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Cono dont fau nas are gen er ally sparse in Pridoli to middle Givetian de pos its from the Ra bat–Tiflet area in the north west ern Mo roc can
Meseta. The Pridoli and Lochkovian rocks con sist of dark platy lime stones al ter nat ing with dark shales con tain ing graptolites in some
lev els. In the over ly ing part of the suc ces sion car bon ate rocks pre dom i nate with the de vel op ment of reefoid lime stones in the lower
Givetian. The eosteinhornensis, sulcatus, dehiscens vel kitabicus, laticostatus/inversus, partitus, ensensis, hemiansatus, timorensis and
rhenanus/varcus zones have been rec og nized by oc cur rence of the cono dont in dex spe cies.The first ap pear ance of Belodella devonica,
oc cur ring to gether with the graptolite Monograptus uniformis is used as a re gional in dex spe cies for the base of the De vo nian. The age of
some lev els in the suc ces sion were pre vi ously dated by graptolites, dacryoconarids and rare goniatites.
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INTRODUCTION

The Ra bat–Tiflet area be longs to the most north ern part of
the west ern Mo roc can Meseta (Figs. 1 and 2). The Si lu -
rian-De vo nian for ma tions are ex posed in an E–W ori ented
struc tural zone ex tend ing for some 50 kilo metres. The rocks
are af fected by Hercynian fold ing. From north to south three
struc tural units can be rec og nized in the Ra bat–Tiflet area (El
Hassani, 1990). The Sehoul Block con sists mainly of Cam -
brian and Or do vi cian rocks emer gent dur ing the De vo nian (El 
Hassani and Tahiri, 2000). The Bou Regreg synclinal axis
con sists of Lower Or do vi cian sand stones and shales al ter nat -
ing with vol ca nic rocks. They are transgressively over lain by
Si lu rian to Mid dle De vo nian lime stones and shales. An im -
por tant sed i men tary break rang ing from the Llandeilo un til at
least to the lower Wen lock oc curs. The Bou Regreg axis
emerged dur ing the Late De vo nian. The north ern bor der of
the Sidi-Bettache Ba sin con sists of Up per De vo nian–Lower
Car bon if er ous de bris flows and con glom er ates orig i nat ing

from the north ern emer gent ridge. The De vo nian suc ces sion
of the Ra bat–Tiflet area show sim i lar i ties with co eval suc ces -
sions in Bo he mia (Al ber ti, 1969, 1988).

 In con trast to the Mo roc can Anti-At las De vo nian there are
not many stud ies fo cus sing on De vo nian cono donts from the
Mo roc can Meseta (e.g., Lazreq, 1990, 1992, 1999; Benfrika,
1999; Gouwy et al., 2000; Benfrika and Bultynck, 2003). The
sig nif i cance of the pres ent study is that it de scribes a suc ces sion 
of cono dont fau nas from the Pridoli to the base of the middle
Givetian from strata that pre vi ously were mainly dated by
graptolites, dacryoconarids, trilobites and rare goniatites (El
Hassani, 2000).

The cono dont re sults are based on the study of six sec tions
from which one hun dred and ninety-two 2 kg sam ples were
pro cessed. One hun dred and twenty-eight sam ples were pro -
duc tive con tain ing a to tal of about 24 125 cono dont el e ments:
22 000 belodellid, 1095 icridiodid, 400 polygnathid, 200
ozarkodinid, 194 panderodid, 3 pelekysgnathid and 234 un -
iden ti fied el e ments. The most stratigraphically rel e vant sam -
ples are in di cated on 3 to 7 Fig ures.



LITHOLOGY AND BIOSTRATIGRAPHY 
OF THE SECTIONS

SECTIONS ON THE RIGHT AND LEFT BANKS  
OF THE OUED BOU REGREG

The sec tions are sit u ated in the west ern ends of the Ra -
bat–Tiflet struc tural zone at Had Akrech, 8 km south-east of Ra -

bat. They are ex posed along the right and left banks of the Oued
Bou Regreg, down stream of the Oued Akrech (Figs. 2, 3 and 4).

The old est part of the suc ces sion ex posed along the left
bank, be long ing to the Or do vi cian and Si lu rian, is not rep re -
sented on the Fig ures 3 and 4. 

The De vo nian suc ces sion is sub di vided into seven units:
— Unit A, rep re sent ing the up per part of the Hossei Fm.,

con sists of dark platy lime stones (wackstones) al ter nat ing with
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Fig. 1. Sim pli fied map of the Mo roc can north west ern Meseta

 

 
 

 

 
      

 

 

Fig. 2. Sim pli fied map of the Ra bat–Tiflet struc tural zone with lo ca tion of the sec tions stud ied 

1 and 2 — left and right banks of the Oued Bou Regreg; 3 — Bled Dfa; 4 — Al Khaloua; 5 — Oued Tiflet
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Fig. 3. Cono dont dis tri bu tion in the sec tion on the left bank of Oued Bou Regreg

Num ber of cono dont el e ments: * — in di cates that Belodella devonica is dom i nant in the cono dont fauna;  ** — in di cates that the
fauna al most en tirely con sists of Bel. devonica el e ments



thin black shale beds con tain ing graptolites. The lime stones are 
loccaly dolomitised. Bioclasts are mostly from pe lagic or gan -
isms such as tentaculites, dacryoconarids, orthocones,
ostracods, bryo zoans and cri noids. Monograptus uniformis is
pres ent in the lower part of the unit in di cat ing a lower 
Lochkovian age (Rousselle, 1961; Al ber ti, 1969; El Hassani et
al., 1988). Ac cord ing to Al ber ti et al. (1966) and Al ber ti (1988) 

the fauna of the up per part of the unit con tains Monograptus
hercynicus in di cat ing an up per Lochkovian age.

Cono donts. One spec i men of Caudicriodus cf. C.
woschmidti and 2 spec i mens of Ozarkodina remscheidensis
remscheidensis. Belodella devonica, first ap pear ing near the
base of the unit, is the most fre quent spe cies.
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Fig. 4. Cono dont dis tri bu tion in the sec tion on the right bank of Oued Bou Regreg

Other ex pla na tions as in Fig ure 3



— Unit B1 is 10 m thick and con sists of pale grey nod u lar
lime stones (bioclastic wackstones and packstones) with
tentaculites and ostracods.

 — Unit B2 is 15 to 20 m thick and con sists of micritic grey -
ish lime stones with tentaculites, bi valves, bryo zoans, cri noids
and fish scales.

Units B1 and B2 be long to the Bou Regreg For ma tion. The
pres ence of Nowakia acuaria and Guerichina strangulata sup -
ports a Pragian age (Al ber ti, 1969).

Cono donts. Al ber ti (1988) fig ured a spec i men he iden ti fied
as Eognathodus cf. E. sulcatus (herein as signed to E. sulcatus
eosulcatus) 70 cm be low the base of the Bou Regreg Fm in the
sec tion on the right bank of the Oued Bou Regreg. In the pres -
ent study Ozarkodina pan dora al pha morphotype and
Ozarkodina cf. O. repetitor have been found near the base of
Unit B1. Unit B2 did not yield cono donts.

— Unit C1 is 10 to 15 m thick and con sists of thick-bed ded
dolomitic lime stones with tentaculites, ostracods, bryo zoans,
brachi o pods and cri noid frag ments.

— Unit C2 is about 30 m thick and con sists of mas sive
dolomitic lime stones and thick-bed ded dolomites (grainstones
with bioclasts of cri noids, brachi o pods, gas tro pods, tentaculites 
and fish).

— Unit C3 is 5 m thick and con sists of bed ded lime stones
(wackstones–packstones with bioclasts of cri noids,
tentaculites, ostracodes and fish).

Units C1, C2 and C3 be long to the Oued Akrech Fm., as -
signed by Al ber ti (1969) to the “Zlichovian”.

Cono donts. Unit C1: first oc cur rence of Ozarkodina
steinhornensis miae and Caudicriodus celtibericus near the
base and Latericriodus bilatericrescens bilatericrescens in the
up per part; Polygnatus dehiscens vel kitabicus, Latericriodus
beckmanni and O. steinhornensis steinhornensis first ap pear in
Unit C2; Icriodus fusiformis, I. corniger ancestralis, I.
culicellus culicellus, I. rectirostratus and Polygnathus
laticostatus are re stricted to Unit C3.

— Unit D (Rahal Fm.), only partly ex posed, con sists of
shales. Ac cord ing to Al ber ti (1969) the fauna of unit D shows
sim i lar i ties with the fauna of the Wissenbach Shale. El Hassani
(1990) fa vours cor re la tion with the Daleje Shale, be cause of
the pres ence of Anarcestes lateseptatus.

Cono donts. Only Belodella devonica oc curs.
The com plete dis tri bu tion of cono dont spe cies in the two

sec tions and their biostratigraphic in ter pre ta tion are shown on
Fig ures 3 and 4.

BLED DFA SECTION

The sec tion is also sit u ated in the west ern ends of the Ra -
bat–Tiflet struc tural zone, about 1.5 km east of the sec tion on
the right bank of the Oued Bou Regreg de scribed above (Figs.
2 and 5). The low est part of the suc ces sion, con sist ing of sand -
stones, be longs to the Arenig. 

— Unit A, be long ing to the up per part of the Hossei Fm., is
8 m thick and con sists of slightly dolomitic lime stones al ter nat -
ing with shaly centi metre-scale interbeds with graptolites.

Cono donts. Dapsilodus obliquicostatus and Decoriconus
fragilis.

— Unit B1 is about 50 m thick and con sists of dark shales
al ter nat ing with biosparitic lime stones. El Hassani et al.

(1988) men tion Lud low graptolites from this unit. No cono -
donts were found.

— Unit B2 is about 20 m thick and con sists of black bi tu mi -
nous shales with a few thin lime stone beds. The pres ence of
Monograptus bouceki and M. transgrediens in di cate a Pridoli
age ( Al ber ti, 1969; El Hassani, 1990).

Cono donts. Ozarkodina remscheidensis cf.
eosteinhornensis oc curs in the up per part of the unit and
Belodella devonica first ap pears 12 m above.

— Unit C is about 40 m thick and con sists of black shales
al ter nat ing with black platy lime stones be com ing pro gres sively 
dom i nant in the up per part. Rahmani ( 1978) and El Hassani
(1990) found Monograptus uniformis (lower Lochkovian) in
the shales at the base of the unit. Al ber ti (1969) rec og nized
Monograptus hercynicus and Paranowakia aff. P. bohemica
(up per Lochkovian) in the up per part.

Cono donts. One spec i men of Caudicriodus cf. C.
woschmidti and two spec i mens of O. remscheidensis
remscheidensis first oc cur within the unit and O. cf. O.
repetitor is pres ent at the top of the unit.

Units A, B1, B2 and C be longs to the Hossei Fm.
— The Bou Regreg Fm. is 35 m thick and con sists of pale

grey lime stones (wackestones to packstones with bioclasts of
tentaculites, ostracods and cri noids). The for ma tion is sub di -
vided into two units. D1 (25 m thick) con sists of nod u lar lime -
stone beds show ing slump ing. D2 (10 m thick) is a bed ded
lime stone. Rahmani (1978) men tioned Guerichina strangulata
from the lat ter unit, in di cat ing an up per Pragian age.

Cono donts.Caudicriodus celtibericus first oc curs at the top
of unit D2.

The Oued Akrech Fm. is sub di vided into three units.
— Unit E1 is about 15 m thick and con sists of thick-bed ded

lime stones (grainstones with bioclasts) with chert de vel op ment
in some beds.

Cono donts. C. celtibericus and Latericriodus cf. L.
bilatericrescens.

— Unit E2 is about 40 m thick and con sists of thick-bed ded
or massive dolomitic lime stones.

Cono donts. C. celtibericus and L. bilatericrescens
bilatericrescens.

— Unit E3 is 5 m thick and con sists of bed ded lime stones
(packstones and wackestones with bioclasts) with thin shaly
interbeds.

Cono donts. Polygnathus inversus, Icriodus corniger
ancestralis and I. rectirostratus.

— Unit F be longs to the Rahal Fm. The ex posed part con -
sists of green ish and black shales with some lime stone nod ules
and lenses. Ac cord ing to Al ber ti (1969) the trilobites in di cate
an up per Eifelian age.

Cono donts. Only 1 spec i men of Polygnatus
angusticostatus has been found.

The com plete dis tri bu tion of cono dont spe cies in the Bled
Dfa sec tion and their biostratigraphic in ter pre ta tion are shown
on Fig ure 5.

AL KHALOUA SECTION

The Al Khaloua sec tion is sit u ated in the east ern part of the
Ra bat–Tiflet struc tural zone about 17 km WSW of Tiflet (Fig.
2). The sec tion sam pled is ex posed on the left bank of the Oued
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Bou Regreg at a lo cal ity named Chabet Ben Mkadem. The part
sam pled for the pres ent study is about 38 m thick and con sists
of grey bed ded lime stones, dolomitic lime stones and dolomites 
with chert de vel op ment.

— The lower part be longs to the Rechoua Fm. con sist ing of 
10 to 20 cm thick lime stone beds al ter nat ing with dolomitic
lime stones. The Rechoua Fm. is a lat eral equiv a lent of the
Pragian Bou Regreg Fm. (Michard, 1976).

— The up per part be longs to the Safsaf Fm. and con sists of
80 to 100 cm thick lime stone beds (grainstones with bioclasts

of cri noids and brachi o pods), dolomitic lime stones and
dolomites.

Ac cord ing to El Hassani (1990) the two for ma tions in this
sec tion be long to the Emsian.

Cono donts. Caudicriodus celtibericus and Belodella devonica 
are abun dant through out the sec tion; Polygnathus dehiscens vel
kitabicus, Ozarkodina steinhornensis miae, Latericriodus
bilatericrescens bilatericrescens and Pelekysgnathus serratus
serratus first ap pear about 5 m above the base of the Safsaf Fm.
This level may rep re sent the Pragian/Emsian bound ary.
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Fig. 5. Cono dont dis tri bu tion in the Bled Dfa sec tion

Other ex pla na tion as in Fig ure 3



The com plete dis tri bu tion of the cono -
dont spe cies and their biostratigraphic in ter -
pre ta tion are shown on Fig ure 6.

OUED TIFLET SECTIONS 

The Oued Tiflet sec tions are sit u ated in the 
east ern ends of the Ra bat–Tiflet struc tural
zone (Fig. 2). The strati graphi cal col umn of
Fig ure 7 is based on two sec tions, the right
bank of the Oued Tiflet and the Tiflet quar ries.

SECTION ALONG THE RIGHT BANK 
OF THE OUED TIFLET

The sec tion is lo cated about 2.5 km SSE
of Tiflet. The base of the suc ces sion con sists
of oolithic ferruginous sand stones as signed
to the Arenig–Llanvirn. They are over lain in
strati graphic or der by the Zemmour, Tiflet 
and Safsaf formations, rang ing from Wen -
lock to the up per Emsian. This suc ces sion is
sub di vided into six units de scribed be low.

— Unit A is 18 m thick and con sists of
black shales al ter nat ing with dark grey lime -
stones. The lime stones can be thin-bed ded
or len tic u lar and con tain a rich fauna with bi -
valves, gas tro pods, orthocones, cri noids and 
ostracods El Hassani (1990) as signed this
part to the Pridoli, based on the pres ence of
Monograptus lochkovensis. Cono donts, in -
clud ing Kockelella absidta and Ozarkodina
bohemica, in di cate an older age, namely
Wen lock (Benfrika, 1994, 1999).

— Unit B is 34 m thick and con sists of
black shales with in ter ca la tions of nod u lar lime -
stones or thin-bed ded lime stones. Three sam -
ples from this unit were bar ren of cono donts.

— Unit C is 40 m thick and con sists of
micaceous platy lime stones al ter nat ing with
shales be com ing pro gres sively dom i nant in
the up per most part.

Cono donts. Belodella devonica first oc curs at the base of
the unit; sam ple 17 in the up per part of the unit con tained 1600
el e ments of Bel. devonica, 2 spec i mens of Caudicriodus cf. C.
postwoschmidti and 1 spec i men of Ozarkodina remscheidensis 
remscheidensis.

Units A, B and C be long to the Zemmour Fm.
— Unit D1 is 36 m thick and con sists of pale grey nod u lar

lime stones with thin shaly interbeds. The lime stones
(wackestones to packstones) con tain bioclasts of tentaculites,
trilobites and cri noids.

Cono donts. Ozarkodina pan dora and Latericriodus
steinachensis first ap pear in the lower part.

— Unit D2 is 12 m thick and con sists of pale grey lime stone 
beds (wackestones to packstones with bioclasts) sep a rated by
shaly interbeds.

Cono donts. Caudicriodus celtibericus and Ozarkodina
steinhornensis miae first oc cur in this unit.

Units D1 and D2 be long to the Tiflet Fm.
— Unit E is 45 m thick and it con sists of me dium-bed ded

lime stones (dolomitic packstones to grainstones with bioclasts
of tentaculites, ostracods and cri noids) al ter nat ing with thin
shaly interbeds. Some of the lime stone beds are cherty.

By com par i son with the lime stones and dolomites of the
Oued Akrech Fm., Al ber ti (1969) as signed unit E to the Emsian.

Cono donts. Latericriodus bilatericrescens bilatericrescens
and O. steinhornensis steinhornensis first ap pear in the mid dle
part of the unit and Latericiodus beckmanni in the up per part.

The com plete dis tri bu tion of the cono dont spe cies in the
units A to E and their biostratigraphic in ter pre ta tion are given
in Fig ure 7.

THE TIFLET QUARRIES

About 2 km south of Tiflet are sev eral ac tive and aban -
doned quar ries. The for ma tions A and B shown in the up per -
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Fig. 6. Cono dont dis tri bu tion in the Al Khaloua sec tion

Ex pla na tion as in Fig ures 3 and 5



most part of the strati graphic col umn (Fig. 7) are ex posed in a
small aban doned quarry, 800 m south-west of the Oued Tiflet
sec tion de scribed above.

— For ma tion A. The con tact with the un der ly ing Safsaf
Fm. is not ex posed. The sec tion shows a 11 m thick suc ces sion
of dark-grey ish shales with in ter ca la tions of thin lime stone
beds (slightly dolomitic wackestones with bioclasts of
tentaculites, bi valves, brachi o pods) lenses and nod ules. Gouwy 
et al., (2000) stud ied nearby ex po sures (sec tions OT1, OT2 and 
OT3) show ing a nearly com plete For ma tion A, about 60 m
thick and sep a rated from the un der ly ing Safsaf Fm. by an un ex -
posed in ter val about 4 m thick. On the lithogical col umn of Fig -

ure 7 the in ter val stud ied by Gouwy et al. (2000) is shown in
white, in di cate with “H”; it is not to scale. In the low est part of
For ma tion A they rec og nized a biostratigraphic in ter val rang -
ing from the serotinus to the patulus Zone, based on the first oc -
cur rence of Polygnathus linguiformis bultyncki and P.
serotinus. It is suc ceeded by the partitus Zone (rec og nized by
the in dex spe cies) and by an in ter val rang ing from the costatus
to the ensensis Zone. The up per part of For ma tion A is char ac -
ter ized by the first oc cur rence of Polygnathus hemiansatus,
cor re spond ing to the base of the Givetian. For ma tion A shows
sim i lar i ties with the Rahal Fm. of the Oued Bou Regreg sec -
tions near Ra bat.
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Fig. 7. Cono dont dis tri bu tion in the sec tion along the right bank of Oued Tiflet and nearby quar ries

H — hi a tus be tween the Safsaf Fm. and Fm. A (not to scale) that has been com pleted by Gouwy et al. (2000); other ex pla na tions as in Fig ures 3 and 5



— For ma tion B. The ex posed part of the over ly ing For ma -
tion B is 35 m thick and con sists of 30 to 60 cm thick reefoid
lime stone beds with tentaculites, ostracods, cri noids and cor als.

Cono donts. Unit B con tains a di ver si fied fauna with
Polygnathus, Ozarkodina, Tortodus, Icriodus and
Eognathodus. Most im por tant are the first oc cur rence of
Polygnathus timorensis at the base of the unit and P. rhenanus
and P. varcus about 10 m above.

The com plete dis tri bu tion of the cono dont spe cies in the
for ma tions A and B and their strati graphic in ter pre ta tion are
shown on Fig ure 7.

CHRONOSTRATIGRAPHIC, BIOSTRATIGRAPHIC
AND ELEMENTARY BIOFACIES INTERPRETATION

OF THE CONODONT FAUNAS

The chronostratigraphic and biostratigraphic in ter pre ta tion
of the cono dont fau nas is shown on Ta ble 1, men tion ing also se -
lected spe cies on which this in ter pre ta tion is based. Most of the
stratigraphically crit i cal spe cies are il lus trated in Fig ures 8 and 9.

Biofacies in for ma tion is lim ited to the ma jor changes that
oc cur through out the en tire suc ces sion. A de tailed biofacies
anal y sis is not given be cause most of the sam ples con tained less 
than 100 cono dont el e ments and pos sessed only mod er ate di -
ver sity. The to tal num ber of cono dont el e ments per 2 kg sam -
ples in clud ing only Pa el e ments of the gen era Caudicriodus,
Latericriodus, Icriodus, Pelekysgnathus, Ozarkodina,
Eognathodus, Polygnathus and all el e ments of Belodella
devonica is in di cated on Fig ures 3 to 7. One as ter isk in di cates
that Bel. devonica is dom i nant and two as ter isks that the cono -
dont fauna al most en tirely con sists of Bel. devonica el e ments.

SILURIAN

WENLOCK–LUDLOW, PRIDOLI

Benfrika (1999) rec og nized Wen lock-Lud low cono dont fau -
nas (sagitta Zone Walliser, 1964 and Kockelella variabilis Zone
Barrick and Klapper, 1976) in other sec tions from the West ern
Meseta. They are partly rec og nized at the base of the sec tion on
the right bank of the Oued Tiflet but are not dis cussed herein.
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Stages
For ma tions

Cono dont zones Se lected De vo nian cono donts from Ra bat–Tiflet area
Ra bat  ® Tiflet

Mid dle
De vo nian

Givetian
(lower part)

Not re -
cog -
nised

Fm. B Lower
varcus

varcus/
rhenanus

Polygnathus rhenanus

Icriodus brevis, Polygnathus varcus

Rahal Fm. A

timorensis Polygnathus timorensis 

hemiansatus Polygnathus hemiansatus, Icriodus obliquimarginatus

Eifelian

ensensis Polygnathus ensensis, Ozarkodina bidentata, Polygnathus angusticostatus

kockelianus Polygnathus angusticostatus

aus tra lis Polygnathus angusticostatus (Bled Dfa near Ra bat and Oued Tiflet)

costatus

partitus Polygnathus partitus 

Lower
De vo nian

Up per

 Emsian

 Lower

patulus

serotinus }Polygnathus serotinus

Oued
Akrech Safsaf

laticostatus/inversus Polygnathus inversus and Polygnathus laticostatus

gronbergi

dehiscens vel
kitabicus

Polygnathus dehiscens vel kitabicus (ex tremely rare) and Latericriodus
bilatericrescens (char ac ter is tic in lower Emsian Rabat–Tiflet)

Pragian
Bou

Regreg Tiflet

pireneae Caudicriodus celtibericus (fre quent)

kindlei

sulcatus
Latericriodus steinachensis, Ozarkodina pan dora (ex tremely rare)

Eognathodus sulcatus eosulcatus (ex tremely rare)

Lochkovian Hossei Zemmour

pesavis

delta

eurekanensis

postwoschmidti Cono donts are very rare: two spec i mens of Caudicriodus cf. C.
woschmidti, one spec i men of Caudicriodus cf. C. postwoschmidti and a

few spec i mens of Ozarkodina remscheidensis remscheidensis 
In the Ra bat–Tiflet area, the base of the Lochkovian has been rec og nized
by the oc cur rence of Monograptus uniformis co in cid ing with the first ap -

pear ance of Belodella devonica

woschmidti

Up per 
Si lu rian Pridoli eosteinhornensis Ozarkodina remscheidensis cf. eosteinhornensis

T a  b l e  1

Char ac ter is tics of the Pridoli/Lochkovian to mid dle Givetian cono dont fau nas in the Rabat–Tiflet struc tural zone
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Fig. 8. All spec i mens are Pa el e ments ex cept B, C, L, M (S el e ments) and N (M el e ment)

A — Ozarkodina remscheidensis remscheidensis (Ziegler, 1960), sam ple BG5, lat eral view, b5018, ´70; B, C — Belodella devonica (Stauffer, 1940),

sam ple BG3 and BH40, lat eral views of Sc and Sb el e ment, b5019, ´120, b5020, ´170; D, E — Caudicriodus cf. C. woschmidti (Ziegler, 1960), sam ple

BH3, up per and lat eral views, b5021, ´90; F, G, H — Ozarkodina pan dora al pha morphotype Murphy, Matti and Walliser, 1981, sam ple BH20, up per,

lower and lat eral views, b5022-b5024, ́ 57; I — Latericriodus steinachensis (Al Rawi, 1977) eta morphotype of Klapper and John son (1980), sam ple T22, 

up per view, b5025, ´24; J — Caudicriodus celtibericus (Carls and Gandl, 1969), sam ple AK6, up per view, b5026, ´70; K, L, M, N—  Caudicriodus

celtibericus (Carls and Gandl, 1969), sam ple BH27, up per view and three lat eral views, b5027, b5028, b5029, b5030, ´70, ´110, ´44, ´110; O —

Latericriodus bilatericrescens bilatericrescens (Ziegler, 1956), sam ple T34, up per view, b5031, ́ 70; P — Latericriodus beckmanni (Ziegler, 1956), sam -

ple BD45, up per view, b5032, ́ 70; AK — Al Khaloua sec tion, BD — Bled Dfa sec tion, BG — sec tion on left bank of Oued Bou Regreg, BH — sec tion on
right bank of Bou Regreg, T — Tiflet sec tions; all spec i mens are deposited at the Institut Royal des Sci ences Naturelles de Belgique un der cat a logue num -
bers b5018-b5048
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Fig. 9. All spec i mens are Pa el e ments in up per view ex cept J and O (lat eral view)

A — Polygnathus dehiscens abyssus Maw son, 1987 vel P. kitabicus Yolkin, Weddige, Izokh and Erina, 1994, sam ple AK12, b5033, ´130; B —

Polygnathus inversus Klapper and John son, 1975, sam ple BD29, b5034, ´90; C — Polygnathus laticostatus Klapper and John son, 1975, sam ple BH47,

b5035, ́ 90; D, E — Icriodus rectirostratus Bultynck, 1970, sam ple BG41 and BD27, b5036, b5037, ́ 70; F — Polygnathus hemiansatus Bultynck, 1987,

sampleT41, b5038, ́ 45; G — Tortodus bultyncki Aboussalam, 2003, sam ple T41, b5039, ́ 37; H — Polygnathus eiflius Bis choff and Ziegler, 1957, sam -

ple T42, b5040, ´70; I — Polygnathus pseudofoliatus Wittekindt, 1965, sam ple T46, b5041, ´50; J — Ozarkodina brevis (Bis choff and Ziegler, 1957),

sam ple T52, b5042, ´100; K — Polygnathus timorensis Klapper, Philip and Jack son, 1970, sam ple T49, b5043, ´70; L — Polygnathus linguiformis

linguiformis Hinde, 1879, sam ple T49, b5044, ´44; M — Polygnathus varcus Stauffer, 1940, sam ple T49, b5045, ´100; N — Polygnathus rhenanus

Klapper, Philip and Jack son, 1970, sam ple T49, b5046, ́ 44; O — Ozarkodina plana Bis choff and Ziegler, 1957, sam ple T45, b5047, ́ 44; P — Icriodus

brevis Stauffer, 1940, sam ple T50, b5048, ´120; see also Fig ure 8 for ex pla na tions about sam ple num bers and cat a logue num bers



Sam ple 7 from the Bled Dfa sec tion may be as signed to the
Pridoli by the pres ence of Ozarkodina remscheidensis cf.
eosteinhornensis. The eosteinhornensis Zone is used herein as
orig i nally de fined by Walliser (1964).

DEVONIAN

LOCHKOVIAN

In the west ern part of the Ra bat–Tiflet struc tural zone the
Lochkovian (Figs. 3–5) is rep re sented by dark platy lime stones
al ter nat ing with black shales (calciturbidites) dated by
Monograptus uniformis. The de pos its be long ing to the up per
part of the Hossei Fm. are con sid ered to rep re sent a rel a tively
deep con ti nen tal mar gin en vi ron ment. They con tain mostly
small cono dont fau nas (1 to 35 el e ments/2 kg) dom i nated by
Belodella devonica that is very abun dant in a few sam ples near
the top of the Lochkovian. A few frag men tary spec i mens of
Caudicriodus cf. C. woschmidti and spec i mens of Ozarkodina
remscheidensis remscheidensis have been found. Belodella
devonica first oc curs in the level with M. uniformis and is con -
sid ered as a use ful re gional in dex for rec og niz ing the base of
the De vo nian. Bel. devonica first oc curs in the Lochkovian of
Bo he mia (Slavik, 2001; Slavik and Hladil, 2004) and Sar dinia
(Corradini et al., 1998).

Caudicriodus cf. C. postwoschmidti is pres ent in a sam ple
in the up per most part of the Zemmour Fm. (Oued Tiflet sec -
tion, Fig. 7) a lat eral equiv a lent of the Hossei Fm. In Bo he mia
C. postwoschmidti and O. remscheidensis remscheidensis
range into the up per Lochkovian.

PRAGIAN

In the Oued Bou Regreg sec tions and the Bled Dfa sec tion
near Ra bat the lower and mid dle Pragian are rep re sented by
pale grey nod u lar and bed ded lime stones of the Bou Regreg
Fm. dated by Nowakia acuaria. Cono dont fau nas are im pov er -
ished (max i mum 35 el e ments/2 kg sam ples) and dom i nated by
Belodella devonica (90%). Al ber ti (1988) fig ured a spec i men
iden ti fied as Eognathodus cf. E. sulcatus (iden ti fied herein as
E. sulcatus eosulcatus ) from a sam ple 70 cm be low the base of
the Bou Regreg Fm. In the pres ent study Ozarkodina pan dora
al pha morphotype has been found in the lower part of the Bou
Regreg Fm. Ac cord ing to Slavik and Hladil (2004) the lat ter
taxon oc curs to gether with E. sulcatus eosulcatus in the low er -
most Pragian of the Barrandian area. 

The com po si tion of the cono dont fau nas changes in the up -
per most part of the Bou Regreg Fm. and in the low est part of the
Oued Akrech Fm. (Fig. 5). Fau nas are dom i nated by
Caudicriodus and Belodella.Caudicriodus celtibericus first oc -
curs at this level. Benfrika and Bultynck (2003) found C.
celtibericus to gether with Polygnathus pireneae in the Al
Attamna sec tion of the Oued Cherrat south of Ra bat. So the first
oc cur rence of C. celtibericus may be in dic a tive of an up per most
Pragian age as is the case in the Barrandian area (Slavik, 2001).

In the Oued Tiflet sec tion the lower part of the Tiflet Fm.
con tains Latericriodus steinachensis eta morphotype and O.
pan dora al pha morphotype. Ac cord ing to Slavik (2001) the
for mer taxon is one of the most sig nif i cant spe cies for the lower 

and mid dle Pragian of the Barrandian area. C. celtibericus first
oc curs in the up per part of the Tiflet Fm., that may be long to the 
up per most Pragian.

EMSIAN

Icriodontidae are in gen eral dom i nant dur ing most of the
Emsian (30–90%), al though Belodella can still be an im por tant
or dom i nant con stit u ent of the fau nas. Three sam ples from the
Oued Tiflet sec tion con tain re spec tively about 8000, 1200 and
12 800 belodellid el e ments. Polygnathus, Ozarkodina and
Neopanderodus oc cur in small num bers.

In the Oued Bou Regreg sec tions near Ra bat the Emsian is
rep re sented by the Oued Akrech Fm. with dolomitic lime stones 
in the lower part and dolomitic lime stones with shaly in ter ca la -
tions in the up per part. Nowakia barrandei oc curs in the lower
part and Nowakia elegans in the up per part. In the east ern part
of the Rabat–Tiflet struc tural zone (Al Khaloua and Tiflet) the
Emsian is rep re sented by the Safsaf Fm. con sist ing of dolomitic 
lime stones and dolomites. 

In the Bled Dfa and the Al Khaloua sec tion a few
Polygnathus spec i mens were found that are sim i lar to a
Polygnathus kitabicus spec i men fig ured by Yolkin et al. (1994, 
pl. 1, figs. 3 and 4 only). Maw son (1995) as signed that spec i -
men to Polygnathus dehiscens. The dis cus sion of the con tro -
versy over the tax o nomic sta tus of P. kitabicus and P.
dehiscens is out of the scope of the pres ent pa per be cause of the
small num ber of spec i mens we found. There fore the spec i mens
from Al Khaloua are iden ti fied as P. dehiscens vel kitabicus
and are con sid ered to in di cate the base of the Emsian in the
area. Latericriodus bilatericrescens is the most com mon spe -
cies in the lower part of the Emsian of the Ra bat–Tiflet struc -
tural zone. In the Barrandian area the first ap pear ance of this
spe cies “serves the best biostratigraphic in di ca tion of the
Emsian base”(Slavik, 2001). In the Cantabrian Moun tains
(Spain) Gar cia-Lopez and Sanz-Lopez (2002a, b) rec og nized a
lo cal bilatericrescens Zone within the lower Emsian.

Polygnathus inversus, Polygnathus laticostatus, Icriodus
fusiformis, Icriodus rectirostratus and Caudicriodus culicellus
first oc cur in the up per part of the Emsian (Bou Regreg sec tions;
Figs. 3–5). Polygnathus serotinus and Polygnathus linguiformis
bultyncki oc curs at the base of For ma tion A in the Tiflet area
(Gouwy et al., 2000). Polygnathus costatus patulus char ac ter iz -
ing the up per most Emsian has not been found in the Ra bat–Tiflet 
struc tural zone but oc curs in the Ain al Qcob sec tion about 35 km 
south-west of Ra bat (Benfrika and Bultynck, 2003).

EIFELIAN

Al though in the Eifelian cono dont fau nas from the Tiflet
area per cent ages of Polygnathus in crease, belodellid and
panderodid el e ments can be very dom i nant in some sam ples
(Gouwy et al., 2000).

In the Oued Bou Regreg sec tions near Ra bat the Rahal Fm.
(Figs. 3–5) con sist ing of shales with a few lime stone in ter ca la -
tions be longs partly to the Eifelian, while the low est part may
be still Emsian. Cono donts are rare and one spec i men of
Polygnathus angusticostatus was found about 10 m above the
base of the for ma tion in the Bled Dfa sec tion. Al ber ti (1998)
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men tions Nowakia holynensis 15 m above the base of the Rahal 
Fm. in the same sec tion. In the Barrandian this spe cies ranges
from the serotinus Zone to the top of the partitus Zone.

The Eifelian is well dated in For ma tion A of the Tiflet area
(Fig. 7) and con sist of shales with lime stone in ter ca la tions. The
base of the Eifelian with Polygnathus costatus partitus was
rec og nized in the lower part of this for ma tion by Gouwy et al.
(2000). Polygnathus ensensis oc curs in the up per part (herein).

GIVETIAN

The Givetian has only be rec og nized in the Tiflet area
(Fig. 7) and only the lower Givetian and the base of the mid dle
Givetian are ex posed. It con sists mainly of reefoid bed ded
lime stones. The 2 kg cono dont sam ples con tained be tween 13
and 158 el e ments and polygnathid Pa el e ments are dom i nant.
The sec tion shows a suc ces sion of the hemiansatus, timorensis
and rhenanus/varcus zones as de fined by Bultynck (1987); see
also Gouwy et al. (2000).

CONCLUSIONS

A pre cise and re li able zonal as sign ment of the cono dont
fau nas from the Ra bat–Tiflet struc tural zone is ham pered by
the gen er ally sparse num ber of cono dont el e ments and the scar -
city or ab sence of zonal in dex spe cies. The pre ci sion of the
biostratigraphic in ter pre ta tion grad u ally im proves from the
Lochkovian to the Givetian. It is prob a bly re lated to a pro gres -
sive change of the cono dont biofacies dur ing the
Lochkovian-Givetian. Most of the Lower De vo nian cono dont
fau nas are dom i nated by Belodella. Dur ing the Eifelian the im -
por tance of Polygnathus in creases and fi nally the ge nus dom i -
nates in the lower part of the Givetian. This change can be re -

spec tively linked with the lower Eifelian Chotec and
Eifelian/Givetian Kacak events.

Nev er the less, it was pos si ble to es tab lish a re gional, rel a -
tively con tin u ous cono dont zonation that is use ful for re gional
and in ter re gional cor re la tion. The in ter na tion ally used sulcatus, 
dehiscens vel kitabicus, laticostatus/inversus, partitus,
ensensis, hemiansatus, timorensis and rhenanus/varcus zones
have been rec og nized by the in dex spe cies.

The pres ence of the woschmidti and postwoschmidti zones is
sug gested by the pres ence of a few frag men tary spec i mens of the 
in dex spe cies oc cur ring to gether with Ozarkodina
remscheidensis remscheidensis. The eurekanensis, delta and
pesavis zones were not iden ti fied. How ever, it should be noted
that Caudicriodus postwoschmidti and O. remscheidensis
remscheidensis range into the delta Zone (Klapper and John son,
1980). No zon ally di ag nos tic spe cies for the kindlei Zone were
found. The ear li est oc cur rences of Caudicriodus celtibericus and 
Latericriodus bilatericrescens bilatericrescens are con sid ered
herein to be in dic a tive re spec tively of the base of the pireneae
and the dehiscens vel kitabicus Zones. In the sec tion on the left
bank of the Oued Bou Regreg the first ap pear ance of Ozarkodina 
steinhornensis steinhornensis may be within the gronbergi Zone
(Klapper and John son, 1980).

The oc cur rence of Polygnathus serotinus be low the
partitus Zone in the Tiflet area may rep re sent ei ther the
serotinus and/or the patulus Zone. No zon ally di ag nos tic spe -
cies for re li able rec og ni tion of the costatus, aus tra lis and
kockelianus zones were found.
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