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Definition of the Eifelian—Givetian Stage boundary

The boundary for the Eifelian—Givetian Stage Global
Stratotype Section and Point (GSSP) in the Middle
Devonian has been ratified by the ICS and the UGS and
is placed in a section at Jebel Mech Irdane in the Tafilalt
of Morocco. The position of the boundary was selected
by the Subcommission on Devonian Stratigraphy in 1992
1o coincide with the level ar which Polygnathus pseudo-
foliatus changes to Polygnathus hemiansatus as
described herein. The boundary corresponds closely
with the base of the goniatite Maenioceras Stufe used as
a Middle Devonian division, and with the entry of the
dacrvoconarid Nowakia otomari. Although spores are
not described from the section owing to thermal modifi-

cation, the level is thought to lie below the appearance of

Geminospora lemurata the entry of which has been
widely used elsewhere in spore-bearing regions as a
guide to the Givetian. Comments are made on the rela-
tions of the GSSP level to the associated Kacdk or
otomari Event.

Introduction

The Devonian System has been divided into three series, Lower,
Middle and Upper, essentially since the Bologna Congress of Geol-
ogists in 1888 recommended this pattern for all geologic systems.
The Subcommission on Devonian Stratigraphy (SDS) has already
recommended Global Stratigraphic Section and Point (GSSP)
boundaries for both the upper and lower limits of the Middle Devon-
ian and these have been ratified by the ICS and IUGS (Ziegler and
Klapper, 1985: Klapper and others, 1987). The chronostratigraphic
division of the Middle Devonian is into a lower Eifelian stage, and
an upper Givetian stage, This paper gives details of the GSSP rec-
ommended by SDS to define the base of the Givetian: it was for-
mally ratified by IUGS at a London meeting of the Executive Com-
mittee held in January 1994,

The classic area for the Givetian is in the Ardennes of southern
Belgium and northern France where the term Givetien has been
available for rather over a century being introduced by Gosselet
(1879) for the Calcaire de Givet or Calcaire a Stringocephalus bur-
tini. However. even in the type area there has been no consistent def-
inition of a base (Errera and others, 1972). Some have placed the
lowest 5-6 m of dark bluish limestones in the Eifelian (locally Cou-
vinian, Carte géologique détaillé de la France, Givet, 1970): and oth-
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A, Map showing the outcrop of Devonian rocks in Morocco and adjacent areas showing by a small rectangle in the Tafilalt the area

covered in the detailed map.

B, Detailed map showing the geology of the Erfoud area and the position of the Eifelian-Givetian GSSP at Jebel Mech Irdane. (Based on
maps published by the Ministére de I’Energie et des Mines, Rabat; after Becker and House, 1994a).
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Figure 2 Photographs illustrating the position of the GSSP Eifelian-Givetian boundary level, Bed 123, at Jebel Mech Irdane, 25
km SSW of Erfoud and 12 km SW of Rissani, Tafilalt, Morocco (Photos by O H Walliser).
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ers not (Bultynck, 1970, 1987). Another boundary used has been the
entry of Stringocephalus burtini. which appears above the base of
the Givet Limestone in the type area, and in the Loogh Formation in
the Eifel Mountains of adjacent Germany (Struve, 1982a). With the
increasing dominance of highly discriminating goniatite biostratig-
raphy in more pelagic facies. especially developed in Germany east
of the Rhine, other faunal guides have been used such as the Zone of
Cabrieroceras crispiforme (= rouvillei) but that species group is
now known to occur as early as the conodont australis Zone (Becker
and House, 1994a) and well within the Eifelian of the revised defin-
ition. Another index, Maeneceras (now Maenioceras) undulatum
was suggested by Schmidt (1958, p.309), and that closely corre-
sponds to the boundary now recommended.

However it has been the growth in conodont studies which has
contributed most to the detailed correlation of Eifelian-Givetian
boundary sections internationally and demonstrated the need for
clear definition. The sequence of the classic Ardennes area was
described by Bultynck (1970, 1987) and was clarified by his work in
Morocco. The sequence of the Eifel area was described by Weddige
(1977, 1988, 1989). This led to proposals that the boundary should
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be related to a level in an evolutionary sequence where Polygnathus
pseudofoliatus changes 1o Polvgnathus hemiansatus by a change
from a steep outer anterior platform margin to an obliquely declining
one. Potential sections had been considered in Germany and
Morocco. After much discussion, the SDS received three formal
submissions for the GSSP, all in southern Morocco, at Ou Driss, Bou
Tchrafine and Jebel Mech Irdane. After all three were visited by the
SDS in December 1991 all but Jebel Mech Irdane were withdrawn
and this was unanimously accepted at a Business Meeting and
accepted in the subsequent postal vote with 20 votes in favour and
one against. The advantages of the Moroccan sections lie in their
association with a wide range of other faunal elements likely to be of
value for international correlation. Some details relating to the defin-
ing characteristics are given later in this account.

In parallel with the work of the SDS on international correlation
at about this level has been the recognition of the importance of a
widespread hypoxic sedimentary perturbation near the Eifelian—
Givetian boundary which has been named the Kac¢ik Event (House,
1985) or, after associated faunal indicators, the otomari or ronvillei
Event (Walliser, 1984, 1985). At Jebel Mech Irdane it is represented
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GONIATITES
Subanarcestes macrocephalus
Cabrieroceras c. crispiformis
C. crispiformis n. ssp.
Agoniatites costulatus

Ag. div. spp.

? Trevoneites

? Holzapfeloceras sp. a
Parodiceras sp.
Maenioceras cf. koeneni
CONODONTS
Polygnathus hemiansarus
Po. ensensis ensensis

o Po. ensensis n.ssp.

c—- Po. pseudofoliatus div. ssp.

e Po. n.ssp. aff. Po. eiflius
Po. trigonicus

Po. angustipennatus

Po. robusticostatus

Po. n.sp., ex gr. Po. linguif.
Po. linguiformis n.ssp.

rome Po. linguiformis
+ EE Ieriodus obliqguimarginalis
I. regularicrescens
: 1. aff. regularicrescens
== I. regular. -> I. obliquim.
. 1. aff. platyobliquimarginatus
Tortodus kockelianus

KOCKELIANUS (pars)

HEMIANSATUS (pars)

EIFELIAN (pars)

GIVETIA N (pars)

Figure 3 Table showing the ranges of taxa across the Eifelian-Givetian boundary at Jebel Mech Irdane (Modified from Walliser, 1991).
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by a black shale intercalation near the level of the proposed defini-
tion. Some comments on this are made later.

Recommended stratotype

The recommended level for the GSSP to define the base of the Givet-
ian is at Jebel Mech Irdane, 25 km SSW of Erfoud and 12 km SW of
Rissani, Morocco (Figure 1) (1:100,000 Carte du Maroc, Feuille
NH-30-XX-2, Erfoud. Lambert’s coordinates: x = 599 2, y = 470 6).
Jebel Mech Irdane translates as ‘Hill of the Little Mouse’. The local-
ity is about 6 km from the metalled Msissi road west of Rissani (Fig-
ure 1) and easily reached by four-wheel-drive vehicles. The ridge
there gives continuous exposure. The proposed level is at the base of
Bed 123 in the succession (Figures 2a—c).

The ridge of Jebel Mech Irdane is 4 km long and exposes a full
and fossiliferous succession from the Emsian into the Frasnian.
Exposure is complete and each bed may be examined in numerous
places along the ridge. The actual proposed stratotype sequence is on
the gently sloping western side of a knoll which gives easy access to
all beds. Around the GSSP the section is primarily one of pelagic
calcilutites and micrites with shales at the Kacdik Event level. The
detailed faunal record of the section is given in Figure 3 (modified
from Walliser, 1991). The area is extremely isolated and unlikely to
be threatened in any way. Access is available to scientists but autho-
risation papers should be sought from the Bureau of Mines, Rabat.

The boundary proposed represents the level at which Polvg-
nathus pseudofoliatus changes to Polygnathus hemiansatus by a
change from a steep outer anterior platform margin to an obliquely
declining one and in particular the new form recognised as Polyg-
nathus hemiansatus: this level, of Bed 123 at Jebel Mech Irdane, is
within the upper Freilingen Formation in the Eifel (Bultynck and
others, 1991). The Stringocephalus entry level in the Eifel lies at the
overlying Ahbach-Loogh boundary, thus the range of the true
Stringocephalus is wholly within the Givetian under the proposed
definition. The main development of black limestones in the Oder-
shiiuser Formation of the eastern Rhenish Schiefergebirge lies below
the new boundary (Bultynck and others, 1991; Weddige, 1990), as
does much of the Ka&ik Member of the Srbsko Formation in the
Prague Basin: these units correspond to the entry of Nowakia
otomari and mark the eromari Event (Walliser, 1985) or Kadik
Event (House, 1985), and hence to the upper part of the classical
crispiforme (= rouvillei) Zone (MD-1-F2 of Becker and House,
1994a), the top part of which represents a marked extinction event
for goniatites (House, 1985, 1993; Becker and House, 1994a). The
latter seems to lie within beds 117 and 119 in the Mech Irdane sec-
tion. The proposed boundary level appears to be just above the entry
of the genus Maenioceras and hence close to the base of the widely
used Maenioceras Stufe of the goniatite terminology but now to be
used excluding the Cabrieroceras crispiforme levels,

Conodont record

The conodont definition of the Eifelian-Givetian boundary is based
on the entry of a definitive form of the conodont species Polygnathues
hemiansatus Bultynck (1987) which appears in Bed 123 of the GSSP
at Mech Irdane. The Po. hemiansatus lineage was derived most
probably from the Po. pseudofoliatus Group. The critical point in the
development from Po. pseudofoliatus Wittekindt (1966) to Po.
hemiansatus is the transformation from a steep outer anterior margin
to an obliquely declining one (Figure 4).

Within the succeeding development of Po. hemiansatus the
outer adcarinal trough in front of the geniculation point flattens
increasingly. Variations in this flattening can be used for morpho-
metric differentiation within Po. hemiansatus. Two extremes are
obvious. One is represented, for instance, by the holotype of Po.
hemiansatus (Bultynck, 1987, pl. 7, fig. 26) which demonstrates a
flat convex expansion of the anterior outer platform which is

strongly bowed outwards, thus forming a spoon-like shelf. This
spoon-like structure can be less pronounced in early varieties (Figure
4d) and even more strongly pronounced in late varieties (Figure 4e).
A further characteristic feature is a distinct constriction of the outer
platform just posterior to the geniculation point where its upper mar-
gin forms a high *shoulder” which arises above the general platform
surface.

The opposite extreme also shows a flat slope of the anterior
outer platform. The shelf structure. however, is in this case narrower,
without a distinct spoon-like expansion, a constriction on the outer
platform, or a prominent ‘shoulder’ (Figure 4¢). This variety occurs
at the beginning of the range of Po. hemiansatus and, in our samples
from pelagic realm facies, is already accompanied by the first speci-
mens of the Po. hemiansatus morphotype with a moderately devel-
oped spoon-like structure.

The ancestors of Po. hemiansatus, which are still present with
the early Po. hemiansatus morphotypes. have a steep outer anterior
platform margin (Figure 4a, b). They are included in the Po. psendo-
Jfoliatus Group, typical representatives of which are characterised by
deep and narrow anterior adcarinal troughs. Immediate ancestors.
however, already demonstrate a slight expansion of the outer ante-
rior platform (for example. in Bultynck, 1989, pl. 2, fig. 5). Also the
slope of the anterior outer margin of such Po. pseudofoliatus speci-
mens tends to become shallower, thus indicating the transition to the
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Figure 4 Morphotypes of the conodonts Polygnathus
pseudofoliatus—Polygnathus hemiansatus lineage. A, B, Po.
pseudofoliatus Wittekindt, with steep outer anterior platform
margin; in B, the outer anterior adcarinal trough is already less
narrow than in A. C, D, Po. hemiansatus Bultynck, with obliquely
declined outer anterior platform margin forming a spoon-like
structure; the latter becomes gradually more evident from C to E;
D coincides with the holotype of Po. hemiansatus. All
magnifications ca. x 60. (From Bultynck and others, 1991).
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Figure 6  Sutural diagrams of Middle Devonian goniatites
relevant to the Eifelian—Givetian boundary. A-D,
Maenioceratidae showing progressive elaboration of the ventro-
lateral adventitious lobe; A, Maenioceras ¢f. koeneni (Frech)
Sfrom Bed JA/M, Jebel Amelane (MD 11-A), Oxford University
Museum, House Collection, No. 2476, X 3.5. B, suture of
Maenioceras ¢f. koeneni (Frech) based on Be 1517, Becker
Collection, Institute of Palaeontology, Free University Berlin, at
whorl height of 9mm, just before the onset of ventro-lateral
Surrows, from Bed 119, Mech Irdane (MD H-A), X 4.6. C,
Maenioceras molarivm (Whidborne) reversed sutural diagram of
a specimen illustrating an early Givetian zone fossil (MD II-B)
Jrom Wolbarough Quarry, south Devon, Geological Survey of
Great Britain No. GS 7112, X 4.6; D, Macnioceras terebratum (G.
& I. Sandberger) suture illustrating the mid-Givetian zone fossil
(MD 11-C), enlarged. E, F, Tornoceratidae showing the
development of the lateral adventitious lobe. E, Parodiceras
discoideum (Hall), suture based on the holotype from the Cherry
Valley Limestone, New York, New York State Museuin 4055, X
3.3. Tornoceras mesopleuron House, the holotype from
Thedford, Ontario from beds refered to the early Givetian, X 1.3.

true Po. hiemiansatus type. Formerly, these transitional forms have
been regarded as early varicties of Po. hemiansatus (for example,
Bultynck. 1987, pl. 7, fig. 22: Weddige. 1988 in range chart of the
Freilingen Formation).

The Po. hemiansatus evolution can be demonstrated in two see-
tions of southern Morocco. at Jbel Ou Driss and Jbel Mech Irdane, as
well as in the Blauer Bruch section in Germany. In the Jehel Ou
Driss section (Bultynck. 1989), a south-western outlier of the Maider
Basin, the two carliest morphotypes (sensu Figure de. d) oceur in
sample ODE 7-11 and specimens similar to the holotype in sample
ODE 7-13. In the Mech Irdane section, specimens of Po. hemiansa-
1is are first recognised in sample 123, equivalents of the holotype in
samples 125, 127 and 129, and the youngest morphotypes, with
extremely developed “spoons’, in sample 131, In the scction of
Blauer Bruch, Po. hemiansats appears within the uppermost part of
the Odershiiuser Limestone (in sample a of the collection of Walliser
and sample D2 in the collection of Weddige). The first “spoon mor-
photypes™ occur within the first massive limestone bed of the overly-
ing discoides Limestone (sample d of Walliser, sample C4 of Wed-
dige).

Intensive studies of the different conodont sequences in
Morocco and Central Europe led to the preferred use, which has been
aceepted, of the lineage of Po. hemiansatus rather than that of Po.
ensensis Ziegler and Klapper (1976) which formerly had been taken
into consideration as a boundary index (for example. Weddige,
[989). In the sections studied. Po. ensensis is distinctly fess frequent
than Po. hemiansatus. This explains why understanding of the evo-
lution of Po. ensensis is less well known than that of Po. hemiarsa-
tus. Up to the present it has been recognised that the typical repre-
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sentatives ol Po. ensensis. the anterior platform of which is strongly
serrated on both sides. are relatively frequent in levels with “spoon
morphotypes™ of Po. hemiansaties.

Further indicators for correlation are given by conodonts of the
genus feriodus. particularly of the lincage 1. regularicrescens Bul-
tynck (1970) (o 1. obliquimarginatus Bischoff and Ziegler (1957).
Transitional forms of both species and carly morphotypes of 1.
obliquimarginatus occur with the carlier representatives ol Po.
hemiansanis. But the more typical morphotypes of 1. obliquinar-
ginatus, which are characterised by oblique posterior denticles.
accompany the “spoon morphotypes™ of Po. hemiansatus.

Goniatite record

In the last century Holzapfel (1895) recognised the importunce of a
goniatite he referred 1o the genus Maeneceras Hyatt (1884)
(renamed Maenioceras by Schindewolt in 1933). for defining the
late Middle Devonian. This has led to the widely recognised Meae-
nioceras Stufe of recent fiterature replacing the older “Stufe des
Maeneceras terebratun of Freeh (1902). Formerly the Maenio-
ceras Stule was approximately equivalent to the Givetian but the
SDS/IUGS decision on the Middle/Upper Devonian series boundary
translerred the former Frasnien 1o Assise de Fromelennes of Bel-
gum, and the Adorlian loc of Germany to the Middle Devonian
(Klapper and others, 1987): House (1985) therefore separated the
zonal equivalent as the Pharciceras Stule as an upper division ol the
Givetian,

The precise definition of the lower boundary has, until recently.
been a matter of uncertainty (House. 1978). The defining character-
istic of the genus is the phylogenctic entry of an adventitious ventro-
lateral lobe (Figure SA. B). thus changing an ancestral anarcestid
pattern. in which the Tateral lobe of the adult migrates laterally dur-
g ontogeny. but the ventro-lateral saddle is undivided. The Jebel
Mech Irdane stratotype, together with the adjacent Jebel Amelane
sectton (Becker and House, 1991, 19944), provides the first detailed
documentation of the exact level of entry of the genus Maenioceras
and family Maenioceratidae above faunas with Agon. costilanis and
Cabricroceras (that s, around beds 112 to 114y, The green and
marly upper part of bed 119 ol the Jebel Mech Irdane section yielded
arich goniatite Fauna with numerous Parodiceras, Holzapfeloceras,
Agoniatites costulams (d”Archiac and Verneuil) with targe-eved
phacopid trilobites. Associated with this fauna. but not rare. is the
eartiest of the Maenioceratidac. Macnivceras of. koeneni (Frech): it
has a shell shape similar to that in Maenioceras terebratum (G and F
Sandberger) (Figure 3D) but with a very shallow adventitious lobe
on the ventro-lateral shoulders. The type of Maenio. koeneni (Frech)
was from the Montagne Noire. Maenio. undulatum (Holzapleh from
Germany is somewhat similar but is said (o possess rounded rather
than angular lateral Jobes, Final determination must await a revision
and illustration of the older species of Maenioceras. A preliminary
determination of specimens from Jebel Amelane (Figure 5A) by
Becker and House (19944) has been as Maenio. aft. undularum but
they may be better refered 10 Maenio. of. koeneni. Related forms of
about the same age are also known in the upper part of the Kacdk
Shale of Bohemia (Holzaptel in Jahn, 1903: Chlupad. 1960) but they
have not been figured. The oldest level with Maenioceras in the Tafi-
lalt does not contain any typical Eifelian ammonoid groups, for
cxample Werneroceratinae  (Subanarcestes. Cabrierocerus) ot
Pinacitidac, but only genera known to blossom and range higher in
the Givetian. A significant faunal change in ammonoid faunas in
Morocco seems Lo lie within the Kacak Fvent interval, at the bound-
ary between pyritic shales (Bed 117, with the last abundant Cabrie-
roceras) and subscquent dacryoconarid-rich carbonates. Thus the
base of the Maenioceras Stufe lies only fractionally below the cho-
sen level for the base of the Givetian. and such a small divergence is
acceptable.
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In the Tafilalt, forms which appear to become extinet before the
entry of Maenioceras include the Pinacites~Exopinacites Group,
Subanarcestes. Fidelites. and the last Anctoceratinae (Kokenia).

The Tornoceratidae appear with Parodiceras in the Eifelian,
and Parodiceras is common below the GSSP level at Mech Irdane in
the kockelianus Zone. In New York, Parodiceras oceurs in the
Cherry Valley Limestone (Figure 515) where Tornoceras is also
reported (House, 1965) but the typical biconvex growth line pattern
is not met until the overlying Chittenango Shale. So it would seem
that the true Tornoceras enters in the carliest Givetian, but this is not
documented in Mech Irdane. Gaddertz (1987) has shown that in
Algeria, Tornoceras enters together with feriodus obliguemargina-
fus. an alternative guide for the earliest Givetian.

Larly Givetian limestones above the boundary al Jebel Mech
Irdane have typical agoniatitids and subsequently there is an impor-
tant regional marker level with small Wedekindella aff. psittacinag
(Becker and House, 19944a).

Dacryoconarid record

Detailed study of this group in the arca of the GSSP is still needed.
Nowakia otomari Boucek and Prantl occurs at Jebel Mech Irdane
and in the Tafilalt level but the sulcata/otomari Zone boundary as
used by Boucek (1964) and Liitke (1979) probably lies below the
GSSP level and at the base of the Kacdk Fvent interval. Alberti
(1993) indicates that the GSSP level is within the oromari Zone
interval. The base of the succeeding postortomari Zone is drawn
within the varcus Zone.

Spore record

For spores, it is the entry of the Geminospora lemurata Balme
emend. Playford which is a very important tie into terrestrial facies
although subsequently the species is very long ranging. No spores
have yet been obtained from the Jebel Mech Irdane section, but
Geminospora lenurata oceurs in Algeria (Blumendjel and others,
1988). In the Eifel this spore enters in the Miillert division of the
Ahbach Formation, a little above the GSSP level (Loboziak and oth-
ers. 1990; Weddige, 1990). The entry has been widely used else-
where in spore-bearing regions as a guide to the Givetian (Richard-
son and McGregor, 1986, Streel and others, 1987) and this usage is
little altered by the definition proposed.

Magnetostratigraphy

Because of regional remagnetisation. polarity curves have not been
produced for the Tafilalt. Nevertheless. new methods ol magnetic
susceptibility (MS) logging have been undertaken by Crick and oth-
ers (1995). These studies show the most extreme levels of low sus-
ceptibility associated with the Kacak Event in the Tafilalt with a
comparable extreme recorded also at the same level in the Marder
Basin. Such studies are continuing.

Chemostratigraphy

Detailed geochemical studies through the stratotype have not yet
heen attempted. [sotopic fluctuations across the boundary level are
currently being investigated in the Broken River arca. Queenstand
Australia (Talentand others 1993y and the same group is working in
the Montagne Noire but results are not available. Only preliminary
results for the Barrandium are so far published (Hiadilova and oth-
ers. 1994). However. with such an obvious lithological paroxysm at
the Kacic level it seems unlikely that this will not provide a signa-

ture for future usc although the level for analysis is likely to depend
on biostratigraphic evidence.

Radiometric and OFT dating

No study provides radiometric dates close to the GSSP for the base
of the Givetian. The review of Fordham (1992) suggests a date of
about 388 Ma for the boundary, very different from the estimate of
380 Ma by Harland and others (1989). Although an estimate for
Givetian time of 6.5 Ma has been given by House (1995) using pre-
cessional signatures tor an Orbital Forcing Timescale (OFT), and
estimates have been given for the duration of conodont zones for the
stage, such work has not yvet been carried down into the Eifelian.

Event stratigraphy

[t is now appreciated that a sedimentary hypoxic perturbation occurs
immediately preceding the proposed definition for the base of the
Givetian. This oromari Event was recognised by Walliser in 1980
and he gave the name in 1983; he defines the term as the horizon of
facies change to black sediments. The term Kacddk Event (House,
1985) has been applied (o the whole hypoxic interval. The oromari or
Kacik Event has been increasingly regarded as important in the last
few years and it is now recognised in Germany (Walliser, 1984,
Weddige. 1988. 1990; Weddige and Struve. 1988). Spain (Truyols-
Massoni and others, 1990: Buggisch and others, 1982) Crech
Republic (House, 1985; Chlupa¢ and Kukal. 1986), North Africa
(Walliser, 1988: Becker and House 1994a) and in south-west Asia in
the Liujing section of Guangxi (Kuang and others, 1989). In shelt
arcas there is evidence that the Kacak or oromari Event in pelagic
sediments is more or less coeval with an interval of gaps which
Struve (1982b) described as a “Great Gap’ (rom the neritic Middle
Devonian of South-west England, Ardennes, Eifel and even Vietnam
(Weddige, 1988: Weddige and Struve. 1988). In continental facies.
one of us (MRH) has suggested that the event may be represented in
the Old Red Sandstone by the Sandwich and Achanarass Fish beds
of Scotland. Neither conodont nor goniatite evidence places it pre-
cisely in castern North America, but the acme of the event may be
the deepening and entry of black shales associated with the Chitte-
nango Shale of the early Hamilton Group in New York (House,
1983: Becker and House., 1994, p.110).

Truvols-Massoni and others (1990) drew attention to how
loosely the event terms at this level have been applied in recent liter-
ature. This is partly due 1o the successive stages in their recognition,
but Devontan hypoxic events are demonstrably polyphase (House,
1985: Schindter, 1990: Becker and House, 1994b) and the chronol-
ogy of detailed environmental history is only slowly being eluci-
dated. So far as the GSSP scction is concerned. the acme would
appear to be where the pyritic levels are best developed around beds
1170119,

Correlation of the proposed boundary
level

[t has been the view of the Subcommission that sections in pelagic
readm facies are likely 10 be more complete than those in neritic
facies and it has sought potential stratotype sections which are in
pelagic facies with good conodont records and with as many other
faunal and floral groups represented as possible. Following work by
Bultynck and Hollard (1980) it was clear that sections in the Tafilalt
area of Morocco were much superior (o those known elsewhere.
Three proposals were received for potential stratotypes there, at
Jebel Ou Driss (Bultynck. 1989: Walliser. 1990, pp.17-23). Bou
Tehrafine (Bultynck and Walliser in Walliser, 1991, pp.49-57:
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Becker and House, 1994a) and Jebel Mech Irdane (Walliser, 1991,
pp-25-29). Jebel Ou Diriss, although a thicker section, and contain-
ing more neritic elements than Jebel Mech Irdane, was poorer in
goniatites. Bou Tchrafine raised problems because there are no lime-
stone beds intercalated in the corresponding upper part of the
otomari black shales and the cliff exposures are less accessible. Jebel
Mech Irdane, in the event, was preferred because of the greater abun-
dance of pelagic and hemipelagic faunas and excellence of the sec-
tions above and below the boundary. Whilst a spore record is not
available, it scems probable that this will be forthcoming in readily
correlatable localities in view of the records in southern Algeria
(Blumendjel and others, 1988). In addition the section at Mech
frdane provides high potential for other fossil groups, especially
trilobites and ostracods, but also pelecypods, gastropods, thin-
shelled brachiopods and even corals.

Because of the wide range of faunal and floral changes at the
proposed level, it is considered that the international correlation pos-
sible at the entry of Polygnathus hemiansatus is superior to any other
level considered by the Subcommission for this GSSP. The main
advantage of Po. hemiansatus as an index for the Givetian-Eifelian
boundary in comparison with other conodont taxa, is its world-wide
geographic distribution. Occurrences are known from the Tafilalt
and Maider of Morocco (Bultynck, 1987, 1989; Walliser, 1988);
from the Cantabrian Mountains of Spain (Garcia-Lopez, 1987); from
Pic de Bissous in the Montagne Noire of France (Walliser, 1990);
from Couvin in the Ardennes of Belgium (Bultynck, 1970, pl.15,
fig.5, identified as P. xyla); from Blauer Bruch in the eastern Rhen-
ish Mountains and the Eifel Mountains of Germany (Weddige,
1989); from Guangxi Province of China (Silhongshan section in
Ziegler and Wang, 1985, see Bultynck, 1987, pl. 8, fig. 5); and from
the Broken River District of Queensland, Australia (Mawson and
Talent, 1989).

The proposed boundary coincides closely with the upper
boundary of the classical goniatite crispiforme Zone but is below the
entry of Stringocephalus and the base of the Calcaire de Givet which
has been the most common Belgian and French standard. In this area
the earliest occurence of Po. hemiansatus is 42 m below the base of
the Calcaire de Givet. However, it should be stressed that as a con-
sequence of the shallow-water facies, Po. hemiansatus is rare and
Icriodus obliquimarginatus is the most valuable boundary index for
regional correlation (Bultynck, 1993).

Little work has been done on the precise documentation of
groups other than conodonts, goniatites and dacryoconarids across
the boundary in other areas, especially when compared with the
interest generated by the Frasnian—Famennian extinction event.
Nevertheless it does appear to be an extinction event of some impor-
tance and, as has been shown, it falls within the range of the various
definitions used in Belgium and Germany hitherto. However it is to
be expected that the precision of the new conodont data will enable
it to be placed with accuracy in many areas of the globe. The Sub-
commission on Devonian Stratigraphy considers that the new GSSP
corresponds closely with classical usages of the basal Givetian and
that the more precise definition will do much to stabilise terminology
and encourage further study.
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