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Trace fos sils and lithofacies have been stud ied for the first time in the Nu midi an For ma tion (Up per Oligocene–Lower Mio -
cene) of the Ouarsenis Moun tains in Al ge ria to in ter pret their depositional en vi ron ment. Twenty-two ichnogenera have been
rec og nized in eight lithofacies of three main fa cies as so ci a tions in four rep re sen ta tive sec tions. Dis tri bu tion of the trace fos -
sils is de pend ent on the fa cies. Most trace fos sils are dom i nated by post-depositional forms (62%) and oc cur in fine-grained,
thin-bed ded sand stones of fa cies F4. They be long to the Ophiomorpha rudis, Paleodictyon and the Nereites ichnosubfacies
of the Nereites ichnofacies. The O. rudis ichnosubfacies is re corded in 1) me dium- to very thick-bed ded sand stones of the fa -
cies as so ci a tion FA1, interbedded with thin ner sand stone beds of the fa cies F2 and F4 in the up per unit of the sec tions stud -
ied, which were de pos ited in chan nel fill and levee-overbank en vi ron ments, and in 2) me dium- to thin-bed ded sand stones of
the fa cies as so ci a tion FA2 in the lower unit of the Kef Maiz and the Ain Ghanem sec tions, which were de pos ited in iso lated
nar row chan nels within the mud-dom i nated part of the depositional sys tem and oc ca sion ally fed with turbiditic sand. The
Paleodictyon ichnosubfacies oc curs in thin- to me dium-bed ded sand stones (FA2) of the lower units in the Ain Ghanem and
Kef Maiz sec tions and the low est part of the up per unit of the Kef Maiz sec tion, which were de pos ited in chan nel mar gin or
fore most chan nel-to-levee-overbank ar eas. The Nereites ichnosubfacies is re corded in thin-bed ded sand stones (FA2),
which were de pos ited in cre vasse-splays or small lobes on a ba sin floor in vaded oc ca sion ally by turbidites against a back -
ground of pe lagic and hemipelagic sed i men ta tion.
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INTRODUCTION

The Nu midi an For ma tion (NF) is an ex ten sive deep-sea
suc ces sion of clastic de pos its, with out crops run ning 2500 km
along a 100 km wide belt ex tend ing from Gi bral tar through Mo -
rocco, Al ge ria, and Tu ni sia to Calabria (Fig. 1). It is placed
within the Maghrebian orogenic do main known as the
Maghrebides (Durand-Delga and Fonboté, 1980; Wildi, 1983).
The term “Numidien” was coined for the first time by Ficheur
(1890) to de fine the Nu midi an stage (cor re spond ing to the Up -
per Eocene), which was rep re sented (as un der stood at that
time) by a se ries of clays over lain by thick-bed ded sand stones
in the Al ge rian coastal chains to the NW of Great Kabylia. This

term was in tro duced in Tu ni sia by Aubert (1891) and in Mo -
rocco by Fallot (1937). Later, the Nu midi an stage was trans -
ferred to the rank of “fa cies” to dis tin guish the Nu midi an suc ces -
sion com posed of suc ces sions of mudstone and sand stone, at
the same time when the new con cept of allochthonous tec ton -
ics in the Al ge rian Tell was es tab lished (Glangeaud, 1932;
Flandrin, 1948).

Many multidisciplinary stud ies on the NF de pos its were
made in the Med i ter ra nean re gion, but very few in Al ge ria,
where they re fer mostly to the re gional ge ol ogy and are com -
monly lim ited to gen eral geo log i cal data. The first de tailed
sedimentological study on the NF in Al ge ria was car ried out by
Hoyez (1989) and Moretti et al. (1991) in the Constantine
Moun tains. Much later, a brief sedimentological study was car -
ried out in the ForÃt des CÀdres out crops of the Ouarsenis
Moun tains by Menzoul et al. (2019).

In this pa per, trace fos sils and sedimentological data from
the NF in the Ouarsenis Moun tains, NW Al ge ria, are de scribed
and in ter preted. Fol low ing the work of Riahi et al. (2014) in Tu -
ni sia, this is the sec ond mod ern pub li ca tion on the ichnology of
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the NF out crop ping in the south ern Med i ter ra nean. This al lows
for a com par i son of ichnological fea tures in these two ar eas.

 There is only scat tered pub lished data on the ichnology of
the NF in Al ge ria. Durand Delga (1955) men tioned the pres -
ence of Tubotomaculum (Tubulichnium in this pa per) in vari col -
oured clays in the basal part of the NF in the Constantine re -
gion, NE Al ge ria, and in ter preted it as bur row fill ings lined with
tiny cop ro lites. Mattauer (1958) re ported un named trace fos sils
at the top of a sand stone bed in the ForÃt des CÀdres out crops.

GEOLOGICAL SETTING

The Nu midi an For ma tion (NF) in Al ge ria is com posed
mostly of deep sea turbiditic sand stone and mudstone de pos -
its, which are Late Oligocene to Early Burdigalian in age
(Durand Delga and Magné, 1958; Mattauer, 1958; PolvÃche,
1960; Magné and Ray mond, 1972; Raoult, 1974; Ray mond,
1976; Bizon and Hoyez, 1979; LahondÀre et al., 1979; Feinberg 
et al., 1981; Hoyez, 1989, Moretti et al., 1991). In this pa per, the 
term Nu midi an For ma tion (NF) is used in stead of Nu midi an
Flysch, be cause the term �flysch” is con sid ered as am big u ous
in ap pli ca tion to these de pos its (Patacca et al., 1992; Guerrera
et al., 1993, 2012). De pos its of the NF ac cu mu lated in the
Maghrebian Flysch ba sin, which opened af ter the Pangaea
breakup dur ing the Ju ras sic-Cre ta ceous tran si tion. They form a 
part of the Maghrebian do main, which is in ter preted as an Al -
pine-type orogen re sult ing from clo sure of the Maghrebian part
of the Tethys Ocean (Wildi, 1983; Bouillin, 1992). In gen eral,
sed i men ta tion of the NF de pos its ceased 16–15 Ma at the end
of the Burdigalian (see Vila et al., 1994; Esteras et al., 1995) ex -
cept for the Apennines and Sic ily where it ex tended into the
Langhian (Guerrera et al., 2005; Thomas et al., 2010; Pinter et
al., 2018; But ler et al., 2020). Fi nally, the NF un der went
south-verg ing fold ing and thrust ing be cause of the Kabylides
ac cre tion to Af rica, which started 15 Ma at the be gin ning of the
Langhian (Frizon de Lamotte et al., 2000). Part of the flysch
suc ces sion was de tached as thrust sheets and overthrust on
the ex ter nal zone of the Tell de pos its (Bouillin, 1977; Vila,
1980). This in flu enced the dis tri bu tion of the NF in sev eral,
com monly iso lated ar eas in north ern Al ge ria (Fig. 1).

The NF oc curs in three dif fer ent zones (Bouillin, 1986), i.e.
in (1) an in ter nal po si tion, su per im posed on the Kabylia mas -
sifs, where the NF de pos its are re ferred to as the North
Kabylide Flysch, in (2) a rel a tively ex ter nal po si tion on the
south ern mar gin of the Kabylia mas sifs, where the NF is called
the South Kabylide Flysch, and in (3) a far ex ter nal po si tion, as
iso lated masses float ing on the Tellian suc ces sion (Pa leo -
zoic–Eocene), where they have been tec toni cally shifted up to a 
hun dred kilo metres to the south, and are pre served in the
hinges of synclinal folds. The study area in the Ouarsenis
Moun tains re fers to this lat ter zone.

The most stratigraphically com plete de pos its of the NF are
pres ent in the out crops of Great Kabylia. It was sub di vided for
the first time by Ray mond (1976) into three mem bers: (1) a
lower mem ber (Up per Oligocene) rep re sented by vari col oured
clays with the com mon trace fos sil “Tubotomaculum” (as signed 
to Ophiomorpha recta in Riahi et al., 2014 and Tubulichnium
mediterraneum in Uchman and Wetzel, 2017); (2) a mid dle
mem ber (Aquitanian) rep re sented by al ter nat ing sand stones,
quartz peb ble con glom er ates and mudstones; this is known as
the Nu midi an Sand stone; and (3) an up per mem ber
(Aquitanian to lower Burdigalian) formed by mudstones,
marlstones and cherts (“silexites”) and re ferred to as the su -
pra-Nu midi an suc ces sion. This lithostratigraphic scheme is

sim i lar to those in other Med i ter ra nean out crops of the NF, i.e.
in Tu ni sia (Glacon and Rouvier, 1967; Rouvier, 1977; Riahi et
al., 2010, 2015), Sic ily (Broquet, 1968; Guerrera et al., 1992;
Patacca, 1992), the Apennines (La Manna et al., 1995), Spain
(Didon et al., 1984; Mar tin Algarra, 1987; Esteras et al., 1995),
and Mo rocco (Chalouan et al., 2008).

GENERAL OVERVIEW OF THE GEOLOGY OF THE STUDY AREA

The NF of the Ouarsenis Moun tains in NW Al ge ria forms
part of the Ex ter nal Zone of the Al ge rian North ern Belt (Fig. 1).
The Ouarsenis Moun tains are bor dered to the north by the
Chelif Plain (de vel oped on a vast Neo gene ba sin) and by Mount 
Zaccar (Djebel Zaccar), to the south by the Sersou Pla teau, to
the east by the Bibans Moun tains (near Médéa city) and by the
post-Mio cene for ma tions of the Miliana re gion; to the west,
there is no dis tinct bound ary, al though PolvÃche (1960) con sid -
ered the Mio cene de pos its of Zemmoura as the west ern bound -
ary of the Ouarsenis Moun tains. The NF in the study re gion oc -
curs in a com plex of allochthonous units stacked above Tri as sic 
and Cre ta ceous de pos its (Mattauer, 1958; PolvÃche, 1960). It
com prises two main lithological units: (1) vari col oured (green ish 
to dark brown) marly mudstone of the Up per Oligocene at the
base (the equiv a lent of the lower mem ber in Great Kabylia); and 
(2) al ter nat ing sand stones, quartz peb ble con glom er ates and
blu ish-grey mudstones at the top (Mattauer, 1958), which are
an equiv a lent of the mid dle mem ber in Great Kabylia. The con -
tact be tween these two units is un clear (cov ered) in the study
area; it is dis tin guished by a lithological change. The cor re la tion
be tween the lithostratigraphic di vi sions of the study area and
the Great Kabylia is based on lithological sim i lar i ties and
biostratigraphic data. Mattauer (1958) found mac ro scopic
foraminifera in the varicoloured mudstone of the study area,
which dated them to the up per Oligocene, sim i larly to the lower
mem ber in the Great Kabylia. In ves ti ga tion of foraminifers and
cal car e ous nannoplankton in the up per unit did not give any
biostratigraphic re sults, as with pre vi ous at tempts.

The NF out crops are scat tered along sev eral lo cal i ties
along the Ouarsenis Moun tains. Stud ies for this pa per were fo -
cused on (1) the Theniet El Haad re gion, in clud ing three main
out crops (ForÃt des CÀdres, Ain Ghanem, and Kef Rzama),
which are sit u ated at 7 km, 12 km and 2.5 km north-west of
Theniet El Had town, re spec tively, and ~50 km north-east of
Tissemsilt city, and on (2) the Chlef re gion with one prin ci pal
out crop on the Kef Maiz moun tain, which is lo cated 4 km to the
north of Ouled Ben Abdelkader town and 20 km to the
south-west of Chlef city (Fig. 1).

SEDIMENTARY FACIES

The NF de pos its in the stud ied sec tions con sist of
siliciclastic turbidites as so ci ated with hemipelagic mudstones.
They are or ga nized into two lithostratigraphic units ex cept for
the ForÃt des CÀdres sec tion which shows only the sand -
stone-dom i nated up per unit. Ten thin sec tions were pre pared
and ex am ined un der po lar iz ing mi cro scope in or der to con firm
lithological de ter mi na tions in the field and ob tain a brief over -
view of the min er al og i cal con tent. Pre lim i nary data on the sand -
stone com po si tion show a quartz-dom i nated min eral as sem -
blage, with mi nor con tri bu tions of feld spar, mus co vite and
polycrystalline quartz. Dis persed heavy min er als grains in clude
zir con, tour ma line, glauconite and opaque min er als. Based on
bed thick ness, sed i men tary struc tures, grain size, tex ture, and
petrographic con tent, eight dis tinct fa cies have been iden ti fied
(Fig. 2).
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Fig. 1A – lo ca tion of the study area with in di ca tion of the prin ci pal Al pine do mains in the west ern
Med i ter ra nean (af ter Durand-Delga, 1969, mod i fied); B – map show ing the lo ca tion of the Ouarsenis

Moun tains; C – map show ing the dis tri bu tion of the prin ci pal Nu midi an out crops in the Ouarsenis Moun tains
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Fig. 2. Lithofacies in the field

A – vari col oured marly mudstones fa cies (F8) in the lower unit of the Ain Ghanem sec tion; B – mas sive sand stone beds (F1) in the up per unit
of the Kef Maiz sec tion; C – mud-rich sand stone fa cies (F5) in the up per unit of the Kef Rzama sec tion; D – pack age of sand stone beds show -
ing re verse and nor mal grad ing in the lower part, capped with climb ing rip ples, and fol lowed by par al lel-strat i fied sand stone beds (F3), in the
up per unit of the Kef Rzama sec tion; E – de tail of re verse-graded peb bly sand stone (F3) from (D); F – de tail of par al lel-strat i fied beds (F3)
shown in (D); G – beds show ing nor mal grad ing with amal gam ation (F2), in the up per unit of the Kef Maiz sec tion; H – me dium- to
fine-grained sand stone (F4) show ing con vo lute lam i na tion, in the lower unit of the Ain Ghanem sec tion; I – soft-sed i ment de formed sand -
stone (F6), in the lower unit of the Kef Maiz sec tion; J – mudstone al ter nat ing with siltstone and dis con tin u ous sand stone beds, in the up per
unit of the Kef Maiz sec tion



The ter mi nol ogy and sym bols used for the sedimentological 
de scrip tion are af ter Tucker (2003) and Collinson et al. (2006).
Bed thick ness clas si fi ca tion is af ter Ingram (1954), with laminae 
(<1 cm), very thin beds (1–3 cm), thin beds (3–10 cm), me dium
beds (10–30 cm), thick beds (30–100 cm) and very thick beds
(>100 cm). The lithofacies clas si fi ca tion is af ter Stow et al.
(1985), Pickering et al. (1986), Mutti (1992), and Pickering and
Hiscott (2015).

LITHOFACIES

F1: Structureless mas sive sand stone (Fig. 2B). This fa -
cies con sists of fine- to me dium-grained, thick- and very
thick-bed ded sand stones, com monly oc cur ring as a pack age of 
amal gam ated beds, 0.40–11 m thick, and <150 m in lat eral ex -
tent. The beds are non-graded, show ing sharp, ero sional
bases, sharp tops, and un even thick nesses. They are gen er ally 
structureless ex cept for some soft sed i ment de for ma tion struc -
tures, which in clude hydroplastic de for ma tion, fluid-es cape
struc tures (pil lar and dish struc tures) and load casts on bed
soles. The fine-grained sand stones, which are mostly pres ent in 
the up per part of the beds, are rich in mus co vite and float ing
mud clasts. Such beds are capped in some parts with green ish
mudstone in ter ca lated with dis con tin u ous siltstone laminae.
Trace fos sils are ab sent.

In ter pre ta tion. The prod uct of con cen trated den sity flows,
de pos ited from rap idly de cel er at ing flows (Ar nott and Hand,
1989; Kneller and Branney, 1995), or from rapid mass de po si -
tion due to inter gra nu lar fric tion in a con cen trated dis per sion
(Pickering and Hiscott, 2015). At small scale, these beds are
com pa ra ble to di vi sion S3 in Lowe’s (1982) scheme, and fa cies
F8 of Mutti (1992).

F2: Nor mally-graded, me dium- to very coarse-grained
sand stone (Fig. 2G). This fa cies con sists of one bed or a pack -
age of two to four beds of me dium- to thick-bed ded sand stones
(10–80 cm thick), which show un even thick ness. The sand -
stones of fa cies F2 are me dium-, coarse- to gran ule-grained,
with nor mal grad ing. Their bases show abun dant scour marks
(gut ter casts, flute casts, casts of ob sta cle scours) and tool
marks (groove casts). Sed i men tary struc tures are com mon, in -
clud ing par al lel lam i na tion and con vo lute lam i na tion. In some
beds, nor mal grad ing is fol lowed by plane par al lel lam i na tion
and oc ca sion ally by con vo lute lam i na tion and rip ple cross-lam i -
na tion. Fluid es cape struc tures are rare. Some beds show
amal gam ation. In this fa cies, the beds are of ten capped with
silt-laminae and mudstone in ter vals. Float ing mud clasts,
green ish in col our, 0.2 to 5 cm in size, are ran domly dis trib uted
in the up per part of some beds. Trace fos sils are rare, in clud ing
Thalassinoides isp. re corded within nor mally graded in ter vals
and Ophiomorpha rudis re corded within plane par al lel lam i na -
tion in ter vals.

In ter pre ta tion. This fa cies is prob a bly the re sult of con cen -
trated den sity flows. The nor mally graded in ter vals (equiv a lent
to Ta in ter vals of Bouma, 1962) were de pos ited grain-by-grain
from sus pen sion, with rapid burial and no sig nif i cant trac tion
trans port on the bed (Pickering and Hiscott, 2015). The higher
in ter vals Tb, Tc, and Td in the up per part of fa cies F2 prob a bly
re sulted from con tin u ing de po si tion by low-den sity tur bid ity cur -
rents char ac ter ized by oc ca sional pe ri ods of sed i ment re work -
ing or by pass ing (Talling et al., 2012).

F3: In versely-graded peb bly sand stone to par al -
lel-strat i fied sand stone (Fig. 2E, F). This fa cies oc curs only
once in the Kef Rzama sec tion as a thin pack age (2–2.60 m
thick) of amal gam ated sand stone beds. This pack age be gins
with an ero sional sur face. The lower part of the pack age shows
re pet i tive in ter vals of in versely graded peb bly sand stone fol -

lowed by nor mally graded sand stone and capped with sand -
stone show ing climb ing rip ple lam i na tion. The up per part of the
pack age is com posed of re pet i tive amal gam ated beds of me -
dium- to coarse-grained sand stone (10–15 cm thick). Each of
these beds shows an ero sional base, in verse grad ing in the
lower part and mas sive sand stone in the up per part. Groove
casts are fre quent in the sand stone bases. The whole pack age
is capped with mudstone al ter nat ing with siltstone.

In ter pre ta tion. The re verse grad ing prob a bly re sulted from 
the “ki netic sieve” pro cess, whereby coarser grains rise to the
top be cause of sheared dis per sion (Middle ton, 1970), or from
coarser subpopulations of grains lag ging be hind finer
subpopulations along the trans port path (Hand and Ellison,
1985). It was de pos ited by con cen trated den sity flows
(Pickering and Hiscott, 2015) gen er at ing the climb ing rip ples,
with some ep i sodes of by pass (Lowe, 1982). The lower part of
the re verse-graded beds cor re sponds to the trac tion car pet,
sim i lar to fa cies F5 of Mutti (1992) and di vi sion S2 of Lowe
(1982). The over ly ing par al lel-strat i fied sand stone beds were
doc u mented for the first time by Hiscott and Middle ton (1979)
and later re ferred to as “spaced strat i fi ca tion” by Hiscott
(1994b); they are in ter preted as a re sult of con cen trated den sity 
flows, in which the lower ero sional sur face and the in versely
graded in ter vals are formed by re peated burst-sweep cy cles of
large tur bu lent ed dies and the over ly ing mas sive part is formed
by rapid fall out from sus pen sion. This fa cies does not re veal
any trace fos sils.

F4: Me dium- to fine-grained sand stone (Fig. 2H). This
fa cies com prises me dium- to thin-bed ded sand stones
(3–30 cm thick), show ing un even thick ness. In di vid ual beds ex -
tend <100 m in the ex po sures. Some beds are structureless,
whereas oth ers are par al lel and/or con vo lute lam i nated and
with rare load casts on their soles. The beds are gen er ally
capped with mudstone and siltstone. Oc ca sion ally, this fa cies
oc curs as a stacked unit com posed of 2 to 4 beds sep a rated by
very thin lay ers of mudstone. Trace fos sils are very com mon in
the thin ner beds, in clud ing al most all the ichnotaxa re corded in
this study, with (1) pre-depositional forms (Spirophycus
bicornis, Spirophycus isp., Oravaichnium isp., Phycodes isp.,
Thorichnus isp., Squamodictyon tectiforme, Megagrapton irre -
gulare, ?Arthrophycus tenuis, Cosmorhaphe lobata, C. sinu -
osa, Gordia arcuata, Helminthoidichnites isp., Helminthopsis
isp., Paleomeanderon rude, Rutichnus isp., Paleodictyon
strozzii) and (2) post-depositional forms (Planolites montanus,
P. beverleyensis, ?Planolites isp., Siphonichnus isp., Nereites
isp., Chondrites isp., Phycosiphon incertum, Taenidium isp.,
Lophoctenium isp., ?Scolicia vertebralis, S. strozzii, Gyrochorte
isp., Zoophycos isp., Oravaichnium isp., Halimedides isp.,
Ophiomorpha annulata, O. rudis, Palaeophycus tubularis,
Palaeophycus striatus, Palaeophycus isp., ?Parataenidium
isp., Thalassinoides isp., Tubulichnium rec tum, Lockeia isp.
and Diplocraterion isp.). The thicker beds of this fa cies are
poorly bioturbated. They may con tain: Thalassinoides isp.,
Diplocraterion isp. and Zoophycos isp.

In ter pre ta tion. These beds were prob a bly de pos ited by
low-den sity tur bid ity cur rents. Their in ter nal struc tures cor re -
spond to in ter vals Ta, Tc, Td, and Te of Bouma (1962).

F5: Mudclast con glom er ates (Fig. 2C). This fa cies oc curs 
only in the Kef Rzama sec tion. It com prises very fine- to- me -
dium-grained, very thick-bed ded, mas sive, muddy, peb bly
sand stones, or gan ised in bod ies of vari able thick ness (1–4 m).
The sand stones con tain dis persed quartz peb bles as so ci ated
with siltstone and mudstone as con torted beds or
intraformational clasts rang ing from 10 cm to a metre in size.
The intraformational clasts are built of gently to highly folded
sand stones (sim i lar to fa cies F4), siltstones or mudstones,
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which show con vo lute lam i na tion, and ball and pil low struc -
tures. The bases and tops of these beds are un even, the whole
body be ing lens-shaped.

In ter pre ta tion. This fa cies was de pos ited from co he sive
de bris flows and mudflows (Talling et al., 2012; Pickering and
Hiscott, 2015 and ref er ences therein; Shanmugam, 2021).

F6: Soft-sed i ment de formed sand stone/siltstone
(Fig. 2H, I). This fa cies is char ac ter ized by a mul ti tude of
soft-sed i ment de for ma tion struc tures com monly ob served
within fine- to me dium-grained sand stones and siltstones. The
de for ma tion struc tures range from centi metre-scale con vo lute
lam i na tion to slump folds in metre-scale thick-bed ded sand -
stone. Con vo lute lam i na tion com monly oc curs within
fine-grained, thin- and me dium-bed ded sand stone/siltstone.
Fluid es cape struc tures are com mon within mas sive sand stone
beds. Load casts are com mon on the lower sur faces of me -
dium- to fine-grained mas sive sand stone beds. The slump folds 
oc cur within fine- to me dium-grained, me dium- to very
thick-bed ded sand stone (rang ing from decimetres to metres in
thick ness), com monly in the sand-dom i nated parts be tween
un dis turbed strata or as iso lated units in the mud-dom i nated
parts of some sec tions.

In ter pre ta tion. The fea tures of soft sed i ment de for ma tion
struc tures are re lated to fluidization pro cesses, which cre ate
grav i ta tional in sta bil i ties (Allen, 1982; Owen, 1996). The slump
folds re sulted from slope-down shear stress (Allen, 1982). The
trig gers may have in cluded earth quakes, sed i ment load ing and
wave ac tion (Owen, 2008).

F7: Mudstone with siltstone and sand stone (Fig. 2J).
Fa cies F7 con sists of light green, light grey to dark grey lam i -
nated mudstones, 5 to 300 cm thick. Some parts of the
mudstones con tain mul ti ple in ter ca la tions start ing with thin- to
very thin-bed ded, par al lel-lam i nated sand stone fol lowed by
siltstone and mudstone. The lam i nated siltstones and very
fine-grained sand stones may oc cur as lenses. This fa cies is
interbedded with all pre vi ously de scribed fa cies.

In ter pre ta tion. Fa cies F7 shows the Bouma di vi sions Td,
Te and/or the Stow di vi sions T6 and T7. It re sults from sus pen -
sion fall-out dur ing a fi nal grav ity flow event as so ci ated with
hemipelagic sed i men ta tion (Stow and Shanmugam, 1980;
Stow and Piper, 1984).

F8: Vari col oured marly mudstone (Fig. 2A). Fa cies F8
con sti tutes the main com po nent of the lower units of al most all
the sec tions stud ied. It con sists of multi col oured (green ish, red -
dish to dark brown, grey to dark grey) mas sive marly
mudstones (1.11–23% CaCO3), very rich in full re lief trace fos -
sils, in clud ing ?Alcyonidiopsis isp., and Tubulichnium
mediterraneum. This lithofacies con tains some dis con tin u ous
in ter ca la tions of siltstone and thin-bed ded fine-grained sand -
stone, of ferruginous rusty to brown ish col our, show ing par al lel
lam i na tion in some parts. Diagenetic septarian con cre tions are
com mon. Iso lated slump/slide-de formed, me dium to
fine-grained sand stones of fa cies F6 oc cur as rare in ter ca la -
tions in the mudstone. A pre lim i nary biostratigraphic study re -
vealed rare ag glu ti nated foraminifera, such as Glomospira isp.,
Ammodiscus isp., Paratrochamminoides isp., Haplophragmo -
ides isp., Trochamminoides isp., and Recurvoides isp.

In ter pre ta tion. The mudstone was de pos ited from sus pen -
sion set tling of a ponded mud cloud af ter flow ces sa tion and
from hemipelagic pro cesses and sus pen sion fall-out dur ing the
fi nal grav ity flow event. The rare siltstone/sand stone in ter ca la -
tions re sulted from low-den sity tur bid ity cur rents (Stow and
Piper, 1984; Pickering et al., 1986; Stow et al., 1996; Stow and
Tabrez, 1998).

FACIES ASSOCIATIONS

The lithofacies de scribed al lowed dis tinc tion of three main
fa cies as so ci a tions (FA). Each fa cies as so ci a tion cor re sponds
to a depositional sub-en vi ron ment set ting.

FA1. Sand-rich fa cies as so ci a tion (chan nel-fill). FA1
char ac ter izes the up per parts of all the sec tions stud ied. It com -
prises mostly mas sive sand stones of fa cies F1, which oc cur in
pack ages of amal gam ated sand stone beds, with or with out
mudstone in ter ca la tions of fa cies F7. Fa cies F2, F6 and F4 are
less com mon, and fa cies F5 is very rare. Fa cies as so ci a tion
FA1 is 30–60 m thick and oc curs in bod ies that ex tend across
<150 m, and which show a com mon thin ning- and fin ing-up -
wards trend. These bod ies are interbedded with or pass lat er -
ally into FA2. Fa cies F3 and F5 oc cur only in the up per unit of
the Kef Rzama sec tion as iso lated thick beds capped with fa -
cies F7 and fol lowed by fa cies F1. Trace fos sils (Thalassinoides
isp., Ophiomorpha rudis) oc cur within the thin ner sand stone
beds. FA1 is com pa ra ble to the mas sive sand stone fa cies, in -
clud ing deep-wa ter mas sive sands (DWMS) de scribed by Stow
and Johansson (2000) and in ter preted as the prod uct of
high-den sity tur bid ity cur rent and sandy de bris flows. This fa -
cies as so ci a tion has been re ported from the NF of Sic ily
(Johansson et al., 1998) and Tu ni sia (Riahi et al., 2009; Riahi et
al., 2021). The main char ac ter is tics of FA1, such as sand rich -
ness, ero sional fea tures, amal gam ation, lat eral dis con ti nu ity of
beds, and fin ing- and thin ning-up wards trends in di cate a chan -
nel-fill en vi ron ment (Mutti and Ricci Lucchi, 1975; Walker, 1978; 
Normark, 1978; Hendry, 1978; Stow and Johansson, 2000;
Huneke and Mulder, 2010).

FA2. Mudstone and sand stone al ter na tions (chan nel
mar gin, chan nel-levee-overbank and cre vasse-splays fa -
cies as so ci a tion, prob a bly lobes). This fa cies as so ci a tion in -
cludes mainly fa cies F4 and F7 and oc ca sion ally fa cies F2. It is
rep re sented by fine-, me dium- to coarse-grained, thin- to me -
dium-bed ded sand stone (a few centi metres to 50 cm thick) al -
ter nat ing with thin- to very thick-bed ded mudstones and
siltstones (F7). FA2 dis plays a len tic u lar shape (<50 m in lat eral
ex tent) in trans verse sec tion, re duced Bouma in ter vals (Tae,
Tade, Tae, Tbde, Tbcde, Tcde), as well as thin ning, thick en ing-
and fin ing-up wards trends. This fa cies as so ci a tion is in ter preted 
as the prod uct of me dium to low den sity tur bid ity cur rents in ter -
rupt ing hemipelagic sed i men ta tion. FA2 oc curs in three main
strati graphic po si tions: (1) in the lower part (Up per Oligocene)
of the Ain Ghanem and Kef Maiz sec tions as iso lated
lithological units within marly mudstone (F8), (2) in the lower
part of the up per unit of the Kef Maiz sec tion, and (3) as in ter ca -
la tions with FA1 in the up per units of all the sec tions stud ied.
These fea tures sug gest de po si tion within nar row iso lated sub -
ma rine chan nels and/or in a cre vasse-splay set ting (Mutti and
Ricci Lucchi, 1975; Walker, 1978; Normark, 1978; Hendry,
1978; Stow and Johansson, 2000; Huneke and Mulder, 2010;
Pickering and Hiscott, 2015 and ref er ences therein). Al ter na -
tions of mudstones/siltstones of fa cies F7 and sand stones of fa -
cies F4, con vo lute lam i na tion, folds, re duced Bouma in ter vals,
and thin ning- and fin ing-up wards trends sug gest de po si tion
within chan nel-levee, overbank or cre vasse-splay set tings (cf.
Pickering et al., 1995; Hub bard et al., 2008; Huneke and
Mulder, 2010; Pickering and Hiscott, 2015).

FA3. Mud-rich fa cies as so ci a tion (ba sin floor fa cies as -
so ci a tion). This fa cies as so ci a tion is com posed mainly of fa -
cies F8 (vari col oured marly mudstone), oc cur ring in the lower
unit of all the sec tions stud ied ex cept for the ForÃt des CÀdres
sec tion. It in cludes iso lated bod ies of mudstone and sand stone
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al ter na tions of fa cies as so ci a tion FA2 (F7 al ter nat ing with F2
and F4, <50 m wide), slump-slide units of me dium- to
fine-grained sand stones (F6), and rare, thin- to very thin-bed -
ded sand stones iso lated within mudstones. Full re lief trace fos -
sils are com mon in this unit, in clud ing ?Alcyonidiopsis isp. and
Tubulichnium mediterraneum. The lat ter trace fos sil was re -
ported from deep-sea Cre ta ceous-Paleogene strata in the
Med i ter ra nean re gion, es pe cially in mudstones of the lower part 
of the NF (Pautot et al., 1975).

The pre vi ous data im ply that these sed i ments were de pos -
ited on ba sin-floor or slope-apron set tings, which were cut by
sparse, nar row chan nels. The chan nels were fed by oc ca sional
turbidites, which gen er ated some cre vasse-splays or small
lobes at their ter mi na tions. The abun dance of fa cies F6, mostly
in the Kef Maiz sec tion, sug gests de po si tion within slope set -
tings (cf. Stow and Johansson, 2000).

DESCRIPTION OF THE SECTIONS STUDIED

KEF RZAMA SECTION (FIG. 3)

The Kef Rzama sec tion is 127 m thick. The beds gently dip
(10–15°) to the SSW, and strike at NNW–SSE. The sec tion
com prises (1) a lower unit dom i nated by vari col oured
mudstones (fa cies as so ci a tion FA3), very rich in full re lief trace
fos sils Tubulichnium mediterraneum and rare ?Alcyonidiopsis
isp., and (2) an up per unit, which is sand-dom i nated (FA1) and
con sists of fa cies F1, F2, F3, F5, and F4 (0.07–6 m thick) al ter -
nat ing with fa cies F7 (0.05–3 m thick).

AIN GHANEM SECTION (FIG. 4)

The Ain Ghanem sec tion is 154 m thick. The beds weakly
dip (10–15°) to the NNE and strike at ESE–NNW. Two main
units have been dis tin guished: (1) a lower unit, mud-dom i nated
(FA3), with the abun dant full re lief trace fos sil Tubulichnium
mediterraneum, in clud ing iso lated bod ies of FA2, com posed of
an al ter na tion of mudstone and beds of fa cies F4, F2
(0.03–0.75 m), com monly de formed, and in an over turned po si -
tion, show ing dif fer ent dip an gles. The thin ner beds of fa cies F4
are in tensely bioturbated. A sin gle thin lime stone bed (0.07 m),
green ish in col our, oc curs within a se ries of thin beds of fa cies
F4; (2) the up per unit is sand-dom i nated (FA1), com posed of
beds of fa cies F1 and F2 (0.05–6 m), in clud ing a few in ter ca la -
tions of fa cies F7 (0.05–3 m). The mudstone-dom i nated in ter -
vals (F7) in clude thin ferruginized beds (F4) rich in
Tubulichnium mediterraneum and septarian con cre tions.

KEF MAIZ SECTION (FIGS. 5 AND 6)

The Kef Maiz sec tion is 233 m thick. The beds are tab u lar in
gen eral, strik ing at NNE–SSW. The sec tion in cludes two dis -
tinct units: (1) a lower unit which is mud-dom i nated (FA3) and
con sists of fa cies F8, con tains iso lated bod ies of FA2 and al ter -
na tions of mudstones and beds of F4 (3–30 cm); fa cies F4 is
com monly de formed and very rich in trace fos sils. Iso lated very
thin- to thin-bed ded sand stones of fa cies F4 oc cur sep a rately
within the mudstones. De formed thick-bed ded sand stones (F6) 
(0.30–2 m) oc cur ran domly as iso lated masses within marly
mudstone (F8); (2) the up per unit is sand-dom i nated (FA1),
com posed of beds of fa cies F1, F2, and F4 (0.05–7 m thick) al -
ter nat ing with fa cies F7 (0.07–1.10 m thick). Con glom er ates are 
very rare and oc cur in thin lay ers within the sand stone beds
(F2). The mudstone-dom i nated in ter vals (F7) con tain beds of
fa cies F4 which are rich in trace fos sils. Thin to thick beds of fri a -
ble (non-ce mented) silty sand stones (0.07–0.80 m thick) oc cur
be tween beds nos. 25 and 26.

FORET DES C%DRES SECTION (FIG. 7)

This sec tion is 56 m thick and well ex posed in a road cut;
how ever, only the sand-dom i nated fa cies as so ci a tion FA1 of
the up per unit of the NF may be ob served. The beds are in an
over turned po si tion, steeply dip ping (60–70°) to the SW and
strik ing at ~150° (i.e. NNE–SSW). Some faulted/folded beds
show a gen tler dip. This sec tion be longs to FA1, and con sists of 
beds of fa cies F1, F2, and F4 (0.15–11 m thick), al ter nat ing with 
fa cies F7 (0.10–0.30 m thick). The sand stone beds (F4) are
gen er ally rich in mus co vite and con tain trace fos sils.
Post-depositional de for ma tion struc tures are com mon in a few
beds, es pe cially in fine- to me dium-grained, non-graded sand -
stone beds (F1), in clud ing slump folds, load casts, and fluid es -
cape fea tures. The up per most part of this sec tion shows thicker 
mudstone in ter vals (F7) (0.05–1.50 m thick), in clud ing beds of
fa cies F4, which are 0.10–0.15 m thick.

TRACE FOSSILS

Four sec tions were logged bed-by-bed with the main fo cus
on the trace fos sil con tent. The ichnofossils were pho to graphed 
in the field. Their dis tri bu tion is marked in the lithological col -
umns when ever pos si ble. For de ter mi na tion of their di ver sity,
the ter mi nol ogy of Knaust (2017) is used, where: very rare re -
fers to 1 ichnotaxon, rare – 2–6 ichnotaxa, com mon – 7–9, very
com mon – 10–22, abun dant – 23–41, and very abun dant – >42
ichnotaxa. The trace fos sils il lus trated  were left in the field. The
oc cur rences and abun dance of trace fos sils are sum ma rized in
Ta ble 1.

CIRCULAR AND ELLIPTICAL STRUCTURES

Lockeia James, 1879
Lockeia isp.
(Fig. 8B, C)

D e s c r i p t i o n. – A hypichnial, iso lated, elon gate,
slightly curved, smooth, al mond-shaped mound, pre served in
full re lief. The two spec i mens il lus trated are 13 mm long and
8 mm wide, and 9 mm long and 4 mm wide.

R e  m a r k s. – Lockeia is com monly in ter preted as a bi -
valve rest ing trace pro duced by its wedge-shaped foot
(Seilacher and Seilacher-Drexler, 1994). How ever, small crus -
ta ceans may also pro duce such traces (Bromley and Asgaard,
1979). Lockeia in gen eral has formed in ma rine and non-ma rine 
en vi ron ments since the ?late Cam brian (Fillion and Pickerill,
1990).

SPIRAL STRUCTURES

Spirophycus Häntzschel, 1962
Spirophycus bicornis (Heer, 1877)

(Fig. 8G, I, J)

D e s c r i p t i o n. – Hypichnial, hor i zon tal, semi-cir cu lar
ridge end ing with one spi ral whorl. The spec i mens ana lysed are 
10–30 mm wide, at least 40–115 mm long, filled with the same
ma te rial as the host sed i ment, smooth or oc ca sion ally cov ered
with rare tu ber cles and pre served in semi-re lief. The spi ral
whorl is 48–75 mm wide.
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Fig. 3. Lithological col umn of the Kef Rzama sec tion show ing the num ber ing of beds, trace fos sils
 and sed i men tary struc tures
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Fig. 4. Lithological col umn of the Ain Ghanem sec tion show ing the num ber ing of beds, trace fos sils and sed i men tary struc tures

Explanations as in Figure 3
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Fig. 5. Lithological col umn (part 01) of the Kef Maiz sec tion show ing the num ber ing of beds, 
trace fos sils and sed i men tary struc tures

Explanations as in Figure 3



R e  m a r k s. – Spirophycus has been con sid ered as a
preservational vari ant of Nereites Mac Leay (Wetzel vide
Uchman, 1998). It is re ported com monly in deep-sea turbiditic
de pos its (e.g., Seilacher, 2007).

Spirophycus isp.
(Fig. 8F)

D e s c r i p t i o n. – In com pletely pre served hypichnial
smooth ridge with an in com plete cir cu lar whorl at the end. The
ridge is 6–9 mm wide, pre served in semi-re lief and filled with the 
same ma te rial as the host sed i ment. The whorl is 55 mm in di -
am e ter.
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Fig. 6. Lithological col umn (part 02) of the Kef Maiz sec tion
show ing the num ber ing of beds, trace fos sils and

sed i men tary struc tures

Ex pla na tions as in Fig ure 3

Fig. 7. Lithological col umn of the ForÃt des CÀdres sec tion
show ing the num ber ing of beds, trace fos sils and

sed i men tary struc tures

Ex pla na tions as in Fig ure 3
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Ichnotaxon

ForÃt des
CÀdres 
sec tion

Kef Rzama sec tion Ain Ghanem sec tion Kef Maiz sec tion

up per unit lower unit up per unit lower unit up per unit lower unit up per unit

Lockeia isp. R (F4)

Spirophycus bicornis R (F4) 

Spirophycus isp. R (F4)

Siphonichnus isp. R (F4)

?Arthrophycus tenuis C (F4)

Halimedides isp. R (F4)

Ophiomorpha annulata R (F4)

Ophiomorpha rudis R (F2) C (F4)

Oravaichnium isp. R (F4) R (F4)

Palaeophycus tubularis R (F4)

Palaeophycus striatus R (F4)

Palaeophycus isp. R (F4) R (F4)

Planolites beverleyensis R (F4) R (F4)

Planolites montanus R (F4) C (F4) C (F4)

?Planolites isp. R (F4) C (F4) R (F4) C (F4) VC (F4)

?Parataenidium isp. R (F4)

Phycodes isp. VR (F4)

Thalassinoides isp. R (F2, F4) R (F2, F4)

Thorichnus isp. VC (F4) VC (F4)

?Alcyonidiopsis isp. R (F8)

Tubulichnium mediterraneum VA (F8) VA (F8) C(F7)

Tubulichnium rec tum C (F4)

Cosmorhaphe lobata R (F4)

Cosmorhaphe sinuosa R (F4)

Gordia arcuata A (F4)

Helminthoidichnites isp. R (F4) R (F4) VC (F4) C (F4) VC (F4)

Helminthopsis isp. R (F4) VR (F4)

Nereites isp. R (F4) R (F4)

?Scolicia vertebralis R (F4)

Scolicia strozzii R (F4)

Gyrochorte isp. VC (F4)

Taenidium isp. R (F4) R (F4)

Phycosiphon incertum R (F4)

Chondrites isp. C (F4) C (F4) R (F4)

Megagrapton irregulare VR (F4)

Paleomeandron rude VR (F4)

Rutichnus isp. C (F4)

Paleodictyon strozzii C (F4) R (F4)

Squamodictyon tectiforme R (F4)

Diplocraterion isp. R (F4)

Lophoctenium isp. VC (F4)

Zoophycos isp. C (F4) R (F4)

Abun dance: very rare (VR; 1 ichnotaxon), rare (R; 2–6 ichnotaxa), com mon (C; 7–9 ichnotaxa), very com mon (VC; 10–22 ichnotaxa), abun -
dant (A; 23–41 ichnotaxa), very abun dant (VA; >42 ichnotaxa)

T a  b l e  1

Dis tri bu tion of trace fos sils and cor re spond ing fa cies in the in ves ti gated sec tions of the Nu midi an For ma tion in the Ouarsenis
Moun tains, NW Al ge ria



R e  m a r k s. – Ra dius of the whorl with re spect to the ridge 
width is larger than in Spirophycus bicornis.

SIMPLE AND BRANCHED STRUCTURES

Siphonichnus Stanistreet, le Blanc Smith and Cadle, 1980
Siphonichnus isp.

(Fig. 8E)

D e s c r i p t i o n. – Hypichnial, cir cu lar, flat-top mound
with steep flanks. It shows a cir cu lar de pres sion in the cen tre.
The mound is 4.5–5.5 mm in di am e ter and the cen tral de pres -
sion is 2 mm in di am e ter.

R e  m a r k s. – The struc ture de scribed rep re sents the
bed ding-plane pres er va tion of a ver ti cal or oblique, cy lin dri cal
bur row with a me dian core, which can be as signed to
Siphonichnus (for sim i lar preservational vari ants see Knaust,
2015). Siphonichnus is in ter preted as the dwell ing trace of a
sus pen sion feeder (Stanistreet et al., 1980; Gingras and Bann,
2006; Gingras et al., 2008; Dashtgard, 2011) or a pascichnion
of bi valves such as tellinids (Knaust, 2015). It is com monly re -
ported from shal low-ma rine and mar ginal-ma rine de pos its
(Calver, 1968a, b; Melvin, 1986; Pol lard, 1988; Rippon and
Apears, 1989), of ten re lated to sa lin ity fluc tu a tions and fresh wa -
ter in flux (Knaust, 2015). Rarely, it is re ported from deep-sea
de pos its (Krobicki et al., 2006), which is also the case re ported
in this pa per.

Arthrophycus Hall, 1852
?Arthrophycus tenuis (Ksi¹¿kiewicz, 1977)

(Fig. 8K)

D e s c r i p t i o n. – Hor i zon tal, subcylindrical, straight,
sim ple ridges, cov ered with striations, pre served as hypichnial
semi-re liefs, 0.2–1 mm in di am e ter and traced for a length of
10 mm.

R e  m a r k s. – ?Arthrophycus tenuis oc curs in flysch de -
pos its from the Valanginian (Ksi¹¿kiewicz, 1977) to the (?)
Lower Mio cene (Alexandrescu and Brustur, 1981). Its as sign -
ment to Arthrophycus has been ques tioned (Mángano et al.,
2005), but a pos si ble so lu tion of this prob lem re quires sep a rate
study.

Halimedides Lorenz von Liburnau, 1902
Halimedides isp.

(Fig. 8H)

D e s c r i p t i o n. – Poorly pre served, hypichnial, hor i zon -
tal, smooth, straight ridge, 1.5–3 mm wide with ir reg u larly oval
or cres cen tic cham bers, each 3–8 mm wide and lo cated sym -
met ri cally along the ridge, 8–11 mm apart. The trace fos sil is
pre served in semi-re lief.

R e  m a r k s. – The tax on omy of Halimedides was dis -
cussed by Uchman (1999). Lukeneder et al. (2012) dis tin -
guished the Halimedides Ho ri zon within a Up per Barremian pe -
lagic to hemipelagic suc ces sion (South ern Alps in It aly), which
is char ac ter ized by stiffgrounds and firmgrounds de vel oped be -
low a dis con ti nu ity sur face. Halimedides has been in ter preted

by Gaillard and Olivero (2009) as an agrichnion deep-sea trace
fos sil, prob a bly pro duced by small crus ta ceans in stiff to firm
sub strates, where the cham bers were used as traps and stor -
age for food. The densely cham bered spec i mens were con sid -
ered to in di cate lower ox y gen a tion, while the sparse-cham -
bered ex am ples point to higher ox y gen a tion (Gaillard and
Olivero, 2009). Rodríguez-Tovar et al. (2019) em pha sized the
agrichnial/sequestrichnial be hav iour of Halimedides af ter the
Toarcian Anoxic Event in the Lusi ta nian Ba sin, Por tu gal, and
con sid ered it as an in di ca tor of palaeoenvironmental change.

Ophiomorpha Lundgren, 1891
Ophiomorpha annulata (Ksi¹¿kiewicz, 1977)

D e s c r i p t i o n. – Cy lin dri cal, straight or slightly curved,
un branched or rarely branched, hor i zon tal hypichnion. It is pre -
served in full re lief, is 3–7 mm in di am e ter and at least 100 mm
long. Its sur face is smooth or lo cally rough.

R e  m a r k s. – Ophiomorpha annulata is com mon in
turbiditic fa cies (Uchman, 2001). It was pro duced by small crus -
ta ceans (Uchman et al., 2004). 

Ophiomorpha rudis (Ksi¹¿kiewicz, 1977)
(Figs. 9A, B, 10H and 13A)

D e s c r i p t i o n. – A hypichnial, tu bu lar struc ture pre -
served in full re lief, 2–9 mm in di am e ter, traced for 30–110 mm.
It shows Y- and T-shaped branches. It is smooth or dis plays a
wall cov ered with discoidal or ovoid pel lets, which are 1–3 mm
wide. The wall is smooth from the in te rior.

R e  m a r k s. – Ophiomorpha rudis is the epon y mous trace 
of the Ophiomorpha rudis ichnofacies, which has char ac ter ized
sand-dom i nated flysch de pos its since the Tithonian
(Tchoumatchenco and Uchman, 2001; Uchman, 2009).

Oravaichnium Plièka and Uhrová, 1990
Oravaichnium isp.
(Figs. 8K and 9D)

D e s c r i p t i o n. – Hypichnial, hor i zon tal, sim ple, curved
to ir reg u larly me an der ing, smooth ridges, v-shaped in cross
sec tion, 1–8.5 mm wide, pre served in semi-re lief.

R e  m a r k s. – This trace fos sil dif fers from Oravaichnium
hrabei Plièka and Uhrová, 1990 by its V-shaped cross-sec tion.
O. hrabei oc curs in Eocene turbiditic de pos its and is in ter preted 
as a lo co mo tion trace of wedge-footed bi valves (Uchman et al.,
2011).

Palaeophycus Hall, 1847
Palaeophycus tubularis Hall, 1847

(Fig. 9F)

D e s c r i p t i o n. – Hypichnial, hor i zon tal to
subhorizontal, sim ple, straight to curved, un lined smooth semi -
cir cu lar ridge. It is filled with the same sed i ment as the host
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Fig. 8. El lip ti cal, sim ple and branched struc tures from the Nu midi an For ma tion in the Ouarsenis Moun tains, NW Al ge ria

A – Planolites montanus (Plm) and ?Palaeophycus isp. (P), hypichnial full re liefs; B – Lockeia isp. (Lo) and Helminthoidichnites isp. (He),
hypichnial full and semi-re liefs, re spec tively; C – Lockeia isp. (Lo) and Planolites montanus (Plm), hypichnial full re liefs; D – ?Planolites isp.
(Pl) and Thorichnus isp. (Th), hypichnial full and semi-re liefs, re spec tively; E – Siphonichnus isp. (Si), full re lief man i fested on the lower bed -
ding sur faces and Thorichnus isp. (Th), pre served in hypichnial semi-re lief; F – Spirophycus isp. (ar rowed), hypichnial semi-re lief; G, I, J –
Spirophycus bicornis (ar rowed), hypichnial semi-re liefs; H – Halimedides isp. (Ha) and Palaeophycus isp. (P), hypichnial semi-re liefs; K –
Oravaichnium isp. (Or), ?Arthrophycus tenuis (Art), and Planolites beverleyensis (Plb), hypichnial full re liefs; scale = 1 cm
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Fig. 9. Sim ple and branched struc tures, in clud ing a sin gle ichnotaxon of net work struc tures, from the Nu midi an For ma tion
 in the Ouarsenis Moun tains, NW Al ge ria

A, B – Ophiomorpha rudis (ar rowed), hypichnial full re lief; C – ?Planolites isp., hypichnial full re lief; D – Planolites beverleyensis (Plb),
hypichnial full re lief; Oravaichnium isp. (Or), hypichnial semi-re lief; Paleodictyon strozzii (Pas) hypichnial semi-re lief; E – Palaeophycus
striatus (Ps), hypichnial full re lief; Helminthoidichnites isp. (He), hypichnial semi-re lief; F – Palaeophycus tubularis (Pt), hypichnial full re lief;
G – Planolites beverleyensis (Plb), hypichnial full re lief; wash-out ?Planolites isp. (Pl), hypichnial semi-re lief; H, I – ?Parataenidium isp. (ar -
rowed), epichnial semi-re lief; scale = 1 cm
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Fig. 10. Sim ple and branched struc tures from the Nu midi an For ma tion in the Ouarsenis Moun tains, NW Al ge ria

A – Phycodes isp. (ar rowed), hypichnial semi-re lief; B, C – Thalassinoides isp. (ar rowed), larger form, hypichnial semi-re lief; D, E –
Thalassinoides isp. (ar rowed), smaller form, hypichnial full re lief; F, G, H – Tubulichnium rec tum (Tr) (ar rowed), hypichnial semi-re lief; 

H with Ophiomorpha rudis (Opr), hypichnial full re lief; scale = 1 cm



rock, is pre served in full re lief, 5–7.5 mm wide and at least 75
mm long.

R e  m a r k s. – Palaeophycus is com monly in ter preted as
a domichnion/pascichnion pro duced by car niv o rous or om niv o -
rous in ver te brates, mostly poly chaetes (Pem ber ton and Frey,
1982; Jensen, 1997). It oc curs in a wide range of con ti nen tal to
ma rine palaeoenvironments (Knaust, 2017).

Palaeophycus striatus Hall, 1852
(Fig. 9E)

D e s c r i p t i o n. – Hypichnial, sim ple, hor i zon tal to
subhorizontal, straight to slightly curved, semi cir cu lar ridge cov -
ered par tially with lon gi tu di nal wrin kles and small mounds hav -
ing the same bur row ori en ta tion. This trace fos sil is pre served in 
hypichnial full re lief filled with the same sed i ment as the host
rock, 5–6 mm in wide and 25 mm long.

?Palaeophycus isp.
(Figs. 8A, H and 9C)

D e s c r i p t i o n. – Hypichnial, hor i zon tal to
subhorizontal, semi cir cu lar curved to wind ing sim ple ridge,
1.5–5.5 mm wide. The ridge di min ishes in width along its course 
and ter mi nates with an ir reg u lar elon gated swell ing. It is pre -
served in full re lief.

R e  m a r k s. –  Assignement of this trace to Palaeophycus
is un sure due to the atyp i cal change in width and a swell ing at
the ter mi na tion.

Planolites Nichol son, 1873
Planolites beverleyensis (Bill ings, 1862)

(Figs. 8K and 9D, G)

D e s c r i p t i o n. – Hypichnial, hor i zon tal to slightly in -
clined, sim ple or branched, straight to wind ing, smooth, cy lin dri -
cal ridge, 3–7.5 mm in di am e ter, pre served in full re lief.

R e  m a r k s. – The trace fos sil is as cribed to Planolites be -
cause of no ev i dence of lin ing. Planolites is in ter preted as a
pascichnion pro duced by infaunal de posit-feed ing ver mi form
or gan isms (Pem ber ton and Frey, 1982), oc cur ring in a wide
range of palaeoenvironments, from con ti nen tal and fresh wa ter
to deep-sea de pos its (Keighley and Pickerill, 1995; Pem ber ton
et al., 2001). It can be abun dant in de pos its of well-ox y gen ated
as well as dysaerobic en vi ron ments (Wignall, 1991: 268;
Bromley, 1996).

Planolites montanus Rich ter, 1937
(Fig. 8A, C)

D e s c r i p t i o n. – Hypichnial, hor i zon tal to in clined, sim -
ple, rec ti lin ear to slightly curved, subcylindrical smooth ridge,
1–3.5 mm in di am e ter, pre served in full re lief.

R e  m a r k s. – This trace fos sil is dis tin guished by its short
length on bed ding sur faces and an ir reg u lar, com monly con -
torted course (Pem ber ton and Frey, 1982).

?Planolites isp.
(Figs. 8D and 9G)

D e s c r i p t i o n. – A hypichnial, hor i zon tal, un branched,
straight, curved or wind ing semi-cy lin dri cal ridge, pre served in
full re lief or semi-re lief, 5–8 mm in di am e ter and at least
10–30 mm long. The di am e ter may change along the bur row.

R e  m a r k s. – The pres er va tion in semi-re lief does not
per mit rec og ni tion of whether the bur rows are lined or not. With -
out that it is im pos si ble to dis tin guish be tween Planolites and
Palaeophycus. There fore, these trace fos sils are pro vi sion ally
de scribed un der Planolites.

Parataenidium Buckman, 2001
?Parataenidium isp.

(Fig. 9H, I)

D e s c r i p t i o n. – Epichnial, hor i zon tal struc ture com -
posed of a basal, slightly sin u ous semi cyl indri cal bur row with
me nis cus-like struc tures at the top. The struc tures are
6–22 mm apart. The trace fos sil is 9–24 mm wide and at least
140 mm long.

R e  m a r k s. – The me nis cus-like struc tures are in ter -
preted as the basal part of oblique up wards pro tru sions.
Parataenidium was made by an un known or gan ism which pro -
cessed the sed i ment and pro duced the struc ture mainly by
back fill ac tion (Seilacher, 1990). The lower unit is at trib uted to
lo co mo tion and the up per part to feed ing (Buckman, 2001). The 
tax on omy has been dis cussed by Uchman and GaŸdzicki
(2006).

Phycodes Rich ter, 1850
Phycodes isp.

(Fig. 10A)

D e s c r i p t i o n. – Hypichnial, hor i zon tal to
subhorizontal, poorly out lined, low, flat ridges that di verge from
a com mon stem. The ridges are straight to slightly curved, with
a gran u lated sur face. Their ter mi na tion is poorly marked and
welded to the bed ding sur face. The ridges are 2.2–4 mm wide
and up to 45 mm long, pre served in semi-re lief.

R e  m a r k s. – Phycodes has been con sid ered as a de -
posit-feed ing trace made by annelids (Fillion and Pickerill,
1990). It has com monly been re ported from shal low ma rine en -
vi ron ments but has also been found in brack ish and deep-sea
de pos its (Hakes, 1985; Fillion and Pickerill, 1990; Han and
Pickerill, 1994a; Hanken et al., 2016; Jack son et al., 2016).
Phycodes ranges from the early Cam brian to the Mio cene
(Crimes, 1987, 1992; Han and Pickerill, 1994a).

Thalassinoides Ehrenberg, 1944
Thalassinoides isp.

(Fig. 10B–E)

D e s c r i p t i o n. – A hypichnial, hor i zon tal or in clined tu -
bu lar, branched ridge, 15–30 mm wide, with out lin ing. The fill ing 
is mas sive. The ridges are pre served in full re lief, oc ca sion ally
in semi-re lief. Three morphotypes are dis tin guished: (1) larger,
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show ing Y-shaped branches, 30 mm wide and at least 250 mm
long, oc cur ring within me dium to coarse-grained sand stone
beds (Fig. 10B, C), (2) smaller, with Y-shaped branches, 5 mm
wide and at least 50 mm long, found in thin, fine-grained sand -
stone beds (Fig. 10D), and (3) forms with an un spec i fied
branch ing pat tern, 5–8 mm wide and 30–60 mm long, found in
thin, fine-grained sand stone beds (Fig. 10E).

R e  m a r k s. – Thalassinoides oc curs in vari able ma rine
en vi ron ments, com monly in shal low ma rine set tings (Palmer,
1978; Ar cher and Ma ples, 1984; Frey et al., 1984; Mángano
and Buatois, 1991; Pem ber ton et al., 2001), but also at greater
depths (Uchman, 1995, 1998; Uchman and Tchoumatchenco,
2003; Wetzel et al., 2007). It is pro duced mostly by crus ta ceans 
and in ter preted as domichnia and fodinichnia (Frey et al, 1978;
Schlirf, 2000). Thalassinoides is re corded from the Or do vi cian
to the pres ent (Swinbanks and Luternauer, 1987).

Thorichnus Pokorný, 2017
Thorichnus isp.

(Fig. 8D, E)

D e s c r i p t i o n. – Hor i zon tal, smooth to gran u lated,
curved or wind ing, semi-cir cu lar to flat tened branched ridges,
2–0.5 mm in di am e ter. The branches are mostly short and run
obliquely or per pen dic u larly from the main ridge at ir reg u lar dis -
tances. Sec ond or der branch ing is rare. The trace fos sil is pre -
served in hypichnial semi-re lief, traced for 25 mm.

R e  m a r k s. – The gen eral mor pho log i cal fea tures fit to
Thorichnus, which was de scribed from Up per Mio cene
deep-lake turbiditic claystones and siltstones in SE Ice land and
con sid ered as a fodinichnion pro duced by annelids or ar thro pod 
lar vae (Pokorný, 2017).

Alcyonidiopsis Massalongo, 1856
?Alcyonidiopsis isp.

D e s c r i p t i o n. – Sim ple, straight, cy lin dri cal endichnial
bur row, 9–11 mm in di am e ter show ing elon gate, ran domly dis -
trib uted, elon gate pel lets (1–3 mm in di am e ter) on the sur face.
The bur row is filled with ox i dized siltstone. It is pre served in full
re lief.

R e  m a r k s. – Prob a bly, orig i nally the pel lets filled the
whole bur row, but diagenesis oblit er ated their out line in the ax -
ial part of the bur row. Alcyonidiopsis is re garded as a
polychaete feed ing bur row (Cham ber lain, 1977; Uchman,
1999), al though there is no con vinc ing proof of that (Rod -
ríguez-Tovar and Uchman, 2004a, b). Alcyonidiopsis oc curs in
a wide range of en vi ron ments from the Or do vi cian to the Mio -
cene (Uchman, 1999).

Tubulichnium Ksi¹¿kiewicz, 1977
Tubulichnium mediterraneum (Gar cia-Ramos, Mángano,

Piñuela, Buatois and Rodríguez-Tovar, 2014)
(Fig. 11A–C)

D e s c r i p t i o n. – An endichnial tu bu lar struc ture pre -
served in full re lief, 5–20 mm di am e ter and 10–70 mm long,

cov ered with elon gated pel lets, which are 1–2 mm long, and
0.7–1 mm wide. In some spec i mens, the lon ger axis of these
pel lets fol lows the bur row course.

R e  m a r k s. – This trace fos sil was re-de scribed un der the 
ichnogenus Tubotomaculum Gar cia-Ramos, Mángano,
Piñuela, Buatois and Rodríguez-Tovar, 2014 but it is con sid -
ered as an ichnospecies of Tubulichnium Ksi¹¿kiewicz, 1977
(Uchman and Wetzel, 2017). So far, it has been found in the
deep-sea Cre ta ceous-Paleogene de pos its of the Med i ter ra -
nean re gion, es pe cially in mudstones of the lower part of the NF 
(Pautot et al., 1975), where it is abun dant in the vari col oured
clays (Durand Delga, 1955; Broquet, 1968; Wezel, 1968;
Moretti et al., 1988).

Tubulichnium rec tum (Fischer-Ooster, 1858)
(Fig. 10F, G, H)

D e s c r i p t i o n. – Oblique to hor i zon tal, un branched,
blindly ended tube with mar gins densely lined with el lip soi dal
muddy pel lets. The trace fos sil is 4–7 mm wide and 27–60 mm
long. The long axis of the pel lets mea sures 1–2 mm.

R e  m a r k s. – Tubulichnium rec tum is con sid ered as a
post-depositional struc ture, prob a bly pro duced by ver mi form
or gan isms which fed on or ganic-rich sed i ment de pos ited sea -
son ally or ep i sod i cally on the sea floor (Uchman and Wetzel,
2017). It oc curs com monly in muddy to fine sandy siliciclastic
and marly deep-sea de pos its from the Turonian to the Eocene,
and pos si bly in the Oligocene–Mio cene (Uchman and Wetzel,
2017). Here the Oligocene–Mio cene age is con firmed.

WINDING AND MEANDERING STRUCTURES

Cosmorhaphe Fuchs, 1895
Cosmorhaphe lobata Seilacher, 1977

(Fig. 12C)

D e s c r i p t i o n. – Hor i zon tal, wind ing, hypichnial
semi-cir cu lar string, 1.5–2 mm wide, show ing two-or der dense
me an ders, higher than wider. The first and sec ond or der me an -
ders dis play a wave length of ~29 mm and ~100 mm, and their
am pli tude is ~24 mm and 150 mm, re spec tively. Sin gle me an -
ders have a smaller am pli tude and am pli tude/wave length ra tio.
The string is pre served in semi-re lief.

R e  m a r k s. – Cosmorhaphe is a pre-depositional trace
fos sil as cribed to agrichnia. It is com mon, but never abun dant
on the soles of sandy turbidites (Ksi¹¿kiewicz, 1977; Uchman
and Wetzel, 2012) and has been re ported from re cent deep-sea 
pe lagic sed i ments (e.g., Rona and Merill, 1978; Ekdale and
Berger, 1978; Ekdale, 1980; Gaillard, 1991).

Cosmorhaphe sinuosa (Azpeitia Moros, 1933)
(Fig. 12D)

D e s c r i p t i o n. – Hypichnial, hor i zon tal, semi-cir cu lar
string show ing two-or der me an ders, which are mostly wider
than higher. The string is 1.5–2.5 mm wide and pre served in
semi-re lief. The first and sec ond or der me an ders have a wave -
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Fig. 11. Sim ple struc tures from the Nu midi an For ma tion in the Ouarsenis Moun tains, NW Al ge ria

A – Tubulichnium mediterraneum, endichnial full re lief; B – T. mediterraneum within marly mudstone in the lower unit of the Ain Ghanem sec -
tion; C – mi cro graph show ing the cross-sec tion of the trace fos sil in thin sec tion, show ing two main zones: (1) an in ter nal zone filled with
micrite, in clud ing quartz grains, some microfossils and shell frag ments; (2) an ex ter nal zone (en ve lope) made up of stacked pel lets, with out
any in ter nal struc ture, dom i nated by iron ox ides, brown to dark brown in col our; scale = 1 cm
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Fig. 12. Wind ing and me an der ing struc tures with one sin gle net work struc ture, from the Nu midi an For ma tion in the Ouarsenis
Moun tains, NW Al ge ria

A, B – Helminthopsis isp. (Hel), hypichnial semi-re lief; Paleomeanderon rude (Plr), hypichnial semi-re lief; Paleodictyon strozzii (Pas),
hypichnial semi-re lief; Helminthoidichnites isp. (He), hypichnial semi-re lief; C, D – Cosmorhaphe sinuosa (Cs), hypichnial semi-re lief: C – C.
lobata (Cl), hypichnial semi-re lief; E – Helminthoidichnites isp. (He), hypichnial semi-re lief; Gordia arcuata (Ga), hypichnial semi-re lief; F, G – 
Gordia arcuata (ar rowed), hypichnial semi-re lief; H, I – Nereites isp. (ar rowed), epichnial semi-re lief; scale = 1 cm



length of ~26 mm and ~100 mm, re spec tively, and their am pli -
tude is ~18 mm and ~150 mm, re spec tively.

Gordia Emmons, 1844
Gordia arcuata Ksi¹¿kiewicz, 1977

(Fig. 12E–G)

D e s c r i p t i o n. – A hypichnial, hor i zon tal, smooth, sin u -
ous, com monly semi-cir cu lar, un branched ridge, 0.5–1 mm in
di am e ter, com monly form ing loops, pre served in semi-re lief.

R e  m a r k s. – Gordia is a graz ing trace (pascichnion). It
oc curs in a va ri ety of ma rine and non-ma rine soft, low en ergy
de pos its, e.g., in ma rine (e.g., Ksi¹¿kiewicz, 1977; Gibert et al.,
2000; Trewin et al., 2002), lac us trine turbiditic (Buatois and
Mángano, 1993) and varve de pos its (Uchman et al., 2009).

Helminthoidichnites Fitch, 1850
Helminthoidichnites isp.

(Figs. 8B, 9E, 12A, B, E and 13A)

D e s c r i p t i o n. – Hypichnial, hor i zon tal, semi-cy lin dri -
cal, wind ing, smooth ridges, oc ca sion ally overcrossing, rarely
form ing loops, 0.4–2 mm in di am e ter and traced for at least 220
mm, pre served in hypichnial semi-re lief. The fill ing of the bur row 
is the same as the host sed i ment.

R e  m a r k s. – This is a non-ma rine and ma rine eurybathic 
trace, com mon also in deep-sea fa cies, in clud ing flysch (Cham -
ber lain, 1971; McCann and Pickerill, 1988; Fillion and Pickerill,
1990; Uchman, 1995, 1998; Wetzel et al., 2007). Helmintho -
idichnites is com mon from the Pre cam brian (Narbonne and
Aitken, 1990) to the Pleis to cene (Uchman et al., 2009).

Helminthopsis Wetzel and Bromley, 1996
Helminthopsis isp.

(Fig. 12A, B)

D e s c r i p t i o n. – Hypichnial, hor i zon tal, sim ple,
smooth, semi-cir cu lar, ir reg u larly me an der ing ridge, which is
5–22 mm wide and traced for 700 mm. It is pre served in
semi-re lief. The me an ders are 40–70 mm wide. Their am pli tude 
ranges from 20 to 45 mm.

R e  m a r k s. – The trace fos sil re sem bles Cosmorhaphe,
but the me an ders are less reg u lar than in rep re sen ta tives of
that ichnogenus. More over, reg u lar sec ond-or der me an ders
are not ob vi ous; rather, ir reg u lar turns of the gen eral course are
pres ent. Helminthopsis is a repichnion pro duced prob a bly by
poly chaetes or priapulids, and it is com mon in flysch de pos its
(Ksi¹¿kiewicz, 1977; Fillion and Pickerill, 1990; Wetzel and
Bromley, 1996). It oc curs from the Cam brian (Crimes, 1987) to
the re cent (Swinbanks and Murray, 1981; Wetzel, 1983a, b).

Nereites Mac Leay in Murchi son, 1839
Nereites isp.
(Fig. 12H, I)

D e s c r i p t i o n. – Hypichnial, hor i zon tal, un branched,
wind ing to me an der ing low ridges or bands, 0.5–1.2 mm wide
and traced for ~100 mm. Thy are bounded by thin lev ees and
pre served in semi-re lief. Limbs of the me an ders are 2–10 mm
apart and their am pli tudes are 8–26 mm.

R e  m a r k s. – The lev ees are in ter preted as re worked
zones bound ing fae cal strings (cf. Uchman, 1995). Nereites is a 
pascichnion (Mángano et al., 2000), but is also con sid ered as a
fodinichnion (Knaust, 2017). Nereites is a typ i cal el e ment of
deep-sea en vi ron ments, tend ing to oc cur within sed i ments de -
pos ited un der mod er ate en ergy (Wetzel, 2002). It also oc curs in 
slope (Cal low et al., 2013; Demircan and Uchman, 2016), shelf
(Knaust, 2017) and ex cep tion ally in sandy estuarine de pos its
and tidal flats (Mar tin and Rindsberg, 2007; Neto de Carvalho
and Baucon, 2010). Nereites ranges from the Cam brian (e.g.,
Aceñolaza and Alonso, 2001) to the Ho lo cene (Wetzel, 2002).

Scolicia de Quatrefages, 1849
?Scolicia vertebralis Ksi¹¿kiewicz, 1977

D e s c r i p t i o n. – Epichnial, curved, V-shaped fur row,
3–10 mm wide, with el e vated mar gins. The fur row bot tom
shows a rope-like el e va tion, which is 2–4 mm wide.

R e  m a r k s. – Scolicia is in ter preted as a de posit-feed ing
trace (e.g., Uchman, 1995; Fu and Werner, 2000), which is pro -
duced by ir reg u lar echinoids (e.g., Plaziat and Mahmoudi,
1988; Uchman, 1995, 1998). Scolicia oc curs com monly in shal -
low-ma rine (Fu and Werner, 2000) as well as deep-sea de pos -
its, in clud ing turbiditic suc ces sions (Uchman, 1995). Scolicia
ranges from the Tithonian to the pres ent (Tchoumatchenco and 
Uchman, 2001).

Scolicia strozzii (Savi and Meneghini, 1850)
(Fig. 13B)

D e s c r i p t i o n. – Sim ple, wind ing, smooth, bilobate
ridge, 15–30 mm wide, ~5 mm high, and at least 90 mm long,
pre served in hypichnial semi-re lief.

Gyrochorte Heer, 1865
Gyrochorte isp.

(Figs. 13D–F and 14J)

D e s c r i p t i o n. – Epichnial, straight to curved or wind -
ing, bilobate ridge with me dian fur row, 0.7–1.2 mm wide and
5–130 mm long. The trace fos sil shows overcrossings.

R e  m a r k s. – Gyrochorte is in ter preted as a feed ing trace 
(e.g., Weiss, 1941; Fu and Werner, 2000; Gibert and Benner,
2002), pro duced by ver mi form or gan isms, prob a bly poly -
chaetes (Seilacher, 2007; Fürsich et al., 2017). It has com -
monly been re ported from nearshore and shal low-ma rine de -
pos its of mod er ate en ergy (Gibert and Benner, 2002), and
rarely from deep-sea set tings (Uchman and Tchoumatchenco,
2003 and ref er ences therein).
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Fig. 13. Spreite, me an der ing, branched, and net work struc tures from the Nu midi an For ma tion in the Ouarsenis Moun tains, 
NW Al ge ria

A – Phycosiphon incertum (Ph), epichnial semi-re lief; Helminthoidichnites isp. (He), hypichnial semi-re lief; Oravaichnium isp. (Or),
hypichnial semi-re lief; B – Scolicia strozzii, hypichnial semi-re lief; C – Taenidium isp. (Ta), epichnial semi-re lief; Chondrites isp. (Cn),
epichnial full re lief; Zoophycos isp. (Z), epichnial semi-re lief; D–F – Gyrochorte isp. (Gy), epichnial semi-re lief; E – Zoophycos isp. (Z),
epichnial semi-re lief; G, H – Lophoctenium isp. (Lo), epichnial semi-re lief; G – Ophiomorpha rudis (Opr), hypichnial full re lief; I –
Megagrapton irregulare (ar rowed), hypichnial semi-re lief; scale = 1 cm



Taenidium Heer, 1877
Taenidium isp.

(Fig. 13C)

D e s c r i p t i o n. – Epichnial, hor i zon tal, sim ple, curved
rib bon or low ridge, 3–9 mm wide and 3–220 mm long, show ing
dense meniscate struc ture. The menisci are 3–5 mm apart.

R e  m a r k s. – Taenidium is in ter preted as a de posit-feed -
ing trace pro duced by ma rine ver mi form or gan isms (Gevers et
al., 1971; Keighley and Pickerill, 1994; Smith et al., 2008b). It
was re ported from shal low-to deep-sea de pos its (Keighley and
Pickerill, 1994; Smith and Hasiotis, 2008; Jack son et al., 2016).
Taenidium ranges from the Ediacaran to the re cent (e.g.,
Crimes, 1992; Jenkins, 1995; Uchman, 1998; Jack son et al.,
2016).

BRANCHED WINDING AND MEANDERING STRUCTURES

Chondrites von Stern berg, 1833
Chondrites isp.

(Fig. 13C)

D e s c r i p t i o n. – Patches of epichnial, cir cu lar to oval
de pres sions filled with mudstone. The patches are 0.5–4 mm
wide and the de pres sions are 0.3–1 mm wide.

R e  m a r k s. – The de pres sions in the patches are
cross-sec tions of down wards-spread ing branched tun nels
which are typ i cal of Chondrites (cf. fig. 3c in Uchman, 2007).
This ichnogenus is in ter preted as a feed ing trace (deep-tier
chemichnion) of un known ver mi form or gan isms, which may
bur row be low the re dox bound ary (for dis cus sion, see Uchman,
1999; Wetzel, 2008). It oc curs mostly off shore and deeper,
rarely in nearshore re stricted en vi ron ments (e.g., Knaust,
2017).

Chondrites oc curs from the Cam brian (Webby, 1984) to the
Ho lo cene (Wetzel, 1981, 2008).

Paleomeandron Peruzzi, 1880
Paleomeandron rude Peruzzi, 1880

(Fig. 12A)

D e s c r i p t i o n. – Hypichnial, wind ing tract built of a
string bent in small, densely packed, rel a tively shal low, ir reg u -
lar, sec ond-or der rect an gu lar me an ders. The trace fos sil is
3–5 mm wide and can be traced for ~150 mm.

R e  m a r k s. – This trace fos sil is as cribed to
graphoglyptids (Seilacher, 1977) and oc curs in turbiditic de pos -
its (Uchman, 1998).

Rutichnus D’Alessandro, Bromley and Stemmerik, 1987
Rutichnus isp.

(Fig. 14A)

D e s c r i p t i o n. – Hypichnial, hor i zon tal to
subhorizontal, wind ing, semi-cir cu lar, tu bu lar ridges, 1–4 mm
wide and 15–40 mm long, pre served in full re lief. Their sur face

ap pears as a se ries of slightly dis torted seg ments sep a rated by
nar row con stric tions. The seg ments are 1–4 mm wide and 2–5
mm long. False branch ing is de vel oped with tun nel
overcrossings.

R e  m a r k s. – Rutichnus is in ter preted as a de posit-feed -
ing trace pro duced by ver mi form or gan isms or ar thro pods. It
oc curs in shal low-ma rine and deep-sea flysch de pos its
(D’Alessandro et al., 1987; Mo naco, 2011).

SPIRALS AND NETWORKS

Megagrapton Ksi¹¿kiewicz, 1968
Megagrapton irregulare Ksi¹¿kiewicz, 1968

(Fig. 13I)

D e s c r i p t i o n. – Hypichnial, hor i zon tal, in com plete, ir -
reg u lar net work, com posed of wind ing strings (1–2.5 mm wide), 
branch ing at ~90°. The meshes are at least 80 mm across.

R e  m a r k s. – Megagrapton irregulare is in ter preted as an 
agrichnion (Seilacher, 1977; Uchman, 1998) rang ing from the
Si lu rian (Crimes and Crossley, 1991) to the Mio cene
(D’Alessandro, 1982), and oc cur ring mainly in deep-sea flysch
de pos its.

Paleodictyon Meneghini in Savi and Meneghini, 1850
Paleodictyon strozzii Meneghini in Savi and Meneghini, 1850

(Figs. 9D and 12A, B)

D e s c r i p t i o n. – Hor i zon tal net works com posed of reg -
u lar, hex ag o nal meshes (2.5 mm wide; the strings are 0.2–1
mm wide) pre served in hypichnial semi-re lief.

R e  m a r k s. – Paleodictyon is in ter preted as a farm ing
trace (agrichnion) pro duced by un known or gan isms com monly
in deep-sea turbiditic de pos its (Seilacher, 1977) and less fre -
quently in shelf sed i ments (Fürsich et al., 2007). It ranges from
the Cam brian (Crimes and An der son, 1985) to the re cent
(Ekdale, 1980; Miller, 1991).

Squamodictyon Vyalov and Golev, 1960
Squamodictyon tectiforme (Sacco, 1866)

(Fig. 14B)

D e s c r i p t i o n. – Hypichnial, hor i zon tal net works com -
posed of ir reg u lar scale-like meshes (7.5–11 mm wide; the
strings are 0.5–1 mm in di am e ter) pre served in semi-re lief.

R e  m a r k s. – Squamodictyon tectiforme is in ter preted as 
a pascichnion pro duced by un known or gan isms (Uchman,
2003). It has been re ported from Cre ta ceous and Ce no zoic
flysch de pos its (Seilacher, 1977).

SPREITE STRUCTURES

Phycosiphon Fischer-Ooster, 1858
Phycosiphon incertum Fischer-Ooster, 1858

(Fig. 13A)
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D e s c r i p t i o n. – Epichnial, hor i zon tal, straight to
curved lobes bi fur cat ing into two curved to wind ing lobes, show -
ing mar ginal tubes and in ter nal spreite. The mar ginal tube is
0.3–0.5 mm wide, and the lobes are up to 1–2 mm wide and
5–7 mm long.

R e  m a r k s. – Phycosiphon is in ter preted as the de -
posit-feed ing trace of small, un known ver mi form or gan isms that 
ex ploit the sed i ment for or ganic-rich mat ter (Wetzel, 2010;
Izumi, 2014). It has been re ported from a wide range of
palaeoenvironments, but mostly from fine-grained lower
shoreface and deeper, mainly siliciclastic de pos its (Goldring et
al., 1991; Savrda et al., 2001; Pem ber ton et al., 2012; Cal low et
al., 2013). The tracemaker col o nized freshly de pos ited
turbidites in the se quen tial col o ni za tion model, when the sed i -
ment con tained abun dant food re sources and well-ox y gen ated
pore wa ters (Wetzel and Uchman, 2001).

Diplocraterion Torell, 1870
Diplocraterion isp.

(Fig. 14C, D)

D e s c r i p t i o n. – Endichnial, ver ti cal U-shaped bur rows 
with a mar ginal tun nel, con cave-up wards spreite and semi-cir -
cu lar bot toms, pre served in full re lief. Two morphotypes have
been dis tin guished: (1) with par al lel limbs, 2–3 mm in di am e ter,
15 mm apart and 30 mm deep; (2) with di verg ing-down wards
limbs, 4–6 mm in di am e ter, 25–30 mm apart and 80 mm deep.

R e  m a r k s. – Diplocraterion is in ter preted as a sus pen -
sion-feed ing dwell ing trace (Goldring, 1962; Ekdale and Lewis,
1991; Bromley, 1996), al though de posit-feed ing has been pro -
posed as well (Leaman and McIlroy, 2016). It was pro duced
prob a bly by poly chaetes (Arkell, 1939), al though crus ta ceans
have also been con sid ered (Bromley, 1996).

Diplocraterion oc curs mostly in shal low ma rine (Knaust,
2017), rarely in deep-sea (Crimes et al., 1981; Leszczyñski et
al., 1996) and con ti nen tal de pos its (Kim and Paik, 1997) from
the Cam brian (Cornish, 1986; Bromley and Hanken, 1991;
Mángano and Buatois, 2016) to the Ho lo cene (Cor ner and
Fjalstad, 1993), in clud ing re cent, small in cip i ent forms pro -
duced by am phi pods (Dashtgard and Gingras, 2012).

Lophoctenium Rich ter 1850
Lophoctenium isp.

(Fig. 13G, H)

D e s c r i p t i o n. – Comb- and star-like traces com posed
of curved probes run ning from a main axis or cen tre. The
probes (mm long, mm wide) are de vel oped on both sides of the
axis.

R e  m a r k s. – Lophoctenium is in ter preted as a de posit
feeder trace, en coun tered mostly in deep wa ter de pos its (e.g.,
Ksi¹¿kiewicz, 1977). It ranges from the Or do vi cian (Häntzschel, 
1975) to the Mio cene (Uchman, 1995). It is in ter preted as a
prod uct of re pet i tive lat eral prob ing for feed ing (Seilacher,
2007). Sim i lar traces are pro duced by bi valves (Ekdale and
Bromley, 2001) but they are usu ally only a part of a bur row sys -
tem, such as Hillichnus (Bromley et al., 2003).

Zoophycos Massalongo, 1855
Zoophycos isp.

(Fig. 14E–J)

D e s c r i p t i o n. – Spreite-filled pla nar struc tures man i -
fested on the bed ding sur face as small (Fig. 13E, F) or large
whorls or lobes (Fig. 14G–J). They are part of a he li cal struc ture 
hav ing sim i lar el e ments in dif fer ent lev els of the same bed
(Fig. 14I). The spreite laminae, which are mostly straight to
curved, run ra di ally from a cen tral point. The struc ture is en cir -
cled by a mar ginal tun nel, which is 0.3–5 mm wide. The whole
struc ture is from 30–50 mm (smaller forms) to 140 mm wide
(larger forms). The mar gin is lobate. In some spec i mens,
spreite-filled tongues are pres ent. The tongues are 9–50 mm
wide and 30–80 mm long. They are en cir cled by a mar ginal tun -
nel as in the other parts of this trace fos sil.

R e  m a r k s. – Zoophycos is in ter preted as a de posit-feed -
ing trace of ver mi form or gan isms (Wetzel and Werner, 1981),
pos si bly poly chaetes (Bis choff, 1968; Knaust, 2009), echiurans
(Kotake, 1991) or si pun cu lids (Wetzel and Werner, 1981;
Olivero and Gaillard, 2007). Zoophycos ranges from the Cam -
brian (Alpert, 1977; Jensen, 1997) to the re cent (Seilacher,
2007; Wetzel, 2008).

DISTRIBUTION OF TRACE FOSSILS
(TABLE 1)

The NF in the Ouarsenis Moun tains, Al ge ria, re veals di -
verse trace fos sils be long ing to twenty-two ichnogenera. The
Ain Ghanem and Kef Maiz sec tions have a larger ichnodiversity
(35% and 46% of all ichnotaxa, re spec tively) than the Kef
Rzama and the ForÃt des CÀdres sec tions (9% and 10%, re -
spec tively).

The ichnodiversity changes sig nif i cantly among the fa cies.
Fa cies F4 re veals al most all the trace fos sils re corded in the
sec tions stud ied, pri mar ily in (1) the lower unit of the Ain
Ghanem and Kef Maiz sec tions, (2) the lower part of the up per
unit of the Kef Maiz sec tion, and (3) when interbedded with fa -
cies F1, in the up per unit of all the sec tions stud ied.

The ichnodiversity de creases sig nif i cantly in fa cies F2,
which yields only Ophiomorpha rudis and Thalassinoides isp. in
the up per unit of the ForÃt des CÀdres sec tion and
Thalassinoides isp. in the lower unit of the Ain Ghanem sec tion.
Fa cies F8 yields very abun dant Tubulichnium mediterraneum in 
the lower and up per units of the Ain Ghanem sec tion, and in the
lower unit of the Kef Rzama sec tion, where it co-oc curs with
rare ?Alcyonidiopsis isp.

DISCUSSION

ICHNOFACIES AND DEPOSITIONAL SYSTEM (FIGS. 15 AND 16)

Some data about the palaeoenvironment of the NF in Al ge -
ria were given by Moretti et al. (1991), who sug gested a sub ma -
rine slope set ting for the NF strata in the Constantine Moun tains 
on the ba sis of sedimentological data, but no such in ter pre ta -
tions were given for our study area. The trace fos sil as sem -
blages de scribed and ichnofacies based on them, along with
the sed i men tary fea tures, al low for a more pre cise in ter pre ta -
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Fig. 14. Spreite, net work, branched and me an der ing struc tures from the Nu midi an For ma tion in the Ouarsenis Moun tains,
 NW Al ge ria

A – Rutichnus isp., hypichnial full re lief; B – Squamodictyon tectiforme, hypichnial semi-re lief; C, D – Diplocraterion isp., endichnial full
re lief; E–G – Zoophycos isp., small forms; H–J – Zoophycos isp. (Z), large forms: J – Gyrochorte isp. (Gy), epichnial semi-re lief; 

scale = 1 cm
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Fig. 15. Ver ti cal dis tri bu tion of the ichnofacies re cog nised in the sec tions stud ied with re gard
 to lithostratigraphical sub di vi sion (for ex pla na tion of lithofacies see Fig. 3)
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tion of the NF palaeoenvironment. The trace fos sil as sem blage
in gen eral be longs to the deep-sea Nereites ichnofacies. This is 
in di cated by the pres ence of graphoglyptids (Paleodictyon,
Paleomeandron, Megagrapton, Cosmorhaphe) and other trace
fos sils (Ta ble 1), which are com mon in this ichnofacies (see
Uchman and Wetzel, 2012). The dis tri bu tion of trace fos sils,
and dif fer ences in their com po si tion and di ver sity per mit dis tinc -
tion of the three main ichnosubfacies of the Nereites
ichnofacies (Ta ble 2).

The deep-sea in ter pre ta tion is sup ported by ag glu ti nated
foraminifers, which are re corded (pre lim i nary data) from the
vari col oured marly mudstone (fa cies F8) in the sec tions stud ied 
and pre vi ously re ported from the same fa cies in the
Constantine Moun tains (Hoyez, 1989; Moretti et al., 1991). The
foraminifers in clude rep re sen ta tives of Ammodiscus isp.,
Bathysiphon isp., Cyclammina isp., Hyperammina isp.,
Kalamopsis isp., Glomospira isp., Glomospirella isp.,
Haplophragmoides isp., Recurvoides isp., Trochammina isp.,
and Trochamminoides isp. They are very sim i lar to those re -
corded in the NF from Mo rocco (Kaminski et al., 1996) and Tu -
ni sia (Riahi et al., 2014), and from the Eocene Var ie gated Shale 
in the Carpathian Flysch of Po land (Kender et al., 2005), and
cor re spond to lower bathyal to abys sal depths (Kaminski et al.,
1996).

The Ophiomorpha rudis ichnosubfacies is re corded in me -
dium- to very thick-bed ded sand stones (FA1), interbedded with
thin ner beds of fa cies F2 and F4 in the up per unit of the ForÃt
des CÀdres and Kef Maiz sec tions. This ichnofacies con tains
abun dant Ophiomorpha rudis, O. annulata, and Thalassinoides
isp., which may co-oc cur with ?Planolites isp., P. montanus,
Gordia arcuata, and Helminthoidichnites isp. De pos its rep re -
sent ing this ichnosubfacies ac cu mu lated prob a bly in chan nel
and chan nel-levee-overbank set tings. A more dis tal vari ant of
the Ophiomorpha rudis ichnosubfacies oc curs in the thick- to
thin-bed ded sand stones of fa cies F2 and F4 in the lower unit of
the Ain Ghanem sec tion. These yield O. rudis, Thalassinoides
isp., Zoophycos isp., Lophoctenium isp., Scolicia strozzii,
Tubulichnium rec tum, ?Planolites isp. and P. montanus. These
de pos its prob a bly ac cu mu lated in cre vasse-splays gen er ated

from nearby iso lated nar row chan nels within the mud-dom i -
nated part of the depositional sys tem, which were oc ca sion ally
fed with sandy turbiditic sed i ments. The chan nels were sub ject
to avul sion.

The Paleodictyon ichnosubfacies oc curs in thin- to me -
dium-bed ded sand stones of fa cies F4 in the lower unit of the
Ain Ghanem and Kef Maiz sec tions and the low est part of the
up per unit in the Kef Maiz sec tion. These de pos its were prob a -
bly de pos ited in chan nel-mar gin or chan nel-levee-overbank
set tings. Trace fos sils rep re sent ing this ichnosubfacies in clude
Paleodictyon strozzii, Paleomeandron rude, Megagrapton
irregulare, Squamodictyon tectiforme, Chondrites isp.,
Taenidium isp., Helminthopsis isp., Helminthoidichnites isp.,
Zoophycos isp., Cosmorhaphe sinuosa, C. lobata, ?Planolites
montanus, ?Planolites isp., P. beverleyensis, Oravaichnium
isp., Halimedides isp., Rutichnus isp., Thorichnus isp.,
Siphonichnus isp. and ?Arthrophycus tenuis.

The Nereites ichnosubfacies is re corded from thin-bed ded
sand stones of fa cies F4 in the lower unit of the Kef Maiz and Ain 
Ghanem sec tions. The sand stones were de pos ited on the ba -
sin floor by oc ca sional tur bid ity cur rents in cre vasse-splays
(spill ing over from nearby chan nels) or on small lobes lo cated in 
the dis tal parts of van ish ing chan nels or at their ter mi na tions.
The turbidites in ter rupted the pe lagic and hemipelagic sed i -
men ta tion. This ichnosubfacies is rep re sented by Nereites isp.,
Phycosiphon incertum, ?Scolicia vertebralis, Helmintho -
idichnites isp., Tubulichnium mediterraneum, ?Alcyonidiopsis
isp., ?Planolites isp., Spirophycus isp. and S. bicornis.

The ver ti cal dis tri bu tion of trace fos sils shows a gen eral
shallowing-up trend re sult ing mostly from the progradation of
the depositional sys tem. The suc ces sion of ichnofacies starts
with the Nereites ichnosubfacies in the lower unit of the sec tions 
stud ied, and is as so ci ated with the ex clu sive oc cur rence of the
Ophiomorpha rudis ichnosubfacies in the lower unit of the Ain
Ghanem sec tion, fol lowed by the Paleodictyon ichnosubfacies
in the lower unit of the Ain Ghanem sec tion and the low est part
of the Kef Maiz sec tion. The up per unit of the sec tions stud ied is 
dom i nated by the Ophiomorpha rudis ichnosubfacies, as ob -
served mainly in the ForÃt des CÀdres and Kef Maiz sec tions.
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Paleodictyon strozzii, 

Paleomeandron rude,

 Megagrapton irregulare,

 Chondrites isp., 

Taenidium isp., 

Helminthopsis isp., 

Helminthoidichnites isp., 

Zoophycos isp., 

Cosmorhaphe sinuosa, 
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Oravaichnium isp.,

Halimedides isp.,
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 ?Parataenidium isp.,

Diplocraterion isp.

T a  b l e  2

Dis tri bu tion of trace fos sils ac cord ing to their ichnosubfacies



Diplocraterion isp. oc curs in the top of the Kef Maiz sec tion.
Gen er ally, this is a shal low-ma rine trace fos sil of the Skolithos
ichnofacies, but no sedimentological fea tures of a shal low-ma -
rine set ting have been noted in the sec tion stud ied. Its oc cur -
rence fits to the gen eral shallowing-up trend but is still rather in a 
deep-sea set ting.

The shallowing-up trend re corded by the suc ces sion of
ichnosubfacies is as so ci ated also with a gen er ally de creas -
ing-up wards abun dance and di ver sity of the trace fos sils in the
sec tions. The high di ver sity of trace fos sils in the lower unit is re -
lated to fa vour able en vi ron men tal and preservational con di -
tions. A calm en vi ron ment as so ci ated with oc ca sional turbiditic
in put rich in nu tri ents al lowed for the pro lif er a tion of bur row ing
or gan isms. In con trast, the low di ver sity and low abun dance of
trace fos sils in the up per unit can be caused in gen eral by stress 
con di tions re lated to high ep i sodic tur bu lence, ero sion of the
sea floor and sub strate in sta bil ity (as shown by soft-sed i ment
de for ma tion struc tures), which lim ited the pro lif er a tion of trace
mak ers and eroded the bioturbated sed i ments. In the calmer
en vi ron ment of the lower unit, del i cate scour ing and cast ing
pro moted pres er va tion of bur rows formed in mud, which are
gen er ally more abun dant than bur rows formed in sand in
deep-sea turbiditic sys tems (Kern, 1980).

COMPARISONS

The trace fos sil as sem blages from the NF in Al ge ria are
sim i lar to those in Tu ni sia (Riahi et al., 2014) and south ern
Spain (Rodríguez-Tovar et al., 2016), which rep re sent also the
Nereites ichnofacies with the Paleodictyon and Ophiomorpha
rudis ichnosubfacies. How ever, the fos sil as sem blages from
the sec tions stud ied in Al ge ria are less di verse. Data on the
ichnology of other parts of the NF (apart from Tu ni sia and
Spain) are not avail able, ex cept for in com plete data by Myron
(2011), who re ported some scat tered trace fos sils from Sic ily
and at trib uted them to the Nereites ichnofacies. Sim i larly to the
Al ge rian sec tions stud ied, the Tu ni sian and Span ish sec tions
dis play the high est ichnodiversity in the mudstone/sand stone
al ter na tions, which are equiv a lents of FA2, in clud ing the dom i -
nance of graphoglyptids in equiv a lents of fa cies F4 in this study. 
The me dium- to very thick-bed ded sand stones of fa cies F1 and
F2 in Al ge ria are poorly bioturbated and show lower
ichnodiversity. In con trast, some of their equiv a lents in Tu ni sia
are char ac ter ized by abun dant Ophiomorpha rudis and
Diplocraterion cf. habichi (Riahi et al., 2014). More over, sec -
tions in south ern Spain yield abun dant Ophiomorpha and
Scolicia (Rodríguez-Tovar et al., 2016). The mudstone or marly
mudstone fa cies (F8) shows abun dant to very abun dant
Tubulichnium mediterraneum in al most all out crops com pared
in ad di tion to rare ?Alcyonidiopsis isp. in Al ge ria, and abun dant
Diplocraterion cf. habichi, Planolites montanus, and Chondrites
isp. in Tu ni sia.

When com par ing with other equiv a lent Oligocene to Mio -
cene turbiditic de pos its of the Med i ter ra nean re gion, the GrÀs
d’Annot Ba sin de pos its of south ern France (Phillips et al., 2011) 
dis play highly abun dant and low-di ver sity trace fos sil as sem -
blages, mostly in fine- to me dium-grained sand stones (equiv a -
lent to fa cies F4), dom i nated by Ophiomorpha, Phycosiphon,
Planolites, and Scolicia. In turn, the thick-bed ded sand stones of 
France (equiv a lent to fa cies F1) show low-di ver sity trace fos sils, 
dom i nated by Ophiomorpha rudis with less com mon
Thalassinoides suevicus. The foredeep bas ins of the North ern
Apennines in cen tral It aly (Mo naco et al., 2010) show more
abun dant and di verse trace fos sils. The mud-dom i nated fa cies
(equiv a lent to fa cies F8 and F7) re veals less com mon trace fos -

sils dom i nated by Zoophycos, Thalassinoides suevicus and
Ophiomorpha annulata in some parts while other places show
trace fos sils of the Nereites ichnosubfacies. The bulk of trace
fos sils oc curs in thin- to me dium-bed ded sand stones (equiv a -
lent to fa cies F4), such as (1) interturbidites with channelized fa -
cies or (2) rhyth mic beds within mudstones, in clud ing
predepositional and postdepositional trace fos sils with a gen -
eral dom i nance of graphoglyptids. The thick-bed ded sand -
stones (equiv a lent to fa cies F1 and F2) re veal scarce trace fos -
sils, dom i nated by Ophiomorpha and Scolicia.

Be side the gen eral sim i lar i ties, the com par i son shows that
ev ery depositional sys tem, even if al most of the same age and
re gion, show some dif fer ences in trace fos sil com po si tion,
abun dance, and dis tri bu tion. This may be caused by dif fer -
ences in depositional pro cesses, food abun dance and other lo -
cal fac tors, in clud ing preservational po ten tial.

CONCLUSIONS

Ichnological and sedimentological stud ies of the Nu midi an
For ma tion in the Ouarsenis Moun tains, Al ge ria, al lowed the de -
ter mi na tion of twenty-two ichnogenera, while dis tin guish ing
eight lithofacies grouped in three main fa cies as so ci a tions. The
trace fos sils are dom i nated by post-depositional ichnotaxa
(62%), in clud ing Planolites montanus, P. beverleyensis,
?Planolites isp., Siphonichnus isp., Nereites isp., Chondrites
isp., Phycosiphon incertum, Taenidium isp., Lophoctenium isp.,
?Scolicia vertebralis, S. strozzii, Gyrochorte isp., Zoophycos
isp., Oravaichnium isp., Halimedides isp., O. annulata,
Ophiomorpha rudis, Palaeophycus tubularis, Palaeophycus
striatus, Palaeophycus isp., ?Parataenidium isp., Thalassi -
noides isp., Tubulichnium mediterraneum, ?Alcyoni dio psis isp.,
Tubulichnium rec tum, Lockeia isp., and Diplocraterion isp., and
predepositional ichnotaxa (38%), in clud ing Spirophycus
bicornis, Spirophycus isp., Oravaichnium isp., Phycodes isp.,
Thorichnus isp., Squamodictyon tectiforme, Megagrapton
irregulare, ?Arthrophycus tenuis, Cosmorhaphe lobata, C.
sinuosa, Gordia arcuata, Helminthoidichnites isp.,
Helminthopsis isp., Paleo mean dron rude, Rutichnus isp., and
Paleodictyon strozzii. These com monly oc cur in fine-grained,
thin-bed ded sand stones (rep re sent ing fa cies F4), mostly in fa -
cies as so ci a tions FA2 and FA3. Ichnological anal y sis as so ci -
ated with sed i men tary data in di cate a deep-sea en vi ron ment
with typ i cal trace fos sil as sem blages at trib uted to the Nereites
ichnofacies, in clud ing its three main ichnosubfacies, i.e. (1) the
Ophiomorpha rudis ichnosubfacies re corded in me dium- to
very thick-bed ded sand stones (FA1) interbedded with thin ner
sand stone beds of fa cies F2 and F4 in the up per unit of the sec -
tions stud ied. These de pos its prob a bly orig i nated in chan nel
and levee-overbank en vi ron ments. The me dium to thin-bed ded 
sand stones (FA2) in the lower units of the Kef Maiz and Ain
Ghanem sec tions were de pos ited prob a bly in iso lated nar row
chan nels in the mud-dom i nated part of the depositional sys tem, 
which was oc ca sion ally fed with turbiditic sands. (2) The
Paleodictyon ichnosubfacies oc curs in thin- to me dium-bed ded
sand stones (fa cies F4) de pos ited prob a bly in chan nel-mar gin
or chan nel-levee-overbank set tings, which are re corded in the
lower units of the Ain Ghanem and Kef Maiz sec tions, and the
lower part of the up per unit in the Kef Maiz sec tion. (3) The
Nereites ichnosubfacies is re corded in thin-bed ded sand stones 
(FA2), which were de pos ited prob a bly in the ba sin-floor en vi -
ron ment, spe cif i cally in cre vasse-splays or small lobes char ac -
ter ized by oc ca sional turbiditic flows as so ci ated with pe lagic
and hemipelagic sed i men ta tion.
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