding  bur-
rows  (fodinichnia)  or hiding  depressions  of Xiphosurids  or Limulids  (horseshoe  crabs)  on
a sandy  carbonate  substrate  beneath  a veneer  of  muddy  deposits.  The  sedimentological
character  suggests  a relatively  protected  shallow  water  subtidal  palaeoenvironment  pre-
ceding the  Bathonian  regression  of  the  Atlas  domain.  This  discovery  provides  the  first
evidence  of  xiphosurans  or xiphosuran-like  organisms  inhabiting  the  southern  shores  of
koura
iddle Atlas

the Tethys  in  the  Middle  Jurassic.
© 2015  Académie  des  sciences.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.

ots clés :
elenichnites

r  é  s  u  m  é

Des  traces  d’invertébrés,  attribuées  à l’ichnogenre  Selenichnites, ont  été  découvertes  dans
les couches  d’âge  Bajocien  supérieur–Bathonien  inférieur  (formation  d’Ich  Timellaline/Bou
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Limulidés
Environnement littoral
Jurassique moyen
Skoura
Moyen Atlas

Akrabène)  du  synclinal  de  Skoura,  dans  le  Moyen  Atlas  marocain.  Conservées  sur  une  dalle
gréso-calcaire  subhorizontale,  ces traces  montrent  des  formes  en  croissant  ou  fer  à  cheval
avec,  dans  le  spécimen  le  mieux  conservé,  une  empreinte  arrière  selon  l’axe  médian  (trace
du  telson  caudal).  Elles  sont  interprétées  comme  des  traces  d’enfouissement  (fodinich-
nia)  de  Xiphosures  (= Limules)  cherchant  leur nourriture  sur le fond  sablo-carbonaté  ou
sous  un  voile  de  vase  le  recouvrant.  Les  caractères  sédimentologiques  indiquent  des  dépôts
subtidaux  dans  une  zone  peu  profonde  relativement  abritée.  Ces  paléoenvironnements
littoraux  précèdent  la régression  bathonienne  du  domaine  atlasique.  Cette découverte  per-
met  d’établir  la  présence  de Xiphosuridés  sur les rivages  sud de  la  Téthys  dès  le Jurassique
moyen.

émie  d
©  2015  Acad

1. Introduction

Limulids (horseshoe crabs) are marine arthropods clas-
sified in the class Merostomata Woodward, 1866, subclass:
Xiphosura Latreille, 1802 and order: Xiphosurida Latreille,
1802. The record of Limulids comprises the Early Cam-
brian, Ordovician and Devonian (Richter and Richter, 1929;
Rudkin et al., 2008), and Triassic, when these organisms
appear to have the highest diversity (Moore et al., 2007).
The Devonian horseshoe crab morphotypes are the most
similar to modern forms, hence, the limulids are consid-
ered “living fossils” (Barthel, 1974; Fischer, 1984; Gaillard,
2011). The ichnological record shows different behaviors
of ancient limulids through time and they are, typi-
cally, assigned to four ichnogenera: Paramphibius Willard,
1935 (repichnia–digitate walking imprints), Limulicubich-
nus Miller, 1982 (cubichnia or resting traces), Selenichnites
(domichnia or burrowing activity) (Romano and Whyte,
1990), a substitution for the junior homonym Selenich-
nus Romano and Whyte, 1987, and Kouphichnium Nopsca,
1923 (repichnia or very regular locomotion). Kouphichnium
trackways are mainly reported from the Late Palaeozoic
(Chisholm, 1985; Conti et al., 1991; Eagar et al., 1985;
Gaillard, 2011; Hardy, 1970; Lucas and Lerner, 2005; Miller,
1982; Minter and Braddy, 2009; Willard, 1935), the Trias-
sic (Bi et al., 1995; Caster, 1938, 1944; Linck, 1949; Nielsen,
1949; Wang, 1993), the Jurassic (Barthel, 1974; Barthel
et al., 1990; Caster, 1941; Groiss, 1975; Harris and Lacovara,
2004; Kolb, 1963; Oppel, 1862; Peyer et al., 2014; Peyre
de Fabregues and Allain, 2013; Romano and Whyte, 1987,
2003; Schweigert, 1998; Schweigert and Dietl, 2002; Viohl,
1998), and the Paleogene (Oishi et al., 1993; Xing et al.,
2012).

Selenichnites is among the most stratigraphically and
geographically widespread trace fossil of fossil limulid-
like organisms: S. tesiltus Gibb et al., 2011 (Cambrian
of Morocco); S. scagliai Poiré and Del Valle, 1996 (Cam-
brian/Ordovician of Argentina); S. antarcticus Weber and
Braddy, 2004 (?Early Ordovician of Antarctica); S. cordo-
formis Fischer, 1978 (Ordovician of Colorado); S. langridgei
Trewin and McNamara, 1995 (?Late Silurian of Western
Australia); Selenichnites isp. Draganits et al., 2001 (Early

Devonian of northern India); Selenichnites isp. Morrissey
and Braddy, 2004 (Early Devonian of Southwest Wales);
Selenichnites isp. Lucas and Lerner, 2005 (Early Penn-
sylvanian of Alabama); S. rossendalensis Hardy, 1970
es  sciences.  Publié  par Elsevier  Masson  SAS.  Tous  droits  réservés.

(Carboniferous of the UK); S. bradfordensis Chisholm, 1985
(Carboniferous of the UK); Selenichnites isp. Wang, 1993
(Upper Triassic of the UK) and S. hundalensis Romano and
Whyte, 1987 (Jurassic of the UK).

The record of the ichnotaxon Selenichnites from North
Africa is sparse in comparison to the numerous occur-
rences in North and South America, Australia and Europe.
Gibb et al. (2011) described a new ichnospecies assigned
to S. tesiltus from the Middle Cambrian Azlag Forma-
tion of the Moroccan central Anti-Atlas. More recently,
Riahi et al. (2014) published on Selenichnites isp. from
the Oligocene–Miocene Numidian Formation of northern
Tunisia.

In this paper, we  describe trace fossils assigned to
Selenichnites, from the Middle Jurassic of the Skoura
Syncline (Middle Atlas, Morocco). This adds to the under-
standing of Mesozoic limulids entrancing for the specimens
in the northern region of Africa, with forms that have
mainly or exclusively been known from the northern
regions of the Tethys and Atlantic oceans. Thus, they
provide further evidence of the palaeogeographical distri-
bution of Limulids and/or limulid-like organisms.

2. Geological and biostratigraphic setting

The Middle Atlas is a northeast-trending mountain
range extending between the western-Central Moroccan
Meseta in the west and the High Moulouya and High
Plateaus in the east (Fig. 1A). The Middle Atlas belongs to
the Atlas system of intracontinental belts erected through
the Alpine inversion of the Triassic–Liassic rifts at the
northern fringe of the African plate (Frizon de Lamotte
et al., 2008). The belt is characterized by northeast-trending
faults inherited from the major structures of the Variscan
basement (Fig. 1B). The northern Middle Atlas Fault (NMAF)
separates the faulted Tabular Middle Atlas in the NW from
the Folded Middle Atlas in the SE (Choubert, 1956; Martin,
1973, 1981). The latter consists of narrow anticlinal ridges
associated with longitudinal faults and extrusions of Trias-
sic evaporites, which are separated by wide, open synclines
(Colo, 1961). The synsedimentary activity of most of these

faulted ridges during the Jurassic has been repeatedly
demonstrated (Charrière, 1990; Duée et al., 1977; Fedan
et al., 1989; Fedan, 1993; Laville and Fedan, 1989; Rhrib,
1997; Scheele, 1994).



M. Oukassou et al. / C. R. Palevol 15 (2016) 461–471 463

Fig. 1. A. Location of the Middle Atlas, B. Geological sketch map  of the Middle Atlas and location of the study area (modified after Fedan et al., 1989).
Fig. 1. A. Localisation du Moyen Atlas. B. Carte géologique simplifiée du Moyen Atlas et localisation du secteur étudié (modifiée d’après Fedan et al., 1989).

Fig. 2. Simplified geological map  of the Skoura syncline (Middle Atlas, Morocco) after Charrière (1990), with additional field data.

Fig. 2. Carte géologique simplifiée du synclinal de Skoura (Moyen Atlas, Maroc), d’après Charrière (1990), avec de nouvelles données de terrain.
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Fig. 3. Lithostratigraphic subdivision of the Middle Jurassic strata of the
Skoura syncline at FSBM locality 1 (Middle Atlas, Morocco), with position
of biostratigraphic markers and ichnofossil-bearing bed.
Fig. 3. Subdivision lithostratigraphique des couches du Jurassique moyen
dans la localité FSBM 1 du synclinal de Skoura (Moyen Atlas, Maroc),
avec localisation des repères biostratigraphiques et du banc contenant
les ichnofossiles.
464 M. Oukassou et al. / C.

The Skoura syncline extends between the NMAF and
the Jbel Tichoukt ridge (Fig. 1B) and exposes formations
ranging from Lower Liassic limestones to late Middle Juras-
sic regressive deposits (Benshili, 1989; Charrière, 1992;
Charrière et al., 1994; Dresnay, 1963, 1969, 1975; Fedan,
1993). The strata exhibit a gentle dip on the northwest-
ern flank of the syncline whereas they are vertical or even
overturned on the southeastern flank underlying the Jebel
Tichouk transverse fault. The ichnofossil-bearing section is
located at the axis of the syncline between two  transverse
faults (Fig. 2).

The biostratigraphy of the section can be summarized
as follows, after Dresnay (1963) and Charrière (1989)
(Figs. 2 and 3):

Recifa Formation Fm: This major morphogenic formation
corresponds to the “Corniche Limestones”, which include
two thick sections of massif limestones. The uppermost
unit is particularly rich in brachiopods and branching of
corals. This peri-reefal platform is dated as Late Bajocian
based upon the brachiopods and (scarce) ammonites.

Ich Timellaline/Bou Akrabene Fm: This formation mainly
consists of oolitic and bioclastic limestone alternating
with marly limestone. Thus far, it has yielded abundant
and diverse marine fauna including small-branched corals,
echinoids, bivalves and endemic brachiopods (Rhyn-
chonellids, Terebratulides, Zeilleriids; see Colo, 1961). As a
whole, this formation corresponds to an open sea, exhibit-
ing relatively shallow water environments. Brachiopods
and (rare) ammonoids from the lower part of the formation
indicate a Late Bajocian age. In the middle of the sec-
tion, next to the Taferdoust-Boulemane road, a fragment of
Parkinsonia sp. was collected (Choubert and Faure-Muret,
1967), which confirms the Late Bajocian-Bathonian age
(Fig. 3, point 1). These sequences represent the last stages of
the Middle Atlas carbonate platform. The first subsequent
detrital deposits occurred in the “Aïn Brel Sandstones”,
which marks the upper part of the formation (Fig. 3).

El Mers Group:  It consists of three formations: i) The El
Mers 1 Fm is characterized by its reddish purple marls indi-
cating the first continental influences. It is renowned for its
abundance of dinosaur remains (Dresnay, 1963; Lapparent,
1955; Marinheiro et al., 2014). Cadomites bremeri, an
endemic ammonite (Fig. 3, point 2), indicates a Middle
Bathonian age (Fedan, 1993). ii) The El Mers 2 Fm uncon-
formably overlies the El Mers 1 Fm and displays internal
bed obliquities reflecting the synsedimentary deforma-
tion of the basin (Charrière, 1989, 1990; Dresnay, 1969;
Fedan, 1993). It consists of alternating marl to sandstone
deposits. The sequence consists of proximal platform marls
and is capped by intertidal sandstones. The final sequence
contains foraminifers, Pseudocyclammina maynci (Fig. 3,
point 3), an index fossil of the Middle Bathonian-Callovian
interval (Charrière, 1990). iii) The El Mers 3 Fm consists
of evaporite deposits that represent the Latest Jurassic
deposits prior to the Early Cretaceous transgression.

3. Material and substrate conditions
The data presented represents seven specimens of
invertebrate ichnofossils from one locality (FSBM local-
ity 1) discovered during fieldwork in 2014 by the senior
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Table  1
Primary measurements of the described ichnofossils (in centimetres). l: length of trace; w: width of trace; l/w: length to width ratio of trace fossil.
Tableau 1
Principales mesures réalisées sur les ichnofossiles (en centimètres). l : longueur de trace ; w : largeur de trace ; l/w : rapport longueur et largeur de trace
fossile.

FSBM locality number Coordinates IchnofossilsFSBM specimen number l w l/w

FSBM Loc. 1 N33′27.528′ FSBM 1 50 25 2
FSBM 2 70 38 1.84
FSBM 3 20 14 1.4
FSBM 4 – 25 –
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Taferdouste W4′39.170′ FSBM 5 

FSBM 6 

FSBM 7 

uthor. The trace fossils described herein are located in
he SE block of the Taferdouste dextral thrust, south
f the mapped point 1622 (Fig. 2). The trace fossils
re preserved on the upper bedding planes of a lime-
tone bed, ten meters below the thick calcareous bed
arker that forms approximately 2/3 of the Ich Timella-

ine/Bou Akrabene Fm (Figs. 2 and 3). The analyses are
ased upon outline drawings, photographs and measure-
ents of the best-preserved specimens. Drawings were

arried out on transparency film and digitalized with a
ector-based drawing software. Photographs were taken
n the field with natural light. Measurements in the field
re documented in Table 1. The specimens are housed
n the FSBM-Department of Geology, Faculty of Science
en M’sik, Casablanca, Morocco, along with the locality
ata.

.1. Substrate conditions

The ichnofossil-bearing horizon corresponds to a fill
esosequence comprising 20 m of marls and marly lime-

tones overlain by 5 m of thickening-upwards limestone
eposits (Fig. 4B and C). The overlying mesosequence cor-
elates to the topographic point 1622 (Fig. 2) slightly above
he ichnofossil-bearing horizon that forms a cornice about
en meters below. North of hill 1622, the horizon is fairly
ell exposed and consists of borings and a ferruginous

ncrustation defining a hard ground sequence at the top
Fig. 4G and H). South of hill 1622, next to a N20◦ trend-
ng fault, the top surface of the same horizon is widely
xposed (approximately 20 m2) and displays several trace
ossils (GPS N 33′27.528′, W 4′39.170′; Figs. 5–7).

The studied horizon displays a relatively homogeneous
icrofacies of calcareous grainstone, with a microsparite

ement and well-graded calcareous pellets and ooids ran-
ing from 50 to 150 �m in size. Rare bipyramidal quartz
rains are the nuclei for some ooids. A pellet-rich micro-
acies (pelmicrosparite) dominates in the lower part of
he sequence, and becomes subordinate in the upper part
ith respect to the intraclast and bioclast-rich facies (intra-

iomicrosparite). Ooids are common in the upper part
f the beds and they most often have a micritic cortex
bahamite) encased by a single layer. The ichnofossil-

earing horizon contains different types of fragmented
hells (bivalves, brachiopods and echinoderms), benthic
oraminifers (miliolids, uniserial arenaces) and rare phos-
hatic fragments of bone or teeth (Fig. 4F). The associated
– 8 –
– 8 –
– 26 –

lithophase is dominated by intraclasts and bahamites lack-
ing spherical oolith laminations (alpha-type ooliths).

4. Systematic ichnology

Due to poor preservation, the majority of the described
invertebrate trace fossils cannot be assigned to a spe-
cific ichnotaxon. Among the better-preserved material, we
identify specimens that can be assigned at least to two
morphotypes of the ichnogenus Selenichnites Romano and
Whyte, 1990.

4.1. Ichnospecies Selenichnites tesiltus

Ichnogenus Selenichnites Romano and Whyte, 1987
Ichnospecies Selenichnites tesiltus Gibb, Chatterton

and Pemberton, 2011 (Fig. 5)
Type ichnospecies: S. hundalensis (Romano and Whyte,

1987) from the Jurassic Scarborough Formation of York-
shire, United Kingdom.

Referred material: FSBM 3, 4 and 7, isolated crescent-
shaped trace fossils from FSBM locality 1. All specimens are
preserved in a concave epirelief form.

Description: Irregularly ridged crescent-shaped con-
cave epirelief trace fossils. Morphological dimensions up to
20 cm long, 14–26 cm wide (Table 1). The length to width
ratio is labile and is not be a useful ichnotaxonomic parame-
ter in this case (Table 1). Shallow to deep concavities (depth
from 2 to 8 cm). Specimen FSBM 7 (Fig. 5), maximum width
(≈ 26 cm)  with shallow lunate impression. Depth of spec-
imens varies from shallow to moderately deep, deepest
(FSBM 4) measures 21 cm long, 16 cm wide and approxi-
mately 6 cm deep, typically slightly widen than long.

Discussion: The trace fossils described herein display
the morphological features of the S. tesiltus Gibb et al.,
2011, from the Middle Cambrian Azlag Formation of Zagora
(Anti-Atlas, Morocco). The significant character strate is
the horseshoe simple shape. The type ichnospecies, S.
hundalensis, (Romano and Whyte, 1987) displays a rel-
atively flat and subtriangular morphology between two
crescent-shaped paired lobes. Hardy (1970) described
S. rossendalensisas lunate impressions associated with
appendages, or posteriorly projecting morphological

imprint and defined lateral edges to anterior and lateral
edge of trace fossil. The heart-shaped doublure and telson
imprints of S. cordiformis (Fischer, 1978) are not observed
in these specimens. S. bradfordensis also displays more
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Fig. 4. Observations at FSBM Locality 1 (studied area) in the Ich Timellaline/Bou Akrabene Fm of the Skoura Syncline. A. View from hill 1662, looking
southward; notice the calcareous marker bed “b” (Figs. 2 and 3) in the foreground. B–D. Strata-growing sequence at FSBM locality 1 (overview, detail, and
sketch  with position of the trace fossils, respectively). E–F. Thin sections of the substrate of the ichnofossil-bearing bed: (E) view of intrabiopelmicrosparitic
grainstone microfacies and (F) zoom on biopelmicrosparitic grainstone microfacies with punctuated echinoderm plate in the center. (b) Bahamite; (c)
undetermined shell fragment; (e) echinoderm test fragment; (i) carbonate intraclast; (q) rounded quartz grain; (m) miliolid foraminifer; (o) phosphatic
fragments of bone or teeth. G–I. Detail views of bedding surface from the ichnofossil-bearing bed showing muddy deposits and hard ground, ferruginous
concretions (G), borings (H) and current ripples (I).
Fig. 4. Situation dans la localité FSBM 1 (zone d’étude) de la formation d’Ich Timellaline/Bou Akrabene dans le synclinal de Skoura. A. Vue panoramique de
la  localité FSBM 1 ; remarquer la couche calcaire repère « b » (Fig. 2 et 3). B–D. Coupe de la formation d’Ich Timellaline/Bou Akrabene dans la localité FSBM
1,  avec la position des traces fossiles dans le dessin de la section (D). E–F. Lames minces dans la couche substratum des ichnofossiles : (E) vue d’ensemble
d’un  microfaciès grainstone intrabiopelmicrosparite et (F) vue détaillée d’un microfaciès grainstone biopelmicrosparite avec une plaque d’échinoderme
ponctué au centre. (b) : Bahamite ; (c) : fragment coquillier indéterminé (e) : fragment de test d’échinoderme ; (i) : intraclaste carbonaté ; (q) : grain
de  quartz émoussé ; (m) : foraminifère miliolide ; (o) : fragment phosphaté d’un os ou d’une dent. G–I. Surfaces contenant les ichnofossiles avec des
incrustations de fer (G), des perforations (H) et des rides de courant (I).
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Fig. 5. The ichnospecies Selenichnites tesiltus Gibb, Chatterton and Pemberton, 2011 from the FSBM locality 1 with (A) specimen FSBM 4 and (B) specimen
F
F n, 2011
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ig. 5. L’ichnoespèce Selenichnites tesiltus Gibb, Chatterton et Pemberto
SBM  7.

omplex morphological character states, such as trans-
erse or chevron markings and a defined median furrow.
. scagliai (Poiré and Del Valle, 1996) was discussed and
ynonymised by Gibb et al. (2011) to the ichnogenus
elenichnites. SG, in Late 2011, had the opportunity to visit
he collection in Argentina and now the synonomization is
alled into question. This assignment will be addressed in

 future publication anon. Further ichnospecies identified
ithin the ichnogenus Selenichnites are discussed in Gibb

t al. (2011).

.2. Selenichnites isp.

Ichnogenus Selenichnites (Romano and Whyte, 1987)
Selenichnites isp. (Figs. 6 and 7)
Referred material: FSBM 1–2 and 5–6, isolated

rescent-shaped invertebrate traces from FSBM locality; all
pecimens are preserved in concave epirelief.

Description: Small to medium size elongate crescent-
haped (more than half circle) with defined anterior and
ateral edges, preserved in concave epirelief measuring
0–70 cm long and 8–38 cm width (Table 1). Ratio of length
o width is less than 2 (2 > l/w > 1.4) for the specimens
SBM 1–3 (Table 1). Specimen FSBM 3 represents only
he telson trace with very shallow crescentic form. Gen-
rally, all the specimens studied here correspond as well

o horseshoe-like segments with locally elevated margins
nd arc of circle-like feature exceeding sometimes the half
ircle (specimens FSBM1-2; Fig. 6). The depth of the traces
aries from 2 to 10 cm,  with the specimen FSBM 2 as the
 de la localité FSBM 1 avec (A) le spécimen FSBM 4 et (B) le spécimen

deepest and larger trace. The last one shows the maximum
length size (≈ 70 cm) with deep lunate imprints and pos-
sible telson trace (Fig. 6B). Specimens, FSBM 1-2, could be
subdivided in two parts, i.e., the lunate part in the front and
the telson imprint behind. Furthermore, the same morpho-
logical characters are present in the specimens FSBM 5–6
(Fig. 7), which moderately incise the bedding surface with
the smallest length and width, showing sometimes three
shallow lobes (FSBM 5) and measuring 8 cm in width. Gen-
erally, the invertebrate traces described herein are slightly
twice as long as large, except the specimens FSBM 5–6 that
we could not estimate their true length. Telson trace mark
is seemingly also present in specimen FSBM 5.

Discussion: Specimens FSBM 1–3, 5–6 show the fea-
tures given in the diagnosis of the ichnogenus Selenichnites
(Draganits et al., 2001; Fischer, 1978; Gibb et al., 2011;
Hardy, 1970; Romano and Whyte, 1987, 2013; Wang,
1993). Romano and Whyte (1987) evoked in their diag-
nosis the presence or absence of prosomal imprint and
scratch/telson traces. The lack of several morphological
features similarly prevented several other authors from
suggesting any definite ichnospecies, i.e., the Selenich-
nites isp. of Wang (1993), Thomson and Weber (1999),
Draganits et al. (2001), Morrissey and Braddy (2004), Lucas
and Lerner (2005), Romano and Whyte (2013), and Riahi
et al. (2014). Assignment to a distinct ichnospecies is not

given here, taking into account that the type species S.
bradfordensis (Chisholm, 1985) is basically described as
Aulichnites?bradfordensis with short furrow marks. We
are aware that the Skoura material might even comprise
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Fig. 6. The ichnotaxon Selenichnites isp. from the FSBM locality 1with (A) the ichnofossil-bearing surface, (B) Specimen FSBM 1 and (C) specimen FSBM 2.

e conte

All  figures assisted with interpretative sketches.
Fig. 6. L’ichnotaxon Selenichnites isp. de la localité FSBM 1 avec (A) surfac
Toutes les figures sont accompagnées des dessins interprétatifs.

different ichnospecies. However, considering the fact that
the ichnotaxonomy of Selenichnites (Romano and Whyte,
1987) is still problematic, we refrain from determining
distinct ichnospecies or naming a new ichnotaxon. There-
fore, we herein prefer an open nomenclature referring it
to Selenichnites isp.

4.3. Potential tracemakers

According to the available research and publications,
the possible tracemaker of Selenichnites is commonly
attributed to Xiphosurids (Chisholm, 1985; Draganits
et al., 2001; Fischer, 1978; Hardy, 1970; Lucas and Lerner,
2005; Riahi et al., 2014; Romano & Whyte, 1987, 1990,
2013; Wang, 1993) though Trewin and Mc  Namara (1995)
suggested that S. langridgei could be the behaviour of
euthycarcinoids and Weber and Braddy (2004) attributed

S. antarcticus to crustaceans. No body fossils are known
from the Skoura syncline. Based on morphological
character states of Selenichnites and the observed mor-
phology, functional morphology and behaviours of modern
nant les ichnofossiles, (B) le spécimen FSBM 1 et (C) le spécimen FSBM 2.

limulids, the rounded prosoma and musculature to drive
the prosoma into sandy substrate, we  suggest limulids are
the possible tracemakers for Selenichnites.

5. Palaeobiogeographic and palaeoecologic
implications

5.1. Palaeoenvironmental and palaeogeographic
conditions

The ichnofossil-bearing layer belongs to the Middle
Jurassic “Gulf of Skoura” of the South Tethyan margin
(Frizon de Lamotte et al., 2008). The combination of
sedimentological data and microfacies analyses provides
evidence that the deposition environment of the Ich Timel-
laline/Bou Akrabene Formation was  a regressive coastal
environment in a relatively warm and low-energy setting

that was  periodically open sea. The horizon is conformably
overlain by marls that contain spines of sea urchins and
fragments of tabular i.e. isolated corals, providing fur-
ther confirmation of a warm fully marine environment.
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Fig. 7. The ichnotaxon Selenichnites isp. from the FSBM locality 1

Fig. 7. L’ichnotaxon Selenichnites isp. de la localité FSBM 1 mon

espite the variable lithology including pellets, intra-
lasts, bioclasts and ooids, the entire deposit is very well
orted at 50–150 �m.  This type of limestone is almost
xclusively derived from fine-grained, well sorted carbon-
te sands, which indicates regular and prolonged wave
ction apparently undisturbed by storms. The presence
f bahamites also provides evidence that the Ich Timel-
aline/Bou Akrabene Formation formed in a protected
nvironment.

The presence of borings suggests shallow water depth
uring depositional/early diagenetic processes, as these
orings are supported by ferruginous concretions indicat-

ng the formation of a hard ground during a period of low
edimentation (Fig. 4G). We  note the absence of current rip-
les on the ichnofossil-bearing surface, while the presence
f sinuous ripples atop the two underlying beds indicates
ubtidal conditions (Fig. 4I). As concluded from sedimen-
ological, palaeontological and palaeoichnological data, a
arm humid climate in a shallow marine environment is

nferred as the depositional environment of the ichnofossil-
earing layer.

.2. Palaeobiogeographic interest
Xiphosurans are marine group of chelicerate arthro-
ods, based on their supposed stem lineage. They are
nown from the Ordovician to the present day (Martin
t al., 2015; Moore et al., 2007; Rudkin et al., 2008; Van Roy
g the specimen FSBM 5–6 assisted with interpretative sketches.

s spécimens FSBM 5–6 accompagnés des dessins interprétatifs.

et al., 2010, 2015). Van Roy et al. (2010, 2015) and Garassino
et al. (2008) reported undetermined xiphosurid specimens
from the Early Ordovician and the Late Cretaceous respec-
tively in Morocco. The record of Xiphosurid-like trace
fossils from Africa is sparse in comparison to numerous
occurrences on other continents with only rare limulid-
like trackways from the Late Palaeozoic Great Karoo Basin
(South Africa) assigned to the ichnogenus Kouphichnium
(Anderson, 1975). Indeed, Selenichnites has only recently
been recorded in North Africa from the Middle Cambrian
strata of the Anti-Atlas (southern Morocco; Gibb et al.,
2011) and from Oligocene–Miocene deposits in northern
Tunisia (Riahi et al., 2014). New decapod assemblages were
studied from the Late Cretaceous (Cenomanian–Turonian)
of Gara Sbaa (Kem Kem region, Anti-Atlas, southeastern
Morocco), including the first report of xiphosuran fossils in
North Africa (Garassino et al., 2008). The trace fossils dis-
cussed in this paper broadens the geographical distribution
of possible xiphosurans on the South Tethyan margin.

Selenichnites from the Anti-Atlas Middle Cambrian
deposits (Morocco) are associated with the transgression
of the Rheic Ocean on the West African Craton margin
(Michard et al., 2008; Nance et al., 2012). Likewise, the Tur-
onian xiphosurids of the Kem Kem region (Morocco) are

associated with a global transgression that occurred on the
northern African continent. Conversely, the Middle Atlas
Selenichnites of Late Bajocian–Early Bathonian age corre-
spond to the end of the Jurassic carbonate platform and the
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onset of the Middle Jurassic regression (El Mers Fm)  prior
to the complete emersion of the region (Charrière, 1992).
In every case, Selenichnites is found in what is a shallow
marine, relatively warm marine environment. Xiphosurid-
like ichnofossils are well known in the northern part of
the Tethys especially from Ordovician to the present day.
However Selenichnites has been interpreted as a burrow-
ing activity of horseshoe crab-like organisms searching
for food such polychaete worms and/or soft-shelled mol-
luscs that live within muddy sediments (Gibb et al., 2011;
Romano and Whyte, 1987; Wang, 1993). Four limulid bur-
rowing behaviours were proposed by Eldredge (1970) and
Wang (1993) and the Selenichnites would consist of the
beginning of the burrowing process.

6. Conclusion

We  describe the first occurrence of trace fossils of pos-
sible limulids from the Middle Jurassic deposits of the
Atlas domain (Skoura Syncline, Middle Atlas). These ich-
nofossils are assigned to S. tesiltus and Selenichnites isp.,
and represent the second occurrence of this ichnogenus
in Morocco. The trace fossils can be inferred to be those
of horseshoe crab tracemakers. According to the fossil and
stratigraphic interpretations, their occurrence may  be of
great importance for the reconstruction of the ecosystems
of the southern Tethys margin. The described trace fossils
are also important for other reasons: they suggest subti-
dal palaeoenvironments with relatively warm water; the
traces highlight the presence of possible xiphosurans in
the Middle Atlas during the Middle Jurassic, just prior to
major regression that caused the emergence of the Juras-
sic carbonate platform. Essentially, the above reported data
underlines the significance of northwestern Africa for the
reconstruction of littoral fauna behaviour during the Meso-
zoic. Moreover, the discovery of Selenichnites in the Middle
Jurassic strata of the Skoura Syncline could be considered
a palaeoecological predictor of the possible presence of
body fossils in adjacent beds. Therefore, exploration of the
Skoura Syncline should be continued and extended to other
North African Jurassic deposits to refine it trace fossil and
body fossil record.
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