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Cono dont fau nas, mostly from pre vi ously unsampled sec tions of the Tafilalt (east ern Anti-At las, Mo rocco) and span ning the up per
Givetian to basal Frasnian, in clude first re cords of spe cies for the re gion and NW Gond wana as well as new taxa: “Ozarkodina”
maroccanica n. sp., Polygnathus aequidivisus n. sp., Po. dengleri sagitta n. ssp., Po. jorfensis n. sp., Po. saevus n. sp., Po. tafilensis n.
sp., and Schmidtognathus longicavus n. sp. The mor phol ogy of Tortodus subsymmetricus n. sp. sug gests re la tion ships of Tortodus with
Frasnian ancyrognathids. Other taxa are de scribed in open no men cla ture: Po. cristatus n. ssp., Icriodus aff. I. symmetricus,
Skeletognathus aff. Sk. norrisi, and enig matic sup posed Pb el e ments (Gen. et sp. indet.). Ctenopolygnathus lanei Kuzmin (1995) is
emended and dis tinc tive morphotypes are rec og nized in Ct. angustidiscus and Po. collieri. Mesotaxis falsiovalis Sandberg et al. (1989) is 
a sub jec tive ju nior syn onym of the widely over looked M. guanwushanensis (Tian, 1988). The re vised re gional lithostratigraphy and
cono dont se quences al low to re fine the up per Givetian zonation. The for mer Up per disparilis Zone is sub di vided into suc ces sive Po.
dengleri sagitta and Po. dengleri dengleri subzones. The basalmost Frasnian Ancyrodella rotundiloba pristina Zone (= MN 1 Zone) is
pre served as a thin, con densed lime stone just at one lo cal ity (Bine Jebilet). The over ly ing Frasnes Event Beds (Lower Styliolinites) seem
to fall in the sub se quent Ad. rotundiloba soluta Zone (MN 2 Zone). Re cords of rare taxa, such as Po. paradecorosus, Po. pollocki
Morphotype 1, old est Po. webbi, Ct. angustidiscus, and Ct. lanei may be help ful for cor re la tion into dis tant ar eas or shal lower fa cies. 
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INTRODUCTION

Up per Givetian to lower Frasnian cono dont fau nas from the 
Tafilalt of the east ern Anti-At las (SE Mo rocco) have been de -
scribed in a se ries of now clas si cal pa pers by P. Bultynck and
co-au thors (e.g., Bultynck and Hollard 1980; Bultynck and
Jacobs 1981; Bensaid et al., 1985; Bultynck 1986, 1987;
Gouwy and Bultynck, 2002). Ear lier, Bensaid (1974) pub -
lished the first few up per Givetian cono dont lists from Hassi
Nebech. Some ad di tional data were pro vided by Ebert (1993;
no cono dont il lus tra tions) and, based on a sin gle sam ple from
the Ouidane Chebbi area, by Belka et al. (1999). De tailed data,
based on rig or ous bed-by-bed col lect ing and com plete iden ti fi -
ca tions of fau nas, in clud ing tax o nomic doc u men ta tion, are
only avail able for the fa mous Bou Tchrafine sec tion of the
Tafilalt Plat form. The fau nas from other sec tions around the
Mid dle/Up per De vo nian bound ary that were briefly dis cussed
by Bensaid et al. (1985) were never fully pub lished.

Aboussalam (2003), with pre lim i nary data in Aboussalam and
Becker (2001, 2002), in ves ti gated plat form and basinal sec -
tions around the lat est mid dle Givetian Taghanic Cri sis, re vised 
the cono dont zonation (ansatus to cristatus ectypus zones) of
the mid dle/up per Givetian tran si tion, and de scribed some new
and rare spe cies of Polygnathus and Tortodus. Field work con -
tin ued sub se quently and fo cussed on the up per Givetian and
basal Frasnian, orig i nally stim u lated by the aim to im prove the
cono dont-ammonoid cor re la tion of the Pharciceras Stufe (pre -
lim i nary data in Aboussalam and Becker, 2004, 2005). The
new cono dont fau nas in clude sev eral first re gional re cords of
taxa, ad di tional new spe cies of Polygnathus, Schmidtognathus, 
and Tortodus, ex tend the known range of some forms, and con -
trib ute to the re fine ment of the zonation. Var i ous other forms
can not be as signed to known spe cies and are iden ti fied in open
no men cla ture. Sev eral re gion ally rare spe cies seem help ful for
cor re la tion into more shal low, neritic fa cies or into dis tant re -
gions. The cono dont ranges in the top most Givetian
Petteroceras Beds and in the basal Frasnian are im por tant for a



better un der stand ing of the evo lu tion ary im pact of the global
Frasnes Event, a still poorly stud ied, polyphase (Becker and
Aboussalam, 2004; Aboussalam and Becker, 2004) se quence
of transgressive and wide spread hypoxic phases around the
mid dle/up per De vo nian bound ary.

Cono dont gen era are ab bre vi ated as fol lows: “Ozarkodina” 
= Oz., Icriodus = I., Bipennatus = Bi., Tortodus = T.,
Polygnathus = Po., Linguipolygnathus = L., Ctenopolygnathus
= Ct., Schmidtognathus = S., Klapperina = Kl., Elsonella = El.,
Mesotaxis = M., Ancyrodella = Ad., Belodella = B.,
Skeletognathus = Sk.

GEOLOGICAL SETTING 
AND STUDIED LOCALITIES

The Givetian of the Tafilalt is mostly char ac ter ized by con -
densed pe lagic lime stones that con tain rich fau nas of
ammonoids, nautiloids, tentaculitoids and ostracods, as well as
a re stricted low di ver sity ben thic com mu nity, con sist ing of
proetid and phacopid trilobites, cri noid re mains, small sol i tary
rugose cor als, rare tab u late cor als (thamnoporids and
cladochonids), brachi o pods (rhynchonellids and lingulids), bi -
valves (e.g., the large-sized ge nus Panenka), and gas tro pods.
Coral biostromes with Phillipsastrea, other hermatypic
Rugosa, alveolitids, branch ing Tabulata and some
stromatoporoids are only de vel oped in the south ern Tafilalt
Amessoui Syncline (Massa, 1965; Aboussalam, 2003) and
doc u ment a tran si tion to shal lower, neritic fa cies. This sug gests 
that the Tafilalt Plat form was gently dip ping north wards but in -
creased thick nesses and more com plete sed i men ta tion also
char ac ter ize the Ouidane Chebbi area in the east ern Tafilalt.
The east ern most Tafilalt at Mkarig is, again, more con densed
and in com plete. The grad ing into ar gil la ceous and hypoxic fa -
cies with py ritic (sec ond arily  goethitic to haematitic) fau nas of
the Hassi Nebech area in the SE Tafilalt doc u ments a tran si tion
to the Tafilalt Ba sin (Wendt et al., 1984). Goniatite shales have
also been found to in ter ca late and over lie the up per mid dle
Givetian coral patch reefs at El Atrous N (Aboussalam, 2003),
Oum el Jerane, and Jebel Ouaoufilal in the south ern Tafilalt.
The palaeobathymetric dif fer ence be tween pe lagic car bon ate
plat form, small-sized el e va tions with more neritic fa cies and
hypoxic shale bas ins was prob a bly low and goniatite shales
were de pos ited in de pres sion ar eas that were shel tered from
strong bot tom cur rents. This palaeobathymetric in ter pre ta tion
is per haps sup ported by cono dont biofacies data. Sup posed
shal low-wa ter cono donts (Belodella, rel a tive high per cent ages
of Icriodus) oc cur in lime stones that are in ter ca lated with
goniatite shales at Hassi Nebech and Oum el Jerane. 

Sec tions of the cen tral and north ern Tafilalt Plat form fea ture
var i ous un con formi ties that de vel oped in the course of the in ter -
play be tween eustatic sea level change, re gres sion con trolled
sub ma rine ero sion, and lo cal sub si dence vari a tion. Sec tions in
the west ern and north ern Tafilalt (Mdoura-East, Jebel Amelane,
Mounkara) lack parts of the up per part of the up per Givetian and
the lower Frasnian black styliolinites may wedge out over short
dis tances. At the north west ern edge of the plat form
(Ras-el-Kebber) the mid dle Givetian and lower part of the up per

Givetian are miss ing. At Jebel Mech Irdane (Ebert, 1993), above
the basal Givetian GSSP, and at the neigh bour ing Jebel Ihrs, the
up per Givetian and lower Frasnian have been sub se quently re -
worked and com pletely re moved. Disconformities on the cen tral
plat form have been doc u mented by Aboussalam (2003, Seheb el 
Rhassal) and Ebert (1993, Hamar Laghdad; con firmed by our re -
study). At Jebel Erfoud mid dle Frasnian (pre-Kellwasser) ero -
sion has very lo cally trun cated un der ly ing beds down to the early 
Eifelian. But a few tens of metres lat er ally, the Givetian is pres -
ent, con tains filled nep tu nian dykes, and the up per Frasnian
Kellwasser fa cies is only pre served as re worked clasts or in veins 
within basal mid dle Famennian mas sive lime stones. This il lus -
trates the fast chang ing and small-scale palaeotopography of
some plat form parts. The most com plete suc ces sions were found
in the west ern part of the Seheb el Rhassal ridge (Sec tion 3), at
Bou Tchrafine, Ouidane Chebbi, and Hassi Nebech. The
basalmost Frasnian can only be rec og nized in a sin gle sec tion at
Bine Jebilet.

Bensaid et al. (1985), Bultynck (1987), and later Wendt and 
Belka (1991) rec og nized that the base of the lower Frasnian
styliolinites is not isochronous through out the Tafilalt. Their
ob ser va tion is con firmed by our re-sam pling. In some sec tions
(e.g., Mdoura-East) the first black lime stones fall in the up per
part of the lower Frasnian (transitans Zone = MN 4 Zone) and
the main part of the substage is miss ing in a sed i men tary gap.
The styliolinites clearly be long to two dis tinc tive transgressive
pulses of con sis tently dif fer ent age in the lower Frasnian; only
the older unit (Lower Styliolinites) that mostly lacks
ancyrodellids and goniatites is con sid ered in this study.

New cono dont sam ples come from the fol low ing sec tions
(Figs. 1, 2, Ta bles 1–5):

Bine Jebilet (BJ; Ta ble 1 and Fig. 2), north ern Tafilalt Plat -
form, SE of Jorf, along the track ca. 300 m off the main road to
Erfoud, x = 601.2, y = 495.3; lower ex ten sion of Famennian
suc ces sion il lus trated in Becker (1993). Heavy quar ry ing has
de stroyed much of the out crop in the last five years.

Ras-el-Kebber (ReK; Ta ble 2), north west ern edge of
Tafilalt Plat form, iso lated De vo nian hill ca. 12 km SSE of Jorf,
x = 586.9, y = 490.0; sin gle sam ple from ir reg u larly bed ded,
lat er ally fast chang ing, red, bioclastic crinoidal lime stone, de -
pos ited as plat form mar gin de bris and mass flows; with many
gas tro pods, trilobites and ammonoids of the Taouzites
taouzensis Zone (up per MD III-D).

Mdoura-East (Md-E; Ta ble 3 and Fig. 2), west ern Tafilalt
Plat form, sec ond hill com ing from the main road to Msissi, ca.
10.5 km W of Rissani, x = 597.0, y = 478.2; lower ex ten sion of
Famennian sec tion de scribed in Becker (1993).

Jebel Amelane (JA; Ta ble 2), Jebel Ighace on 1:50 000
top o graphic map, west ern Tafilalt Plat form, ca. 8 km W of
Rissani, x = 600.3, y = 476.4. Pre vi ous de scrip tions of the
higher Givetian were given in Becker and House (2000b) and
Aboussalam (2003) but the pub lished data re quire sig nif i cant
re vi sion. For ex am ple, it turned out that the Lower and Up per
Marker Beds were mis iden ti fied; the lat ter is not de vel oped in
the west ern Tafilalt and only the mas sive Up per Sellagoniatites
and Lower Marker Beds are pres ent (Fig. 2).

Seheb el Rhassal (SeR-1 to 3), con tin u a tion of Bou
Tchrafine ridge W of the Oued Amerbouh, see Aboussalam
(2003); Sec tion 1 lies at x = 618.0, y = 481.3, lat eral Sec tion 2
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ca. 80 m west wards, lat eral Sec tion 3, which is more com plete
in the up per Givetian than the oth ers (Fig. 2), lies ca. 500 m fur -
ther west wards.

Bou Tchrafine (BT; Ta ble 4 and Fig. 2), cen tral Tafilalt
Plat form, ca. 8 km S of Erfoud, x = 616.8, y = 487.8. The up -
per Givetian to basal Frasnian was pre vi ously stud ied by
Bultynck and Hollard (1980), Bultynck and Jacobs (1981),
Ziegler and Klapper (1982), Bensaid et al. (1985), Bultynck
(1986, 1987), Ebert (1993), Becker and House (2000a) and
Aboussalam (2003).

Dar Kaoua (DK; Ta ble 2 and Fig. 2), cen tral Tafilalt Plat -
form, ca. 22 km SE of Erfoud, x = 627.3, y = 478.6; down ward
con tin u a tion of Frasnian/Famennian sec tion stud ied by Becker
(1993). A sin gle sam ple was taken from the lo cally very solid
Lower Marker Bed that yielded an im por tant and very well pre -
served goniatite fauna.

Ouidane Chebbi (OCh; Ta ble 5 and Fig. 2), ca. 44 km E of 
Erfoud, east ern Tafilalt Plat form, slightly tran si tional to Tafilalt 
Ba sin, x = 651.1, y = 472.2; pre vi ously il lus trated in
Aboussalam (2003). Ex ten sive quar ry ing has de stroyed al most
all Up per Givetian sec tions along sev eral kilo metres of lat eral
out crop. This is prob a bly one of the rea sons why Belka et al
(1999) il lus trated the Pharciceras Stufe only in a very rough
way and with just one cono dont sam ple taken from its top.

Oum el Jerane (OeJ), ca. 16 km NW of Taouz, south ern
Tafilalt Plat form, x = 620.25, y = 444.0, down ward con tin u a -
tion of Famennian suc ces sion sam pled by Korn et al. (2000)
and Hartenfels and Becker (2006), ca. = sec tion El Atrous II in
Bensaid et al. (1985); sin gle sam ple with few cono donts from
solid turbiditic lime stone over ly ing goniatite shale with
goethitic Lunupharciceras, other pharciceratids, and sev eral
un des cribed tornoceratids.

Hassi Nebech (HN), Tafilalt Ba sin, ca. 20 km ENE of
Taouz, Sec tion 1 at x = 656.2, y = 438.6, Sec tion 2 lies 2 km
eastwards; pre vi ously il lus trated in Bensaid et al. (1985) and
Aboussalam (2003). Both sec tions have be come fa mous for in -
cred i bly rich goethitic or haematitic pharciceratid fau nas that
are col lected by ber ber boys from the ad ja cent Begaa vil lage
and partly sold to rock shops in Erfoud and else where. Fur ther
to the east, just W of the Erg Kseir, the ar gil la ceous up per
Givetian be comes very unfossiliferous and, there fore, has not
been sam pled. 

In the in ter est of a com plete cono dont re cord, ref er ence is
also given to for mer sam ples from Bou Tchrafine, Hamar
Laghdad, El Atrous North and South, and Seheb el Rhassal,
Sec tions 1, 2. Pre vi ous to the cur rent in ves ti ga tions, a set of
sam ples col lected jointly by the sec ond au thor and the late M.
R. House at Bou Tchrafine and Bine Jebilet was sent to
G. Klapper, who kindly pro vided lists of iden ti fi ca tions.

TAFILALT LITHOSTRATIGRAPHY 
AND CONODONT FAUNAS

The up per Givetian and basal Frasnian of the Tafilalt can be
eas ily sub di vided into a suc ces sion of thick, solid and mas sive or
more nod u lar and re ces sive marker units (see Bultynck and
Walliser, 2000), each with a dis tinc tive ammonoid and cono dont 
fauna (Fig. 2). Once the gen eral se quence is un der stood, ori en ta -
tion in the field be comes easy, even when new out crops are ex -
am ined. How ever, the men tioned un con formi ties need to be rec -
og nized and lithological cor re la tion into the more shal low or
more basinal south ern Tafilalt ar eas is not straight for ward. Most
coral-stromatoporoid biostromes of the Amessoui Syncline were 
drowned in the course of the transgressive pulses of the Taghanic 
Events but at Oum el Jerane small patches of biostromes with
alveolitids, other Tabulata, and some Phillipsastrea may be in -
ter ca lated be tween up per Givetian shales with goniatites and
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Fig. 1. Over view of De vo nian out crops of the Tafilalt, show ing 
the lo ca tion of in ves ti gated (sam pled or mea sured) sec tions

AT-N — El Atrous North; BJ — Bine Jebilet; BT — Bou Tchrafine; DK —
Dar Kaoua; EKs — Erg Kseir; ET-S — El Atrous South; HL — Hamar
Laghdad; HN — Hassi Nebech Sec tions 1, 2;  JA — Jebel Amelane; JBI —
Jebel Bou Ifarherioun; JE — Jebel Erfoud; JI — Jebel Ihrs; Md-E —
Mdoura-East; MI — Jebel Mech Irdane; Mk — Mkarig; Mou — Mounkara;
OCh — Ouidane Chebbi; OeJ — Oum el Jerane; Oua — Jebel Ouaoufilal;
ReK — Ras-el-Kebber; SeR — Seheb-el-Rhassal Sec tions 1–3



turbiditic lime stones. In the more basinal Hassi Nebech ar eas
some of the marker units still can be iden ti fied, oth ers are lost in a 
thick ar gil la ceous suc ces sion. The re gional se quence of
pharciceratid-bear ing beds within the up per Givetian to basal
Frasnian of the Bouia For ma tion (Unit K, Bultynck and
Walliser, 2000), start ing just above the Pharciceras aff. P.
amplexum Bed of the Up per Tully Event In ter val (top most mid -
dle Givetian; Becker, 2007), is as fol lows (from base to top,
cono donts il lus trated in Figs. 3–9): 

MZERREBITES ERRATICUS BEDS

Green ish-grey, thin-bed ded to some what nod u lar lime -
stones, al ter nat ing with marls or thin crinoidal beds; of ten rich
in phacopids (Aboussalam, 2003; Stegemann, 2006) and com -
monly with the com pressed, name-giv ing goniatite and close
rel a tives, but with only rare Pharciceras. These beds rep re sent
re gion ally the early post-Taghanic phase. They have been sam -
pled at Md-E (bed 10e), JA (top of bed C2 = top bed 11), BT

(beds B2, 3 = 33b, c), SeR-2 (beds E2a, b), OCh (beds 3c–8),
EA-S (bed 10), HN-1 (beds 10e–i), and HN-2 (bed 10d). 

Cono donts can be abun dant and di verse. The num ber of re -
corded spe cies (ß-di ver sity) sig nif i cantly ex ceeds fau nas from
the un der ly ing Pharciceras aff. P. amplexum Bed. A wide
range of spe cies can be com mon and doc u ments the sig nif i cant
post-Taghanic bloom in sev eral cono dont gen era: Po. varcus,
Po. xylus (Aboussalam, 2003, pl. 16, figs. 4, 6), Po.
ovatinodosus (Aboussalam, 2003, pl. 15, fig. 16), Po. limitaris
(vari abil ity il lus trated by Aboussalam, 2003, pl. 18), Po.
dubius, I. difficilis, S. hermanni, S. wittekindti, S. pietzneri and
S. latifossatus. The pre vi ously dom i nant L. linguiformis dis ap -
pears sud denly and com pletely from al most all fau nas but, sur -
pris ingly, re mains very com mon in the sup pos edly more
basinal Hassi Nebech area (Aboussalam, 2003, pl. 17, fig. 3).
Taxa that are mod er ately fre quently en coun tered are Po.
ansatus, Oz. semialternans and Oz. sannemanni proxima.
Many other forms con sti tute only a mi nor part of avail able as -
sem blages: Po. timorensis, Po. pennatus, Po. housei (only at
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Fig. 2. Litho- and biostratigraphical cor re la tion of up per Givetian to basal Frasnian sec tions 
of the north ern to cen tral Tafilalt in a rough W–E transect (ver ti cal scale: 6 mm = 10 cm)

Pett — Petteroceras Beds, UMB — Up per Marker Bed, TaoB — Taouzites Beds, LMB — Lower Marker Bed, 
err — erraticus Beds, am — Pharciceras aff. P. amplexum Bed, Se — Up per Sellagoniatites Bed; 

shaded units — dark grey to black, or ganic-rich li thol ogy



SeR-2, Aboussalam, 2003, pl. 18, figs. 3–5), Po. acrinodosus
(only at SeR-2, Aboussalam, 2003, pl. 18, figs. 1–2), Po.
hemipennatus (only at SeR-2, Aboussalam, 2003, pl. 18, figs.
6, 7), I. expansus, I. brevis brevis (Aboussalam, 2003, pl. 23,
figs. 3, 4), T. bultyncki (only at HN-2), Tortodus n. sp. sensu
Aboussalam (2003, only at JA), Oz. sannemanni sannemanni,
Oz. sannemanni proxima (Aboussalam, 2003, pl. 24, figs. 11,

12), Oz. plana, Oz. maroccanica n. sp. (only at SeR-2, see
Aboussalam, 2003), S. gracilis, S. aff. S. hermanni (only at BT,
Aboussalam, 2003, pl. 21, figs. 14, 15), S. aff. S. wittekindti
(only at SeR-2), El. rhenana, and Prioniodina sp. L.
mucronatus (only at SeR-2) and Po. pseudofoliatus (only at
OCh, Aboussalam, 2003, pl. 28, fig. 5) are rare rel ict spe cies in
sin gle sec tions. Large Pb el e ments re sem bling Bryantodus cf.
B. nitidus (Aboussalam, 2003, pl. 22, fig. 13) may be long to the 
ap pa ra tus of a large-sized Tortodus.

RED LUNUPHARCICERAS BEDS

Red dish-grey, haematite-en riched, nod u lar or thin-bed ded
lime stones with poor macrofauna that in clude the old est
Lunupharciceras. This level cor re lates with a re stricted oc cur -
rence of hypoxic goniatite shales with many Mzerrebites and
early Lunupharciceras, but still with out Synpharciceras, at
Oum el Jerane, which is over lain by turbiditic lime stones and,
lat er ally, by the last patches of coral biostromes. Avail able
cono dont sam ples are from Md-E (bed 10g), JA (bed C+1) BT
(bed B4 = 33d or 33), SeR-1 (bed E2), SeR-2 (bed E2c), OeJ
(bed 8), and EA-N (beds 11–13). Ebert (1993) re corded con -
tem po ra ne ous cono donts from HL.

The cono dont con tent var ies sig nif i cantly from sec tion to
sec tion but the yield can be ex tremely low (e.g., at Md-E). To -
gether with the rar ity of macrofauna, this sug gests a phase of
very oligotrophic con di tions; the lack of or ganic car bon im -
proved the pres er va tion of ox i dized iron. A range of spe cies
can oc cur rather com monly and this doc u ments fau nal sim i lar -
ity with the un der ly ing unit: Po. ansatus, Po. xylus, Po. varcus,
Po. ovatinodosus, Po. limitaris, Po. dubius (Aboussalam,
2003, pl. 19, figs. 2, 3), and S. wittekindti. S. hermanni, S.
latifossatus, and S. pietzneri can be mod er ately com mon. This
unit con tains re gion ally the last known Po. timorensis (at
SeR-1) and L. mucronatus (at JA). Taxa that form mi nor parts
of as sem blages are Po. cristatus ectypus, Po. pennatus (only at
JA), Oz. semialternans, Oz. maroccanica n. sp. (only at
SeR-1), Oz. sannemanni sannemanni, S. aff. S. hermanni (only
at BT, Aboussalam, 2003), I. brevis latecarinatus (only at BT),
I. difficilis (only at SeR-1) and E. rhenana (only at SeR-1).

LOWER MARKER BED

The wide spread but heavily quar ried, mas sive Lower
Marker Bed of Becker and House (1994) was spe cially stud ied
by Ebert (1993), who named it as “Unterer Pharciceras-
 Horizont”. It rep re sents a shallowing up wards cy cle, with the
de vel op ment of a hardground at the top. How ever, the unit can
be sub di vided into two parts, which con tain dif fer ent fau nas
and both sub units seem to be long to two dif fer ent sed i men tary
phases. In the more basinal Hassi Nebech area, the mas sive
lime stone has changed into fossiliferous grey nod u lar lime -
stone with Synpharciceras and other pharciceratids. In the
Amessoui Syncline (Jebel Ouaoufilal) small goethitic goniatite
fau nas prove that the Lower Marker Bed is re placed by a poorly 
ex posed, hypoxic goniatite shale.

The lower sub unit has been sam pled at Md-E (beds 11, 12),
BT (bed C1 = 34, also lit er a ture data), HN-1b (bed 11b), and
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T a  b l e  1

Up per Givetian and basal Frasnian cono dont
re cord at Bine Jebilet

Bine Jebilet

 Cono dont zones dengleri  norrisi  pristina  soluta

bed and sam ple no. top G H1-2 H3 I base J

Oz. sann. sannemanni 1

Po. ordinatus 2 11

Po. xylus 4 32 13 34 2

Po. ovatinodosus 2 17 4 26 1

Po. dengleri dengleri 13 51 11 25 3

T. subsymmetricus n. sp. 13

Oz. plana 1

Po. limitaris 2

Sk. norrisi 1Pb * * 3

Po. cf. Po. xylus 2

Po. saevus n. sp. 5

S. wittekindti 1

S. longicavus n. sp. 1

Oz. sannemanni proxima 2 1

Oz. sannemanni adventa 5 2 * 1

Kl. disparalvea 1 1

I. difficilis 18 * * 35

Po. varcus 44 10 2 2

Po. dubius 16 6 38 14

I. symmetricus 2 * * 4

Po. pennatus 13 * 51 15

Po. dengleri 
sagitta n. ssp. 54 7 10

Po. webbi 1 * 1

Po. pollocki M1 2 * 1

Po. tafilensis n. sp. 8 * 15

Po. aequidivisus n. sp. 1

Po. paradecorosus 6 * * 3

Po. collieri M2 2

Po. angustidiscus 1

Po. cristatus n. ssp. 1

Po. cristatus cristatus 1 3

Ad. rotundiloba
binodosa 2

Ad. rotundiloba pristina 12

Po. jorfensis n. sp. 3

Po. cf. Po. uyenoi 1

Po. alatus 8 5

Po. lanei 6 2

I. subterminus 5

M. guanwushanensis 2

to tal cono donts 22 310 55 239 100

spe cies di ver sity 5 26 20 16



HN-2 (bed 10f). Un re vised data for HL were pub lished by Ebert
(1993). Avail able col lec tions are not very large and, in ab so lute
num bers, no cono dont is re ally com mon. The fol low ing spe cies
list does not dif fer much from the un der ly ing unit: Po. varcus,
Po. xylus, Po. ansatus, Po. ovatinodosus, Po. dubius (only at
Md-E), Po. pennatus, Po. cristatus ectypus, Po. limitaris, Oz.
semialternans (only at BT), Oz. sannemanni sannemanni (only
at Md-E), Tortodus sp., I. difficilis (only at Md-E), I. brevis
brevis, S. hermanni, S. latifossatus (only at BT), S. pietzneri, S.
wittekindti, S. peracutus and E. rhenana (only at HN). 

Richer fau nas are avail able from the up per sub unit, which
was sam pled at Md-E (beds 13, 14), BT (bed C2 = 35 and lit er -
a ture data), DK, BJ (iden ti fi ca tion list pro vided by Klapper),
and HL (Ebert, 1993). By con trast to the lower sub unit, Po.
ovatinodosus is the most com mon spe cies, fol lowed by S.
pietzneri and Po. dubius. Mod er ately com mon are Po. xylus,
Po. cristatus ectypus, Po. dubius, Po. pennatus, S. hermanni,
and S. wittekindti. Mi nor fau nal com po nents are Po. varcus,
Po. ansatus (only at Md-E), Oz. semialternans (only at Md-E),
a dif fer ent “Ozarkodina” (from BJ), Tortodus sp., T. aff. T.
weddigei (only at Md-E), I. brevis latecarinatus, I. difficilis, I.
arkonensis arkonensis (only at Md-E, Fig. 8A, B), I.
symmetricus (only at Md-E), S. latifossatus, S. peracutus, E.
rhenana (only at BJ), Kl. vysotzkii (Fig. 9A, B), Kl. disparilis,
and Kl. disparata. Sec tion Md-E yielded rare cono donts that
may rep re sent Pb el e ments (Gen. et sp. indet., Fig. 8G–I).

TAOUZITES BEDS

The Lower Marker Bed is over lain by a re ces sive suc ces -
sion of nod u lar and thin-bed ded lime stones that in clude rich
ammonoid lev els, es pe cially just above the Lower Marker Bed
or at the top of the se quence (OCh, bed 21, red nod ule layer at
Md-E = bed 17). The oxyconic and some times very large-sized
Taouzites taouzensis and the small-sized Pseudoprobeloceras
pernai are most char ac ter is tic. Cor re spond ing goniatite shales
of the Tafilalt Ba sin pro duced a flood of pharciceratids and
Taouzites. The level has not been rec og nized in the south ern
Tafilalt where out crop con di tions of the top most Givetian are
very poor. It is pos si ble to sub di vide the Taouzites Beds in all
sam pled sec tions but so far no dif fer ences in cono dont fau nas
from the lower or up per part are ap par ent. Sam ples are avail -
able from Md-E (beds 15–17), BT (beds 39–41), OCh (beds 21, 
22), and HL (Ebert, 1993).

By com par i son with the un der ly ing unit the fau nal com po -
si tion has changed. Po. ovatinodosus is not very com mon any
more and Schmidtognathus spe cies are also less abun dant. In -
stead, fau nas are dom i nated by Po. dengleri sagitta n. ssp.
(Fig. 6A), Po. dubius, Kl. disparilis (Fig. 9E), and lo cally
(e.g., OCh), by a resurge of Po. xylus and Po. varcus. Mod er -
ately com mon cono donts are Po. cristatus ectypus and S.
wittekindti. Mi nor fau nal el e ments are rep re sented by Po.
ovatinodosus, Po. aequidivisus n. sp. (only at BT), Po.
pennatus, Po. limitaris, Po. ordinatus, I. difficilis (only at
BT), I. symmetricus (only at BT, Fig. 8C), Tortodus sp. (only
at OCh), T. aff. T. weddigei (only at Md-E), S. peracutus (Fig.
7K), S. pietzneri (only at HL), Kl. vysotzkii, Kl. disparalvea,
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T a  b l e  2

Cono dont re cord of sam ples from Jebel Amelane, 
Dar Kaoua and Ras-el-Kebber 

Jebel Amelane

Cono dont zones hermanni ectypus

 bed and sam ple no. C2 C+1

 Po. varcus 18 54

 L. linguiformis 5

 L. mucronatus * 2

 I. difficilis 14

 Po. ansatus 3 46

 Po. ovatinodosus 39 12

 Tortodus sp. 1

 Po. timorensis 2

 I. brevis eslaensis 2

 Po. xylus 58 131

 Oz. sann. proxima 1

 Oz. semialternans 2 5

 Po. limitaris 24 31

 S. wittekindti 24 27

 S. pietzneri 25 19

 S. hermanni 2

 Po. pennatus 2 3

 Po. dubius 57 36

 Prioniodina sp. 2

 Oz. sann. sannemanni 2 1

 Oz. plana 1

 Oz. sann. adventa 3

 Ozarkodina sp. 2

 S. latifossatus 2

 Po. cristatus ectypus 2

 Palmatolepis sp.* 1

 to tal cono donts 289 402

 spe cies di ver sity 22 15

Palmatolepis sp.* — sam pling ad mix ture from
higher bed

Dar Kaoua

 Cono dont zones disparilis

 bed and sam ple no. LMB

 Po. varcus 4

 Po. xylus 3

 I. difficilis 1

 S. wittekindti 1

 S. pietzneri 1

 Po. limitaris 1

 Po. dubius 7

 Kl. disparilis 1juv

 Kl. cf. Kl.
disparilis 1

 Tortodus sp. 1

 to tal cono donts 21

 spe cies di ver sity 10

Ras-el-Kebber

 Cono dont zones sagitta

 bed and sam ple no. III-B

 S. wittekindti 1

 Po. dubius 10

 Po. cristatus ectypus 3

 S. peracutus 2

 Po. pennatus 1

 Kl. disparata 3

 Kl. disparilis 8

 Kl. disparalvea 1

 Kl. vysotzkii 1

 Po. dengleri sagitta 2

 to tal cono donts 32

 spe cies di ver sity 10



and Kl. disparata (only at OCh, Fig. 9C, D). Again there are
ques tion able Pb el e ments (Gen. et sp. indet.), both from Md-E 
and OCh (Fig. 8J–L). The ep i sodic rar ity of Icriodus,
“Ozarkodina” and Tortodus are an in ter est ing palaeo eco logi -
cal as pect that per haps can be ex plained by a deep en ing and
changes in trophic con di tions.

UPPER MARKER BED

This wide spread, heavily quar ried, solid and mas sive
marker unit of Becker and House (1994, 2000a) was named by

Ebert (1993) as “Oberer Pharciceras-Horizont” and also rep re -
sents a shallowing up wards cy cle. In sev eral sec tions prom i -
nent sub units can be rec og nized and the hardground and un -
con formity at the top con tains many cor roded goniatites and
large breviconic nautiloids. In the west ern Tafilalt (Md-E, JA,
JI, JMI) this re gres sive event caused ero sion down to the
Taouzites Beds whilst a thin nod u lar level is pre served just
above it at Ouidane Chebbi in the east ern Tafilalt. The cor re la -
tion into the Tafilalt Ba sin at Hassi Nebech is rather un clear al -
though some beds of grey nod u lar lime stone (bed 40 of
Bensaid et al., 1985) over lie the main pharciceratid level.
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T a  b l e  3

Up per Givetian cono dont re cord at Mdoura-East

Mdoura-East

 Cono dont zones hermanni ?  ectypus disparilis sagitta norrisi

bed and sam ple no. 10e 10g 11 12 13 14 15 16 17 18a 18b 19

Oz. semialternans 2 * * * * 1

S. hermanni 7 * 5 * 9 * * * * 1

Po. limitaris 3 * * * 5 * * 2 * 1

S. pietzneri 3 * * * 20 1

Po. dubius 3 1 3 3 22 19 34 67 * 48 37 1

Po. pennatus 2 * 1 * 11 2 * * * 10 12 4

S. wittekindti 1 1 1 14 3 1 3 * 1

Oz. sann. sannemanni 2 * * * * * * 7 3

Po. ansatus 2 * 6 4

Po. xylus 2 4 17 * 3 9 * 140 155 8

I. difficilis 5 5 17 6 * * * 10 7

Po. ovatinodosus 3 1 5 1 * 1 * 24 13

Po. cristatus ectypus 1 1 14 4 9 1 1

S. peracutus 2 * 6 4 2 * 1 4 3

Po. varcus 4 4 * * 7 * 17 45 1

S. latifossatus 3

Kl. vysotzkii 2 * 9 1 * 1

I. arkonensis arkonensis 2

I. symmetricus 3 * * * * * 2

T. aff. T. weddigei 3 1

Gen. et. sp. indet 3 3

Kl. disparilis 25 14

Po. dengleri sagitta n. ssp. 14 20 1 4 1

Kl. disparalvea 3 * 1 4

Po. dengleri dengleri 26 15 19

Oz. sann. adventa 21 1

Po. aequidivisus n. sp. 2

Kl. disparata 1

Po. ordinatus 3

Tortodus sp. 1

Po. tafilensis n. sp. 1 9

S. gracilis 1

I. aff. I. symmetricus 1

to tal cono donts 20 2 24 21 141 63 98 138 2 316 305 47

spe cies di ver sity 12 8 20 14 25



Cono dont data come from ReK, BJ (top bed G, fau nal list of
Klapper and new sam ple), BT (bed 36 = 42, in clud ing a new
sam ple), SeR-3 (beds 16c and 17b), OCh (bed 23), and HL
(Ebert, 1993).

As in the Lower Marker Bed, Po. ovatinodosus is rel a tive
com mon, as are Po. varcus (es pe cially at BT), Po. xylus, Po.

dubius, Po. aequidivisus n. sp.
(Fig. 6N–Q; per haps in cluded in
Po. pollocki in Bultynck, 1986),
and S. peracutus. Mod er ately
com mon are Kl. disparilis, Kl.
disparalvea, Po. dengleri sagitta
n. ssp. (Fig. 6B), and Po. dengleri
dengleri. Many other spe cies, in -
clud ing sev eral taxa that en ter
new, form a small to mi nor part of
fau nas: Po. pennatus, Po.
ordinatus, Po. limitaris, Po.
cristatus ectypus, Po. collieri (BT
re cord of Bultynck, 1986), Po.
webbi (Fig. 5U), Ct. angustidiscus
(only at BT), Po. tafilensis n. sp.
(only at BT), I. expansus (only at
BT), I. brevis brevis (only at BT),
I. brevis eslaensis (only at OCh), I. 
difficilis, I. symmetricus, Oz.
sannemanni sannemanni, Oz.
sannemanni proxima (only at BT,
Fig. 8P), Oz. sannemanni adventa
(only at Md-E), Oz. plana,
Prioniodina sp., T. caelatus, S.
wittekindti, S. gracilis (only at
BT), Kl. disparata, and Kl.
vysotzkii (ReK). As in older beds,
there are Bryantodus-type Pb el e -
ments that may be long to a
Tortodus ap pa ra tus. There is also
a tran si tional spec i men be tween
Po. ovatinodosus and Po. uyenoi
(Fig. 7I).

PETTEROCERAS BEDS

The Petteroceras Beds con sist 
of one to three, mostly red dish and 
iron-rich micritic lime stones that
are en crusted on the Up per
Marker Bed or sep a rated by very
thin ar gil la ceous interbeds. Var i -
ous spe cies of the multilobed and
(sub)oxyconic Petteroceras and
first Ponticeras are very char ac -
ter is tic. None of the top most
Givetian goniatites re gion ally sur -
vived into the Frasnian (Becker
and Abous salam, 2004). This is
also true for the last spe cies of the
large bi valve Panenka and for the
phacopids. In or der to elu ci date

the ex tinc tion around the Mid dle/Up per De vo nian bound ary
with the high est pos si ble pre ci sion, lower and up per parts of
the Petteroceras Beds were sam pled sep a rately.

From the lower part, new sam ples are avail able from
Md-E (beds 18a, b), BJ (bed H1, 2), BT, and OCh (bed 25).
Po. ovatinodosus con tin ues to be rel a tive com mon, which is
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T a  b l e  4

Top most mid dle Givetian to basal Frasnian cono dont re cord at Bou Tchrafine, in clud ing 
for mer re cords of P. Bultynck and co-au thors (B) or of Ebert (1993: E)

Bou Tchrafine

 Cono dont zones hermanni ectypus disparilis sagitta dengleri norrisi

 bed and sam ple no. B2 B3 B4 C1 C2 D E F G H1-2

 bed and sam ple no. 33b-c 33d 34 35 39 40 41 42 43

Po. timorensis 3

Po. ovatinodosus 8 8 1 B B * * 3 9 B

Tortodus sp. 2 1 1 * * * * * B

Oz. semialternans 2 * 1 B

Po. varcus 13 11 * B B * * * 3 B

Po. ansatus 8 * 1

Po. xylus 3 6 4 * B * * 2 35

I. difficilis 8 * * * * * * 2 3

Oz. sannemanni proxima 3 * * * * * * 1

Oz. sann. sannemanni 1 * * * * * * * B B

S. hermanni 27 11 2 B

S. wittekindti 6 6 1 B B * * 1 2

S. pietzneri 1 3 * B B

Po. limitaris 1 7 1 E * 1 * * B (B)

Po. dubius 1 * * * * * 1 * 1 B

El. rhenana 1

S. aff. hermanni 2 1

S. latifossatus 1 * B B

Po. cristatus ectypus ? B B B * 1 11 B

S. peracutus E * * * 1 B B

I. latecarinatus B

Kl. disparilis B * * 1 2

Po. dengleri sagitta n. ssp. 1 2 3

Po. aequidivisus n. sp. 2 * 3 B

I. symmetricus 2

Kl. disparalvea 1 B B

Kl. vysotzkii 4

Po. pennatus 1 4

Po. dengleri dengleri 7 B

Oz. plana 1

S. wittekindti 4

Po. ?uyenoi 1

Po. webbi 1

S. gracilis 2

Ct. angustidiscus 1

Po. tafilensis n. sp. 2

I. expansus B B

Po. collieri B B

Po. ordinatus B

M. guanwushanensis B

Mehlina gradata B

to tal cono donts 87 57 13 1 5 31 85

spe cies di ver sity 18 14 10 14 27 14



also true for Po. varcus, Po. xylus (Fig. 5I–K), Po. dengleri
sagitta n. ssp., Po. dengleri dengleri (Fig. 6E, F), and Po.
dubius. I. difficilis, Oz. sannemanni adventa (Fig. 8R), Po.
ordinatus (Aboussalam, 2003, pl. 19, fig. 5), Po. pennatus and
Po. tafilensis n. sp. (Fig. 5P, R) can be mod er ately com mon. A
char ac ter is tic new spe cies from BJ is T. subsymmetricus n. sp.

(Fig. 8N, O). Mi nor fau nal con stit u ents are Po. limitaris, Po.
cristatus ectypus (only at Md-E), Po. paradecorosus, Po.
webbi (only at BJ), Po. aequidivisus n. sp. (Fig. 6R), Po. saevus
n. sp. (only at BJ, Fig. 5L–O), I. symmetricus, Oz. sannemanni
sannemanni (Fig. 8 Q), Oz. sannemanni proxima (only at BJ),
Oz. plana (only at BJ), I. expansus (only at BT), Tortodus sp.,
T. bultyncki (Aboussalam 2003, pl. 25, figs. 1–3), S. hermanni
(only at Md-E), S. peracutus (Fig. 7L), S. wittekindti, S.
longicavus n. sp. (only at BJ, Fig. 7A, B), Mehlina gradata (BT 
re cord of Bultynck, 1986), Kl. vysotzkii (only at Md-E), Kl.
disparilis (Ebert, 1993), Kl. disparalvea (Aboussalam, 2003,
pl. 20, figs. 1, 2), Kl. disparata (only at Md-E), Sk. norrisi (only 
Pb El e ment at BJ, Fig. 8S), Sk. aff. Sk. norrisi (only at OCh,
Fig. 7G, H), and M. guanwushanensis (M. falsiovalis re cord at
BT of Bultynck and Walliser, 2000). 

The top most Givetian thin or nod u lar lime stones of the up -
per Petteroceras Beds were sam pled at three lo cal i ties (Md-E,
bed 19, BJ, bed H3, OCh, bed 26) and, to gether with lit er a ture
data, pro duced a sim i lar fauna to the lower Petteroceras Beds
but slight dif fer ences can be rec og nized. Polygnathus varcus
can be very com mon and Po. xylus (var i ous morphotypes, per -
haps in clud ing Po. pseudoxylus, Fig. 5C–H), Po. dubius, Po.
dengleri sagitta n. ssp., and Po. dengleri dengleri (Fig. 6C, D)
are also abun dant. Mod er ately fre quently en coun tered are Po.
ovatinodosus, Po. ordinatus, Po. tafilensis n. sp. (at Md-E), and 
S. peracutus. “Po. rugosus sensu Ziegler, 1965” in Bultynck
(1986) may be conspecific with some what older, ir reg u larly or -
na mented morphotypes of Po. limitaris that were fig ured by
Aboussalam (2003). Mi nor fau nal el e ments are Po. pennatus,
Po. aequidivisus n. sp., Po. alatus (only at OCh), Po. collieri
(BT re cord of Bultynck, 1986), I. expansus (only at BT), I.
difficilis (only at OCh), I. aff. I. symmetricus (only at Md-E,
Fig. 8D, E), Oz. sannemanni sannemanni (only at BT), Oz.
sannemanni proxima, Oz. sannemanni adventa, S. gracilis
(only at Md-E, Fig. 7Q, R), Kl. disparalvea, and M.
guanwushanensis (M. falsiovalis re cord from OCh of Belka et
al., 1999). There are no Tortodus or Skeletognathus.

ROTUNDILOBA PRISTINA BED

A thin, solid, red and micritic lime stone that lacks any
macrofauna is de vel oped at BJ be tween the last Petteroceras
Bed and the first black styliolinites of the Frasnes Event In ter -
val. Dur ing the search for a Mid dle/Up per De vo nian
stratotype, a range of Tafilalt sec tions was in ves ti gated by
Bensaid et al. (1985) but a re gres sive phase right at se ries
bound ary caused a wide spread un con formity that made the re -
gion un suit able for the GSSP se lec tion. The lo cal pres er va tion 
of a basalmost Frasnian lime stone at BJ may in di cate a small
palaeo topographic de pres sion but the over ly ing lower
Styliolinites are not very thick. It is pos si ble that the basalmost 
Frasnian is pre served in the shaly suc ces sions of the Tafilalt
Ba sin and of the Amessoui Syncline (Bultynck, 1982;
Bensaid et al., 1985).

A first sam ple of bed I at BJ was given to G. Klapper and
the bed was re-sam pled sub se quently. It pro duced a rather di -
verse fauna with rel a tive com mon early Ancyrodella, in clud ing
Ad. rotundiloba pristina (sim ple morphotypes, Fig. 9K, L,
O, P, and more ad vanced morphotypes, Fig. 9Q, R, all = early
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Fig. 3. Ide al ized draw ing of Schmidtognathus
longicavus n. sp., based on holotype B9A.1-28, 

up per (A) and lower (B) views, ´ 150

Fig. 4. Ide al ized mor phol ogy of Tortodus
 subsymmetricus n. sp., based on holotype B9A.1-52, 

up per (A) and lower (B) views, ´ 50



morphotype of Ad. rotundiloba sensu Klapper, 1989), and, less
com mon, Ad. rotundiloba binodosa (sim ple and ad vanced
morphotypes, Fig. 9I, J, M, N). Other abun dant cono donts are
Po. xylus (in clud ing forms that may be as signed to Po.
pseudoxylus), Po. ovatinodosus, Po. tafilensis n. sp., Po.
dubius, Po. pennatus and Po. dengleri dengleri. Po. dengleri

sagitta n. ssp., and Po. alatus (Fig. 7O, P) are mod er ately com -
mon. The fau nal list of the rather dis tinc tive as sem blage is com -
pleted by rare Po. collieri Morphotype 2 (only at BJ), Po.
paradecorosus (Fig. 6G–I), Po. pollocki Morphotype 1 (Fig.
6S), Po. webbi, Po. cristatus cristatus (Fig. 9H), Po. cristatus n. 
ssp. (Fig. 9F, G), Po. jorfensis n. sp. (Fig. 7C–F), Po. cf. Po.
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T a b l e  5

Top most mid dle Givetian to basal Frasnian cono dont re cord at Ouidane Chebbi

Ouidane Chebbi

Cono dont zones hermanni sagitta deng. norrisi soluta

bed and sam ple no. 3c 4 5 6 7 8 18 21 23 25 26a 26b 28

Po. xylus 19 * * * * * 47 * 16 2 13 39

L. linguiformis 3 1 * * * 1

Po. ovatinodosus 153 17 12 1 2 * 3 1 * * * 15

I. difficilis 46 7 2 * * * * * * * * 1 1

Po. varcus 8 7 2 * * * 40 * 9 * 3 1

Po. ansatus 10

I. expansus 3

Palmatolepis sp.* 1*

S. pietzneri 8

Po. timorensis 6 1

S. gracilis 9 1

Oz. semialternans 2 1

S. latifossatus 18 1

Oz. sannemanni proxima 2 * * * * * * * * * * 1

Po. pennatus 3 * * * 2 * * * * 2 * 2 22

S. hermanni 1 * 1

Po. limitaris 1 * * * 2

S. wittekindti 4 1 * * 2 * 9 1 2

Po. dubius 60 * * * * * 50 1 9 * 13 13 4

S. cf. S. pietzneri 1

I. brevis brevis 1

Po. pseudofoliatus 1

Tortodus sp. 1

S. peracutus 1

Kl. disparata 6

Kl. vysotzkii 6

Gen. et sp. indet. 3

Po. dengleri sagitta 18 * 9 * 3

Po. crist. ectypus 13 1 6

Po. ordinatus 1 * * 1 5 7

Kl. disparilis 30 * 2

I. brevis eslaensis 2

Po. webbi 1

Po. dengleri dengleri 1 1 16 29

Kl. disparalvea 1 * 1

Sk. aff. Sk. norrisi 1

Po. alatus 2

Oz. sannemanni adventa 1

Sk. norrisi 1

Po. collieri 2

to tal cono donts 357 39 18 1 8 1 228 4 58 7 54 111 30

spe cies di ver sity 22 14 11 14 5

Palmatolepis sp.* — sam pling ad mix ture from higher bed
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Fig. 5. Givetian polygnathids from the Tafilalt

A, B — Po. xylus, B9A.1-1, BT, bed A2 (ansatus Zone), typ i cal morphotype, ´ 50; C — Po. xylus, B9A.1-2, OCh, bed 26b (top most norrisi Zone),
small-sized morphotype with rel a tive flat plat forms, ´ 75; D–F — Po. xylus, B9A.1-3, OCh, bed 26b (norrisi Zone), morphotype with trans verse ribs and
an te ri orly po si tioned basal pit, ́  75; G, H — Po. xylus, B9A.1-4, OCh, bed 26b (norrisi Zone), morphotype with flat plat form and basal pit un der an te rior
plat form, ́  75; I, J — Po. xylus, B9A.1-5, BJ, bed H1, 2 (lower norrisi Zone), strongly curved morphotype, ´ 75; K — Po. xylus, B9A.1-6, BJ, bed H1, 2
(lower norrisi Zone), subsymmetric morphotype with low blade,  ́  65; L — Po. saevus n. sp., paratype B9A.1-7, BJ, bed H1, 2 (lower norrisi Zone),  ́  75;
M–O — Po. saevus n. sp., holotype B9A.1-8, BJ, Bed H1, 2 (lower norrisi Zone), ´ 75; P — Po. tafilensis n. sp., paratype B9A.1-9, BJ, bed H1, 2 (lower
norrisi Zone), ´ 50; Q, R — Po. tafilensis n. sp., holotype B9A.1-10, BJ, bed H1, 2 (lower norrisi Zone), ´ 50; S, T — Po. tafilensis n. sp., paratypes
B9A.1-11 and A.1-12, Md-E, bed 19 (up per norrisi Zone), ´ 40; U — Po. webbi, B9A.1-67, BT, bed 42 (dengleri dengleri Subzone), ´ 40
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Fig. 6. Up per Givetian to basal Frasnian polygnathids of the Tafilalt

A — Po. dengleri sagitta n. ssp., holotype B9A.1-13, nar row morphotype, Md-E. bed 16 (dengleri sagitta Subzone), ́  50; B — Po. dengleri sagitta n. ssp., 
paratype B9A.1-14, mod er ately wide, slightly asym met ric morphotype, BT, bed 42 (dengleri dengleri Subzone), ´ 40; C, D — Po. dengleri dengleri,
B9A.1-15, OCh, bed 26b (up per norrisi Zone), ´ 40; E — Po. dengleri dengleri, B9A.1-16, Md-E, bed 18 (lower norrisi Zone), ´ 50; F — Po. dengleri
dengleri, B9A.1-17, BJ, bed H1, 2 (lower norrisi Zone), ́  40; G, H — Po. paradecorosus, B9A.1-18, BJ, bed I (rotundiloba pristina Zone), ́  50; I — Po.
paradecorosus, B9A.1-19, OCh, bed 28 (rotundiloba soluta Zone), ´ 50; J, K — Po. collieri Morphotype 2, B9A.1-20, BJ, bed I (rotundiloba pristina
Zone), ´ 50; L, M — Ct. lanei, B9A.1-21, BJ, bed I (rotundiloba pristina Zone), ´ 75; N–O — Po. aequidivisus n. sp., paratype B9A.1-22, BT/bed 42
(dengleri dengleri Subzone), ´ 65; P — Po. aequidivisus n. sp., holotype B9A.1-23, BT, bed 42 (dengleri dengleri Zone), ´ 50; Q — Po. aequidivisus n.
sp., paratype B9A.1-24, BT, bed 42 (dengleri dengleri Zone), ́  65; R — Po. aequidivisus n. sp., paratype B9A.1-25, slightly tran si tional to Po. tafilensis
n. sp., BJ, bed H1, 2 (lower norrisi Zone), ´ 50; S — Po. pollocki Morphotype 1, B9A.1-26, BJ, bed I (rotundiloba pristina Zone), ´ 75; T — Ct.
angustidiscus, B9A.1-27, BT, bed 42 (dengleri dengleri Subzone), ´ 50
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Fig. 7. Polygnathus, Schmidtognathus and Skeletognathus from the high est Givetian and basal Frasnian of the Tafilalt

A, B — S. longicavus n. sp., holotype B9A.1-28, BJ, bed H1, 2 (lower norrisi Zone), ´ 75; C, D — Po. jorfensis n. sp., paratype B9A.1-29, BJ, bed I
(rotundiloba pristina Zone), ́  65; E, F — Po. jorfensis n. sp., holotype B9A.1-30, BJ, bed I (rotundiloba pristina Zone), ́  65; G, H — Sk. aff. Sk. norrisi,
B9A.1-31, OCh, bed 25 (lower norrisi Zone), ́  50; I — Po. ovatinodosus, tran si tional to Po. uyenoi, B9A.1-32, BT, bed 42 (dengleri dengleri Subzone), ́
50; J — Po. cf. Po. uyenoi, spec i men with smooth ros trum, B9A.1-33, BJ, bed I (rotundiloba pristina Zone), ´ 50; K — S. peracutus, morphotype with
subconcentric ridges, B9A.1-34, OCh, bed 18 (lower dengleri sagitta Subzone), ́  30; L — S. peracutus, B9A.1-35, Md-E, bed 18b (lower norrisi Zone), ́
30; M — Po. pennatus, patho log i cal spec i men with sec ond ary plat form lobe, B9A.1-36, BJ, bed H1, 2 (lower norrisi Zone), ́  65; N — Po. pennatus, tran -
si tional to forms pre vi ously iden ti fied as Po. rugosus, B9A.1-37, OCh, bed 28 (rotundiloba soluta Zone), ́  40; O, P — Po. alatus, B9A.1-38 and 1-39, BJ,
bed I (rotundiloba pristina Zone), both ´ 65; Q, R — S. gracilis, B9A.1-40, Md-E, bed 19 (up per norrisi Zone), ´ 75
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Fig. 8. Var i ous cono donts from the up per Givetian and lower Frasnian of the Tafilalt

A, B — I. arkonensis arkonensis, B9A.1-41, Md-E, bed 13 (disparilis Zone), ́  50; C — I. symmetricus, morphotype with rel a tive strong trans verse ridges
be tween nodes, in this re spect re sem bling I. arkonensis, B9A.1-42, BT, bed 41 (up per dengleri sagitta Subzone), ́  50; D, E — I. aff. I. symmetricus (sensu 
Bultynck and Jacobs, 1982), B9A.1-43, Md-E, bed 19 (up per norrisi Zone), ́  75; F — B. resima, B9A.1-44, Md-E, bed 20 (Up per Styliolinite), ́  75; G, I
— Gen. et sp. indet., three dif fer ent morphotypes, B9A.1-45 to 1-47, Md-E, bed 14 (up per disparilis Zone), all ́  50; J–L — Gen. et sp. indet., three dif fer -
ent morphotypes, B9A.1-48 to 1-50, OCh, bed 18 (lower dengleri sagitta Subzone), all ´ 50; M — Sk. norrisi, Pa el e ment, B9A.1-51, OCh, bed 27b
(rotundiloba soluta Zone), ´ 50; N, O — T. subsymmetricus n. sp., holotype B9A.1-52, BJ, bed H1, 2 (lower norrisi Zone), ´ 40; P — Oz. sannemanni
proxima, B9A.1-53, BT, bed 42 (dengleri dengleri Subzone), ́  50; Q — Oz. sannemanni sannemanni, B9A.1-54, Md-E, bed 18a (lower norrisi Zone), ́
50; R — Oz. sannemanni adventa, B9A.1-55, BJ, bed H1, 2 (lower norrisi Zone), ´ 50; S — Sk. norrisi, Pb el e ment, B9A.1-56, BJ, bed H1, 2 (lower
norrisi Zone), ´ 55
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Fig. 9. Klapperina, Po. cristatus and Ancyrodella from the up per Givetian and basal Frasnian of the Tafilalt

A, B — Kl. vysotzkii, B9A.1-57, Md-E, bed 13 (disparilis Zone), ´ 35; C, D — Kl. disparata, B9A.1-58, Och, bed 18 (dengleri sagitta Subzone), ´ 35; E
— Kl. disparilis, B9A.1-59, OCh, bed 18 (dengleri sagitta Subzone), ́  35; F, G — Po. cristatus n. ssp., B9A.1-60, BJ, bed I (rotundiloba pristina Zone), ́
35; H — Po. cristatus cristatus, B9A.1-61, BJ, bed I (rotundiloba pristina Zone), ´ 35; I, J — Ad. rotundiloba binodosa, sim ple morphotype with small
plat form lobes and few nodes, B9A.1-62, BJ, bed I (rotundiloba pristina Zone), ́  50; K, L — Ad. rotundiloba pristina, sim ple morphotype with very few
nodes, B9A.1-63, BJ, bed I (rotundiloba pristina Zone), ´ 50; M, N — Ad. rotundiloba binodosa, ad vanced morphotype with ad di tional nodes and large,
rounded plat form lobes, B9A.1-64, bed I (rotundiloba pristina Zone), ´ 50; O, P — Ad. rotundiloba pristina, sim ple morphotype with few nodes,
B9A.1-65, BJ, bed I (rotundiloba pristina Zone), ́  50; Q, R — Ad. rotundiloba pristina, ad vanced morphotype with nu mer ous nodes, B9A.1-66, BJ, bed I
(rotundiloba pristina Zone), ´ 50



uyenoi (pos si bly patho log i cal, Fig. 7J), Po. incompletus (re -
cord of G. Klapper), Ct. angustidiscus, Ct. lanei (Fig. 6L, M),
Belodella sp., and I. subterminus (re cord of G. Klapper).

FRASNES EVENT STYLIOLINITES
 (LOWER STYLIOLINITES)

The wide spread, black, of ten marly, lower Frasnian
styliolinites have been in ves ti gated in de tail at BT by Bensaid
et al. (1985) and Bultynck (1986). The on set of styliolinites
marks the bound ary be tween units K and L within the Bouia
For ma tion (Bultynck and Walliser, 2000). Wendt and Belka
(1991) ap plied the mis lead ing term “Lower Kellwasser Mem -
ber” to the suc ces sion but cor re la tion with the Frasnes Event
In ter val was rec og nized by Belka et al. (1999). A basal, mod er -
ately solid or concretionary lime stone and sub se quent rather ar -
gil la ceous beds mostly lack ancyrodellids and, there fore, were
dif fi cult to date. The BT cono dont re cord has been con firmed
by re-sam pling, also at BJ and OCh, but there are slight dif fer -
ences of fau nal com po si tion from lo cal ity to lo cal ity. Only the
Lower Styliolinites rep re sent the true Frasnes Event In ter val
whilst the youn ger sub unit (Up per Styliolinites) with sev eral
Ancyrodella spe cies, more abun dant ammonoids (Mantico -
ceras), bi valves and brachi o pods seems to cor re late with the
lat est lower Frasnian Timan Event (Becker and House, 1997).
The Frasnes Event In ter val can be rec og nized in the Tafilalt
Ba sin, but not so far in the Amessoui Syncline of the south ern
Tafilalt.

The to tal num ber of re corded spe cies is rather high but
many forms are rep re sented by few spec i mens. Polygnathus
pennatus can be dom i nant (Fig. 7N) and small Ct. lanei are
abun dant at BJ. Lo cally (BJ) even more abun dant I. difficilis
and other icriodids ap pear to be in con flict with the in ter pre ta -
tion of the styliolinites as hav ing formed dur ing deep en ing and
trans gres sion. As at the Frasnian–Famennian bound ary, it is
pos si ble that palaeo eco logi cal fac tors other than bathymetric
changes in flu enced the icriodid dis tri bu tion. This was also re -
cently pos tu lated for Icriodus blooms around the lower/mid dle
Frasnian bound ary of Po land (Sobstel et al., 2006). It is re -
mark able that the shal low-wa ter ge nus Belodella (Fig. 8F) may 
oc cur in lower Frasnian styliolinites, too (as it does in the ar gil -
la ceous Tafilalt Ba sin at Hassi Nebech, Bensaid, 1974;
Aboussalam, 2003) but a belodellid spike was also ob served in
the Holy Cross Moun tains. The ex treme rar ity of Ancyrodella
and the pres ence of Mesotaxis in the Lower Styliolinites is in
ac cord with a deep en ing (Sobstel et al., 2006).

Mod er ately com mon spe cies of the Lower Styliolinites are
Po. varcus, Po. dubius, and Sk. norrisi (Fig. 8M). Po. xylus, Po. 
ovatinodosus (only at BT), Po. aequidivisus n. sp., Po. collieri
Morphotype 2 (Fig. 6J, K), Po. paradecorosus, Po. webbi, Po.
cristatus cristatus, Po. alatus (only at BJ), Ct. lanei (only at
BJ), I. brevis brevis (only at BT), I. brevis latecarinatus (only at 
BT), I. symmetricus (only at BJ), I. subterminus, I. aff. I.
arkonensis (only at BJ), I. aff. I. expansus (only at BJ), Oz.
sannemanni sannemanni (only at BT), Oz. sannemanni
adventa (Only at BJ), Oz. semialternans? (BT re cord of
Klapper), Ad. rotundiloba soluta (BT re cord of Bultynck and
Walliser, 2000), Ad. rotundiloba rotundiloba (BT re cord of
Bultynck and Walliser, 2000), M. guanwushanensis (new

spec i mens from BJ), and M. ?asymmetrica (BT re cord of
Bultynck, 1986) are rare.

CONODONT ZONATION

Aboussalam (2003) has re vised the cono dont zonation for
the lower part of the Pharciceras Stufe and the new data are in
full agree ment with the rec og ni tion of suc ces sive Oz.
semialternans (Pharciceras aff. P. amplexum Bed), S.
hermanni (Mzerrebites erraticus Beds) and Po. cristatus
ectypus (Red Lunupharciceras Beds) Zones (Ta ble 3). The
ex tended re gional data show that the zonal as sign ment of in di -
vid ual fau nas is partly ham pered by the un for tu nate fact that
zonal mark ers may lo cally en ter as sub or di nate fau nal el e -
ments. This is true for the cristatus ectypus Zone, disparilis
Zone, and es pe cially for the norrisi and rotundiloba soluta
zones. Al ter na tive zonal mark ers are even less com mon. With -
out the con text of re gional litho- and ammonoid
biostratigraphy this has led in the past to some wrong age as -
sign ments. The zonal char ac ter is tics can be briefly sum ma -
rized as fol lows (Ta ble 6):

S. HERMANNI ZONE

De fined by the en try of the name-giv ing or of var i ous other
Schmidtognathus spe cies, es pe cially of S. wittekindti and S.
pietzneri. Po. limitaris, Po. dubius and first Po. pennatus are
im por tant al ter na tive zonal mark ers. Rare forms that are re -
stricted to the zone are Po. housei, Po. acrinodosus, and Po.
hemipennatus. There are also first rare S. gracilis, which con -
firms the rather early re cord of the spe cies from the neigh bour -
ing Maider re gion by Bultynck and Jacobs (1981). S. hermanni
in cludes a morphotype or pos si ble new sub spe cies with very
large basal cav ity that may ex tend be yond the plat form, form ing 
an in cip i ent side-lobe.

PO. CRISTATUS ECTYPUS ZONE

De fined by the en try of the name-giv ing sub spe cies. There
are no other zonal mark ers in the nod ules be low the Lower
Marker Bed. S. peracutus en ters as an im por tant ad di tional
zonal in dex above the zonal base in the lower part of the lat ter.

KL. DISPARILIS ZONE

En try of the name-giv ing or of any other Klapperina spe -
cies, such as Kl. vysotzkii (iden ti fied as tran si tional forms be -
tween Po. cristatus and Klapperina by Ziegler and Klapper,
1982), Kl. disparalvea, or Kl. disparata, in the up per sub unit
of the Lower Marker Bed. Bultynck and Jacobs (1981) did not
find Klapperina at this level at Bou Tchrafine but the ge nus
was first re corded by Ebert (1993) and our sam pling at BT,
DK, Md-E, JA, and BJ con firmed this. The disparilis Zone (=
for mer Lower disparilis Zone) is a rather con densed in ter val
through out the Tafilalt. It fea tures the youn gest Po. ansatus at
Md-E, which con forms to the rare youn gest global re cords
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(Aboussalam, 2003). The same sec tion has the youn gest
known I. arkonensis arkonensis (Fig. 8A, B), which ex tends
its range up wards from the cristatus ectypus Zone of North ern 
Spain (Gar cia-Lopez, 1987), and the old est I. symmetricus.
The com pos ite of Klapper (1997) gives a much higher en try
of the lat ter spe cies but rel a tives are al ready known from the
cristatus ectypus Zone (Gar cia-Lopez, 1987). Up per Givetian 
forms close to I. symmetricus need fur ther de tailed re vi sion.

PO. DENGLERI SAGITTA SUBZONE

En try of the name-giv ing and rel a tive com mon new sub -
spe cies at the base of the Taouzites Beds. The Tafilalt sam ples
sug gest that Po. ordinatus can be re gion ally used as an al ter na -
tive marker spe cies. In other re gions (Aboussalam, 2003), the
spe cies ranges down wards into the hermanni Zone. Po.
aequidivisus n. sp. en ters as a rare form and con tin ues in later
top most Givetian zones.

The new subzone forms the lower part of the pre vi ous
(Klapper and John son, 1990) Up per disparilis Zone or the
lower part of the dengleri Zone sensu Bultynck and Jacobs
(1981). Based on the age of il lus trated spec i mens, it seems that
it can also be rec og nized at least in North Cornwall
(Kirchgasser, 1970) and the Holy Cross Moun tains of Po land
(Racki and Bultynck, 1993). It needs to be em pha sized that it
does not cor re late with the Lower dengleri Subzone of Klapper 
and John son (1980), which was de fined by the en try of Kl.
disparilis and which in cluded the whole in ter val from the base
of the disparilis to the top of the (new) dengleri dengleri
Subzone. Feist and Klapper (1985) noted early rel a tives of Po.
dengleri in the up per part of the Lower disparilis of the
Montagne Noire.

PO. DENGLERI DENGLERI SUBZONE

En try of the nom i nate sub spe cies of Po. dengleri near the
base of the Up per Marker Bed. This subzone is an im por tant
level since a num ber of other polygnathids en ter, which are rare 
in the Tafilalt but which oc cur else where and in dif fer ent set -
tings. These are Po. webbi, Po. collieri and Ct. angustidiscus.
Ac cord ing to the com pos ite range of Klapper (1997), Po.
webbi en ters at the base of the Frasnian (CS 96.9) but Uyeno
(1974) and Norris and Uyeno (1983) pre vi ously pub lished re -
cords from the top most Givetian insita Fauna of NE and Cen -
tral Al berta. The new Mo roc can ma te rial con firms and ex tends
the range down into the high est Givetian. Ct. angustidiscus en -
ters in the shal low-wa ter Up per subterminus Fauna of Iowa,
Al berta and Man i toba (e.g., Witzke et al., 1989; Rog ers, 1998)
but it was found be low Po. dengleri in Ne vada (John son et al.,
1980) and Cen tral Asia (Bardashev, 1992). In the Pyr e nees, a
morphotype with curved, long pos te rior ap pen dix of the ca rina
was found just be low Sk. norrisi and to gether with Po.
dengleri, which sug gests the dengleri dengleri Subzone (Liao
et al., 2001). Klapper (1997) gives a com pos ite range of Po.
collieri that be gins slightly above the lower range of Sk. norrisi, 
but the Bultynck (1986) re cord re quires a down wards range ex -
ten sion, prob a bly at least for Morphotype 2. Polygnathus

tafilensis n. sp. en ters as a rare form in the dengleri dengleri
Subzone and con tin ues into the Frasnian. The tran si tional spec -
i men be tween Po. ovatinodusus and Po. uyenoi from BT is
slightly youn ger than the two types of the rare spe cies from the
disparilis Zone of Cen tral Asia (Bardashev, 1992) and NW
Can ada (Uyeno, 1978).

The new dengleri dengleri Subzone does not cor re late
with the for mer Up per dengleri Subzone of Klapper and John -
son (1980), which was de fined by the en try of Sk. norrisi. It
rep re sents an up per sub di vi sion of the for mer Lower dengleri
Zone and of the Up per disparilis Zone (Klapper and John son,
1990). Based on Ct. angustidiscus, it may cor re late with the
Up per subterminus Fauna of North Amer ica (see dis cus sion
in Rog ers, 1998).

SKELETOGNATHUS NORRISI ZONE

En try of the name-giv ing spe cies, which also can be rec og -
nized (at BJ) based on its char ac ter is tic (e.g., Sandberg et al.,
1989; Kirchgasser, 1994) Pb el e ment. M. guanwushanensis ( =
falsiovalis) can serve as a good al ter na tive marker, but both taxa
are very rare in the Petteroceras Beds of the re gion. Bultynck
(1986) re corded Mehlina gradata from the lat ter at BT but in
North Amer ica (e.g., Norris et al., 1982, Witzke et al., 1989) the
spe cies may en ter be fore Sk. norrisi, as a marker of the un der ly -
ing Up per subterminus Fauna. T. subsymmetricus n. sp. from BJ
is a good lo cal marker spe cies for the norrisi Zone. Po. saevus n.
sp., S. longicavus n. sp., and Sk. aff. Sk. norrisi are rare spe cies
that are re stricted to the norrisi Zone in the Tafilalt. The first spe -
cies may con tinue in the Ca na dian Frasnian (Uyeno, 1974). The
norrisi Zone is the type-level of T. bultyncki, not the lower
Taghanic Event In ter val, as re ported by mis take in Aboussalam
(2003); but the spe cies is more typ i cal for older strata.

Sev eral other polygnathids en ter in the top most lime stone
lay ers of the Tafilalt Givetian that may be use ful for cor re la tion
into shal lower fa cies: Po. alatus, Po. paradecorosus, Po.
pollocki Morphotype 1, and some Po. xylus morphotypes.
Klapper (1997) gives a com pos ite range of Po. alatus that only
just pre-dates the base of the Frasnian and this is con firmed by
the new Tafilalt re cord. Uyeno and Wendte (2005) listed Po.
alatus from low in the norrisi Zone of the Archie well of Al berta, 
Racki and Bultynck (1993) il lus trated it from the norrisi Zone of
the Holy Cross Moun tains (Po land). All these rather con sis tent
data do not re solve the enig matic, much older (up per part of
ansatus Zones, mid dle Givetian) re cords from New York (Hud -
dle, 1981) and Ne vada (John son et al., 1980). Po. pseudoxylus,
de scribed from the lower Frasnian of the cen tral Rus sian Plat -
form (Kononova et al., 1996), is very close to Po. xylus and its
to tal range is not yet well es tab lished. In a later re view (Ziegler et 
al., 2000), the spe cies was also listed from the late lower
Frasnian of the Rhenish Mas sive and of the Volga-Ural Prov -
ince. The Tafilalt top most Givetian pop u la tions of Po. xylus con -
sist of a range of morphotypes (Fig. 5C–K), which may in clude
Po. pseudoxylus, but small spec i mens of both spe cies cur rently
can not be dis tin guished. The rather early en try of Po. pollocki
Morphotype 1 at BJ seems in ac cord with the pre vi ous re cord of
the spe cies from OCh in Belka et al. (1999) but their ma te rial
was not fig ured. Po. pollocki is more typ i cal for the Frasnian
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(Druce, 1976), where it in cludes smooth forms (Morphotype 2,
Zhuravlev, 1999, prob a bly a sep a rate taxon), gave rise to de rived 
spe cies, and it (Morphotype 2) is used as a zonal in dex of shal -
low-wa ter Rus sian Plat form de pos its (Kozlova, 2002; Zhura -
vlev et al., 2006). Po. paradecorosus (e.p. = Polygnathus nov.
sp. Dzik, 2002) was doc u mented by Ji and Ziegler (1993) from
the lower Frasnian (MN zones 2–4) of South China, but with out
il lus tra tions, they also claim an older oc cur rence in the disparilis
Zone. The Mo roc can spec i men con firms a range of the dis tinc -
tive spe cies at least from the norrisi Zone. In Ger many and Rus -
sia it is also com mon in the mid dle Frasnian (Po. decorosus in
Ziegler et al., 2000) and later it gave rise to Avignathus (see
Dzik, 2002).

The base of the top most Givetian norrisi Zone cor re lates
with the base of the for mer Low er most asymmetricus Zone
(Ziegler, 1971), with the base of the for mer Up per dengleri
Subzone (Klapper and John son, 1980), with the base of the
Lower falsiovalis Zone of Sandberg et al., (1989), and with the
base of the shal low-wa ter Pandorinellina insita Zone (e.g.,
Uyeno, 1978; Norris and Uyeno, 1983; Witzke et al., 1989;
Bultynck, 2007).

A sig nif i cant ex tinc tion event at the top of the Petteroceras
Beds af fected the gen era Schmidtognathus and Klapperina, as
well as some long-rang ing spe cies, such as Po. limitaris, Oz.
plana, and re gion ally, I. expansus.

ANCYRODELLA ROTUNDILOBA PRISTINA ZONE 
(MN 1 ZONE)

En try of the name-giv ing sub spe cies (= early rotundiloba
morphotype of Klapper, 1985), which also de fines MN Zone
1 of Klapper (1989) and the base of the Up per De vo nian in the 
Montagne Noire GSSP. Ad. rotundiloba binodosa does not
pre cede Ad. rotundiloba pristina (Becker and Aboussalam,
2004) but is a con tem po ra ne ous sis ter sub spe cies; both seem
to have their roots in Oz. sannemanni, which is wide spread in
the top most Givetian. Some rare forms may be use ful for the
rec og ni tion of the Frasnian else where: Po. cristatus n. ssp.,
Po. incompletus and Ct. lanei. Po. incompletus was orig i nally
(Uyeno, 1974) de scribed from the basal Frasnian of Al berta,
which was con firmed by McLean and Klapper (1998, p. 527)
in the south ern Dis trict of Mac ken zie (lower Hay River For -
ma tion) and by Uyeno and Wendte (2005) for a bore hole in
cen tral Al berta. Po. cristatus n. ssp. also oc curs in the basal
Frasnian of the Rhenish Mas sive (new re cord). Po. cristatus
cristatus en ters at BJ at the base of the Frasnian (Fig. 9F) but
very sim i lar forms were il lus trated as Po. cristatus? from the
Up per disparilis Zone of the Montagne Noire (Klapper, 1989) 
and from the norrisi Zone (Lodi Lime stone) of New York
(Kirchgasser, 1994). Ct. lanei was first de scribed as Po. aff.
Po. angustidiscus from higher parts of the lower Frasnian of
New York (West River Shale, Hud dle, 1981). The Ca na dian
spec i mens of Klapper and Lane (1985) are from even higher,
mid dle Frasnian strata. On the Rus sian Plat form, Ct. lanei en -
ters in the Up per Timan For ma tion (Timan) and Snetnaya
Gora Beds (Main De vo nian Field), lev els which were thought 
to fall in the basal Frasnian (Kuzmin, 1995; Zhuravlev et al.,
1997, 2006). This in ter pre ta tion is sup ported here.

Po. jorfensis n. sp. is cur rently re stricted to the rotundiloba
pristina Zone of the Tafilalt. A some what sim i lar form was il -
lus trated by Bai et al. (1982) from the basalmost Frasnian of
Guangxi, South China, as Polygnathus sp. C.

ANCYRODELLA ROTUNDILOBA SOLUTA ZONE
 (MN 2 ZONE)

En try of the name-giv ing sub spe cies or of late rotundiloba
morphotypes sensu Klapper (1985), which also de fines MN
Zone 2 of Klapper (1989). Ancyrodella is ex ceed ingly rare in the
Lower Styliolinites of the Tafilalt and the in dex form and the
nom i nate sub spe cies were only noted by Bultynck and Walliser
(2000). M. asymmetrica was ques tion ably listed by Bultynck
(1986); his il lus trated spec i men, how ever, is from the youn ger
top of the lower Frasnian (Up per Styliolinites) at BT. Our sam -
ples in clude no ad di tional ma te rial. The fa cies-con trolled lack of
ancyrodellids and the pres ence of both Sk. norrisi and M.
guanwushanensis (= falsiovalis) pre vi ously led to a dat ing as
norrisi Zone (see dis cus sion in Bultynck, 1986), but the rich
basal Frasnian fauna from un der ly ing lime stone at BJ and the
sparse Ancyrodella re cord of Bultynck and Walliser (2000)
place all black styliolinites un equiv o cally in the lower Frasnian.
In the Tafilalt, the en try of stout morphotypes of I. subterminus
with abruptly in creas ing height of the denticles of the pos te rior
mid dle row ex ten sion (Bultynck and Hollard, 1980; Bultynck,
1986; new col lec tions) is a good ecostratigraphical marker for
the rotundiloba soluta Zone, but other morphotypes of the spe -
cies ex tend down into the up per Givetian (lat est re view in
Bultynck, 2007). There are even mid dle Givetian re cords, which
are ob vi ously based on con fu sion with sim i lar spe cies, such as I.
lilliputensis, I. obesus or I. excavatus (see Bultynck, 1987, 2007). 
I. uyenoi Sav age (1992) is not kept as an up per Frasnian sub spe -
cies of I. subterminus but granted full spe cies sta tus. Rare spec i -
mens from BJ as signed to I. aff. I. expansus have al ter nat ing
nodes of the me dian and lat eral rows and the pos te rior ex ten sion
of the first con sists only of a sin gle large node. I. aff. I.
arkonensis from BJ has fewer nodes in all rows than in the older,
typ i cal I. arkonensis. These two icriodids need fur ther study and
may be char ac ter is tic for the lower Frasnian.

Klapper and John son (1990) noted that Sk. norrisi ranges
up into the MN Zone 2 and this was con firmed in the com pi la -
tion of com pos ite ranges by Klapper (1997) and by Uyeno and
Wendte (2005). It sug gests that the Lower Styliolinites are not
youn ger than the MN 2 Zone. The pre cise age of or ganic-rich
styliolinite in ter vals is of con sid er able eco nomic in ter est since
these are po ten tial source rocks that con tinue in Al ge ria
(Lüning et al., 2004).

TAXONOMY

In re cent years it be came clear that most spe cies-rich De -
vo nian cono dont gen era in clude dif fer ent and par al lel, short-
or long-rang ing phylogenetical lin eages that should be rec og -
nized at the ge neric level. This tax o nomic re vi sion should in -
cor po rate data on ap pa ra tus com po si tion, as in the Frasnian
polygnathids Avignathus and Uyenognathus. But the mor -
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phol ogy of the Pa el e ments is also an im por tant fea ture.
There fore, and de spite older or youn ger it er a tive trends, we
ac cept the ge neric sep a ra tion of Linguipolygnathus and
Ctenopolygnathus. The re main ing Givetian to basal Frasnian
polygnathids still have to be as signed to well de fined dif fer ent 
lin eages. This task is be yond the scope of this pa per. Dzik
(2002) and Murphy et al. (2004) have ar gued that the true
Ozarkodina is a Si lu rian to basal De vo nian ge nus but did not
pro pose a new ge neric as sign ment for the ma jor ity of
Givetian and Frasnian spe cies. Nicollidina Dzik (2002) em -
braces only the Oz. brevis Group. Un til tax o nomic prog ress is
achieved, we re fer all other spe cies to “Ozarkodina”. 

The Mo roc can sam ples show that many well es tab lished
spe cies can be rare or rep re sented just by sin gle spec i mens.
Rar ity is not a rea son to dis re gard taxa, es pe cially when data
shall be come use ful for palaeodiversity and palaeo eco logi cal
anal y sis or for the es tab lish ment of full time ranges. Rare spe -
cies are a bi o log i cal nor mal ity in pres ent day eco sys tems. Their 
nam ing re quires a care ful com par i son with more com mon spe -
cies whose intraspecific vari abil ity is es tab lished. We have en -
coun tered two ex am ples (in Tortodus sp. and Po. pennatus,
Fig. 7M) where bi zarre morphologies, such as the de vel op ment 
of sec ond ary plat form branches, are a patho log i cal fea ture
(com pare patho log i cal Polygnathus il lus trated by Szulczewski, 
1971). De for ma tion (patho log i cal or diagenetic) and strati -
graphi cal mis plac ing (re work ing, leaks from higher beds) are
an ob sta cle for the tax on omy of rare taxa but this can be over -
come by care ful com par i sons with the wealth of lit er a ture data
on vari a tions and ranges. 

All ma te rial, in clud ing des ig nated types, is housed in the
mu seum of the GPI, Münster (col lec tion num ber GPIM B9A.1, 
fig ured spec i mens num bered as A.1-1 to A.1-67).

Ancyrodella rotundiloba pristina 
Khalymbadzha and Chernysheva, 1970

Fig. 9K, L, O–R

* 1970, Ancyrodella pristina Khalymbadzha and Cherny sheva; 
89–90, pl. 1, figs. 3–8;

* 1970, Ancyrodella prima Khalymbadzha and Chernysheva;
88–89, pl. 1, figs. 1, 2;

e.p. 1974, Ancyrodella rotundiloba binodosa Uyeno; 24, 25,
pl. 1, figs. 2A, B, ?6A, B; 

e.p. 1974, Ancyrodella rotundiloba subsp. A Uyeno; 25, 26, pl.
2, fig. 6A, B; 

e.p. 1985, Ancyrodella rotundiloba, early morphotype Klap -
per; 24, 26, 27, pl. 1, figs. 1–6, 9–18 [only], pl. 2, figs. 5–8,
11, 12 [only], pl. 3, figs. 5–11;

e.p. 1989, Ancyrodella pristina Sandberg et al.; 210, 211,
text-fig. 2.2–2.4, 7, pl. 1, figs. 3, 4, 13, 14 [non figs. 9, 10 =
rotundiloba soluta];

e.p. 1989, Ancyrodella soluta Sandberg et al., 211, 212, text-
 fig. 2.5, 2.7 [only].
T y p e . — Orig i nal of Khalymbadzha and Chernysheva,

1970; pl. 1, figs. 5–7.

D i s  c u s  s i o n . — The tax on omy of early ancyrodellids
has been the sub jec tive of an ex ten sive and con trary dis cus sion
in the last two de cades. There is sig nif i cant vari a tion con cern ing
plat form shape and or na men ta tion, the size of the basal cav ity,
and the pres ence/ab sence and course of keels and swell ings on
the un der side. Based on the suc ces sion of mor pho log i cally vari -
able pop u la tions, it is pos si ble to dis tin guish sub spe cies in Ad.
rotundiloba that are very im por tant for lower Frasnian
biostratigraphy. How ever, iden ti fi ca tion and zonal rec og ni tion
re quires me dian sized to ma ture spec i mens since ju ve niles of all
sub spe cies are sim i lar. Our con cept of Ad. rotundiloba pristina
mostly fol lows the def i ni tion of the early morphotype of Ad.
rotundiloba sensu Klapper (1985). Most crit i cal are the
subtriangular out line of the plat form and the size of the basal
cav ity, which amounts to or ex ceeds 50% plat form width. The
Bine Jebilet pop u la tion in cludes sim ple morphotypes or
ontogenetic stages with rather lan ceo late out line and very few
mar ginal sec ond ary nodes (Fig. 9K, L), slightly more ad vanced
morphotypes with more sec ond ary nodes (up to 10) and with
rounded an te rior plat form, partly only on one side (Fig. 9O, P; =
Ad. pristina Morphotype 3 of Sandberg et al., 1989), or ad -
vanced morphotypes with even more sec ond ary nodes (up to
20), in clud ing a few on the plat form be tween the two main (pri -
mary) nodes and small mar ginal nodes (Fig. 9Q, R; part of Ad.
soluta Morphotype 3 Sandberg et al., 1989). 

Ad. rotundiloba binodosa dif fers in its dis tinc tively rounded
two plat form lobes that may bear just two or a few ad di tional
nodes. The morphotype fig ured in Fig ure 9M, N is some what
un usual and very ad vanced since it fea tures a few ad di tional
nodes on the plat form, not at its mar gins. It is clear from the lit er -
a ture that there are many tran si tional forms be tween Ad.
rotundiloba binodosa and Ad. rotundiloba pristina. With re spect 
to the ju ve nile holotype of Ad. rotundiloba binodosa and the
mor pho log i cal intergradation, the sep a ra tion of binodosa and
pristina, even as sub spe cies, can be ques tioned. 

Our con cept of Ad. rotundiloba soluta fol lows the dis tinc tion 
of late morphotypes of Ad. rotundiloba by Klapper (1985) and is
cen tered on its type and closely re lated forms. This sub spe cies
de fines MN Zone 2 (Klapper, 1989) and has a smaller basal cav -
ity (ca. 20–45% plat form width at ma tu rity) than Ad. rotundiloba 
pristina and more (20–30) plat form nodes. Its out line can vary
(Sandberg et al., 1989; Kralick, 1994) and small keels may de -
velop as a lat eral ex ten sion of the basal cav ity in ad vanced spec i -
mens. There are de scribed tran si tional morphotypes be tween
pristina and soluta but none of the Bine Jebilet spec i mens falls in 
Ad. rotundiloba soluta if de fined by the basal cav ity, not by the
sur face nodation. Our dis tinc tion of Ad. rotundiloba pristina and
soluta dif fers from Sandberg et al. (1989) but fol lows a pop u la -
tion ap proach and al lows zonal as sign ments, cor re lat ing with
Klapper´s (1989) MN 1 and 2 zones. Ad. rotundiloba
rotundiloba has a more densely noded plat form and a small basal 
pit (up to ca. 20% plat form width), mostly end ing in short keels,
and, typ i cally, swell ings of the un der side ad ja cent to the free
blade. The suc ces sion of Ad. rotundiloba soluta and Ad.
rotundiloba rotundiloba, both in cluded in the late morphotype of 
Ad. rotundiloba by Klapper (1985), may al low to sub di vide MN
Zone 2, but not in the Tafilalt, where ancyrodellids are too rare in 
the Lower Styliolinite.
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O c  c u r  r e n c e . — Only in the rotundiloba pristina
Bed of BJ.

Ctenopolygnathus lanei (Kuzmin, 1995) (emend.)
Fig. 6L, M

1981, Polygnathus aff. Po. angustidiscus Hud dle; B25, pl. 17,
figs. 1–9;

?e.p. 1985, Polygnathus aff. Po. angustidiscus Klapper and
Lane; 932, fig. 16.5–6 [figs. 16.2–4 = tran si tional to Po.
brevilamiformis Ovnatanova 1986];

non 1992, Polygnathus aff. Po. angustidiscus Bardashev; pl. 9,
figs. 19, 26, 28, 29;

non 1992, Polygnathus aff. Po. angustidiscus Norris et al.; 76,
pl. 14, figs. 19–21;

* 1995, Polygnathus lanei Kuzmin; 305, pl. I, fig. 7;
1995, Polygnathus aff. Mesotaxis ? dengleri Hüneke; pl. 1,

fig. 22;
1997, Polygnathus lanei Zhuravlev et al.; tabs. 1–4, pl. 1, fig. 8;
1999a, Polygnathus lanei Ovnatanova et al.; 282, 283;
1999b, Polygnathus aff. Po. angustidiscus Ovnatanova et al.;

352, text-fig. 2;
2000, Polygnathus lanei Zhuravlev; 720;
non 2001, Polygnathus aff. Po. angustidiscus Liao et al.; 23, pl. 

4, figs. 29, 30;
2002, Polygnathus lanei Kozlova; 174, 175, figs. 1, 2;
2002, Ctenopolygnathus angustidiscus Dzik; 588, fig. 17A–E;
2006, Polygnathus lanei Zhuravlev et al.; 752, 753, fig. 6.

T y p e s . — Lectotype, des ig nated here, PIN 4551/5
(Kuzmin, 1995, pl. I, fig. 7).

T y p e  l o  c a l  i t y  a n d  l e v e l .  —  South ern
Timan, Ukhta River, Out crop 13A, Timan For ma tion, Up per
Mem ber, sam ple 3.

D i  a g  n o  s i s .  — Plat form subrectangular (typ i cal
spec i mens) or some what ir reg u lar, not reach ing pos te rior tip,
with mod er ately deep and wide adcarinal fur rows; up turned
mar gins slightly ser rated or with short trans verse ribs. Free
blade short, with two or three dom i nant teeth near an te rior end,
grad ing into a straight or slightly curved ca rina that con sists of
fused teeth and that ex tends with one or two, some times ac cen -
tu ated teeth pos te rior of the plat form. Basal pit small, po si -
tioned un der an te rior plat form half.

D i s  c u s  s i o n . — The Mo roc can ma te rial has a much
lon ger plat form and much shorter free an te rior blade and free
pos te rior ca rina than in Ct. angustidiscus. Or na mented plat -
form mar gins also oc cur in the lat ter (Fig. 6S, T). There is
some vari a tion con cern ing the plat form widths but a rect an -
gu lar shape is typ i cal. Only early ju ve niles may be
subtriangular, re sem bling Po. brevilamiformis. Sim i lar spec i -
mens were as signed by Hud dle (1981) and Klapper and Lane
(1985) to Po. aff. Po. angustidiscus. Kuzmin (1995) in tro -
duced the name Po. lanei and fig ured a spec i men from the
Timan. But since he pro vided no di ag no sis and type des ig na -
tion, the va lid ity of his spe cies re mained ques tion able. De -
spite this, it has been used by sub se quent Rus sian au thors
(e.g., Zhuravlev et al., 1997, 2006; Zhuravlev, 2000;

Kozlova, 2002), even as a lower Frasnian zonal marker of a
Po. lanei Subfacies. Ar ti cle 13.1.2. of the In ter na tional Zoo -
log i cal Code re quires for spe cies that were in tro duced be -
tween 1930 and 1999 only a ref er ence to a de scrip tion, which
al lows a clear spe cies dis tinc tion. The short ref er ence in
Kuzmin (1985) to the mor pho log i cal char ac ter iza tion in
Klapper and Lane (1985, p. 932) ful fils this re quire ment.
Hence, Ct. lanei is valid but type des ig na tion and di ag no sis
are added here. With re spect to its wide dis tri bu tion, strati -
graphi cal and biofacies sig nif i cance, we think it is use ful to
rec og nize Ct. lanei. 

There was per haps con sid er able vari abil ity within the up -
per Givetian/lower Frasnian angustidiscus-lanei-brevila -
miformis Group (Zhuravlev, 2000; Dzik, 2002), as it has been
re peat edly re ported for the sup posed de scen dent Ct.
brevilaminus, but this needs fur ther doc u men ta tion. Forms
that lie out side the char ac ter is tics of the three named taxa
were il lus trated by Uyeno (1974: pl. 5, fig. 4A, C, lat est
Givetian form, as signed to Po. brevilaminus, with very nar -
row adcarinal fur rows and high plat form bor ders, here named
the “Firebag Morphotype” of Ct. angustidiscus; pl. 5, fig.
5A–C, late lower Frasnian form as signed to Po. brevilaminus
with very high free blade; pl. 4, fig. 2A, C, twisted late lower
Frasnian spec i men with short plat form and very high free
blade as signed to Po. cf. Po. decorosus) Norris et al. (1982,
“Firebag Morphotype” from the up per Givetian Lower
subterminus Fauna); Norris and Uyeno (1983, “Firebag
Morphotype” from the up per Givetian Slave Point For ma -
tion); Bardashev (1992, lower Frasnian spec i mens with fully
de vel oped plat form); Rog ers (1998, up per Givetian “Firebag
Morphotype” from Iowa) and Liao et al (2001, up per Givetian 
Po. aff. Po. angustidiscus with very long, twisted, pos te rior
ca rina ex ten sion). The “Firebag Morphotype” may war rant
tax o nomic sep a ra tion and may have strati graphic sig nif i cance 
as an up per Givetian taxon. The up per Frasnian Ct. aspelundi
(Sav age and Funai, 1980) also has nar rower, smoother plat -
forms with high bor ders but only an in cip i ent free pos te rior
ca rina. The small-sized basal Famennian Ct. nanus (Sav age,
1992) closely re sem bles the older Ct. lanei apart from a char -
ac ter is tic ca rina flex ure on the pos te rior plat form. The up per
Frasnian Ct. dutroi (Sav age, 1992) is very sim i lar to the tri an -
gu larly shaped Ct. brevilamiformis but smooth.

Myshkina and Zhuravlev (2005) pro posed the multi-el e -
ment ge nus Youngquistognathus for Frasnian spe cies around
Po. rossicus Zhuravlev (2000) and Po. sinuosus Szulczewski
(1971), but it is a sub jec tive ju nior syn onym of Uyenognathus
Sav age (2004), with the type spe cies Po. sinuosus
wadleighensis Sav age (1987). Typ i cal are a tor sion of the Pa
el e ment as in Tortodus and mas sive, strongly curved Pb el e -
ments that dif fer from the Pb in Polygnathus. The ge nus is
some what homoemorphic to Tortodus but the Pa has smaller
basal pits that are po si tioned un der the an te rior plat form, not
un der the cen tre. It may also in clude the poorly known Po.
persulcatus Youngquist et al. (1948) and Polygnathus sp. A
Kuzmin (1995). It ranges into the early Famennian
(“Polygnathus” n. sp. E Or chard, 1989, Po. aff. Po. sinuosus
Bultynck and Mar tin, 1995). If the hardly twisted Po.
angustidiscus is in cluded in Youngquistognathus (=
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Uyenognathus), as pro posed by Myshkina and Zhuravlev
(2005), the ge nus be comes a sub jec tive ju nior syn onym of
Ctenopolygnathus Müller and Müller (1957). But the Pb el e -
ments of the ap pa ra tus re con structed for Ct. angustidiscus (=
Ctenopolygnathus sp. A in Dzik, 2002), close rel a tives (the
“Firebag Morphotype”, Norris et al., 1982), and Ct.
brevilaminus, as a prob a ble de scen dent, are typ i cal for
Polygnathus (Norris and Uyeno, 1983; Schülke, 1999). Po.
lanei has not been in cluded in Youngquistognathus by the
orig i nal au thors and does not show tor sion. It falls in
Ctenopolygnathus, which is de fined by its pos te ri orly free ca -
rina. This ge nus should not in clude homoemorphic Emsian to
mid dle Givetian spe cies, as sug gested by Bardashev et al.
(2002), but prob a bly rep re sents a lin eage with sec ond arily re -
duced plat form (Dzik, 2002). 

O c  c u r  r e n c e . — Lower Frasnian (beds I, J,
rotundiloba pristina and rotundiloba soluta zones) at BJ
(B9A.1-21). Closely sim i lar spec i mens have pre vi ously been
re corded from the lower and mid dle Frasnian of New York
State (Hud dle, 1981), the north-west Ter ri to ries of Can ada
(Klapper and Lane, 1985), the Harz Mts. (Ger many, Hüneke,
1995), the Timan (NW Rus sia, Kuzmin, 1995; Ovnatanova et
al., 1999a, b) and other parts of the Rus sian Plat form
(Zhuravlev et al., 1997, 2006; Kozlova, 2002). 

Gen. et sp. indet.
Fig. 8G–L

D e  s c r i p  t i o n . — Ca rina al most straight (Fig. 8I–L) 
and very slightly twisted to curved and more strongly torted
(Fig. 8G, H), es pe cially at the pos te rior end; with nu mer ous
(ca. 15–18) small, fused denticles and with a dom i nant main
cusp ca. at midlength or slightly pos te rior to that po si tion. An
elon gated, nar row to slightly lobed, mostly smooth plat form
is re stricted over the to tal length to the outer side. Small nodes 
may oc cur in the vi cin ity of the main cusp. Only one spec i men 
has a very short, mi nor plat form rem nant on the in ner side
(Fig. 8H).

D i s  c u s  s i o n . — The de vel op ment of a cen tral main
cusp, the tor sion, and the elon gated, very asym met ric plat form
de vel op ment re sem ble nothognathellan Pb el e ments but these
have their plat form on the in ner side. There are few sim i lar i ties
with Tortodus spe cies but in T. bultyncki, T. weddigei and T.
beckeri nar row plat forms are pres ent al ter nat ing both on the in -
ner and outer side. The re stricted range of the cur rently enig -
matic forms rules out that they be long to the ap pa ra tus of a
long-rang ing ge nus. The rather high vari abil ity could ex press
spe cies dif fer ences. It needs to be men tioned that the
Klapperina ap pa ra tus is still un known and that the ge nus en ters 
in the same beds as the sup posed Pb el e ments. The Pa el e ment
homoemorphy be tween Klapperina and Palmatolepis could
well be as so ci ated with a slight homoemorphy (plat form de vel -
op ment) in Pb el e ments, cre at ing an ap pa ra tus with a com pa ra -
ble func tional mor phol ogy.

O c  c u r  r e n c e . — disparilis Zone (Md-E, bed 14) to
dengleri sagitta Zone (Md-E, bed 15; OCh, bed 18).

Icriodus aff. I. symmetricus
Fig. 8D, E

1982, Icriodus aff. I. symmetricus Bultynck and Jacobs; 38, pl.
III, fig. 36.
D i s  c u s  s i o n . — A sin gle spec i men (B9A.1-43) dif -

fers from I. symmetricus in a me dian row of denticles that is not
higher but only equally high as the side rows.

O c  c u r  r e n c e . — Re stricted to the norrisi Zone of
Md-E (bed 19). The same form oc curs in Bel gium in the lower
Frasnian (Bultynck and Jacobs, 1982).

Mesotaxis guanwushanensis (Tian, 1988)

1957, Polygnathus dubia dubia Bis choff and Ziegler; pl. 16,
figs. 18, 19, pl. 21, figs. 1, 2; 

1958, Polygnathus dubia dubia Ziegler, 1958; 57, 58, pl. 1, fig.
3a, b [only, holotype of falsiovalis];

1981, Polygnathus asymmetricus ovalis Bultynck and Jacobs;
pl. VII, fig. 12a, b [spec i men with rel a tive large basal cav -
ity, still tran si tional to Po. dengleri dengleri];

1982, Polygnathus asymmetricus Bultynck; fig. 3;
1982, Polygnathus asymmetricus n. subsp. Ziegler and Klapper,

1982, 471, pl. 1, fig. 6 [re-il lus trated holotype of falsio valis];
* 1988, Polygnathus guanwushanensis Tian (in Hou); 329, pl.

129, figs. 4, 7, 8;
* 1989, Mesotaxis falsiovalis Sandberg et al.; 213;
1992, Mesotaxis falsiovalis Yatskov and Kuzmin; 87, tab. 1, pl. 

2, fig. 10a, b;
1999, Mesotaxis falsiovalis Belka et al.; fig. 8, tab. 2;
2000, Mesotaxis falsiovalis Bultynck and Walliser; 14;
2000, Mesotaxis falsiovalis Ding et al.; 201, 202, pl. I, figs. 3, 4

[slightly in ter me di ate to Po. dengleri dengleri];
L e c t o t y p e . — Here des ig nated as the spec i men fig -

ured by Tian (in Hou, 1988) on pl. 129, fig. 4a, b.
D i s  c u s  s i o n . — When Sandberg et al. (1989) named 

the for mer Po. asymmetricus n. subsp. of Ziegler and Klapper
(1982) as M. falsiovalis, they were ob vi ously not aware of the
fact that Tian (in Hou, 1988) had just pre vi ously named the
same spe cies as Po. guanwushanensis, based on ma te rial from
the lower Frasnian of Longmenshan, Sichuan. Con se quently,
M. falsiovalis is a sub jec tive ju nior syn onym of the Chi nese
spe cies and can not serve as the base for a zonal name. It is in -
trigu ing that even other Chi nese cono dont work ers (e.g., Ji and
Ziegler, 1993; Bai et al., 1994; Wang, 1994; Ding et al., 2000)
did not re fer to the Mesotaxis spe cies that had been named (still
as Polygnathus) by Xiong (in Xian et al., 1980) and Tian (in
Hou, 1988).

The holotype of M. falsiovalis has an ex tremely small
basal pit. It is sim i lar, very nar row, but slightly elon gated in
the type ma te rial of M. guanwushanensis, still re sem bling to
some ex tent the basal pit in the an ces tral Po. dengleri
dengleri. As em pha sized by the au thors of M. falsiovalis
(Sandberg et al., 1989, p. 213), there are many tran si tional
spec i mens be tween Po. dengleri dengleri and M. falsiovalis,
and, there fore, the men tioned dif fer ence of the basal pit mor -
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phol ogy is not suf fi cient to keep M. falsiovalis and M.
guanwushanensis as sep a rate spe cies. For ex am ple, the basal
pit of spec i mens il lus trated by Bis choff and Ziegler (1957, pl.
21, fig. 1) and Yatskov and Kuzmin (1992) agree with the M.
guanwushanensis holotype. The lat ter lacks the adcarinal
troughs and ridges of Po. dengleri dengleri.

Klapper and John son (1990) ques tioned whether M.
falsiovalis can be kept sep a rate from the some what youn ger
M. asymmetrica but our un pub lished col lec tions from the top -
most Givetian (norrisi Zone) of the Montagne Noire sug gest
that both forms not only have slightly dif fer ent Pa but also dif -
fer ent Pb el e ments. M. guanwushanensis, there fore, is not a
sub jec tive ju nior syn onym of M. asymmetrica. In the also
mostly over looked M. trachyta (Tian, 1988), the basal pit is
slightly wid ened and it sits at the an te rior end of the plat form.
In “M.” tiandengensis (Xiong in Xian et al., 1980), the basal
pit is very large, as in “M.” unilabia, but it is po si tioned un der
the pos te rior half of the plat form. In “M.” orchardi (Tian,
1988), the basal pit is even larger than in “M.” unilabia. The
“unilabia Group” with their large, of ten L-shaped basal cav -
ity seems to rep re sent a taxon that is homoeomorphic to
Klapperina and which evo lu tion started in the lower Frasnian
from “M.” ovalis. It also in cludes M. keithi Uyeno and
Wendte (2005) and, per haps, Palmatolepis baheensis Xiong
in Xian et al. (1980), Pa. paradisparilis Uyeno and Wendte
(2005), and the closely re lated Pseudopolygnathus sp. nov. A
Druce (1976).

O c  c u r  r e n c e . — All new ma te rial is from the Lower
Styliolinite (rotundiloba soluta Zone) at BJ. Bultynck (1982,
1986), Belka et al. (1999), and Bultynck and Walliser (2000)
re corded the spe cies from the Petteroceras Beds (norrisi Zone) 
of BT and OCh.

“Ozarkodina” maroccanica n. sp.

2003, Ozarkodina n. sp. Aboussalam; 171, 172, tab. 7, 16;
* 2003, Ozarkodina maroccanica Aboussalam; pl. 24, figs.

13–16 [nom. nud.].
D e r  i  v a  t i o n   o f  n a m e . — Named af ter Mo rocco.
T y p e  l o  c a l  i t y  a n d  l e v e l .  — Seheb el

Rhassal, Sec tion 2, bed E2a, hermanni Zone.
T y p e s . — Holotype MB.Ct.604 (Mu seum für

Naturkunde, Berlin; Aboussalam 2003, pl. 24, figs. 13, 14),
paratype Mb.Ct.605 from Pic de Bissous (Montagne Noire),
bed 26e6 (semialternans Zone; Aboussalam, 2003, pl. 24, figs.
15, 16), three more paratypes from Pic de Bissous
(Aboussalam, 2003, tab. 16), one paratype from Seheb el
Rhassal, Sec tion 1 (Aboussalam, 2003, tab. 7).

D i  a g  n o  s i s . — Blade slightly curved, twisted and
bent down wards, with 15–19 mostly broad, strongly fused
teeth that are high est in the an te rior part and above the mod -
er ately small, round basal cav ity, which is po si tioned ca. 1/3
of to tal length be fore the pos te rior end. Denticles of the pos -
te rior half are somerwhat oblique and sit above a weakly de -
vel oped shoul der. 

D i s  c u s  s i o n . — Aboussalam (2003) de scribed this
new spe cies from the Tafilalt and the Montagne Noire but pre -
ferred to keep it in open no men cla ture. By mis take, the orig i -
nally planned spe cies name was kept on the plate ex pla na -
tions, pro duc ing a nomen nudum. Con tin ued sam pling in the
Tafilalt did not pro duce new ma te rial but we pre fer to val i date
the pro posed name. Oz. maroccanica n. sp. dif fers from Oz.
semialternans and Oz. intermedia by broader teeth and a
rather straight base of the Pa el e ment, es pe cially in the pos te -
rior half. The basal cav ity is rather dif fer ent from that in Pb el -
e ments of prioniodinid spe cies that are also more torted. All
sub spe cies of Oz. sannemanni have small plat forms around
the basal cav ity. The lat ter is smaller and oval in Oz. plana,
which also has more, nar rower and strongly oblique pos te rior
teeth. There is some homoeomorphy with the Eifelian Oz.
obliqua, which has a more cen trally lo cated small basal cav -
ity, incurved an te rior end, and regurlarly some very nar row
teeth that are sandwiched be tween wide ones in the an te rior
half or mid dle of the blade. Oz. maroccanica n. sp. may pos -
ses some nar row teeth be hind the basal cav ity (e.g., in the
holotype).

O c  c u r  r e n c e . — ansatus to semialternans Zone of
the Montagne Noire (Pic de Bissous) and hermanni to cristatus
ectypus Zone of the Tafilalt (Seheb el Rhassal).

Polygnathus aequidivisus n. sp.
Fig. 6N–R

e.p. 1982, Polygnathus aff. Po. dubius Bultynck and Jacobs; 39,
pl. III, figs. 15, 16;

e.p.1993, Polygnathus pollocki Racki and Bultynck; pl. 4, fig. 5;
? 1993, Polygnathus aequalis Racki and Bultynck; pl. 4, fig. 6.

D e r  i  v a  t i o n  o f  n a m e . — Ac cord ing to the ca.
equal length of free blade and plat form.

T y p e s . — Holotype B9A.1-23 (Fig. 6P), two paratypes
(B9A.1-22 and 1-24) from BT (Fig. 6N, O, Q), two more
topotypic paratypes, one paratype (B9A.1-25) from BJ (Fig.
6R), two paratypes from Md-E.

T y p e  l o  c a l  i t y  a n d  l e v e l .  — Up per Marker
Bed (bed 42, dengleri dengleri Subzone) of Bou Tchrafine.

D i  a g  n o  s i s . — Plat form slen der, curved, with mark -
edly con vex outer mar gin, flat, as long as or only slightly lon ger 
than free blade, or na mented by fine trans verse ridges and some, 
of ten fused nodes; ca rina nar row, bor dered by rather shal low
fur rows, reaches the pos te rior tip and con sists of small, low
nodes. Basal pit mod er ately large, po si tioned near the cen tre of
the an te rior plat form half. Free blade straight, with 9–10 low,
fused denticles.

D i s  c u s  s i o n . — The new spe cies shows some vari -
abil ity con cern ing plat form widths, cur va ture and or na men ta -
tion. Po. paradecorosus has also short, slen der, curved plat -
forms with trans verse ridges but a slightly con stricted an te rior 
plat form with a small ros trum, deeper adcarinal groves, and a
more dom i nant ca rina with en larged, fused nodes (see Fig.
6G–I or Ji and Ziegler, 1993). In the Frasnian Po. decorosus s. 
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str. (sensu its lectotype, Klapper et al., 1970), the plat form is
even smaller, or na mented by iso lated nodes, lacks a short ros -
trum, and the ca rina is dis solved into nodes to wards the pos te -
rior end (for typ i cal spec i mens see also Ji and Ziegler, 1993,
pl. 40). Po. pollocki Morphotype 1 has an even nar rower and
much lon ger plat form (ca. 2/3 of to tal lengths), deep adcarinal 
fur rows (see Fig. 6S), high plat form bor ders, and more dis -
tinc tive denticles of the free blade (see holotype of Druce,
1976). Po. tafilensis n. sp. seems to be re lated but has lon ger
and wider plat forms and mostly also a slight an te rior plat form
con stric tion.

O c  c u r  r e n c e . — dengleri sagitta Subzone of BT,
dengleri dengleri Subzone of BT, and norrisi Zone of BJ, ?BT
and Md-E. The spe cies seems to con tinue in the lower Frasnian
of the Ardennes (Bultynck and Jacobs, 1982) and of the Holy
Cross Moun tains (Racki and Bultynck, 1993).

Polygnathus collieri Hud dle, 1981
Fig. 6J, K

*e.p. 1981, Polygnathus collieri Hud dle; 27, 28, pl. 9, figs.
20–25, pl. 10, fig. 22 [= Morphotype 3], pl. 11, figs. 1–4,
pl. 13, fig. 11 [= Morphotype 2), pl. 12, figs. 1–3 [=
Morphotype 1];

1981, Polygnathus aff. Po. collieri Hud dle; pl. 17, figs. 32–34 [= 
Morphotype 2];

1986, Polygnathus collieri Bultynck; pl. I, fig. 6 [=
Morphotype 2].
D i s  c u s  s i o n . — When Hud dle (1981) es tab lished

Po. collieri, he based the spe cies on forms from dif fer ent strati -
graphi cal lev els that may rep re sent dif fer ent taxa and these are
here rec og nized as dis tinc tive morphotypes. The holotype from 
the Genundewa Lime stone is a rather unique, slightly twisted
spec i men with rel a tive broad and deep adcarinal de pres sions.
As dis cussed by Hud dle (1981), it shows some sim i lar i ties with 
T. caelatus, es pe cially with forms with short free blade (e.g.,
Hud dle, 1981, pl. 13, figs. 7 and 8) that Aboussalam (2003) as -
signed to T. aff. T. caelatus. The cen tral po si tion of the basal pit 
would be in ac cord with a plac ing of the spe cies in Tortodus but 
the pit is rel a tively small. Other fig ured spec i mens from the
North Ev ans Lime stone and Genundewa Lime stone, here as -
signed to Morphotype 2, are not torted, have very deep and nar -
row adcarinal fur rows, strong, ir reg u lar folds of the up turned
plat form mar gins, and a fur row of the un der side (Hud dle,
1981, pl. 11, fig. 3, pl. 17, fig. 34; Fig. 6K) that runs in the free
blade. Morphotype 3 from the West River Shale is per haps not
conspecific, has two or three rows of rather reg u lar nodes along 
the high plat form mar gins, and a basal pit that lies in the an te -
rior part of the plat form. Our Mo roc can spec i mens all con form
to Morphotype 2. The Chi nese S. xianliensis Xiong (in Xian et
al., 1980) re sem bles Morphotype 2 but has a lon ger free blade.
It re sem bles Polygnathus n. sp. Orr (1964) from the Alto For -
ma tion (cristatus ectypus Zone) of south ern Il li nois. A spec i -
men fig ured by Szulczewski (1971) from the Frasnian of the
Holy Cross Moun tains as T. aff. T. caelatus is not torted and
may be a rel a tive of Morphotype 3 but the basal pit lies un der
the plat form cen tre.

O c c u r r r e n c e .  — Up per Marker Bed (BT I, bed 42, 
dengleri dengleri Subzone, Bultynck, 1986), Petteroceras
Beds (BT II, bed 11, norrisi Zone, Bultynck, 1986),
rotundiloba prista Zone (MN 1 Zone) of BJ (bed I), and Lower
Styliolinites (rotundiloba soluta Zone, MN 2 Zone) of OCh
(bed 28) and BT (Bultynck, 1986).

Polygnathus cristatus n. ssp.
Fig. 9F, G

D e  s c r i p  t i o n . — Large, wide and very thick,
bowl-shaped plat form with a cen tral de pres sion, or na mented
by nu mer ous, coarse, partly fused nodes that show strong wear
in the cen tral part. The free blade is mostly bro ken off and con -
tin ues as a more or less straight ca rina, which con sists of worn
nodes in the cen tral part and of a ridge in the pos te rior part.

D i s  c u s  s i o n . — This new sub spe cies of Po. cristatus
is char ac ter ized by its very ro bust and wide Pa el e ment, which
is not flat as in the other sub spe cies, but cen trally con cave. Po.
cristatus ectypus Hud dle, 1981 has thin ner Pa el e ments and
smaller, iso lated nodes. In Po. cristatus cristatus, the nodes of
the mod er ately wide plat form are partly merged to form trans -
verse ridges (Fig. 9H). The ro bust mor phol ogy and strong wear 
of cen tral nodes sug gest that the new form had adapted to a
rather solid diet that strongly stressed the Pa el e ments. Since the 
same morphotypes oc cur con tem po ra ne ously in Mo rocco and
Ger many, and not ear lier in the mid dle Givetian, it is sug gested
that they rep re sent an adap tive and evo lu tion ary nov elty, not
just an ecomorphotype. Nam ing will await the doc u men ta tion
of Ger man ma te rial.

O c  c u r  r e n c e . — A sin gle spec i men (B9A.1-60)
from the basalmost Frasnian (bed I) of BJ.

Polygnathus dengleri sagitta n. ssp.
Fig. 6A, B

e.p. 1957, Polygnathus dengleri Bis choff and Ziegler; 87, 88,
pl. 15, fig. 19, pl. 16, figs. 1, 4 [only];

e.p. 1959, Polygnathus dengleri Krebs; pl. 1, fig. 9 [only];
e.p. 1970, Polygnathus dengleri Kirchgasser; 348–349,

text-fig. 4, pl. 64, fig. 4, pl. 66, fig. 2 [only];
1978, Mesotaxis cf. M. dengleri Uyeno; 247, pl. II, fig. 22;
non 1980, Polygnathus aff. P. dengleri Sav age and Funai; 811,

pl. 1, figs. 20–27 [fide Sav age 1992 = Po. unicornis];
e.p. 1981, Polygnathus dengleri Bultynck and Jacobs; 19, pl.

VII, figs. 1–3 [only; figs. 6–9 = Po. dengleri dengleri];
e.p. 1982, Polygnathus dengleri Bai et al.; pl. X, figs. 3–6

[only];
1986, Polygnathus dengleri Ji et al.; pl. II, fig. 14;
e.p. 1989, Polygnathus dengleri Kuang et al.; pl. 39, fig. 19

[only]; 
e.p. 1992, Polygnathus dengleri Bardashev; pl. 8, figs. 25,

29–31 [only];
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e.p. 1993, Polygnathus (?) dengleri Racki and Bultynck; pl. 4,
fig. 13, pl. 5, figs. 3, ?4, 7; 

e.p. 1993, Mesotaxis ? dengleri Ji and Ziegler; pl. 33, fig. 7
[only];

e.p. 1994, Polygnathus dengleri Kirchgasser; pl. 3, fig. H; 
e.p. 1994, Polygnathus dengleri Weary and Har ris; pl. 1, figs.

16, 17 [only];
e.p. 2001, Polygnathus dengleri Liao et al.; 26, pl. 4, figs. 7, 8

[only].
D e r  i  v a  t i o n  o f  n a m e . — Ac cord ing to the ar -

row-shaped, subtriangular plat form out line.
T y p e s . — Holotype B9A.1-13 (nar row morphotype,

Fig. 6A), paratype B9A.1-14 (mod er ately wide morphotype,
Fig. 6B), 39 ad di tional topotypic paratypes, 6 paratypes from
BT, 71 paratypes from BJ, 30 paratypes from OCh, and 2
paratypes from ReK.

T y p e  l o  c a l  i t y  a n d  l e v e l .  — Md-E, bed 16
(mid dle Taouzites Bed, dengleri sagitta Subzone). 

D i  a g  n o  s i s . — Plat form elon gated, nar row to mod er -
ately wide, more or less sym met ri cal, mark edly subtriangular,
flat, with shal low adcarinal de pres sions, or na mented by
transversal ridges and small fused nodes. Free blade short, con -
sist ing of few fused, high denticles that grade into a straight ca -
rina that is formed by low nodes and that reaches the pointed
pos te rior tip of the plat form. Basal pit small, slightly elon gate
and po si tioned in the mid dle of the an te rior plat form half. 

D i s  c u s  s i o n . — The type se ries of Po. dengleri of
Bis choff and Ziegler (1957) con sists mostly of spec i mens
with oval, leaf-like, wide plat form and rather coarse or na ment 
but the new sub spe cies was fig ured as one of the vari ants.
Uyeno (1978) iden ti fied a nar row, subtriangular spec i men
from Can ada as M. cf. M. dengleri, which is here in cluded in
the new sub spe cies. John son et al. (1980) sep a rated two
morphotypes of Po. dengleri, an older (“Lower dengleri
Zone”) with coarse or na ment, and a youn ger (“Up per
dengleri” = norrisi Zone) with finer or na ment. Both, ex clud -
ing an ex treme vari ant, have the plat form out line of Po.
dengleri dengleri. Bultynck and Jacobs (1981) dis tin guished

three morphotypes (a, ß, g) in Mo roc can ma te rial. The new

sub spe cies in cludes Morphotype a and some spec i mens of
Morphotype ß.

The lower range than in typ i cal dengleri, sup ported by the
ages of fig ured spec i mens in Bultynck and Jacobs (1981), al -
lows to rec og nize Po. dengleri sagitta n. ssp. as a
stratigraphically sig nif i cant chronosubspecies. It over laps
higher up with Po. dengleri dengleri in the top most Givetian
and basalmost Frasnian, where the nom i nate sub spe cies grad -
u ally starts to dom i nate. At this level, there are some in ter me -
di ate nar row spec i mens but it is pos si ble to as sign in di vid u als
to the two sub spe cies in pop u la tions where both forms co-oc -
cur (e.g., in BT, bed 43; see fig ured ma te rial of Bultynck and
Jacobs, 1981). Be cause of the strati graphic sig nif i cance, since 
dif fer ent “early” and “late” morphotype des ig na tions have
been used in pre vi ous lit er a ture, and fol low ing an old sug ges -
tion of Mouravieff (1980), we pro pose a for mal sub spe cies
ter mi nol ogy. 

Since there is no ev i dence for nothognathellan Pb el e -
ments in Po. dengleri, the spe cies should not be in cluded in
Mesotaxis. The ex treme Po. dengleri vari ant of John son et al.
(1980, pl. 4, fig. 30) falls out side the range of vari a tion of Mo -
roc can pop u la tions and is here ex cluded from the spe cies. 

O c  c u r  r e n c e . — dengleri sagitta Subzone
(Taouzites Beds) of BT, OCh, and Md-E, dengleri dengleri
Subzone (Up per Marker Bed) of BT, ReK, OCh, and BJ,
norrisi Zone (Petteroceras Beds) of BT,  Md-E, OCh, and BJ,
and rotundiloba pristina Zone (MN 1 Zone) of BJ. Based on
il lus trated spec i mens, the new sub spe cies has pre vi ously been 
re corded from the lat est Givetian and Frasnian (up to MN
Zone 3) of Ger many (Bis choff and Ziegler, 1957), SW Eng -
land (Kirchgasser, 1970), the Pyr e nees (Liao et al., 2001), Po -
land (Racki and Bultynck, 1993), New York State
(Kirchgasser, 1994), West Vir ginia (Weary and Har ris,
1994), NW Can ada (Uyeno, 1978), Cen tral Asia (Bardashev,
1992), and Guangxi, South China (Bai et al., 1982; Ji et al.,
1986; Kuang et al., 1989; Ji and Ziegler, 1993). 

Polygnathus jorfensis n. sp.
Fig. 7C–F

? 1982, Polygnathus sp. C. Bai et al.; pl. IX, fig. 5.
D e r  i  v a  t i o n  o f  n a m e . — Named af ter Jorf, the

vil lage N of the type lo cal ity.
T y p e s . — Holotype B9A.1-30 (Fig. 7E, F), paratype

B9A.1-29 (Fig. 7C, D), one more un fig ured paratype.
T y p e  l o  c a l  i t y  a n d  l e v e l .  — Basalmost

Frasnian (bed I, rotundiloba pristina Zone) of BJ.
D i  a g  n o  s i s .  — Plat form nar row, elon gated, flat, with

shal low adcarinal fur rows, only slightly curved (sub symmetric),
with small, short an te rior ros trum, and with reg u lar, short, strong
trans verse ribs. Ca rina com posed of a low to mod er ately high
denticle row, reach ing the pos te rior end. Basal pit mod er ately
large, shal low, po si tioned near an te rior plat form end.

D i s  c u s  s i o n . — The new spe cies re sem bles the basal
Frasnian Polygnathus sp. C. of Bai et al. (1982), which lower
sur face, un for tu nately, has not been fig ured. Po. paradecorosus
is strongly asym met ric, has weaker or na ment, deeper adcarinal
groves, and fused ca rina nodes. Po. ovatinodosus has wider plat -
forms, deeper adcarinal fur rows, and is also more asym met ric.
The lat ter fea ture, finer or na ment, and a dif fer ent po si tion of the
basal pit serve to dis tin guish Po. aequidivisus n. sp. Nar row
morphotypes of Po. pennatus have much deeper adcarinal fur -
rows and up turned plat form mar gins; the basal pit lies much
more pos te ri orly un der the plat form. How ever, there is a slight
re sem blance to a spec i men fig ured as Po. cf. Po. pennatus by
Gar cia-Lopez (1987) from the cristatus ectypus Zone of North -
ern Spain. This unique spec i men does not have the flat plat form
of Po. jorfensis n. sp. and is not re garded as conspecific.

O c  c u r  r e n c e . — Only known from the type lo cal ity
and level.
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Polygnathus saevus n. sp.
Fig. 5L–O

e.p. 1974, Polygnathus cf. P. decorosus Uyeno; 38, 39, pl. 4,
fig. 7A–C [only];
D e r  i  v a  t i o n  o f  n a m e . — Fol low ing the lat.

saevus = an gry; due to the pro nounced, spiny free blade.
T y p e s . — Holotype B9A.1-8 (Fig. 5M–O), paratype

B9A.1-7 (Fig. 5L), three more topotypes/paratypes.
T y p e  l o  c a l  i t y  a n d  l e v e l .  — Lower

Petteroceras Beds (bed H1, 2, norrisi Zone) at BJ.
D i  a g  n o  s i s . — Plat form nar row, in clined, slightly

asym met ric and bent down wards, with mod er ately deep
adcarinal groves and char ac ter is tic, rel a tive fine transversal
ridges; slightly shorter as the free blade, which con sists of 10 to
11 well-de fined denticles that in crease con sid er ably in height
to wards the an te rior end. On the plat form the blade grades into
a row of iso lated nodes. Lower sur face with a rel a tive large
basal pit un der the joint of blade and plat form and with a curved 
ridge that reaches the pos te rior tip.

D i s  c u s  s i o n . — The new, rare spe cies seems to be a
rel a tive of Po. xylus but dif fers (es pe cially from typ i cal
morphotypes, Fig. 5A, B) in the high, prom i nent free blade,
the more iso lated nodes of the ca rina, and in wider adcarinal
de pres sions, es pe cially in the an te rior plat form part. No sim i -
lar morphotypes have been seen in large Po. xylus ma te rial
from the mid dle Givetian of Mo rocco or from else where. Late 
xylus morphotypes may be more tran si tional (Fig. 5C–H, K)
and an ces tral but have a free blade with short teeth. Po.
pseudoxylus Kononova et al. (1996) shares the po si tion of the
basal pit at ma tu rity but also has a dif fer ent free blade with
lower denticles, nar row adcarinal groves, and merged ca rina
denticles. A high free blade is de vel oped in var i ous Frasnian
polygnathids but most of these have lon ger plat forms. Po.
saevus n. sp. shows close sim i lar i ties with a spec i men fig ured
by Uyeno (1974) from the late lower Frasnian of Al berta as P.
cf. P. decorosus. A lower Frasnian polygnathid fig ured by
Uyeno and Wendte (2005, pl. 2, fig. 23) is also sim i lar but has
strongly fused ca rina nodes. Po. klugi Rog ers (1998) is more
asym met ric, has deeper adcarinal groves, higher plat form
mar gins, a shorter free blade with fewer (ca. 8) teeth, and a
basal pit that is lo cated pos te ri orly, well un der the plat form.
Po. siratchoicus Ovnatanova and Kuzmin (in Menner et al.,
1992) has also fewer (7 to 8) but even higher free blade teeth,
a plat form that is not bent down wards, and a rather reg u lar
plat form or na ment with broad trans verse ribs. 

O c  c u r  r e n c e . — Only at type lo cal ity and level.

Polygnathus tafilensis n. sp.
Fig. 5P–T

e.p. 1982, Polygnathus dubius Bultynck and Jacobs; 39, pl. III,
figs. 9–11 [only];

? 1999, Polygnathus decorosus Belka et al.; tab. 2, pl. 3, fig. 8.

D e r  i  v a  t i o n  o f  n a m e . — Named af ter the Tafi -
lalt re gion.

T y p e s . — Holotype B9A.1-10 (Fig. 5Q, R), paratype
B9A.1-9 (Fig. 5P), paratypes B9A.1-11 and 1-12 (Fig. 5S, T)
from Md-E, 21 more topotypic paratypes, two paratypes from
BT, eight more paratypes from Md-E.

T y p e  l o  c a l  i t y  a n d  l e v e l .  — Lower
Petteroceras Beds (bed H1, 2; norrisi Zone) at BJ.

D i  a g  n o  s i s . — Plat form mod er ately wide, flat,
strongly asym met ric, with very small an te rior con stric tions and
curved outer pos te rior mar gin, or na mented by fine nodes and
trans verse ridges. Free blade shorter than plat form, con sist ing
of low, strongly fused teeth; ca rina nar row, low, reach ing the
pointed pos te rior tip, con sist ing of strongly fused denticles.
Basal pit small, po si tioned un der the an te rior plat form half.

D i s  c u s  s i o n .  — The new spe cies slightly re sem bles
Po. ovatinodosus but has a flat ter plat form, shal lower adcarinal
fur rows and, es pe cially, a dif fer ent, flat an te rior joint of plat form
and ca rina, lack ing the well de vel oped short ros trum of the lat ter. 
It may have been de rived from the lat ter, which co-oc curs in the
Tafilalt. The or na ment of the new spe cies is some what in ter me -
di ate be tween Po. ovatinodosus and Po. pennatus, which has
much stron ger ribs (Fig. 7N). Po. webbi (Fig. 5U) and Po.
denisbricae dif fer in their asym met ri cally raised plat form mar -
gins. Po. dubius has a well de vel oped an te rior ros trum with high, 
par al lel plat form mar gins and much deeper adcarinal fur rows.
There are rare tran si tional spec i mens to Po. aequidivisus n. sp.
(Fig 6R). Po. paradecorosus, in clud ing Polygnathus sp. F fig -
ured from OCh by Belka et al. (1999; non Klapper and Lane,
1985), has in clined steeper plat form mar gins, deep adcarinal
troughs, a nar rower plat form, and stron ger trans verse ribs.

O c  c u r  r e n c e . — In the Up per Marker Bed of BT
(bed 42; dengleri Subzone), in the Petteroceras Beds (norrisi
Zone) of BJ (bed H1, 2) and Md-E (beds 18b and 19), and in the 
rotundiloba pristina Zone (bed I) of BJ. Spec i mens fig ured by
Bultynck and Jacobs (1982) are from the norrisi Zone of the
Ardennes (Nismes). A much youn ger, mid dle Frasnian, OCh
spec i men as signed by Belka et al. (1999) to Po. decorosus may
be re lated to Po. tafilensis n. sp. but has iso lated ca rina nodes on 
the pos te rior plat form and is less asym met ric.

Schmidtognathus longicavus n. sp.
Figs. 3, 7A, B

D e r  i  v a  t i o n  o f  n a m e . — Ac cord ing to the long
ex ten sion of the basal cav ity.

T y p e s . — Only the holotype (B9A.1-28).
T y p e  l o  c a l  i t y  a n d  l e v e l .  — Lower

Petteroceras Bed (bed H1, 2; norrisi Zone) at BJ.
D i  a g  n o  s i s .  — Small sized, plat form asym met ric, al -

most smooth, not reach ing the pointed, pos te rior tip; with
well-devoped short ros trum at outer an te rior end, with deep and 
wide adcarinal de pres sions, and with high, slightly crenulated
mar gins. Free blade short (ca. 1/3 to tal length), con sist ing of six 
fused, low teeth, grad ing into a ridge-like, mod er ately high ca -
rina. Basal pit large, shal low, po si tioned un der the an te rior plat -
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form end, con tin u ing as a nar row in ver sion al most un til the
pos te rior end.

D i s  c u s  s i o n . — The new spe cies com bines a Po.
timorensis-type plat form with the wide, elon gated and par tially 
in verted basal cav ity as found in S. latifossatus and in many S.
gracilis (Fig. 7R). Its spoon-like an te rior ros trum al lows easy
dis tinc tion from all de scribed rep re sen ta tives of both. All three
spe cies form a nat u ral group that dif fers from the main
Schmidtognathus with their mod er ately large cav ity that runs
pos te ri orly into a thin ca rina. How ever, there are spec i mens
with in ter me di ate lower sur face mor phol ogy, e.g. in S. gracilis
(see dis cus sion in John son et al., 1980). S. longicavus is the
youn gest spe cies of the ge nus but co-ex isted with S. gracilis
and with last S. peracutus.

O c  c u r  r e n c e . — Only in the type lo cal ity and level.

Skeletognathus aff. Sk. norrisi
Figs. 7G, H

D i s  c u s  s i o n . — The asym met ric cur va ture and po si -
tion of the ca rina and free blade, the plat form out line and ir reg -
u lar or na men ta tion strongly re sem ble Sk. norrisi but the sec -
ond ary plat form overgrowths has not yet re ally started. The
spec i men ap pears to be tran si tional be tween a polygnathid and
Skeletognathus and hence, an aff. iden ti fi ca tion is given. 

O c  c u r  r e n c e . — One spec i men (B9A.1-31) from the 
lower Petteroceras Bed (bed 25) at OCh (norrisi Zone).

Tortodus subsymmetricus n. sp.
Figs. 4, 8N, O

D e r  i  v a  t i o n  o f  n a m e . — Ac cord ing to the
weakly twisted, al most sym met ri cal plat form.

T y p e s . — Holotype B9A.1-52 (Fig. 8N, O) and 12
topotypic paratypes.

T y p e  l o  c a l  i t y  a n d  l e v e l .  — BJ, lower
Petteroceras Bed (bed H1, 2; norrisi Zone).

D i  a g  n o  s i s . — Plat form at ma tu rity wide, flat, asym -
met ric, gently curved and only very slightly torted, ex tend ing
over the whole length, con verg ing to the an te rior and pos te rior
ends, with trans verse ridges or rows of elon gated nodes; ca rina
very low, con sist ing of strongly merged denticles that slightly
rise in height at the an te rior end. Basal cav ity sym met ric, rel a -
tive small at ma tu rity, po si tioned un der pos te rior half of the
plat form, with thick lips con tin u ing as al most straight ridge to -
wards the an te rior and pos te rior end.

D e  s c r i p  t i o n . — The types in clude a com plete
ontogenetic se ries from early ju ve niles of ca. 0.3 mm length to
ma ture forms, such as the holotype, that reach more than
1.5 mm lengths. In ear li est stages the blade/ca rina is still dom i -
nant and the short plat form is re stricted to the cen tral area, as in
T. variabilis. In sub se quent early stages the plat form re mains
nar row but ex tends to wards the an te rior and pos te rior ends and

a vari able amount of nodes de vel ops. At me dian size the plat -
form be comes wider but the size of the basal cav ity does not in -
crease with growths. A very slight tor sion is only in tro duced at
ma tu rity, if at all; the or na ment var ies be tween dis tinc tive
nodes as in the holotype and more ir reg u lar low ridges in
paratypes. Only the first three an te rior denticles of the ca rina
may rise above the plat form or na ment but are never high. The
al most straight ca rina of the un der side re mains a very sta ble
fea ture through out on tog eny.

D i s  c u s  s i o n . — The new spe cies is re lated to T.
caelatus (= beckmanni, ? = asperus) but is dis tin guished by its
much less torted plat form and the char ac ter is tic straight ca rina
of the aboral side. The holotype is also more reg u larly or na -
mented but some paratypes show ir reg u lar trans verse ridges.
The large intraspecific vari a tion of T. caelatus has been doc u -
mented by Hud dle (1981) and Aboussalam (2003). Close rel a -
tives with an te ri orly re stricted plat form seem to reach the up per 
Frasnian (Po.? rugicosta Miller and Youngquist, 1947). The
vari abil ity within the BJ pop u la tion mostly con cerns the or na -
ment, not the subsym met ric plat form shape. There fore, there is
no mor pho log i cal over lap with T. caelatus from lower Tafilalt
strata or with il lus trated North Amer i can pop u la tions. The pre -
vi ously over looked mid dle Givetian T. mirabilis Ji (in Hou et
al., 1986) dis plays a short, free blade, coarser, nodose or na -
ment, and a spinose pos te rior ap pen dix of the ca rina that ex -
tends be yond the plat form. This Chi nese spe cies shows some
sim i lar ity with T. n. sp. aff. T. caelatus (= Prioniodina
macrodenta Hud dle, 1981, pl. 19, figs. 1, 2). All other spe cies
of Tortodus have at ma tu rity smaller plat forms than T.
subsymmetricus n. sp. or free blades. 

Shape and or na ment of T. subsymmetricus n. sp. re sem ble
spe cies of Ancyrognathus, es pe cially of early Famennian forms 
that lack a side-lobe. How ever, it is more likely that poorly or -
na mented spe cies of Tortodus, such as T. tedi (Uyeno and
Wendte, 2005), are phylo gen eti cally close to An.
ancyrognathoideus, the unlobed an ces tral spe cies of the ge nus.
We sup pose that Tortodus gave rise to Ancyrognathus, al -
though this needs to be sup ported by top most Givetian and
lower Frasnian ap pa ra tus re con struc tions. Es pe cially the as -
sump tion that wide spread Bryantodus-type and rather large Pb
el e ments of the Givetian, which strongly re sem ble Pb el e ments
of Ancyrognathus (e.g., Klapper, 1990), be long to Tortodus
spe cies, needs to be sub stan ti ated. 

O c  c u r  r e n c e . — Only in the type lo cal ity and level.
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