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25. On Jumassic Ammoxtres from Jesel ZaerUaN (Tuxisia), By
Leonarp Frank Searm, B.Sc., F.G.S. (Read March 5th,

1913.)
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I. InrropUcToRY REMARKS.

Tux fossils described in the following pages were collected on a
hurried excursion to the mountain of Zaghuan, the graceful, sharp-
peaked summit of which is & prominent landmark that. greets the
eyes of travellers in the Legency of Tunis. Apart from being
the most conspicuous mountain in the country—though inferior
in absolute height to Jebel Chambi,—Zaghuan also forms the
most important elevation of the Tunisian Atlas from a geologicel
point of view, and the tectonic problems which it suggests are
manifold and of exceeding interest. Without discussing these, it
may suffice to mention that the late Dr. Pervinquitre in 1903*

summarized the existing geological knowledge of the mountain as -

follows :

‘Massive limestones of Linssic age form the prinei in
tone nssic uge | principal mass of the mountain

whereas the Oxfordiun and Tithonian play but a subordinate part in its
constitution.’ '

As a matter of fuct, tho ¢ Oxfordian’ fossils of Pervinquiére
characterize the zone of Peltoceras transversarium, which corre-
sponds approximately with what was at one time called in this
country the zone of Aspidoceras perarmatum. On the other hand
he mentions Kimmeridgian forms, but includes them in the
Tithonian, i

A later work by the same author * is devoted entirely to Tunisian
cephalopods.  Very few of the ammonites are of Jurassic age
however, and of these only about ten come from Jebel Zaghuan,
none from the pre-Corallian deposits. Several other works on the
geology of Tunis have been published since; but, so far as I am
aware, no new facts regarding the mountain have come to light.
I offer the following notes, therefore, in the hope that they may be
of general interest; for the study of the ammonites has revealed

1 <Titude Géologique de la Tunisie Centrale’ Paris, 1903, p. 253 : * Djebel
Zaghouan, , -

“ ‘Etudes de Paléontologie Tunisienne: I—Céphalopodes d 'ai
Secondaires’ Text & atlas, Paris, 1907. P podes des ferrains
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a few interesting facts, despite the circumstance that the small
collection consists of casts and impressions which are not in a very
good state of preservation. In consequence, specific determination
has proved tedious, and, so far as some worn Upper Jurassic
specimens are concerned, too. unsatisfactory to warrant the ex-
pression of an emphatic opinion;, But the observations modify
the current opinion, insomuch as there is now good evidence in
tavour of the presence of the zone of Reineckeia anceps, hitherto
believed to be absent, with all the other strata intervening between
the Middle Lias and the Corallian. Domerian (that is, Middle
ILiassic) ammonites aré also recorded for the first time, and the
discovery of a rich cephalopod fauna of Argovian age throws inter-
osting light on certain ammonites deseribed by previous authors
as of Lower Tithonian age.

It is a matter for regret that further stratigraphicsl observations
or visits to the locality were impossible. \

II. Tus Jurasmo Rooxs oF JEBEL ZAGHUAN AND THRIR
Onrxarorop Fauxa,

(1) The Lias.

The Lias is represented at Zaghuan by thick, massive, bluish-
groy limestones of confused stratification. The base is unknown,
ond it is impossible to say at present which are the oldest beds
represcnted.  'The late Prof, Baﬁzer‘ had collected a number of
Linssic ammonites in 1803, and the list compiled with the help
of Drof. Mayer-Eymar, and published in 1805, included (besides
belemnites and lamellibranchs) forms of the following Lower
Liassio genera: Vermiceras [Awrietites], Coroniceras [Arietites],
Arnioceras [ Arietites), Arietites, Deroceras [Lgoceras), Andro-
gynoceras [ igoceras], Platypleuroceras [Agoceras]; and also the
Toarcian Dactylioceras [ Celoceras) anguinum (Rein.).

"They are the only Liassic ammonites that have ever been
recorded from Zaghuun (and, indeed, from the whole of Tunisia),
and were collected below the ridge near the Col de Bourzen,
partly among the screes. The matrix is not the same in all the
specimens, and the curious mixture of Lower, Middle (to French
geologists), and Upper Liassic forms seems to have made both
Dr. Pervinquitre and Prof. Haug somewhat sceptical about the
identifications. The former® records only little-determinable
belemnites and Zerebratule from these limestones ; but M. Ficheur
and Prof. Haug* found, besides belemnites ¢of the acuti group,’
¢ Pygope’ aspasia Meneghini (Von Buch), a brachiopod common to

1 ¢Beitriige zur Kenntniss des Tunisischen Atlas’ N. Jahrb, vol. ii (1893)
pp. 26-41.

2 [q. ibid. vol. i (1895) pp. 105-106.

3 «Titude Géologique de la Tunisie Centrale’ 1903, p. 29.

4 (. R. Acad, Sci. Paris, vol. cxxii (1896) p. 1354.
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the Alpine, Italian, and Sicilian Domerian.! Prof. Haug * therefore
classed the beds in the Middle ILias, and stated that the Toarcian
seemed to be absent in Tunisia.

I have not been able to find Lower Liassic ammonites; but my
search among the screes and rocks between the Col de Bourzen
and the summit-ridge was of a superficial nature, since 1 did not
recognize the locality at the time. 1 was fortunate enough,
however, to collect the following Domerian forms in loose débris
by the side of the path to the Poste Optique (975 metres) just
before that path reaches the final slope: that is, at a height of
about 900 metres :—

Protogrammoceras cornacaldense Tausch, var. zeugitanum, nov,
Pr. aff, costicillatum (Fucini), var, detractum Fucini,

Pr. sp. nov.

[ Lioceras’] gen. et sp. nov. aff. grecoi (Fue.),

Together with these specimens was found a fragment of an
ammonite similar as to matrix and mode of ‘preservation, which
strikingly resembles the well-known Harpoceras bicarinatum Ziet.
non Miinster sp. (=cumulatum Hyatt), On account, however, of its
association with Domerian fossils, I am inclined to think that my
specimen s a heterochronous homeomorph of that Harpoceras,
rather than that the latter appeared earlier in Tunis than it did in
Europe, where it secms to be unknown in the lowest zones of the
Toarcian. In either case, the evidence in favour of the presence
of the Toarcian afforded by this fragment, which shows neither

umbilicus nor suture-line, is most unsatisfactory®; and, further,

it is possible that the above-cited Dactylioceras anguinum (Rein.),
collected by Prof, Baltzer, may really be one of the many similar
Domerian ¢ Ceelocerates ” recontly described from Italian deposits,
Hence the Mesoliassic character of at least the main mass of the
grey limestones would remain established ; whereas better evidence
would be required in confirmation.of the presence of the Toarcian,

* The termn Dowmerian is here used in Bonarelli’s sense, that is, to denote
the Upper Pliensbachian (Upper ¢Charmouthian’ in Bonarelli), which
corresponds with what the Officers of the Geological Survey call the Middle
Lias: namely, the zones of Amaltheus margaritatus and of Paltopleuroceras
spinatwm. Mr. Buckman (in ‘Yorkshire Type-Ammonites’) also uses the
term Domerian for this stage, but he restricts the term Charmouthian
to Bonarelli's Lower Charmouthian., Mr. W. D. Lang (in Geol. Mag.
dec. 5, vol. x, 1913, p. 401) introduces the term Carizian for the Lower
Pliensbachian (which latter has priority before Charmcuthian, Liasian not
being acceptable) : that is, for the zones from Eckioceras raricostatum below,
up to, and including, that of Hgoceras capricornus. The new term deserves
general acceptance, sinee it enables us to keep the term Pliensbachian for
the whole, with its original connotation. The incoming of Sequenziceras and
other Hildocerates at the base of the Domerian (zone of Seguenziceras algovi-
anum of Buekman), together with the appearance of Amaltheids and the
almost complete extinction of the Liparoceratidee, is the most important
palzontological characteristic.

2 «Traité de Géologie’ vol. ii (1908) pt. 2, p. 987.

3 See also under specific descriptions.
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(2) The Callovian.

Reineckeia anceps (Rein.) and Lunuloceras lunula (Ziet.) have
been recorded from Batna in Algeria; and a specimen of a Reineckeic
comparable with the type-form, or, in any case, belonging to the
¢ substeinmanns’ group of Lemoine," from lfoum Islamen, Coqsban-
tine, is in the British Museum (Natural History).? But it was
generally believed that the whole series of beds from the Domerian
to the Argovian was absent in Northern Tunisia. 1 have, however,
found the two forms mentioned below on the path to the Poste
Optique, about half way up, where a branch of it leads into 2
small pit of red limestone, evidently used for getting material
to repair the path, - The outerop is small, much overgrown, and

' obviously forms quite an isolated patch amid unfossiliferous grey

limestone of different age. The matrix (red marble) is the
same as that of the specimen from Foum Islamen, and both
my specimens were ocut out of the rock-surface. They are
Reineckeia aff. hungarion Till end DPerisphinctes of. bieniaszi
Teisseyre. = - .

Both forms helong to the zone of Reineckein anceps, and the
world-wide distribution of the genus IZeineckeia in deposits of
Callovian age has long been proved.

(8) The Corallian.

The lower part of the Corallian, as interpreted by Mr. Buckman®
(that is, the cordatus and precordatus zones), ns also the upper
zones of tho Divesian (Oxfordian) seem to be absent; but the
Argovian, or zone of Iltoceras transversarium, is well represented.
Yervinquidre quotes only Phylloceras manfredi Opp., Sowm:byoeras
tortisuloatum (d’0rb.), and Ochetoceras arolicum (Opp.) with un-
identifled Phyllocerates, Perisphinctes, and Aspidoceras from a
small outcrop of greenish-grey limestone on the Télégraphe. But
G. Le Mesle * also found (perhaps at the same spot) :—

Tajtoceras lihigi Opp. Deltuceras transversarium (Quenst.).
Laramelliceras [ Oppelia) anar (Opp.). | Perisphincies (Biplices) of. kobelti
Taramelliceras gUppehn] ef. lbachi- Neum,

anwm (Opp.).
Whereas Baltzer records from the south of the mountain, near
the ¢ Gabrielle’ mine :—
Taramelliceras [ Oppelia) callicerum Peltcceras eugenii (Rasp.).

pp:)- Derisphinotes plicatilis (Sow.).

Taramelliceras [Oppelia] fexuosum Perisphinctes martelli (Opp.). L

(Miinst.). Simoceras [ Perisphinctes] doublieri
Aspidoceras egir (Opp.). (d'Orb.).

1 P. Lemoine, ¢ Pal. Madngascar: pt. 8—Ammonites Jurass. Supér. d’Anala-
lava’ Ann, Paléont. vol. v (1910) p. 9 [145].

2 8pecimen No. C 10568, ‘ . .

3 See G. W. Lamplugh & F. L. Kitchin, *On the Mesozoic Rocks in some
of the Coal-Explorations in Kent’ Mem. Geol. Surv. 1911, p. 132. .

4+ “Sur le Jurassique du Zaghouan’ Bull. S8oe. Géol. France, ser. 3, vol. xvii
(1588) p. 63.
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At a locality which may be that marked ¢Bou Goubrine’ in
fig. 1 of Baltzer’s pl. iii,' T collected a large number of ammonites
preserved in red limestone. Most of them had weathered out
of the rock, and lay loose at the surface, which was overgrown
with brushwood to such an extent that the relations of the out-
crop could not be traced clearly, The forms are ;

Phylloceras cf. mediterraneum Neum.
Phylloceras cf. subptychoicum Dacqué,
Phylioceras manfredi (Oppel).

Perisphinctes (Ataxioceras) eneas
Gremm.

Derisphinctes (Ataxioceras) ef,
Phylloceras cf. saxonicurm Neumayr. michalskii Buk. '
Phylloceras of. isotypum Benecke. Perisphinctes (Ataxioceras).of, depereti
Sowerbyceras protortisuleatum (Pom- de Riaz. o :
peckj). Derisphincies (sensu stricto) of. sayni
Sowerbyceras of. loryi (Mun.-Chalmas), de Riaz. ’ '
Lytoceras of, gasialdii Gemmellaro, Dorisphinctes (Qo.) of. jelskii Siem,
Lytoceras afl. polyoyclum Neamayr, Derisphinctes (do.) plicatilia de Riag;
Ochetoceras arolicum (Oppel), non Sow., ne¢ Siem, ‘
Qchetoceras canaliculatum (Miinst.), Perisphinctos (do.) of. convolutus

Ochetoceras sp. :
Taramelliceras of. anar (Oppel). DPerisphinctes (do,) sp, nov. aff. tricho-
¢ Lissoceras’ erato (d’Orb.). plocus Gemm, ‘
Perisphinctes (Grossouvria) of, regal-"| Paltoceras toucasianum (d'Orb.).
micensis Gemm, Doltoceras of. touoasiantem (4'Orb.),
Perisphinctes (Grossouvrio) cof. Poltoceras  pervinguieri, nom,” nov,
navillei Favre, mihi=fougué: Perving. non Kil,
Perisphinctes (Grossouvrie) cof. densi- | Peltoceray aff. fougquéi Kil,

eoste Gemm, Aspidoceras cf, agir (Opp.),
Perisphinctes (Biplices) kohelti Neumy. )

(Quenst,).

There is perfect similarity of matrix in all the specimens: the
outcrop consists of a truly Alpine,ammonitic ¢ Knollenkulk,” which
contains apparently no other organisms; but the list includes
forms from the transversarium zone mixed with some from the
acanthicus beds. If we call to mind the curious fact that, not only
in the Southern Alps, butalso in Sicily there is a great development
of the Argovian to the exclusion of the higher beds of the Corallian,
followed without any apparent break by the acanthicus beds, it
appears quite probable that the two * zones’ oocur here in a similar
manner, and that the apparent mixture is not due to doubtful
identitications. ‘

Most of the forms enumerated above are of undoubted Argovian
age. With regard to the remainder, a brief discussion of their
stratigraphical value may be desirable,

Peltoceras fouquéi Perving. non Kil. seems to be the only form
that had previously been recorded from this. locality or its vicinity.
The matrix also is a red limestone, and Aubert collected it ¢ prés
de la zaouia de Sidi Bow Goubrine” Pervinquitre originally gave
the age of the ammonite as Sequanian,? but in 1907 he figured
it as a Lower Tithonian form. The latter age seemed to him
‘more probable, especially as nothing else indicates the oceurrence

L Neues Jahrb. vol. i (1898).
? *Etude Géologique de la Tunisie Centrale’ 1803, p. 28.
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of the lower beds at that locality.” This does not apply now,
however, N ] ; —
Peltoceras fouquéi Kil, occurs in Algeria, together with tras
vrc;'sft;g:yn-;oi{e gmmonites; but the type comes from Andalusaa.r;
heds of probably a higher horizon, and seve.rul authors r_ecc;'r i
from the Lower Tithonian. The evidence afforded by this form,
herefore, is not satisfactory. ) '
' P:risp;n'nate.«;P ( Biplicea))kobelti Neum. is anot}'me; n.mm;)m;e
figured and described by Pervinquitre as a Lower Tit omall: orm,
Neumayr! stated that the horizon was not directly nc;wtg 3
but he thought that, judging by the general appearanco of th:
ammonite, it undoubtedly belonged to the upper regions 1o he
Upper Jurassic. The matrix is a red limestone, identical wi
the Diphya Kalk of the Southern Alps, and the type—spemmfm wu}
collested by Dr. Kobelt rather high up on the northern s opeg
Jebel Zaghuan, at a spot where ammonites of fair size were
abundent. It is impossible to say whether this refers ‘tc: ls.omei
locality on the Poste Optique, other than the greenm}.lB-greér _:)m:
stone outecrop mentioned by Pervinquiére — as at Bu u:; ,
where similar red marble occurs, all the ssventy speom}\lens a.!
1 collected were of small dimennionu.. Le Mesle, as we ave}seet
above, cited this form together with Peltoceras tranweragr;mi_a);
a statement which caused Pervinquiére to point o\:t t{., ad_ 3
Menle, as well as Baltzer, had certainly mixed up ‘Ox ﬁr m,nf
and Tithonian. The Tithonian age of this form, as well as od
Peltoceras fouquéi Kil., seems by no means proved, how;v:;, and
Pervinquiéfre, who lays much stress on t_he're.semblance ) ; rhe1
marble matrix with his Lower Tithonian limestone from Je ef
Ben Saidan, ‘known to belong without doubt to the beg.mmngbo
the Tithonian,” has himself been misled, It is well to xemgmt}?r
here thut Pervinquidre includes Upper Kimmeridgian (that is, the
0ld ¢ acanthicus-zone’) forms in his Lower Tithonian, deured
Perigphinctes simoceroides Font, is another ammonite, figure
and described by Pervinquiére as probably of Lower Tl?l(l)cm;m:i age,
although the specimen came from the greenish-grey ¢ Ox otrh'xa,‘?
limestone of the Poste Optique. It is possible, as that v_rnl:er \1:: ds,
that the form the type of which comes from the tenwilo (;,‘tm ads
of Crussol appeared carlier in Tunis; but the identification may
also be at fault, for Pervinquiére says: o
‘ X i be more closely attached to simfwaroz es than
tzttﬁ:}‘,‘ lgntx%ig?a:l’x’":;::i?s ::?neri Choff, or trichoplocus Gemm.
idence afforded by those Phyllocerates and Lytocert'x:ces
wh'li‘c}:]}(xa ::;deofc ¢ acanthicus d age is equally unsatisfactory.  The
specimens are imperfect casts, and it will be necessary to mention
in the specific descriptions that some of the 1dem:1ﬁcat}onl§1I are
doubtful. The same may be said of Sowerbyceras lory: ( 'un.(i
Chalm.). That form—or, at least, two closely-allied, non-constricte

1 ¢ Geogr. Verbr, d. Juraform.” Denkschr. K. Akad. Wissensch, Wien, vol, 1
(1885) p. 139.
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ammonites, the dimensions of which agree fairly well with the
type—occurred together with a very large number of specimens
of Sowerbyceras protortisuleatum (Pomp.), and although 8. loryi
has been quoted from various horizons, it certainly occurs in beds
higher than the Argovian. Yet Pervinquitre mentions already *

the singularly close resemblance of one of his fragments to S, loryi, -

although Munier-Chalmas was of opinion that the specimens
(associated with Ochetoceras arolicum Opp. sp. and other Argovian
ammonites) belonged to S. tortisuleatum. As Pervinquiére says,
the two forms are indeed closely .allied; and, since the differences
do not seem so constant as has been made out, there will often be
great difficulty in the distinetion, This case, then, is similar to that
of Peltoceras fouquét Perving. non Kil,, which is found with the older
P, toucasianum and P, transversarium and an intermediate form,

It may be added that Pervinquiére mentions also o true
Sowerbyceras loryi from Zaghuan; but the evidence, like. that of
Stmoceras of. doublieri (d’Orb.),® a doubtful impression in red
limestone, does not appear strong enough to warrant the attribution
of these forms to the Lower Tithonian with certainty. Until
the relations have been more clearly determined, the presence
of the ¢acanthicus’ beds, which would include both the Upper
Kimmeridgian and the Lower Tithoniun, cannot be considered as
proved beyond doubt. Their presence is quite probable, since, on
the neighbouring Jebel. Ben Saidan, similar red limestones with
undoubted ¢ acanthicus’ forms occur; but it should be pointed out
that the distinetion between the so-called * Lower Tithonian’
and the Argovian is a matter of great difficulty with the material
that is at present at our disposal.

(4) Conclusions,

The absence in the Tunisian Atlas of all strata intervening
between the Middle ILias and the Argovian has generally been
regarded as an established fact. The presenco of the Callovian,
however, necessitates some modification of that view. The Middle
Jurassic transgression began in Callovian times, since deposits of
that age probably rest directly on the Domerian. The latter has
now yielded typical ammonites, but the question as to whether the
Toarcian is completely absent must remain undecided.

‘Whether the higher beds of the ¢ Oxfordian’ are represented or
have, perhaps, been cut out by the extensive faulting, of which the
general calamitization seems to afford proof, so that the Middle
Oolitic succession may be more complete than we think, or whether
new transgressions in Argovian and Upper Kimmeridgian times
brought back the sea and exactly similar deposits of red ammonitic
limestones, it is impossible to say at present.

The Ellipsactinia Limestones which have been recorded from

1 «fitudes de Paléontologie Tunisienne: I—Céphalopodes des Terrning
Secondaires’ (1907) p. 15.
2 Ibid. p. 29.
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Jebel Zaghuan appear to indicate the incoming of a different facies
at the top of the Jurassic System.

It remains only for me to acknowledge very gratefully my
indebtedness to the officials of the Geological Department of the
British Museum (Natural History) for facilities afforded during
the oxamination of the specimens in their charge ; and to express
my great obligation to Dr. A. Morley Davies and Mr. C, P, Chatwin,
for kindly looking through this paper and offering valuable
suggestions,

III. DESORIPTION OF THE Aumonires,
(1) LIAS.

Family Hildooeratidw Hyatt em. 8. Buckman,
ProroeRsMMOCERAS, gen, nov,

A brief explanation is necessary in justification of the establish-
ment of this new genus,

The present state of the classification of the Domerian Hildo-
ceratide is unsatisfactory, Most authors either group the forms
which are here considered with ammonites of later lineages, but
similar external appearance, or else refer them to the convenient
though much-abused genus Harpocerae, sensu latissimo,

A few examples may be mentioned. DProf. Haug' quotes the
typioal rectiradiate Domerian Ssguenziceras algovianum (Opp.)
alternately as Grammoceras and f;m'pooarao, which, in turn, also
are used to nccommodate A, d’'Orbigny’s .Ammonites normanianua.
A. Fucini,” again, places the latter in Hildoceras, also a strictly
Toarcian genus ; and I'. Rosenberg? restricts the genus Harpoceras
to forms with a carinatisuleate periphery, although that genus had
already been restrioted by Mr. Buckman to the true Toarcian faloiferi
twenty-two years earlier.* On the other hand, Dr. Rosenberg
identifled & Middle Liassio sickle-ribbed form with Gramunoceras
JSallaciosum Bayle from the jurense zone, whereas it is not difficult
to see that Bayle's excellent figure ® is' distinguished by a partioular
straightness of the costwe on the lateral area,

The present desideratum is a genus in which to place the am-
monites collected at Zaghuan. Unfortunately, the material is very
scanty, and even in the British Museum collections Mesoliassic
Hildoceratidee are almost unrepresented, wherefore an original
study of the sutures, inner whorls, and probable septate character
of the carina could not be carried out. On the other hand, it is not

1 <Traité de Géologie’ vol. ii (1908) pt. 2.

2 ¢ Oefalop. Liass. del Mte. di Cetona’ pt. 5, Pal. Ital. vol, xi (1905) p. 108.

? ¢ Liasische Cephal.-Fauna d. Kratzalpe’ Beitr, Paliont. & Geol. (Esterr.~
Ung. vol. xxii (1909) p. 304.

4" Geol. Mag. dec. 3, vol. iv (1887) p. 397.

% ¢Expl. Carte Géol. France’ vol. iv (1878) pl. Ixxviii, figs. 1 & 2.
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desirable to propose a more detailed classification of these forms,
when one has to rely largely on the published descriptions of
previous authors. I will indicate, therefore, only a few groups into
which the ammonites in question might be collected within the
genera Sequenziceras Levi (= Arieticeras Seguenza) and Protogram-
maoceras, nov. Further subdivision will doubtless be necessary as
our knowledge of these forms grows.

The classification is based on the course of the radial line, in the
first place, as the most constant feature of the shells, Mr, 8.8,
Buckman has shown how it may well be used, in conjunction with
the suture-line, as a basis for classification® in the Hildoceratide
in any case. Objections on account of the change in the radial line
on the same ammonite will hardly be raised. Such changes do
oceur, not only in Hildoceratides (notably, for example, in certain
Ludwigelle), but also in many other families (* Polymorphide’:
Fontannesia ; Oppelidee: ¢ Haploceras,’ ete,), They are always

limited to, at most, the last 80° in ciroular measure of the -

body-chamber, leading up to the mouth-border, and can easily
be distinguished, By far the greater part of the hody-chamber
and the previous whorls have, for all practical purposes, an identical
radial curve, It is interesting to note here that, even in cases
where the irregular development of the ornament is said to be
very striking, as in Indoceras baluchistanense Neetling,* the sige
moidal course of the radial line is really fixed, and it secems that

only the change in its character (from striate to costate) follows ne

law.

With regard to the suture-line, I am fully aware of the dificultien
attending the proposed classification. The sutures of these earl
forms are too similar in general outline to have received muez
attention in the past, and they are, therefore, but imporfeetly
known. We now know, however, that in some striking ocases an
identical radial line may be combined with a notable differcnce in

the suture-line, and 1 am quite unable to endorse Dr. Rosenberg's

view. That author,’ after studying well-preserved materia), refrained
from giving detailed descriptions and figures of the sutures of his
“ Harpocerates’ because ‘they offer no or only very slight dis-
tinctions for specific scparation,’ In fact, a comparison of the
sutures given by Dr. Fucini* for his various forms of ¢ Harpoceras,’
“ Grammoceras, and ¢ Hildoceras,' seoms to show that they differ
more in ¢species’ of the same genus than they do in certain
“species’ of different genera. But this merely emphasizes the
undesirability of adopting Fucini’s classification, He deems it
impossible to separate the varieties costicillatum and inseparabile of

1 <Inferior Oolite Ammonites: pt. 10—Supplement’ Monogr, Pal. Soc.
vol. lii (1898) pp. i & ii.

2 F. Netling,. ‘ Die Entwicklung von Indoceras baluchistanense Neetlg.
-Greol. & Palmontol. Abhandl. (Jena) n. s. vol. viii (1906) pt. 1. .

3 ¢ Tiasische Cephal.-Fauna der Kratzalpe’ 1909, p. 288,

4 <« Ammoniti del Lias Medio dell’ Appennino Centrale’ Pal, Ital. vol. vi
«(1900-1901) pp. 17-65 & text-figs. 24-48.
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d’Orbigny’s normanianwm from the type, merely on account of
the section, which is gquadrate in the former two and acute in the
latter—and I quite agree with him there. In my proposed classi-
fication they would also be united, assuming, of course, that there
is agreement in the radial curve of the three forms: since the
rather bad figures do not let this character come out very clearly.
Our belief in the close affinity of these forms receives a shock,
however, when we compare the sutures of, for instance, the .
var. costictllatum of ¢ Grammoceras’ normanianum (d’Orb.)! with’
that of its subvariety detractum, and find that there are marked
differences. The former has an unsymmetrically-bifid external
lobe, and a wide external saddle with a quadrate, bifid, inner
branch, The second lateral saddle is also bifid, the first auxiliary
lobe wide and low. In the latter variety, on the other hand, the
lateral lobe is regularly trifid and the external saddle narrower,
with a slender, monophylloid, internal branch; a similar, narrow,
monophylloid, second lateral saddle is present, and there is also

. & strong forward inclination of the rest of the suture.

All this clearly shows the need for a revision of these forms,
whenever more observations and material are at our disposal,

It is svarcely necessary to add now that the classifications of
those Continental authors who consider the radial line variable, and
in the absence of suitable sutures base them on the outward shape
of the conch only, opposing forms with a carinatisuleate venter to
those of oval-lanceolate section and an angular periphery, seem to
me unjustifiable. A study of the inner whorls of some of the forms
belonging to the lineages here considered has shown the anagenetic
character of the periphery, from fastigate to carinate and sub-
suleate and then to carinatisulcate ; and, if we were to be
guided solely by that ecriterion in our olassifleation, we might
possibly refer several fragments of the same ammonite to three
different genera. Of course, as Wiirttemberger # pointed out more
than thirty years ago, this difficulty applies equally to many other
groups now acoepted universally; and it could be argued that the
radial line also (or, indeed, even the suture) does not help us in the
distinotion of the ill-characterized inner whorls, But it is main-
tained here that, although there are transitions in the radial line,
we shall generally be able to group together forms of close genetio
rolations ; whereas, in each of the several groups distinguished by
different radial curves, we find produced forms with, for example,
a carinatisulcate venter—they are only morphological equivalents,
and eannot be classed together. A striking example is afforded by
pl. ix of Fucini’s work (already cited) on the Cephalopoda of the
Central Apennines. Here, on account of a common acute venter,
a number of forms are united as ¢ Grammocerates, including
« Grammoceras’ subtile Fuc. (fig. 10), probably a derivative of the

1 A. Fuciuni, ¢ Amm. del Lias Medio dell’ App. Centr. p. 30 & figs. 29~30.
2 «Qtudien iber die Stammesgeschichte der Ammoniten’ Darwinistische
Schriften, No. 5, Leipzig, 1880.

Q.J.G.8. No. 276. 20
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true recticostate Seguenzicerates, whose generic difference will be
admitted readily by most paleontologists.

Many of the ammonites in question occur in the Middle Lias
of Ttaly, and a great number of forms are founded on imperfect
specimens, the figures of which are of as much value as those of the
older authors, who paid solittle attention to the course of the radial
line. Forinstance, the true curve of the ornament is very doubtful
in A. d’Orbigny’s dmmonites normanianus® or in *Harpoceras
antiguum ’ Wright,? and I question the correctness in the former,
because of the unusual character of the curve clearly shown in a
tracing ; the latter form, which, I may mention, does not seem to
have been rediscovered and is quoted by its author from the jamesoni
zone (1), is represented in three widely differing drawings. The
type-specimens are not in the British Museum collection. Finally,
the grouping under ¢ Harpoceras’ boscense Reynés of forms of such
widely differing appearance as those figured by Meneghini, Zittel,
Geyer, and others, has caused a great deal of confusion,

The radial curve, then, enables us to separate the Middle Liassic
Hildoceratide into Rectiradiata and Flexiradiata. The former
belong to the genus Sequenziceras Levi (=Arieticeras Seguenza);
but the definition given by Zittel* will have to be altered, so as to
include also forms with a narrow umbilicus and a more compressed
section, having simply a carinate venter. Some of the very evolute

forms are apparently transitional to Lower Liassioc Polymorphids.

By far the greater number of the ammovites belonging to the

genus Seguenziceras, ineluding the type, are subrecticostate; but -

there are lateralsbranches developing truly recticostate and rursi-
radiate forms respectively.

The flexiradiate forms are here united in the one genus Proto-
grammoceras, but belong to two separate divisions: omne being
distinguished by increasing peripheral projection, and giving rige to
subfalciradiate and falciradiate forms; the other, where there is
reduction in the peripheral projection, develops subanguliradiate
and angulirursiradiate forms. They may, then, be arranged as

follows :—
Rectiradiate : example bertrandi (Kil.).
Genus Seguenzicoeras ... Subrectiradiata : example algovianum (Opp.).
Rursiradiata : examplo retrorsicosta (Opp.).
Subfalciradiata :

example antiquum
Increase in projection. Fa(lic(ia{aeéigg : ,Wr ight.

example celebratum
Fuc '

Subanguliradiata :
example normani-
anum  Fuc. non
d’Orb.

Angulirursiradiata :
example lavinianum
Mgh., especially var,

L L retroflexum Fuc.

Genus Protogrammoceras.q

Decrease in projection.

i <Pal. Franqaise ;: Terr, Jurass.—Céphalopodes’ vol. i (1842-49) pl. Ixxxviii
& p. 291,

2 ‘Lias Ammonites’ Monogr. Pal. Soc. (1878-86) pl. Ivii, figs. 1-4 & p. 431.

3 ¢ Grundaziige der Paldontologie” vol. 1 (1910) p. 487 (under drieticeras).

Figs. 14 (llustrate typical radial lines belonging to the four groups.
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Fig. 8.—Subanguliradiate.

Fig. 4.—Angulirursiradiate.

202

gens Fucini,
‘H’ [ var.

gh., var. conjun,
pl. v (xiv), fig. 11; 4=

retroflexum Fucini, bid. pl. iii (xlii), fig. 7.]

{a = ¢ Hildoceras’ lavinianum M,
¢ Mte. Cetona’ 1905,

var. costicillatwm, subvar. de-
L. viii, fig. 8; b=
890, pl. i, fig. 2.]

NOTI
¢ Appen. Ceutr.” 1900,
’ cornacaldense Tausch, 1

»

eras

tractum Fucini,
¢ Harpoceras
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A brief formal diagnosis of the new genus might, then, be framed
as follows :—General form of the shell resembling‘Se’guenzicems
as here emended: that is, more or less evolute; compressed or
quadrate in section, and always keeled—the venter ranging from
acute fo _%zltlr.mattlilsullcate. d'l‘he ornament consists of faleiradii
varying within the limits defined in i 550).
Sutures like Seguenziceras. the foregoing table (p. 550).

The introduction of subgenera will have to be delayed until a

study of the suture-lines has been accomplished. Further, I believe:

that no cux:eful observations have been made hitherto, as to the
succession in time of the various forms discussed here. Most of
them are quoted from the ‘margaritatus’ zone; but I think it
probable that the two subdivisions of the new genus here established

are late_r than, and have .developed from, the older Seguenzicerates-
of algovianum type, with increase and deorease of peripheral pro-’

Jection respectively, added to a flexiradius, Inoreased knowledge
may permit us further to separate from the forms described here
two alppargntly distinet lineages: that of ¢ Harpoceras(?)® dilsctum
Fue.,! which tends to develop a typiosl Harpocerate undereut
umbilical edge, but is still subfalciradiate; and that of dmmonites
acutus Tate, a ¢ perfalciradiate’ form, in which the strong and
notched cdrina becomes so conspicuous a feature, ‘

Prorogrammoceras corwacarpnss (T
ausch) var. ZEUGITANUM nov.
(PL LIl.figs. 1a & 10.) ) ‘

Comparable forms:—

1867-81. Harpoceras pectinaturn Meneghini, ¢ Foasile i
cer s du '
1884 HStoppam s ¢ Paléont. Lou(nlimgig ') nw. 4,'App. p. 6 & pl. i%eg: k{-a [in
. Harpoceras normanianum (d'Orb,) Wright, ‘' L * Mon
seg0, g2k Boc. . 470 & pl. exxit, g, gt Liss Ammoniton” Monogr.
. Harpoceras cornacaldense T'auscly, ' Fuuna d. granen Kalk Si !
Abhandl. K.K. Geol, Reichsuust. vol. XV, pg 2, p. 36 &ap(}fn; *\iidu}pen
1895. Harpoceras (?) cornacaldense Tausch, var, Bicicols Bonnvelli q'Ft;uili
Domeriani della Brianza’ Rendic. R. Ist. Lombard, ser. 2, vol xxviii
) . 'y

p. 339,
1900. Grammoceras normanianum (4'Orb.) var, inse ini
0 ! 1 . , inseparabile Fucini, ‘ Amm
del Lias Medio dell’ Appennino C ’ P i, ;
o le. viaa, Mel pp o Centrale’ Pal, Ital, vol. vi, p, 20 &
0. Hildoceras cornacaldense Tausch, mut. medol B i, * ili
i 13 benge Tausch, mut, enss Bettoni, ‘ Fossili
. Hv (ﬁx.n::;nixix,lpfi%gfm Provincia di Brescia’ Mém. Soc. Paléont, Suisse, .
. Harpoceras cornacaldense (Tausch) Rosenberg, ¢ Liasische Ceph
Fauna der Kratzalpe’ Beitr. Paldont, Geol. (Esterr.- . vol al_.'-.
p. 807 & pl. (vii) xvi, figs. 1-2. eol. (sterr.-Ung. vol. xxi,

The specimen is a cast in compact grey limestone, and has the
following dimensions :— ’

Diameter .......ccovoviunnriiiinnienn, 60 millimetres

rHe;ght of the last whorl............ 30 per cent. of the diameter.
Thickuess of the last whorl ...... 18 per cent, of the diameter.
Umbilicus......ovriiuniiennniinnenn, 46 per cent. of the diameter.

The whorls are much compressed, and show the iar we
' whe X , peculiar wedge-
like thinning towards the periphery characteristic of all the fofms

1 ¢ Cefalop. Liass. del Mte. di Cetona' pt. 4, Pal. I 7
(244) & p. xxxix (xviii), figs. 11-12, pl- 4 Pal. Ltal. vol. x (1904) p. 278
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belonging to this group. The ventral area is carinatisuleate on
the last whorl; the penultimate one is more rectangular, with a
tabulate periphery and a high keel, which is probably hollow,
although the crystalline infilling does not let this character show
itself very clearly. The inner whorls are much compressed and
oval-lanceolate in section, with an acute periphery. Theumbilicus
is wide (the inclusion being rather less than a quarter) with well-
defined perpendicular walls, but a rounded border.

The ornament consists of very close costee, which seem to de-
generate into irregular striee towards the end; both have a very
distinot bend at the inner third of the side (subanguliradiation), and
the outer part of the radial curve is somewhat rursiradiate, has
only slight peripheral projection, and becomes indistinct before
veaching the ventral area. This kind of ornament is limited to the
outer whorls only, however ; before then the ribs are much stronger
and more distant, and, finally, disappear altogether on the inner
whorls.

The suture-line is, unfortunately, not clearly visible, but seems
to agree with that of the type.

The form here deseribed differs from Dr. Tausch’s form in the
larger umbilicus (46 per cent. of the diameter instead of 42) and
in the beginning of degeneration of the ornament,

The form which Dr, Rosenberg figures comes very near to the
type, and his section 2 (pl. xvi) agrees well with that of my
specimen, The costation is also too prominent; and, moreover, it
i probably exaggerated, so far as tho lateral bend is concerned.

The ammonite figured by Wright has little affinity with A.d'Or-
bigny's Ammonites normanianus, s has been pointed out by

‘soveral authors. Dr. Geyer' thinks that it probably belongs to

o form of the boscense group, and Fucini compares it with his
variety ingeparabile of ¢ Grammoceras’ normanianum (d'Orb.) since
their dimensions agree. Dr, Tausch, on the other hand, says
that Wright's form is distinguished from Harpoceras cornactldense
Tausch only by its section, which is thicker (20 per cent. of the
diameter). According to my measurements on the specimen pre-
gorved in the British Museum (Natural History), the umbilicus is
42 per cent, of the diametor: that is, the same as in H. corna-
caldense. 'The ornament is, however, stronger and very regular;
it consists of eighty-five costee on the last whorl, and only near
the end (of a specimen measuring 30 mm. more in diameter than
the-shell here described) does degeneration set in. A new name,
Protogrammoceras wrighti, nom. nov. (= Harpoceras nor-
maniagnum Wright norn @’0Orb.?), may well be proposed for this
ammonite. I may here add that Wright’s figure is not quite
correct. 'The radial line should indicate the lateral angularity at
the inner third, and the inner whorls, which are smooth at first,

1 «Mittelliasische Cephal. Fauna des Hinter-Schafherg’ Abhandl. K.K. Geol.
Reichsaust. vol. xv, pt. & (1893) p. 18.

2 «Tias Ammonites’ Monogr. Pal. Soc. (1878-86) p. 470 & pl. lxxxiii,
figs. 1-2.
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show no excentrumbilication. The venter is narrower than shown
in the figure, has finer keels, and agrees better with that of the
type than the figure would lead one to believe, Wright mentioned
that the history of the specimen was not known ; but, judging by
the matrix, he thought that it might be of Middle Liassic age.
The specimen is labelled ‘Upper Lias, Somerset,’ although the
authority for that statement cannot now be ascertained, If
the latter age were correct, we have here & striking example of
deceptive homeeomorphy; but the different style of the ornament
in Hildoceras and the catagenetic character of the periphery in
Lseudogrammoceras from carinatisuleate to fustigate do not suggest
connexion of Wright's form with the Tosrcian Hildooceratidee,
The suture-line is, unfortunately, not visible on the specimen, and
I was unable to break it up, '

Fucini's var. inseparabile of ¢ Grammoceras’ normanianum,

(d'Orb.), now more correctly named Protogrammoceras in-.

separabile (Fue.), has a seotion similar to that of my specimen’

and not so thick as that of Pr. wrighti. The costation, moreover,

is coarser in the earlier part of the last whorl than that of the

other forms mentioned here ; and the radial line may be straight

laterally, showing the form to he somewhat transitional. Fuoini"a‘;“:‘

figure is not good enough to enable one to decide this.

Grammoceras cornacaldense (Tausch) var. bicicole Bonar., is dis-
tinguished by a very small umbilious (82 per cent. of the diameter);:

and the same percentage is given by Meneghini for his  Harpoceras

Pectinatum, which agrees (especially fig, 8) very well in seotion an
suture with my specimen, but is subfalcirediate,

In Meneghini's variety ili of ¢ Harpoceras’ bogoense Reyn.

(=Grammoceras cornacaldense mut. medolense of Bettoni) the: :
and the radial curve, owing to the X
ght peripheral projection, assumes a "

umbilicus is only 30 per cent.,
width of the side and n sli
pseudofalcate character,

Prorosrammocnras aff, cosrrorriraTua (Fue.) var. nprracrum Fuo.

1900. G ras nor ; 54
detracta Fucini, ‘Amm, del Lias Medio dell’ Appennino Centrale’ '
Pal. Ital. vol. vi, pl. viii, figs. 2-8 & p. 80,

1900. Grammoceras portisi Fucini, ibid, pl, ix, figs. 1-3 & p. 88, :

1904. Hildoceras portisi Fucini ‘ Cefalop. Liass. del Mte. di Cetona’ pt. 4,
ebid. vol. x, pl. xx (x1i) figs, 7-11 & p. 287.

1900. Grammaceras portisi var. zittelianum Fuc, * Amm. del Lins Medio, &ec.”
ibiw. vol. vi, pl. ix, fig, 4 & p. 85.

1000. G'rammoceras portisi var. contrarium Fue. ibid. pl.ix, fig.5 & p. 86.

This form is preserved only as an impression in tho same bluish-
grey limestone as the other specimens. The ventral portion is
missing, and it is impossible, therefore, to say anything definite
about the periphery, except that the venter certainly seems to have

been fairly acute and the section compressed. The dimensions are
as follows : — .

Diameter ...............ocooeea . . 67 millimetres.
Height of the last whorl..........., 33 per cent. of the diameter,
Umbilicus

.............................. 40 per cent. of the diameter,

1'0Orb.) var, costicillatum Fue., forma °
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These dimensions agree with Fucini’f varigattt): %o n]3‘7 ;h;;::}rz)cl et;(;t;s’
is instead of 42 per cent.) and also with fus Gram:
]so;'?sims];;t the la.tt(I:r has a sulciearinate, fairly broad vefn!:e: Zgg
}n)nore l:ounded sides, whereas in the former the su]fn n,re;] alr}n1 b and
the sides flatter ; and these charaeters, ZOgetbe:yWJth the sharp

ilical border, bring it near the present varlety.
un'lJ}‘)klxlezcgrn:mem; consists of flexiradii .whwh are some{)y};at Olsizg
angular than those of the group desscrﬂoedf g;ev:?g;slg;e 1;111 iZZd i
2 _gro : .
still be classed as subanguliradiate. Some o e e them, a5
he i half of the side, and come out more pr |
itl}{gsltr::::d in Fuacini's ﬁ’g. 3o of pl. vili. The }:Oi;attmnivfn t]l;;
inner whorls also seems to agree very well wit at g
Fug; ‘i:he other forms cited ahove, t}}:e var.dzit.t:liigzzlmall}:sthzr;

ilicus of 88 per cent, only: in other words, i .
11,1}::1?1;? umy specigzen by the same amount us that by “Zlhldci}sltat;’é
type portisi exceeds it. The contatno&z is t&) coarseo ::;mrium )

i ver.
; whereas, on the obhe_r'hun_, in the

?sm:;:eli‘i’rie, and here the umbilicus is but 83 per cent. of the
diameter,

ProToGRAMMOCERAS (?), 8D. NOV.

i ; ¢ voed in grey limestone
form ouly a small fragment preser :
i8 &f g‘;sooueotion{ and, if the specimen had not beeIn f:gtx:;lbin
company with fossils of un%oubp:d.ale_s&h;{s;;;a ;5:‘,’ i a?rinatu 73;
should not have hesitated to identify it wi arpoosras bicarinatum
i = twm Hyatt, considering the distincti ¢

(%l‘::{i)s E)iﬁ.mz%zt, a8 %po,inted out in the first part of th;s papetr
% 542), despite this apparently c%o.se resemblipce, Id:; irtllcﬁ?l: i

. dly, to the peculiar mode of its preservation, 111
'lr??i(:l‘;ggieon)i’ts affinity to Zieten's form, especially as the umbilicus
’ ture-line are unknown, ) N
1ms}“}t}gos::::‘cilmen shows close agreement with an undmlx'btfd H.nzr):d
carinatum (Ziet)) from Milhau (Aveyron)\ in my c;)l %3 lor(l),rtier’
lso with the figures given by P. Reynds and E. Dum o i.n
[\IN ight’s form ® seems to be less closely costate, but_agrees w. -
i r;ﬁin’ and flat section : it is named H. bicarinatum (Munster), ;1 s
- Prof. Haug has pointed out, Miinster’s bicarinatus 18 an Arcestes.
ya:l?’s. new specific name for Zicten’s Ammonites Bearinatus is,
fluous. o
th%ie}::el;?’,ssflilfs:e liloas more rounded sides ?l?dl ul .smal_.leri umbfl;llzyl:tse
‘ iven by Wright ; also the ra ial line is less .
%‘ft“ t}ﬁ::’: il;i!; toybe a Eood’ deal of variation in this group (the

i i g figs. 18-30.
‘ ie des Ammonites du Lias Supér.’ pl. v, figs 3 ]
; ‘%:ggérg?ll;;s.?u ]g;ssin du Rhéne: pt. 4—Tias Sup.’ pl. xi, figs. 3-7 &
P'35?‘Lias Ammonites’ Monogr. Pal, Soe. (1878-86) p. 462 & pl- lxxxii,

ﬁgfé)*%)' von Zieten, ¢ Verstein. Wilrttembergs® 1830, pl. xv, fig. 9.
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change in the course of the radial line at least is probably due to
mcorrect drawings), and another specimen in my collection from
Altdort (Franconia) shows not only a thicker section but also a
smaller number of cost, similar to figs. 5 & 6 of Dumortier.

So far as I am aware, no Mesoliassic forms so thin as this have
been described. My specimen has been slightly squashed obliquely
and is worn on one side, but from the inner whorl shown in section’
I measured the width of the conch to have been at most 7 milli-
metres at a whorl-height of 16 mm., precisely the same as in
H, bicarinatum (Ziet.). The periphery is tabulate, with & fine
medum‘ keel, as figured by Reynds on pl. v, fig. 29 (non 27); the
latter is apparently hollow, and certainly so on the inner w’horl,

where the section is more rectangular and the keel strong and high, -

_“ Grammoceras’ celebratum Fucini' has evolute whor
distant costation. ¢ G». faloicostatum Fuo.® is similar, buthap&;:;'gxi?
mates more closely to the form here described in its thin section.:
It is possible that the latter may represent an involute development-
of this falciradiate group. y

In ¢ Grammoceras’ bassanii Fuo. there is closer and finer
costation towards the ond, but the curve is only subfalciradiate..
Gr. cornacaldense (Tausch) mut. medolense Bettoni,* also has sub-
ang.ulqudmt_e costation ; wheress, in the form here described, the
radial line is a true Harpocerate sickle with strong forward 'pro-
Jection near the periphery. Bettoni's variety, however, somewhat
resembles the form here described in its wide and flat sides and:
narrow periphery, ;

.In'the absence of suture, or even umbilicus, the identification of'
this interesting fragment must remain doubtful ; but, as I have
stated before, the association with Domerian ammonites makes it‘

probable that it represents a now form, apparently more or less.

}(1§F1§e;)morphous with the typical Toarcian Harpoceras bicarinatum
iet.).

Gex. Nov. sp. Nov. (?). (Pl LII, fig. 2.

1900. Lioceras (7) grecoi Fucini, ¢ Amm, del Lias Medi ! :
Pal. Ital, vol. vi, p. 85 & pl. xi, fig. 4. l oo dell” Appoun. Centie”

_This interesting fragment was found together with the ammo-
nites described in the forogoing pages. Like Fucini’s forms it has.
a much compressed sectien, but the umbilicus is smaller than that
of his fig. 4a, although not quite so small as that of fig. 5 :
this might be explained, according to Fueini, by the intern?ediate.
size of my fragment,

The greatest thickness also occurs at the inner third of the whorl,

L ¢ Ammoniti del Lias Medio dell’ i ’ i
(1?0‘02)%. it ﬁgass. ]_-:el. io dell’ Appennino Centrale’ Pal, Ital. vol. vi
ﬁgj 13‘e alop. Liass. del Monte di Cetona’ 4hid. vol. x (1904) pl. (xvili) xxxix,
3 ‘A . d 4 o e ) o i
) Seen;in55:.1 Lias Medio, &f:. Pal. Ital. vol. vi ‘(1900) p- 46 & pl.x, figs, 6-7.
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from which point the sides slope very gradually to the periphery
as well as to the umbilicus, although the final edge at the latter
is quite sharp. '

The periphery, as in Fucini’s forms, is ‘little spacious’ and
narrowly rounded, bearing a small keel. Fucini does not state
whether this is solid or hollow, and his illustrations are certainly
far from good; but he compares his fossils with ammonites de-
seribed by Meneghini as 4. lythensis Y. & B., a form which belongs
to the hollow-carinate genus Pseudolioceras. The latter author’
also omits to desoribe the character of the carina.

Now, on the penultimate whorl the form at present considered
is distinetly solid-keeled, like the typical Aalenian Liocerates. The
section is here also less lanceolate and quite rectangular, with a
comparatively broad periphery.

The ,ornament consists of strong primary costse near the um-
bilious; and, whereas Fucini's form shows fourteen, my specimen
possessed. probably eighteen to twenty. - These costse bifurcate at

. the middle of the side, but somewhat irregularly, and the whole of

the radial line describes the double curve which is characteristic
of the true Liocerates. There are also intermediate costee, and
altogether the character of the costation agrees exceedingly well
with that of Lioceras gracile 8, Buckm, and, less so, with L. sub-
coatosum 8, Buckm.,® both these true Liocerates coming from the
acissi beds. .

Some Pseudoliocerates show superflcial resemblance to this
specimen. Quenstedt’s Ammonites of. lythensia (non Y. & B.)
pl. liv, fig. 64 (* Amm, d. Schwiib. Jura’ 1885), is too thick
near the umbilical edge and too involute; whereas the style of
costation is comparable with that of the form now described only
near the end of the last whorl. -

Ammonites elegans (non Bow.), figured by P. Reynés,’ also has a
different section, and the costes do not seem to be biarcuate;
Pseudolioceras beyrichi Schloenb.,* on the other hand, has an
upproximately similar radial line.

A new generic name might be introduced for these ¢ Prolio-
cerates’ of Domerian age; but, as the sutures of neither Fucini's
grecos nor of my specimen are known, and as they are altogether
poorly preserved, 1 will neither venture to propose one myself, nor
to speculate on the connexion of the group with the other Middle
Liagsic Hildoceratidee. '

1 &, Meneghini, ‘ Fossiles du Medolo’ [in Stoppani’s ‘Pal. Lombarde’
ser, 4, App.] p. 18 (pars).

2 +Inf, Ool. Ammonites: Suppl.’ pt. 10, Monogr. Pal. Soc. vol. lii (1898)
pl. vi, figs. 11-13 & 5-7.

3 ¢ Monographie des Ammonites du Lias Supér.’ pl. v: for example, fig. 10.

4 U. Schleenbach ¢ Beitr, z. Paliont. d. Jura- & Kreide-Forwat. in N.W.
Deutschland : I-——Jurass. Amm.’ Palmontographica, vol. xiii (1865) pp. 170-71
& pl. xxvii; also 8. 8. Buckuan, ‘Inf. Ool. Amm. pt. 3, Monogr. Pal. Soc,
vol. xlii (1888) p. 87 & pl. xx, figs. 7-10.
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(2) CALLOVIAN.

Genus Reinecxrra Bayle,

Rriwnersa aff, moneantea Till. (Pl LII, fig. 3.)

1911. A, Till, * Amun. Fauna des Kolloway von Villduy’ Boitr. Puliont. Geol.
(isterr.-Ung. vol, xxiv, p. 10 & pl. i (v), figs. 1~2 ; also teyt-fig. 11.

There is one specimen preserved in red marble, streaked with

green, and slightly slickensided in places on the back, Its.

dimensions are :~—

Diameter ......ovovceiciiniinnnn w08 millimetres,

Height of the last whorl......... 83 pur cent, of the diameter.
Thickness of the last whorl .., 28 per cent, of the dinmater,
Umnibilicus.uuuieiinnne v vee 40 per cant, of the dinmeter,

These measurements agree almost exactly with the dimensions :
given by Dr. Till, and the sculpture and section also are practioally -

identical,

The last whorl shows about thirty-two primary costm, each
giving rise to two or three secondaries of equal strength an
strongly prorsoradiate character. The primaries are short shar

ridges rising to an elongated spine at the point of furcation, and
only the innermost whorls bear the rounded tubercles which

characterize the anceps group, There are four constrictions on the
last whorl, more strongly inclined forward than the costw; and
since the costm also bi- and trifurcate somewhat irvegularly, and
since some of them, especially those bordering the comstrictions,
remain single throughout, the sculpture is altogether irregular,

The ventral furrow is very distinct, and bordered by the strong
slightly-thickened ends of the secondaries, terminating abruptly at
the groove.

The umbilicus is wide, with a nearly perpendicular border.

Dr. Till points out the differences of his form from Reineckeia
Liliani (Par. & Bon.), R. straussi (Weith.), R. greppini (Opp.),
and B, fraasi (Opp.). The amwmonite under consideration also bears
but little resemblance to these forms. ‘

From R. greppini (Opp.) in Till (pl. vi, figs. 4-7) the form here
described is distinguished by its smaller umbilicus. Dr. Till does
not give the measurements; but, according to his figure, the um-
bilicns equals about 44 per cent. of the diameter, not 40 as in my
specimen : the section also is too thin near the periphery. On tho
other hand, there is very close agreement in the ornament. Tho
characteristic concave shape of the primary coste, leading up to
the radially elongated spine at the point of bi- or trifurcation, is
very distinctive, just as in my specimen ; whereas J& Zungarica
Till, the commonest form ot Villiny, hias primaries which are
raised inte a sharp erest at the widdle, not at the end of the

Vol. 69.] . JURASSIC AMMONITES FROM JEBEL ZAGHUAN. 559

short rib. This is the only notable point in which my specimen
differs from Reineckeia hungarica Till, and approaches fi. cf. greppin
(Opp.) Till. 1 am inclined to consider it an intermediate form, with
the greppini stuge persisting a little longer, and the branching
of the secondaries immediately off the umbilical border only
oceurring onee or twice near the end. T

I8, transiens Till is a transitional form to still more perisphinctoid
ammonites, and also resembles my specimen somewhat closely. -
It hes fower primaries, however (twenty-eight), snd its um-
bilicus (37 per cent, of the diameter) is considerably smaller.

The two ammonites which Waagen figures on pl Ivii, fig. 4 &
pl. lix, fig. 1 (¢ Cephal, of Kutch’) as I, anceps (Rein.), slthough
they really belong tq the greppini group, show a similar style of
ornsment, but are more widely umbilicated (44 and 47 per cent.).
The first figure (== 1. waageni Till) has less numerous and les
sharp costm, and they divide more in the middle of the side, not
at the inner fourth. In R. eusculpta Till this point of bifurcation
has moved still more towards the middle of the aic}e, wheroas
the section is here quadrate, Waagen's second form (=R, reissi
Steinmann) has the tubercles more strongly developed.

The Reineckeia to which I referred in the first part of this paper
(p. 543), from Foum lslamen, Constantine, differs from sl .t.he
forms mentioned here in its rounded whorls and strong costation.
Lt shows & highly coronate stage persisting almost to the end, and
helongs therefors to the true anceps gronp == subsleinmanni group
of Dr, P, Lemoine.

The suture-line is not shown on my specimen, but there ean be
no doubt about the Cullovian age of the ammonite.

I may add that, ns the Uppor Jurassic was known to ocour
on Jebel Zaghuan, I flrst endeavoured to compare my spocimen
with those Kimmeridgian and Tithonian forms which were at one
time included in the genus Ieineckein. But the resemblance is,
in reality, only quite superficial. For example, Aulucoste, ohanus
phorous Font.! has similar dimensions, but distant tuberclos, not
close primary costw, around the umbilicus ; and in the get}m;x'Acmz-
ihodiscus (as, for example, 4, andreei Kil.? and A. chapert Pictet *)
the tuberculate character of the ornament is still more distinct,
whereas the resemblance with certain forms of Himalayites Uhlig *
is also merely superficial. Apart from the costation, the character
of the constrictions and chiefly the inner whorls clearly distinguish
the Callovian Reineckeie from these Upper Jurassic forms,

* See B. Dumortier & F, Fontannes, ‘Descr. des Amm, de la Zoue A
Amin. tenuilobatus de Orassol’ 1876, p. 108 & pl. xv, fig. 3: also P, de Loriol,
‘Monogr. Pal. des Couches de la Zone & dmm, feauilobatus de Baden
tArgovie)” Mém. Soc. Pal. Suisse, vol. v (1875) pl. xvi, fig. 4. .

W. Kilian, * Mission d’Andalousie: II—Xtades Paléont. sur les Terraing
Secandaives & Tertiaires de I'Andalousie’ Mém. Ac. Seci. Paris, vol. xxx (188Y)
o 670 & plooxxxii, fig, 1. .

0L Pietet, © MEL Pall pt. 4, 1868, p. 242 & pl. xxxvii, figs. 1-3.

¢ V. Uhlig, * Fauna of the Spiti Shales’ Pal. Indica, ser. 15, vol. iv (1910}

phossayiin
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Genus PerisprINcIEs Waag, em. Siem.
Periseraneres of. srestaszr Teiss. (Pl LII, fig. 4.)

1899. J. von Siemiradzki, ‘Monogr. Beschreib. d. Ammonitengattung Peri-
sphinctes’ Paleontographica, vol. xlv, p. 802 & pl. xxvi, fig, 49,

This is the only specimen of Perisphinctes found in the anceps
zone of the Poste Optique; and, although it resembles, in its red
marble matrix, the many perisphinctoid forms collected in higher
beds on another side of the mountain, it is clearly distinguished
by its ventrally rursicostate ornament, The specimen consists of
only a poorly-preserved cast, and its dimensions are :—-

Diameter .......c.ccocvviverrinan...l, 110 millimetres, .

Height of the last whorl............ 31 por cent. of the diameter.
Thickness of the last whorl ...... 27 per cent, of the diameter,’
Umabilicus......ooeee voiviiivivnnnns . 48 per cent. of the diameter.

The specimen is septate throughout, and its diameter would,
therefore, be considerably increased by the presence of the body-
chamber, which is of importance in view of the affinities of the
ammonite to Grossouvria, -

The whorls are compressed : that is, the section is higher than
wide, especially towards the end, showing flat sides between a
rounded, but distinct, umbilical border and & cireular periphery.
The whorl is thickest near the umbilical border.

The umbilical wall itself is almost perpendicular, and the
umbilicus moderately deep and wide. The inclusion is rather less
than half of the previous whorl.

The last whorl of the specimen here described is very badly pre-
served ; buf, at about 70 mm. diameter, the ornament consists of
some thirty-five primary costw which are thickened, slightly prorso-
radiate, and virguloid, with the concave side forwards. They begin
on the umbilical edge, and reach to the middle of the side, where
they bi- or trifurcate, so that on the periphery we can count about
110 delicate rursiradiate coste. Some intercalated secondaries also
occur. The course of the whole of the radial curve is therefore
sigmoidal, and this character is shown also by the two constric-
tions on the whorl (at 70 mm. diameter), although these latter
are more oblique: that is, more distinctly prorsoradiate. Slight,
attenuation of the secondaries is shown along the median line of
the periphery. Parabolar knobs are not visible.

The inner whorls, unfortunately, are very badly preserved, but
seem to be regularly costate, as in Quenstedt’s Ammonites con-
volutus gigas.!

The suture-line is similar to that given by Quenstedt * for an
ammonite which Siemiradzki includes in the synonymy of e
sphinctes orion (Opp.), and resembles also that of Grossonvrin
curvicosta (Opp.) as given by Siemiradzki.®

Ut Amm. o Sehwith, Jura” 1887, pl. Ixxxi, fig. 21 & p. 693
2 Cephalopoden” 1814, p. 17T & phl i, lig. 6.
3 Monogr. Besehreib, d, Anmonitengatbung - Pevisphineses” Palinonto-

praphien, vol, sly (1808 |97 & e K,
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If then, despite this close agreement in di!nensions and. a}l
details, I do not entirely identify my specimen with the type, it is
on account of its bad state of preservation. -

The ammonite which M. Neumayr figures and describes® as
Perisphinctes curvicosta (Opp.), but belongs, according to Siemi-
radzki, to the group of P. caroli Gemmn., shows muqh resemblance
to the form here described. Its section is, however, wider; the coste
are more strongly sigmoidal and rursiradiate there are para‘po}ur
knobs; and altogether the ammonite has still mach more affinity
with the typical Grossouvriee than with the form here described,
and has probably been excluded from that subgenus only on account
of ite large size. It may be considered a transitional form from the
Ghrossouvria-ourvicosta group to the groups of I.’Grzsphmctes caroli
and P. orion, the latter including the ammonite here described
with initial Perisphinotate costation of a more prorsorectiradiate
character and much larger dimensions. .

With the true Perisphinctes curvicosta (Opp.) Siew., end espe-
clally P, curvicosta (Opp.) in Waagen,’ which has a very irregular
ornament and rounded section, there is, therefore, correspondingly

s agreement. : .
lel!Dr.g Till figures a Perisphinctes cf. curvicosta (Opp.),* which also
bears a certain resemblance to the form here described; }mt in
this the costation is similarly rursiradiate and the umbilicus is
too narrow, Of the other forms figured by the same author,
only P. villinyensis Till and P. leptoides Till somewhat resemble
my specimen. In the former the wnmbilicus is narrowor, and the
primary costeo are fewer than in my specimen. ' P, leptoides has
parabolar knobs and a section too wide near the periphery. )

With the other ammonites included in the groups of P. caroli
and P. orion, my specimen is less closely comparable.

(3) UPPER JURASSIC,
Genus PHYLLOOERAS SueSS.

PuYLLOCERAS cf, MEDITERRANEUM Neum.

i ipti i Peltoceras trans-
1808. A. de Riaz, ¢ Description des Ammonites. des Couches &
versarium de Trept (Isdre)’ pl. xvi, figs. 8-10 & p. 40,

Seven out of fourteen Phyllocerates belong to this form, which
seems fairly common at 8idi Bu Gubrin, These agree very closely
with the figures given by A. de Riaz; and the form is, indeed,
casily recognized by its comparatively-wide umbilicus, its five

1 ¢ Cophalop. Fauna d. Oolithe von Balin’ Abhandl. K.K. Geol. Reichsanst.
m'—l‘. ‘vl\gfz)}glp lf)éi:éhﬁr%il?. &d?' it'lmonitengattung Perisphinctes’ Paleonto-

;b‘:r‘;l.ll)}?:'i:;izogaﬁll;; 1(?? 81%5&0?16’. Pal. Indica, ser. 9, vol. i (1873) pl. xxxix,
Ilrl\l‘;:\“ PI«‘in(ly::m dex Kelloway von Villiny* Beitr, Paliiont, Geol. (Isterr.-
U, vol. xaiv (1911 pl. (i) vidi, fig. b,
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Payriroceras MANFREDI (Oppel).

1863. Ammonites manfredi Oppel, * Ueber Jur. Amm.’ Pal. Mitt. Mus. d. K.
Bayerisch. Staates, p. 215 & pl. 1vii, fig. 2.

1871. Phylloceras manfredi Neumayr, ¢ Jurastudien: 3—Ihylloceraten des
Dogger & Malin’ Jahrb. K.K. Geol. Reichsanst. vol. xxi, p. 87
& pl. xiv, fig. 8.

1907. Phylloceras cf. manfredi Pervinquidre, ° Ktudes de Paléontologie
Tunisienne : I—Céphalopodes des Lerraing Secondaires ’ p. 18.

A small ammonite, not very well preserved, seems to agree with
this form ; its dimensions are :—

Diameter .............c..u... oo 23 millimetres,

Height of the last whorl....... ... Db per cent. of the diameter,
Thickness of the last whorl ...... 88 per cent, of the diameter.
Umbilicus...veiioviiiniiiinnnin 90 per cent. of the diameter.

These dimensions agree with those given by Neumayr. There
are also four constrictions which begin indistinetly near the um-
bilicus, and become wider and more conspicuous near the periphery.
The sides are bulging (as figured by Neumayr), and what can be
seen of the suture agrees also with fig, 8 b of that author.

Pervinquitre records this form from Jebel Zaghuan, but thinks
that it is very difficult to determine whether his three small
ammonites belong really to the form here described or to Ph. puschi
(Oppel). My specimen shows neither the numerous constrictions,
nor the thin section and small umbilicus, of the latter form.

The state of preservation of a second specimen, which I refer
doubtfully to Ph, manfredi (Oppel), is rather bad.

Payrroceras cf. saxonicum Neum,

1871. M. Neumayr, ‘Phylloceraten des Doggoer & Malm " Jahrb, KK, Geol.
Reichsanst. vol. xxi, p. 815 & pl. xi1i, fig. 4, pl. xiv, fign. 1-2.

1907. L. Pervinquitre, ¢ Bitudes de Paléontologie Tunisienne: I—Céphalopodes
des Terrains Secondaires ’ p. 12.

A poorly-preserved cast, referred doubtfully to this form, has the
following dimensions :—

Diameter .......ccoooveiiniininrinnnn. 00 millimetres.

Height of the last whorl ... 80 per cent. of the diameter.
Thickness of the last whorl ... 82 per cent. of the diameter.
Umbilicus......cocvinicrinineiinninnnn, 3 per cent. of the diameter,

Neumayr's form agrees so far very well, and in section especially ;
but on my specimen no trace of the umbilical rosette of virguloid

grooves is to be seen. Pervinqui¢re also mentions a rather

badly-worn specimen from the Lower Tithonian of Jebel Ben
Saidan, and this approaches to Ph. saxonicum Neum, in thickness,
but has no rosette. What there is to be seen of the suture-line,
especially the diphylloid external saddle and the triphylloid first
lateral saddle, seems to agree equally well with Neumayr’s typo.

Since my specimen shows no trace of the original shell-ornament,
no comparison can be made with Ph. dyscritum Canavari—u form
listinguished from Pk, sawonicum Neumayr by prorsivadriate
lineation, instead of recti- to rursicostation.
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Pryrroceras cf. 1soryrun (Benecke).

1865. E. W. Benecke, ¢ Ueber Trias & Jura in den Siidalpen’ Geogn. Pal. Beitr.
p. 184 & pl. vii, figs, 1-2.

1871. M. Neumayr, ¢ Phylloceraten des Dogger & Malm ’ p. 814 & pl. xiii, fig. 8.

1808, M. Canavari, ¢ Strati con dspidoceras acanthicum del Mte. Sorra’ p. 32.

1007. L. Pervinquitre, ‘Ftudes de Ii’uléontologie Tunisienne: 1—Céphalopodes
des Terrains Seconduires’ p. 11,

One small ammonite in the collection seems to be comparable
with Bonecke's form. It has the fluttened sides, deep umbilicus
bordered by steep walls, and radial striation at the periphery:
the section, however, is not rounded-quedrate, but more elliptical.
Its thinness excludes it also from the var, appenninicum Canav. of
Lh. isotypum (Ben.).

A larger specimen hes the somewhat broadened venter of
Benecke's form, but the umbilicus is smaller and fairly shallow,
although it may only have been worn down, It resembles in this
respect Phylloceras serum (Oppel); but the latter ammonite is
ruch thinner, especially near the periphery,

This ummonite is very common in the ¢ acunthicus’ zone of the
Alps and 8ioily, and Pervinguidre has recorded it (although not
with certainty) from Jebel Ben Baidan in Tunisia, I have
not come across any Argovian Phylloceras with which my speci-
mens could be compared; but, in view of the fact that they were
colleoted together with a lurge number of ¢ransversarius-zone
fossils, I may mention that there is a possibility of the first
specimen representing the inner whorls of Ph. plictum Neumayr,
It has the peripheral ornament, but differs apparently in the
umbilicus. In any case, it must be remembered that it is a young
specimen, and that the other ammonite, as well as Phylloceras
cf. sawonteum Neum,, described previously, are worn spocimens, so
that their attribution to the * acanthicus’ zone is doubtful.

According to Dr. Pompeckj,! Admmonites heterophyllus albus
Quenstedt,® from the lbimammatum zone of Laufen, differs from
Benccke's type only in having a narrower umbilicus and less flat
sides.

Genus Sowersyceras Par. & Bon,

SowrrpYorras PRoToRTTSULCATUM (Pomp.)., (Pl LIII, figs. 2a¢-2¢.)

1898. J. K. Pompeckj, ¢ Beitriize zur Revision der Ammoniten d. Schwibischen
Jura’ pt. 1, p. 63 & pl. ii, tigs. 1-2.

1907. L. Pervinquidre, ¢ Etudes de Puléontologie Tunisienne: I—(éphalopodes
des Terrains Secondaires ’ p. 16.

This easily-recognizable ammonite is exceedingly common at
Sidi Bu Gubrin, and I can identify twenty-one specimens with
PPompeckj’s types, whereas only two specimens appear to belong to
4 different form of Sowerbyceras. They are all casts, and the
measurcments of eleven forms are as follows :—

'+ Beitr. z. Revision d. Ammon. d. Schwiibisechen Jura’ pt. 1, 1893, p. 28.
* o Ammoniten d. Nehwihischen Jura” 1828, p. 901 & pl. xevii,fig. 7,
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