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as sem bled into a chronostratigraphic frame work. The de vel oped re gional com pos ite sub di vides the Frasnian into 501 com pos ite stan -
dard units (CSU) based on the orig i nal thick ness of the ref er ence sec tion (Bou Tchrafine). This is a higher res o lu tion than ob tained by the
clas sic biozone cor re la tion. Based on the cono dont data avail able for this cor re la tion pro ject, the jamieae and Lower rhenana zones
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INTRODUCTION

In the East ern Anti-At las, up per Givetian-Frasnian cono -
donts have been stud ied for de cades, cited in strati graphi cal
stud ies (e.g., Massa, 1965; Bensaid, 1974; Hollard, 1974;
Kaufmann, 1998; Becker and House, 2000) or pa pers fo cus -
sing on cono donts (e.g., Müller and Bensaid, 1969; Bultynck
and Hollard, 1980; Bultynck and Jacobs, 1981; Bensaid et al.,
1985; Bultynck, 1986, 1987; Belka et al., 1999).

The pur pose of the pres ent pa per is to cor re late by the
method of graphic cor re la tion sev eral up per Givetian and
Frasnian pe lagic and more neritic suc ces sions from the Tafilalt
and the Ma’der. In some suc ces sions with a mixed pe -
lagic-neritic fa cies (El Atrous II) or a neritic fa cies (Bou Terga
and Ammessoui) a cor re la tion based on clas sic cono dont
biozones has proved to be dif fi cult be cause some of the in dex
spe cies are ab sent. In graphic cor re la tion, how ever, cor re la -
tions are based on a com pos ite of the first and last oc cur rences
of all taxa pres ent, not just on the ranges of biozone mark ers in
the var i ous sec tions. Thus graphic cor re la tions have the po ten -
tial of greater pre ci sion than clas si cal biozone cor re la tions. The 

Bou Tchrafine sec tion, pro vid ing the most com plete cono dont
data among the sec tions stud ied herein, is used as Frasnian re -
gional, com pos ite ref er ence sec tion. Some of the field and
cono dont data used in this work were pub lished be fore
(Bultynck and Hollard, 1980; Bultynck and Jacobs, 1981;
Bensaid et al., 1985; Bultynck, 1986, 1987; Becker and House,
2000; Bultynck  and Walliser, 2000a; Gouwy and Bultynck,
2002). The cono dont data, how ever, have been up dated and
com pleted. The study of the Bou Terga, Hamer El Khdad and
Hassi Oum El Hadej sec tions is new.

GEOLOGICAL SETTING

The Anti-At las re gion is an ex posed part of the pas sive con -
ti nen tal mar gin of North west ern Gond wana. Dur ing the Late
De vo nian, this re gion was sit u ated in the south ern hemi sphere
at lat i tudes of about 40° (Scotese, 2004). It con sti tuted a frag -
ment of an ex ten sive shelf area the bathymetry of which started
to change dur ing the Early De vo nian (late Emsian). As a con se -
quence fa cies dif fer ences be came ap par ent dur ing the Mid dle
De vo nian  (Eifelian) so that four depositional realms can now



be dis tin guished in the East ern Anti-At las. From west to east
they are: Ma’der Plat form, Ma’der Ba sin, Tafilalt Plat form and
Tafilalt Ba sin (Wendt, 1985). This pat tern, em pha sized by con -
trasts in fa cies pat terns and sub si dence rate, per sisted un til the
Early Car bon if er ous. 

The up per Givetian and Frasnian of the re gion is pre dom i -
nated by the pe lagic fa cies, but the fa cies show a sig nif i cant dif -
fer en ti a tion. The Frasnian of the Tafilalt be longs to the
hemipelagic and pe lagic fa cies, while in some parts of the
Ma’der and the south west ern part of  the Tafilalt (El Atrous II)
tran si tional fa cies be tween pe lagic and neritic fa cies can be ob -
served. At the base of the Frasnian, strongly con densed se -
quences oc cur in most parts of the re gion and there is ev i dence
of non-sed i men ta tion and ero sion. In the Frasnian and
Famennian de pos its, re peated siliciclastic in put and sed i men -
tary gaps can be found. These gaps oc cur at dif fer ent strati -
graphic po si tions in dif fer ent ar eas.

SECTIONS AND CONODONT DATA

The cor re lated sec tions are geo graph i cally wide spread and
rep re sent a va ri ety of fa cies (Fig. 1). Al though the sec tions are
re mote, the lack of veg e ta tion and beau ti ful ex po sure al lows
for easy sam pling. 

TAFILALT  PLATFORM

This pe lagic plat form cor re sponds to a shal low  pe lagic ridge
(Wendt et al., 1984) and is char ac ter ized by a suc ces sion of
strongly con densed cephalopod lime stones,  nod u lar lime stones
and styliolinid coquinas. Six sec tions of this area are in cluded in
the graphic cor re la tions, two of which  are sit u ated at the south -
ern mar gin of the plat form (Jbel El Atrous and Jbel Amessoui)

BOU TCHRAFINE (FIG. 2)

Bou Tchrafine is the name of a prom i nent lime stone ridge
lo cated about 8 km SE of Erfoud. The  Bou Tchrafine up per
Givetian-Frasnian suc ces sion used in the cor re la tion is a com -
pos ite sec tion con tain ing data from 4 closely lo cated out crops:
BT I, II and III of Bultynck (1986) and the Bou Tchrafine sec -
tion de scribed by Becker and House (2000). Sec tion BT I was
also stud ied by Bultynck and Jacobs (1981) and by Bultynck
and Hollard (1980). The up per Givetian de pos its of this lo ca -
tion con sist of brown ish-pink lime stones, unit K  Bultynck and
Walliser (2000b) of the Bouia For ma tion (Achguig Group).
The old est Frasnian de pos its are dark styliolinid coquinas that
are rec og nized in the 4 out crops al though with a dif fer ent thick -
ness and are fol lowed by marly shales al ter nat ing with thick
grey lime stone beds. The first ap pear ance of black de pos its in -
di cates the semichatovae trans gres sion (Becker and House,
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Fig. 1. Lo ca tion of the sec tions (as ter isks) in the East ern Anti-At las (Mo rocco)



2000). The Lower and Up per Kellwasser events are rep re -
sented by black lime stones in the up per part of the sec tion
(Becker and House, 2000). Most cono dont zones from the
hermanni to the linguiformis zones were rec og nized. 

JBEL EL ATROUS II (FIG. 3A AND B)

The Jbel El Atrous II sec tion is lo cated about 16 km north -
west of Taouz, on the south ern flank of the El Atrous syncline. 
The up per Givetian and lower Frasnian de pos its are in neritic
fa cies. Biostromal fa cies with Phillipsastreae oc curs
(Coen-Aubert, 2002) in the lower part of the sec tion.  The up -
per part of the sec tion con sists of marly shales in ter ca lated with
thin lime stone beds. This sec tion was pub lished by BensaÎd et
al. (1985) and is com pleted  herein above the sam ple 23. The
sam ples above the sam ple 54 were pro vided by P. Sartenaer.
Most cono dont zones from the disparilis to the Mid dle
triangularis zones were rec og nized.

HAMER EL KHDAD SOUTH (FIG. 4)

This sec tion is sit u ated in a pas sage track 8 km east of the
Bou Tchrafine sec tion and 2 km south-west of the Hamer El
Khdad car bon ate mound. The sec tion  rep re sents a slightly
deeper depositional en vi ron ment than the Bou Tchrafine sec -
tion and con sists of thick lime stone beds and nod u lar lime -
stones rich of macrofossils. Some beds are iron-rich or show
signs of ero sion. The cono dont data in di cate a gap in the up per
Givetian and the lower Frasnian (the Frasnian be gins here in
the punctata Zone) and at the base of the Famennian where the
Lower and Mid dle triangularis Zones are miss ing.

JBEL BOU IFARHERIOUN

The Ifarherioun sec tion is lo cated at the south ern mar gin of
the Tafilalt  Plat form, 19 km south of Rissani and con sists of
marly shales lo cally al ter nat ing with nod u lar lime stones and a
few mas sive lime stone beds. The up per most part of the sec tion
con sists of a mas sive lime stone. Sam ple 13a is from a well-de -
vel oped styliolinid co quina fa cies, which of ten oc curs at the
base of the Frasnian in the re gion (Bensaid et al., 1985). Based
on the cono dont data, the bases of the disparilis, transitans,
punctata and Up per hassi zones can be po si tioned. 

JBEL AMESSOUI

This sec tion is lo cated 14 km west of the Jbel El Atrous II
sec tion. The li thol ogy con sists of marly shales and a few
decimetre thick lime stone beds. The up per part of the sec tion
shows a few silty lime stone beds. Only the Up per falsiovalis
and the transitans zones can be rec og nized here. Cono donts of
this sec tion were  stud ied by Bensaid et al. (1985).

HASSI OUM EL HADEJ

This sec tion  is only a few metres thick and is sit u ated about
20 km west of the town of Merzouga and north of the Jbel
Amessoui sec tion. The li thol ogy is very sim i lar to the Jbel
Amessoui sec tion. It con tains a cov ered in ter val of about 6 m
be tween de pos its of the Up per falsiovalis Zone and the
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Fig. 2. Set of the Bou Tchrafine ref er ence sec tions used for build ing
the up per Givetian-Frasnian re gional com pos ite ref er ence sec tion of

the Tafilalt–Ma’der re gion

For the com plete set of sam ple num bers see Bultynck (1986, fig. 2), Bultynck
and Walliser (2000a, fig. 8) and Becker and House (2000, fig. 1); for the
ranges of the cono dont taxa in com pos ite stan dard units see the Ap pen dix



punctata Zone. The low est bed above the
cov ered in ter val is a styliolinite. The Lower
hassi Zone is also rec og nized.

TAFILALT BASIN

The ba sin deep ens to the east and is for
the ma jor part cov ered by Up per Cre ta -
ceous/Qua ter nary de pos its of the Ha ma da
du Guir. Only the west ern mar gin of this ba -
sin is exposed.

ACHGUIG

This sec tion, lo cated 34 km ESE of
Erfoud, was se lected as a ref er ence sec tion
for the re gion by Bultynck and Walliser
(2000b, fig. 5). It is one of the most com plete 
sec tions in which the en tire De vo nian is rep -
re sented, pre dom i nantly in a basinal
hemipelagic fa cies. The Frasnian part of the
sec tion is com posed of marly shales al ter nat -
ing with only a few thin lime stone lay ers.
The goniatite bed near the base of the strati -
graphic col umn be longs to the unit K of
Bultynck and Walliser (ibi dem), and is di -
rectly over lain by a styliolinite. The
hermanni, disparilis and Lower and Up per
hassi zones were rec og nized.

HASSI NEBCH

This sec tion is lo cated about 19 km ENE
of Taouz. The up per Givetian-Frasnian is
rep re sented by marly shales al ter nat ing with
thin lime stone and nod u lar lime stone beds.
A few silty beds oc cur in the up per most part
of the Givetian. The Frasnian de pos its con -
sist of marly shales al ter nat ing with fewer
and thicker lime stone beds and  nod u lar
lime stone beds (Bensaid, 1972, 1974;
Bensaid et al., 1985). Of all the sec tions, this
one rep re sents the deep est depositional set -
ting in re spect to the pe lagic fa cies of the
Tafilalt and is there fore less con densed than
the other sec tions. Cono dont zones that can
be rec og nized here are the disparilis, Up per
falsiovalis, transitans, punctata and the Up -
per hassi zones. How ever, the cono dont ma -
te rial from this sec tion does not al low for ex -
act po si tion ing of the zonal bound aries.
Ancyrognatus aff. Anc. triangularis rec og -
nized by Bensaid et al. (1985, fig. 5,
sample 57) is as signed herein to Anc. tsiensi
and the iden ti fi ca tion of Palmatolepis
subrecta is not main tained.
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Fig. 3. Strati graphic col umn of the Jbel El Atrous II sec tion 

A — lower part of the Jbel El Atrous II;



MA’ DER BASIN

This ba sin is a cir cu lar de -
pres sion with high sub si -
dence rates, which re ceived
muddy and fine clastic in put
from the sur round ing partly
emerged pe lagic plat forms
and from the eroded hin ter -
land to the west.

BOU TERGA (FIG. 5)

The Bou Terga sec tion is
lo cated about 9 km
north-west of Fezzou, 2 km
west-south west of  of the sec -
tion “Butte 760” in Bultynck
and Jacobs (1981, fig. 1). It
con sists of about 60 m of
marly shales and thin lime -
stone beds, some of which
con tain goniatites, cri noids
and brachi o pods. The lower
part of the sec tion in cludes
cal car e ous shales with
Phillipsastreae. The Lower
falsiovalis, punctata, Lower
hassi and Up per rhenana
zones can be iden ti fied, al -
though the bases of the zones
can not be po si tioned
accurately.

AIT OU AMAR

This small sec tion is sit u -
ated 5 km east of the Bou
Terga sec tion and con sists of
about 0.5 m of thin,
biosparitic lime stone beds
(see Bultynck and Jacobs, 
1981, fig. 5). Cono donts in di -
cate that it should be as signed 
to the falsiovalis Zone, based
on the oc cur rence of Ad.
binodosa, Ad. pristina and
Ad. rotundiloba (Bultynck
and Hollard, 1980; Bultynck
and Jacobs, 1981).

GRAPHIC
CORRELATION

METHOD

The graphic cor re la tion
method (Shaw, 1964) used
herein to cor re late sev eral
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with in di ca tion of the cono dont taxa per sam ple and cono dont biozonation

B — up per part of the Jbel El Atrous II; li thol ogy as in Fig ure 2
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Fig. 4. Strati graphic col umn of the Hamer El Khdad South sec tion with in di ca tion of the cono dont taxa per sam ple 
and cono dont biozonation

Li thol ogy and fau nal sym bols as in Fig ures 2 and 3
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Fig. 5. Strati graphic col umn of the Bou Terga sec tion with in di ca tion of the cono dont taxa per sam ple 
and the cono dont biozonation

Li thol ogy and fau nal sym bols as in Fig ures 2 and 3



time-equiv a lent sec tions is a tech nique based on a Car te sian co -
or di nate sys tem. The sec tions are cor re lated by plot ting them
two-by-two on the axes of an X–Y graph. The thick nesses of
the sec tions are scaled on the axes. One of the sec tions is cho -
sen as the stan dard ref er ence sec tion (SRS) to which all other
sec tions of the area will be cor re lated in the build ing of a com -
pos ite se quence of all the sec tions. The SRS is gen er ally the
best-sam pled, non-tectonised sec tion  with the larg est and most
var ied fos sil con tent and also the thick est one, with out im por -
tant strati graphic gaps, and con tain ing the youn gest and old est
de pos its to be stud ied. The data se lected for the cor re la tion
should be co eval geo logic events so that a one-to-one time cor -
re spon dence can be es tab lished be tween cor re lated sec tions. In
this study the events are first and last oc cur rences of cono dont
spe cies. Un for tu nately, be cause of fac tors of sam pling den sity
and size, fos sil pres er va tion, fa cies changes, and mi gra tion of
taxa, such bioevents re corded in given sec tions are only ex cep -
tion ally the evolutianary or global first and last oc cur rences of
the spe cies. Even the ac tual low est lo cal po si tion may lie at or
stratigraphically above the ob served one. To take these vari -
ables into ac count, errorboxes are used to bracket the ranges.
They in di cate the dis tance be tween the sam ple con tain ing the
first oc cur rence of a spe cies and the first sam ple be low that
does not con tain it and the dis tance be tween the sam ple con -
tain ing the last oc cur rence of a spe cies and the first sam ple
above that does not con tain the spe cies. The ac tual first and last
oc cur rence in the sec tion will pre sum ably lie in the errorbox,
thus  es ti mat ing the po si tion of the event. The goal is to im -
prove the es ti mate. 

Each sec tion is cor re lated with the stan dard ref er ence
sec tion. The fos sil data in com mon be tween the two sec tions
plot in the field of the graph where the square sign (¨) de -
notes first ap pear ance da tum (FAD) while  “plus” (+) marks
last ap pear ance da tum (LAD). The line of cor re la tion rep re -
sent ing the point-by-point time-equiv a lence of the sec tions
is drawn in a way as to cause min i mum change of known
ranges (“split ting tops and bases”— Klapper et al., 1995).
Af ter each cor re la tion round, data from the cor re lated sec -
tion are pro jected onto the stan dard ref er ence sec tion thus
com pos ing a com pos ite sec tion or “com pos ite stan dard”
(CS) for the re gion. Af ter com plet ing the whole cor re la tion
pro cess, this com pos ite stan dard will con tain the max i mum
ranges of the cono dont spe cies for the re gion. 

The scale of the com pos ite stan dard is sub di vided into com -
pos ite stan dard units (CSU) based on the orig i nal thick ness
scale of the ref er ence sec tion. These units can be pro jected onto 
the other sec tions through their lines of cor re la tion, the re sult of 
which is high-res o lu tion cor re la tion of the sections. 

This method has the ad van tage that time-equiv a lent sec -
tions that pre vi ously could not be cor re lated due to a lack of a
mu tual fos sil con tent can now be cor re lated ac cu rately by
means of the com pos ite stan dard. In this study, the soft ware
pro gram Graphcor 3.0 (Hood, 1998) was used.

CORRELATION OF THE STUDIED SECTIONS

The raw data on which the graphic cor re la tion is based  are
avail able on re quest.The com pos ite sec tion at Bou Tchrafine
was cho sen as the re gional com pos ite ref er ence sec tion. Al -

though this sec tion is con densed and shows some hi a tuses it is
still the best-stud ied sec tion from the set of sec tions avail able
for this graphic cor re la tion pro ject. The bases and tops of the
cono dont taxa oc cur ring in the Bou Tchrafine sec tion are given
in CSU in the Ap pen dix list ing all the cono dont taxa men tioned 
in the pa per. The nine re main ing sec tions were cor re lated with
the stan dard ref er ence sec tion in the fol low ing or der: Hamer El
Khdad South, Jbel El Atrous II, Hassi Nebch, Hassi Oum El
Hadej, Jbel Bou Ifarherioun, Bou Terga, Jbel Amessoui, Ait ou
Amar and Achguig. The lines of cor re la tion (LOC) sta bi lised
af ter four cor re la tion rounds. For the LOC, a multi-seg ment
line was pre ferred over a sin gle-seg ment line be cause with the
lithologies  found in this re gion (al ter nat ing lime stones and
shales in some sec tions,  mas sive lime stone in oth ers), cor re la -
tions based on sin gle-seg ment lines would re sult in ar ti fi cial
over lap of the cono dont ranges. The three most im por tant
graphs (Figs. 6–8)  are con sid ered here.

JBEL EL ATROUS II SECTION (FIG 6)

The fourth  round yielded a partly seg mented but well-con -
strained line of cor re la tion that in ter sects the first ap pear ance of 
Skeletognathus norrisi, Ancyrodella curvata late form,
Palmatolepis kireevae, Ancyrognathus coeni and Ancyrodella
alata. The FADs of Icriodus alternatus alternatus and
Palmatolepis bogartensis fall to the right of the LOC and will
have as con se quence an ad just ment of the FAD in the CS.

HAMER EL KHDAD SOUTH SECTION (FIG. 7)

In this sec tion the long er ror boxes in di cate the lack of
cono dont sam ples in the mid dle part of the se quence. The LOC
is well con strained in a few points and shows a hor i zon tal ter -
race at level 1.8 m in the sec tion, in di cat ing that the base of the
Frasnian is miss ing. The line of cor re la tion passes through the
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Fig. 6. Graphic cor re la tion of the Jbel El Atrous II sec tion and the
Ma’der–Tafilalt re gional com pos ite stan dard

CSU — com pos ite stan dard units



first oc cur rences of Schmidtognathus hermanni, Klapperina
disparata, Palmatolepis punctata, Ancyrodella curvata late
form and Ancyrognathus ubiquitus.

JBEL BOU IFARHERIOUN SECTION (FIG. 8)

In this graph the LOC was po si tioned, in places, by split ting 
the tops and bases of the er ror boxes. In  parts of the graphs no
cor re la tion points are avail able and there fore sev eral po si tions

of the LOC are pos si ble (e.g. be tween  3 and  4.5 m). The LOC
in ter sects with the first oc cur rences of Schmidtognathus
wittekindti, Klapperina disparilis, Klapperina disparalvea,
Mesotaxis dengleri, Ancyrodella gigas, Mesotaxis
asymmetricus and Ancyrognathus triangularis. 

RESULTS

STRATIGRAPHIC NOMOGRAPH  (FIG. 9)

The strati graphic nomograph shows the LOCs of all cor re -
lated sec tions su per im posed. The X-axis is the rel a tive time
scale; the ver ti cal axis is scaled in metres. This dis play al lows
com par i son of the sed i ment ac cu mu la tion rates in the dif fer ent
sec tions and makes it easy to see a strati graphic align ment of
hor i zon tal ter races in the LOCs. In the case of the East ern
Anti-At las there is no align ment of ter races but most of the
LOCs show a change in the in cli na tion of the line around the
base of the Frasnian (CSU 27.33). Some show a steeper line
oth ers a less steep line com pared to the re gional com pos ite ref -
er ence sec tion (Bou Tchrafine) in di cat ing  dif fer ent de grees of
con den sa tion of the deposits near the base of the Frasnian.

CORRELATION OF THE DIFFERENT SECTIONS  (FIGS. 10 AND 11)

The CSU scale of the re gional com pos ite ref er ence sec tion 
can be re pro ject ed onto the sec tions through the LOCs of the
cor re la tion graphs. These CSU now al low a high-res o lu tion
cor re la tion be tween the sec tions; even be tween sec tions that
did not have enough data in com mon to cor re late them
amongst each other in the tra di tional two-by-two cor re la tion.
The CSU cor re la tions should be eval u ated in the light of the
cor re spond ing graphic cor re la tion plots be cause the lat ter
give in for ma tion about the re li abil ity/ac cu racy of the line of
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Fig. 7. Graphic cor re la tion of the Hamer El Khdad South sec tion
and the Ma’der–Tafilalt re gional com pos ite stan dard

 Sym bols as in Fig ure 6

Fig. 8. Graphic cor re la tion of the Jbel Bou Ifarherioun sec tion with
the Ma’der–Tafilalt re gional com pos ite stan dard

 Sym bols as in Fig ure 6

Fig. 9. Strati graphic nomograph of the dif fer ent sec tions



cor re la tion and thus the cor re la tion of cer tain lev els in the
strati graphic col umns. The accurracy is in di cated by the con -
straint of the LOC in that point on the graph and by the size of
the er ror boxes of the cor re la tion points. Fig ure 10 shows the
cor re la tion re sults be tween the sec tions of the Tafilalt Plat -
form and Tafilalt Ba sin from the south ern mar gin of the plat -
form (Jbel Amessoui) to the north with more con densed lime -
stone sed i men ta tion (Bou Tchrafine) and to the east with
thicker shaly in ter vals (Achguig). Fig ure 11 shows the cor re -
la tion re sults be tween the sec tions from the Ma’der Plat form
in the west (Bou Terga) to the Tafilalt Plat form (Jbel El
Atrous) and Tafilalt Ba sin (Hassi Nebch) in the east.

The cor re la tion of the sec tions shows very thin de pos its
rep re sent ing the lower part of the Frasnian (es pe cially the de -
pos its of the transitans Zone) in the whole area (and es pe cially
in the Bou Tchrafine and Hamer El Khdad sec tions), thick en -
ing some what in the Ma’der and Tafilalt bas ins. The up per part
of the Frasnian is char ac ter ized by thicker and more shaly in ter -
vals (ex cept in the Hamar El Khdad sec tion) thick en ing reg u -
larly in east ern di rec tion (Achguig sec tion) and in south west ern 
direction (Bou Terga section). 

UPPER GIVETIAN–FRASNIAN ANTI–ATLAS CONODONT
REGIONAL COMPOSITE  AND CONODONT ZONES (FIG. 12) 

The range charts given in Fig ure 12 are the visu ali sa tion of
the Re gional Com pos ite da ta base ob tained af ter four graphic
cor re la tion rounds. The strati graphic ranges of eighty-five cono -
dont taxa have been as sem bled dur ing this cor re la tion pro ject
and po si tioned into the chronostratigraphic frame work of com -
pos ite stan dard units (CSU). The Frasnian of the East ern
Anti-At las can be sub di vided into 501 CSU (27.33 – 32.34).
Also the stan dard cono dont zonation (Ziegler and Sandberg,
1990) can be aligned to the CSU frame work. The cono dont
zones that can be po si tioned rel a tive to the graphic cor re la tion
com pos ite are:  hermanni Zone (first oc cur rence of
Schmidtognathus hermanni at CSU 26.3),  disparilis Zone (first
oc cur rence of Klapperina disparilis at CSU 26.71), Lower and
Up per falsiovalis zones (re spec tively first oc cur rence of
Mesotaxis falsiovalis at CSU 27.27 and first oc cur rence of
Mesotaxis asymmetricus at CSU 27.62), transitans Zone (first
oc cur rence of Palmatolepis transitans at CSU 27.83),  punctata
Zone (first oc cur rence of Palmatolepis punctata at CSU 27.86), 
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Fig. 10. Cor re la tion of the up per Givetian-Frasnian sec tions of the Tafilalt Plat form and Tafilalt Ba sin in south to north and to east di rec tion,
based on the re sults of the graphic correlation

Ex pla na tions as in Fig ures 2, 3 and 4; a few sam ple num bers are in di cated next to the col umns



Lower hassi Zone (first oc cur rence of Ancyrodella curvata early 
form and Ozarkodina trepta at CSU 27.97), an in ter val rang ing
from the base of the Up per hassi Zone to the base of the Up per
rhenana Zone (first oc cur rence of Ancyrognathus triangularis at 
CSU 28.15),  Up per rhenana Zone (first oc cur rence of
Ancyrognathus asymmetricus at CSU 29.37) and linguiformis
Zone (first oc cur rence of Ancyrognathus ubiquitus CSU 31.92).
The jamieae and Lower rhenana Zones can not be placed since
the de fin ing taxa for those zones have not been found. The cor re -
spond ing Montagne Noire zonation (Klapper and Becker 1999)
is in di cated on the fig ures by MN num bers. The bases of the first
five zones are eas ily po si tioned. The base of  MN6 (in di cated by
the first oc cur rence of Ancyrognathus pri mus) sit u ated one CSU
be low the first oc cur rence of Ozarkodina nonaginta that in di -
cates the base of MN7 is sit u ated only one CSU higher than the
base of MN6. The base of MN10 co in cides with the base of the
Up per hassi Zone here, which could in di cate that the lower part
of this zone is miss ing. The base of MN12 is here sit u ated in the
Up per rhenana Zone.

CORRELATION WITH THE FRASNIAN COMPOSITE STANDARD

(FIG. 13)

The re sults of this graphic cor re la tion pro ject have been
com pared and cor re lated with the cono dont Com pos ite Stan dard 
of the Frasnian (Klapper, 1997; Gouwy and Bultynck, 2000).

Three hor i zon tal seg ments (ter races) can be rec og nized in
the line of cor re la tion. One ter race is found at the level 27.6 of
the Anti-At las re gional com pos ite in di cat ing that  de pos its of
the lower part of the Frasnian (up per part of the Lower
falsiovalis Zone) are miss ing. A sec ond ter race is found at level
28.1 of the Anti-At las re gional com pos ite to which de pos its of
the up per part of the Up per hassi Zone, the com plete jamieae
Zone and the lower part of the Lower rhenana Zone (MN11)
would cor re spond. A third one is lo cated at 28.9 of the Anti-At -
las re gional com pos ite in di cat ing the lack of the lower part of
the Lower rhenana Zone (lower part of MN12).

CONCLUSIONS

The graphic cor re la tion of ten sec tions of the up per
Givetian-Frasnian of the East ern Anti-At las (Mo rocco) al lows
the de vel op ment of a re gional com pos ite ref er ence sec tion that
in te grates the ranges of 85 cono dont taxa. It pro vides the best
pos si ble strati graphic res o lu tion for the Frasnian of this re gion,
even though the sec tions and cono dont data are not of high
qual ity be cause of sed i men tary gaps and con densed in ter vals.
The Frasnian of the East ern Anti-At las is sub di vided into 501
CSU (centi metre scale of the Bou Tchrafine ref er ence sec tion).
Cor re la tion with the CS of the Frasnian (Gouwy and Bultynck,
2000) shows that the up per part of the Up per hassi Zone, the
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Fig. 11. Cor re la tion of the up per Givetian-Frasnian sec tions of the Ma’der Ba sin, the Tafilalt Plat form and Tafilalt Ba sin, in west to east di -
rec tion, based on the re sults of the graphic correlation

Other ex pla na tions as in Fig ures 2, 3, 4 and 10



jamieae Zone and the lower part of the Lower rhenana Zone
are not found based on the avail able data. Be cause of the sed i -
men tary gaps, con densed parts and bar ren in ter vals of the sec -
tions in the East ern Anti-At las, these data have not been added
to the CS of the Frasnian (Gouwy and Bultynck, 2000). 
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Fig. 12. Up per Givetian-Frasnian com pos ite stan dard cono dont ranges of the Ma’der–Tafilalt re gion; the jamieae

Fig. 13. Graphic cor re la tion be tween the Ma’der–Tafilalt re gional
ref er ence com pos ite and the com pos ite stan dard of the Frasnian

(Gouwy and Bultynck, 2000)

Sym bols as in Fig ure 6
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APPENDIX 

The Ap pen dix in cludes all spe cies/sub spe cies men tioned in 
the text and fig ures. Names of gen era and spe cies/sub spe cies
are ar ranged al pha bet i cally. The most im por tant taxa are fol -
lowed by ei ther a ref er ence to Fig ures 14 and 15 or by ref er -
ence(s) to pre vi ous il lus tra tions from Mo roc can sec tions stud -
ied herein, or by both of them. Some of the taxa are briefly dis -
cussed. For taxa oc cur ring in the Bou Tchrafine cho sen herein
as re gional com pos ite ref er ence sec tion, the bases (FAD) and
tops (LAD) in CSU are given in brack ets at the end of the re -
spec tive taxon de scrip tion in for ma tion.

Ancyrodella africana Gar cia-Lopez, 1981 (Fig. 15L);
Bultynck and Hollard (1980, pl. 10, fig. 8, iden ti fied as An.
rotundiloba aff. An. alata); (27.63–27.83).

Ancyrodella alata Glenister and Klapper, 1966 (Fig. 15I,
J); Bultynck and Hollard (1980, pl. 9, figs. 15, 16, iden ti fied as

An. rotundiloba aff. An. alata). The early and late forms dis tin -
guished by Klapper (1989) have been rec og nized; (early form
27.63–27.83, late form 27.83–27.85).

Ancyrodella binodosa Uyeno, 1967; ?Bultynck and Hollard
(1980, pl. 10, figs. 4a, b); ?Bultynck and Jacobs (1981, pl. 9, figs. 
3–5, 7, 8). Con fi dent iden ti fi ca tions of An. binodosa in the pres -
ent pa per re fer only to adult spec i mens with a thick, cir cu lar- to
oval-shaped plat form with rounded mar gins and an up per sur -
face or na men ta tion con sist ing of two large nodes on each side of
the ca rina and oc ca sion ally a few in cip i ent nodes (see Uyeno,
1967, pl. 1, figs. 4a, b). The pit is rel a tively large and cru ci form.
Such spec i mens oc cur in the sec tion El Altrous II. Iden ti fi ca tions 
as men tioned above are ques tioned be cause the up per sur face or -
na men ta tion in the fig ured spec i mens is too much de vel oped and 
these spec i mens may rep re sent a late form of the spe cies.

388 Sofie Gouwy, Joanna Haydukiewicz and Pierre Bultynck



Ancyrodella curvata (Branson and Mehl, 1934)
(Fig. 15P–T); Bultynck and Jacobs (1981, pl. 9, fig. 12, iden ti -
fied as An. lobata ). The early and late forms dis tin guished by
Klapper (1989) and the lat est form of Bultynck et al. (1998)
have been rec og nized; (early form 27.96–28.15).

Ancyrodella gigas Youngquist, 1947 (Fig. 15M, N);
Bultynck and Jacobs (1981, pl. 9, figs. 9–11). The forms 1 and
3 of Klapper (1989) have been iden ti fied; (form 1:
27.83–28.20, form 3: 28.15–28.15).

Ancyrodella lobata Branson and Mehl, 1934 (Fig. 15O);
Bultynck and Hollard (1980, pl.10, figs. 9–11); Bultynck and
Jacobs (1981, pl. 9, fig. 13); (27.92–28.20).

Ancyrodella nodosa Ulrich and Bassler, 1926.
Ancyrodella pramosica Perri and Spalletta, 1981

(Fig. 15K); Bultynck and Jacobs (1981, pl. 10, figs. 10, 11,
iden ti fied as An. rotundiloba alata); Bultynck (1986, pl. 1, figs. 
10, 11, iden ti fied as An. alata); (27.63–27.87).

Ancyrodella pristina  Khalymbadzha and Chernysheva,
1970; Bultynck and Jacobs (1981, pl. 8, figs. 1–14, pl. 9, figs 1,
2, 6, iden ti fied as An. binodosa forms al pha, beta, gamma). All
these fig ured spec i mens are from one sam ple and are con sid ered
to rep re sent an ontogenetic se ries of Pa el e ments of An. pristina.
The spec i mens pl. 8, figs. 1–7 fall within the range of vari a tion of 
the type spec i mens of An. pristina/prima fig ured by
Khalymbadzha and Chernysheva (1970, pl. 1, figs. 1–8). The
spec i mens of Bultynck and Jacobs (ibi dem, pl. 8, figs. 11, 12) are 
con sid ered as adult forms. Fi nally, An. pristina can be used ei -
ther as a for mal spe cies name for the early form of An.
rotundiloba sensu Klapper (1985) or as a sub spe cies of An.
rotundiloba. Full-grown Pa el e ments can be sep a rated from
those of An. rotundiloba by the larger more oval-shaped,
transversally de vel oped cru ci form pit and by the less dense up -
per sur face or na men ta tion show ing a pair of marked nodes in the 
an te rior part of the plat form, one on ei ther side of the ca rina. The
holotype of An. soluta Sandberg, Ziegler and Bultynck, 1989 is
con sid ered herein as an ex treme form in the range of vari a tion of
An. pristina, close to An. rotundiloba; (aff. 27.35–27.35).

Ancyrodella recta Kralick, 1994; Bultynck and Jacobs
(1981, pl. 10, fig. 9, iden ti fied as An. rotundiloba rotundiloba);
Bultynck (1986, pl. 1, fig. 9, iden ti fied as An. rotundiloba);
(27.63–27.63).

Ancyrodella rotundiloba (Bryant, 1921) (Fig. 15E–G);
Bultynck and Hollard (1980, pl. 10, fig. 7); Bultynck and
Jacobs (1981, pl. 10, figs. 1-8); Bultynck (1986, pl. 1, fig. 12);
(27.63-27.63).

Ancyrodella rugosa Branson and Mehl, 1934 (Fig. 15H);
(27.83–27.84).

Ancyrognathus amplicavus Klapper, Kuz’min and
Ovnatanova, 1996; (28.15–28.15).

Ancyrognathus ancyrognathoideus (Ziegler, 1958);
Bultynck and Hollard (1980, pl. 10, figs. 13, 15);
(27.96–27.98).

Ancyrognathus asymmetricus (Ulrich and Bassler, 1926).
Ancyrognathus coeni Klapper, 1990; (28.15–28.15).
Ancyrognathus pri mus Ji, 1986; Bultynck and Hollard

(1980, pl. 10, figs. 14, iden ti fied as Polygnathus
ancyrognathoideus); (27.96–27.98).

Ancyrognathus triangularis Youngquist, 1945;
(28.15–28.15).

Ancyrognathus tsiensi Mouravieff, 1982; diagnosis and
de scrip tion of Klapper (1990) are fol lowed herein; Ancyroides
leonis Sandberg, Ziegler and Dreesen, 1992 is con sid ered as a
ju nior syn onym; (28.15–28.15).

Ancyrognathus ubiquitus Sandberg, Ziegler and Dreesen,
1988; (31.92–31.92).

Icriodus alternatus alternatus Branson and Mehl, 1934.
Icriodus alternatus helmsi Sandberg and Dreesen, 1984.
Icriodus brevis Stauffer, 1940; Bultynck (1987, pl. 6, figs.

9–12); ( LAD 27.63).
Icriodus difficilis Ziegler and Klapper, 1976; Bultynck

(1987, pl. 9, figs. 25, 26); (LAD 27.63).
Icriodus excavatus Weddige, 1984.
Icriodus expansus Branson and Mehl, 1938; Bultynck and

Hollard (1980, pl. 8, fig. 23); (LAD 27.83).
Icriodus praealternatus Sandberg, Ziegler and Dreesen,

1992; (28.15–28.15).
Icriodus subterminus Youngquist, 1947; Bultynck and

Hollard (1980, pl. 8, fig. 22); Bultynck (1986, pl. 2, figs. 13,
14); (27.29–27.30)

Icriodus aff. I. subterminus Youngquist, 1947; spec i mens
iden ti fied in this way are sim i lar to spec i mens of Icriodus cf. I.
subterminus in Norris, Uyeno and McCabe (1982) and Norris
and Uyeno (1983); (27.29–27.63);

Icriodus symmetricus Branson and Mehl, 1934; Bultynck
and Hollard (1980, pl. 10, fig. 17); (27.63–28.20).

Klapperina disparalvea (Orr and Klapper, 1968); Bultynck 
and Hollard (1980, pl. 7, fig. 20); Bultynck and Jacobs (1981,
pl. 7, fig. 13); (26.85–27.27).

Klapperina disparilis (Ziegler and Klapper, 1976);
Bultynck and Jacobs (1981, pl. 7, fig. 14); (26.71–27.17).

Klapperina disparata (Ziegler and Klapper, 1982); Ziegler
and Klapper (1982, pl. 2, figs. 6, 8, 10).

Klapperina unilabius (Hud dle, 1981); Bultynck (1986, pl. 2, 
figs. 7, 10–12). The typ i cal “L”-shaped pit of Kl. unilabius is
raised above the level of the lower sur face like it is the case in Kl.
disparilis and in that way is clearly dis tinct from the pit in the
Mes. asymmetricus–ovalis–falsiovalis group; (27.63–27.83).

Mehlina gradata Youngquist, 1945; (27.83–27.83).
Mesotaxis asymmetricus (Bis choff and Ziegler, 1957);

Bultynck (1986, figs. 1, 2); (27.63–27.92).
Mesotaxis dengleri (Bis choff and Ziegler, 1957); Bultynck

and Hollard (1980, pl. 8, figs. 2, 3); Bultynck and Jacobs (1981, 
pl. 7, figs. 3–9); (27.12–27.83).

Mesotaxis aff. Mes. dengleri (Bis choff and Ziegler, 1957);
Bultynck and Jacobs (1981, pl. 7, figs. 1, 2, iden ti fied as
Polygnathus dengleri al pha morphotype and al pha tran si tional
to beta morphotype); (26.85–27.00).

Mesotaxis falsiovalis Sandberg, Ziegler and Bultynck,
1989; Mes. ovalis (Ziegler and Klapper, 1964); Bultynck and
Jacobs (1981, pl. 7, figs. 12, 17, the lat ter iden ti fied as
Polygnathus asymmetricus asymmetricus); Bultynck (1986, pl. 
2, figs. 4–6, 8, 9); (27.27–27.92).

Ozarkodina bidentatiformis (Pham, 1979); (27.96–27.96).
Ozarkodina nonaginta Klapper, Kuz’min and

Ovnatanova, 1996; (27.98–28.04).
Ozarkodina sannemanni (Bis choff and Ziegler, 1957);

Bultynck and Hollard (1980, pl. 10, figs. 1–3, iden ti fied as O.
aff. O. sannemanni); (27.17–27.96).
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Fig. 14. Palmatolepis Pa el e ments

A–E — Palmatolepis transitans Müller, 1956: A, B — sam ple BT37bis (= base BT45), b4924, ´ 22, C — sam ple BT37bis, b4925, D — sam ple BE5a (=

base BE5), b4926, E — sam ple EA11d, b4927; F — Palmatolepis martenbergensis Müller, 1956, sam ple BT47, b4928, ´ 22; G, H — Palmatolepis

punctata (Hinde, 1879): G — sam ple BT48, b4929, ́  22, H — sam ple EA32, b4930, ´ 22; I, J — Palmatolepis bohemica Klapper and Fos ter, 1993: I —

sam ple EA32, b4931, J — sam ple If16, b4932; K — Palmatolepis n.sp. A, sam ple BE5b (= top BE), b4933, ́  22; L–N — Palmatolepis plana Ziegler and
Sandberg, 1990, sam ple BT38 (= BT51), b4934, b4935, b4936; O–Q — Palmatolepis kireevae Ovnatanova, 1976: O — sam ple BT38 (=BT51), b4937, P
— sam ple EA32, b4938, Q — sam ple If16, b4939; R, S — Palmatolepis domanicensis Ovnatanova, 1976: R — sam ple BT47, b4940, S — sam ple TM912
(from ap prox i mately the same level as sam ple BE9), b4941; T — Palmatolepis proversa Ziegler, 1959, sam ple BE21, b4942; U — Palmatolepis hassi
Müller and Müller, 1957 form 2 Klapper 1989, sam ple BT38 (= BT51), b4943; V — Palmatolepis ormistoni Klapper, Kuz’min and Ovnatanova, 1996,

sam ple BT38 (= BT51), b4944, ´ 30; W, X — Palmatolepis winchelli (Stauffer, 1938): W — sam ple BE26, b4945, X — sam ple EA11m, b4946; Y —

Palmatolepis bogartensis (Stauffer, 1938), sam ple BE26, b4947; all fig ures are up per views (ex cept B, lower view), mag ni fi ca tions are ap prox i mately ´
26 (un less oth er wise stated); BT — Bou Tchrafine sec tion, BE — Bou Terga sec tion, EA — El Atrous II sec tion, If — Ifarherioun sec tion, TM sam ples
were pro vided by the late Henri Hollard; all spec i mens are reposited at the Institut Royal des Sci ences Naturelles de Belgique (Brussels) un der cat a logue
num bers b4924–b4966
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Fig. 15. Palmatolepis and Ancyrodella Pa el e ments

A — Palmatolepis bogartensis (Stauffer, 1938), sam ple EA11m, b4948, ́  26; B — Palmatolepis triangularis Sanneman, 1955, sam ple EA11n, b4949, ´

26; C, D — Palmatolepis delicatula delicatula Branson and Mehl, 1934, sam ple EA11n, b4950, b4951, ´ 26; E–G — Ancyrodella rotundiloba (Bryant,

1921), BT37bis (= base BT45), b4952, b4953: F — de tail of E show ing typ i cal rhombic pit and with out sec ond ary keels (´ 95); H — Ancyrodella rugosa
Branson and Mehl, 1934 BT37bis( = base BT45), b4954; I, J — Ancyrodella alata Glenister and Klapper, 1966 late form of Klapper 1989, BT37bis (=
base BT45), 4955, b4956; K — Ancyrodella pramosica Perri and Spalletta, 1981, sam ple BT37bis (= base BT45), b4957; L — Ancyrodella africana Gar -
cia-Lopez, 1981, sam ple BT37bis (= base BT45), b4958; M, N — Ancyrodella gigas Youngquist, 1947: M — sam ple BT51, b4959, form 3 of Klapper,
1989, N — sam ple BT37bis (= base BT45), b4960, form 1 of Klapper, 1989; O — Ancyrodella lobata Branson and Mehl, 1934, sampleBE5a ( = base
BE5), b4961; P–S — Ancyrodella curvata (Branson and Mehl, 1934) early form of Klapper, 1989: P, S — sam ple BE21, b4962, b4965, Q, R — TM916
(from ap prox i mately the same level as sam ple BE12); T — Ancyrodella curvata (Branson and Mehl, 1934) late form of Klapper, 1989, sam ple BE21,

b4966; all fig ures are up per views (ex cept E, F, J and R, lower views), mag ni fi ca tions are ap prox i mately ́  30 (un less oth er wise stated), see also Fig ure 14
for ex pla na tions about sam ple num bers and cat a logue num bers



Ozarkodina semialternans (Wirth, 1967); Bultynck and
Hollard (1980, pl. 8, figs. 5, 6); (26.20–26.48).

Ozarkodina trepta (Ziegler, 1958); (27.96–28.00).
Pandorinellina insita (Stauffer, 1940); only one in com -

plete spec i men has been found, in sam ple BT43;
(27.27–27.27).

Palmatolepis bogartensis (Stauffer, 1938) (Fig. 14Y and
Fig. 15 A); Pa. bogartensis is a se nior syn onym for Pa. ro tunda 
Ziegler and Sandberg, 1990.

Palmatolepis bohemica Klapper and Fos ter, 1993 (Fig. 14I, J).
Palmatolepis delicatula delicatula Branson and Mehl,

1934 (Fig. 15C, D).
Palmatolepis domanicensis Ovanatanova, 1976 (Fig. 14R,

S); (27.96–27.98).
 Palmatolepis hassi Müller and Müller, 1957  form 2 

Klapper, 1989 (Fig. 14U); (28.15–28.15).
Palmatolepis kireevae Ovnatanova, 1976 (Fig. 14O–Q);

(27.96–28.15).
Palmatolepis martenbergensis Müller, 1956 (Fig. 14F);

Bultynck and Hollard (1980, pl. 10, figs. 18, 19). Pa.
martenbergensis is sep a rated herein from Pa. punctata by the
pres ence of a deep si nus an te rior of the lobe and a clear si nus
pos te rior of the lobe. In the holotype of Pa. punctata the si nus
an te rior of the lobe is shal low and there is al most no si nus pos -
te rior of the lobe; (27.96–28.20).

Palmatolepis ormistoni Klapper, Kuz’min and
Ovnatanova, 1996 (Fig. 14V); (28.15–28.15).

Palmatolepis plana Ziegler and Sandberg, 1990
(Fig. 14L–N); (28.15–28.15).

Palmatolepis proversa Ziegler, 1959 (Fig. 14T).
Palmatolepis punctata (Hinde, 1879) (Fig. 14G, H);

Bultynck and Jacobs (1981, pl. 7, fig. 15 only, iden ti fied as Pa.
transitans, this spec i men is very sim i lar to the holotype of Pa.
punctata); see also com ments un der Pa. martenbergensis;
(27.86–28.06).

Palmatolepis transitans Müller, 1956 (Fig. 14A–E);
Bultynck and Jacobs (1981, pl. 7, fig. 16 only); (27.83–28.06).

Palmatolepis triangularis Sannemann, 1955 (Fig. 15B).
Palmatolepis ul tima Ziegler, 1959; Sandberg et al. (1988,

pl. 1, figs. 1–4, iden ti fied as Pa. praetriangularis n.sp. Ziegler
and Sandberg, same lo cal ity as Hamar El Khdad herein); Pa.
praetriangularis is a ju nior syn onym of Pa. ul tima (see
Klapper et al., 2004).

Palmatolepis winchelli (Stauffer, 1938) (Fig. 14W, X); Pa. 
winchelli is a se nior syn onym for Pa. subrecta Miller and
Youngquist, 1947.

Palmatolepis n.sp. A (Fig. 14K). The Pa el e ment of Pa.
n.sp. A has a wide, tri an gu lar plat form; it is char ac ter ized by a
prom i nent, broad lat er ally ex tend ing lobe; the an te rior sharp
lobe in ci sion is into the first-fourths part of the plat form, more
or less per pen dic u lar to the ca rina; the blade-ca rina is rec ti lin -
ear and an in com plete sec ond ary ca rina can be pres ent; in adult
spec i mens the cen tral node is only slightly dif fer en ti ated; the
pos te rior outer plat form mar gin is nearly straight; the
posteriormost part of the plat form is at ten u at ing and pointed; in
Pa. punctata the ca rina is slightly sigmoidal and there is only a
shal low si nus in the an te rior outer plat form mar gin; Pa. n. sp. A 
oc curs in the transitans and punctata zones; (27.83–27.83).

Polygnathus angustidiscus Youngquist, 1945;
(27.83–27.83).

Polygnathus collieri Hud dle, 1981; Bultynck (1986, pl. 1,
fig. 8); (27.17–27.63).

Polygnathus decorosus Stauffer, 1938; in ac cor dance with
the di ag no sis of Klapper, Philip and Jack son (1970);
(27.29–28.06).

Polygnathus dubius Hinde, 1879; sensu Klapper (1973, pl. 
1, fig. P); (26.72–28.20).

Polygnathus ectypus Hud dle, 1934; Bultynck and Hollard
(1980, pl. 9, figs. 13, 14, iden ti fied as P. cristatus); Bultynck
and Jacobs (1981, pl. 7, figs. 10, 11, iden ti fied as P. cristatus);
see dis cus sion on P. cristatus and P. ectypus in Hud dle, 1981;
(26.30–27.35).

Polygnathus foliatus Bryant, 1921; sensu Ziegler et al.
(2000, pl. 1, figs. 28, 29); (28.00–28.15).

Polygnathus limitaris Ziegler and Klapper, 1976;
Bultynck and Hollard (1980, pl. 8, fig. 14); (26.30–27.05).

Polygnathus linguiformis linguiformis Hinde, 1879;
(LAD 26.20).

Polygnathus ordinatus Bryant, 1921; Bultynck and
Hollard (1980, pl. 8, fig. 18); (26.62–27.63).

Polygnathus ovatinodosus Ziegler and Klapper, 1976;
Bultynck and Hollard (1980, pl. 8, figs. 10, 11); (26.30–27.17).

Polygnathus pennatus Hinde, 1879; Bultynck and Hollard
(1980, pl. 8, fig. 21); Bultynck (1986, pl. 1, fig. 4);
(27.05–27.63).

Polygnathus pollocki Druce, 1976; Bultynck (1986, pl. 1,
figs. 1, 2); (27.29–27.43).

Polygnathus rugosus Hud dle, 1934 sensu Ziegler, 1966;
Bultynck (1986, pl. 1, fig. 13); (27.27–27.27).

Polygnathus uchtensis Ovnatanova and Kuz’min, 1991;
(28.15–28.15).

Polygnathus webbi Stauffer, 1938; iden ti fi ca tion is based
on the re marks in Klapper (1971).

Polygnathus xylus Stauffer, 1940; Bultynck (1987, pl. 8,
figs. 22, 27); in ac cor dance with the di ag no sis of Klapper,
Philip and Jack son (1970); (LAD 27.05).

Polygnathus zinaidae Kononova, Alekseev, Barskov and
Reimers, 1996.

Schmidtognathus gracilis Klapper, 1980; Bultynck and
Jacobs (1981, pl.7, figs. 4, 5).

Schmidtognathus hermanni Ziegler, 1966; Bultynck and
Hollard (1980, pl. 9, figs. 9, 10); (26.30–26.48).

Schmidtognathus latifossatusWirth, 1967; Bultynck and
Hollard (1980, pl. 9, figs. 11, 12); (26.20–26.62).

Schmidtognathus peracutus (Bryant, 1921); Bultynck and
Hollard (1980, pl. 8, fig. 24); (27.00–27.29).

Schmidtognathus pietzneri Ziegler, 1966; Bultynck and
Hollard (1980, pl. 9, figs. 7, 8); (26.30–26.62).

Schmidtognathus wittekindti Ziegler, 1966; Bultynck and
Hollard (1980, pl. 9, figs. 4, 5); (26.30–27.05).

Skeletognathus norrisi (Uyeno, 1967); Bultynck and
Hollard (1980, pl. 8, fig. 12); Bultynck (1986, fig. 5);
(27.29–27.61).

Tortodus caelatus (Bryant, 1921); Bultynck and Hollard
(1980, pl. 8, figs. 1, 9, iden ti fied as Polygnathus aff. P.
beckmanni and P. beckmanni); (24.20–26.20).
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