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SYNOPSIS

The paper presents a scheme of ammonite zones and subzones for the Lias of Europe which
lies to the north and west of the Alpine belt. "It is a revision and amplification of the scheme
put forward by Spath in 1942. With a few exceptions selection of the zone and subzone indices
is based on priority of usage within the province. Of the 20 zones and 49 subzones used, those
newly proposed are the Subzones of Beaniceras luridum, Covoniceras veynesi and Schlotheimia
extranodosa. Two main features of the paper are a re-classification of the Hettangian into three
zones instead of two as usually accepted, and the replacement of the large and unwieldly Jurense
Zone of the Toarcian by three smaller zones ; both result in more balanced arrangements that
are more in keeping with the ammonite sequences. Full lists and synonymies are given of all
previously proposed Liassic stratal divisions based on ammonites, and the index species of each
accepted zone and subzone is figured in the plates.

I. INTRODUCTION

THE TaBLE of Liassic zones and subzones published by Spath (1942) was the first
attempt to standardize a set of subzones for the Lias; the zones into which they
were grouped were principally those of Oppel, the originator of Jurassic zoning. The
purpose of the present paper is to revise and amplify Spath’s scheme after eighteen
years of use.

Spath’s paper, published in war time, did not include the reason for his selection
of indices, although it is clear that he worked on the basis of priority. He had
written a *‘ lengthy account of the history and delimitation of the Ammonite zones
of the Lias ” which was never published. We have tried to remedy the deficiency
by giving authors and dates of accepted and rejected zones, and data to assist the
recognition of the zones and identification of the index fossils.

In 1942 (p. 267) Spath stated that ““... an ideal zonal table should be capable
of being used by workers in any part of the world, and only then will lead to a more
uniform terminology ”’. Experience has shown, however, that very few zonal indices
have a world-wide distribution, and a more realistic view was taken by Arkell
(1946 : 10) : “* A stage is an artificial concept transferable to all countries and conti-
nents ; but a zone is an empirical unit. If the zone index species and its associated
fauna are absent we cannot record the zone ... a zonal table must have specific
reference to a particular area ”. In spite of Spath’s professed views, his Table
(unlike that of Muller (1941) which Arkell was criticizing) was founded only on
successions in North-west Europe, principally Britain and Germany, although this
was not explicitly stated. Donovan (1957 : 147-148, 155-156) has discussed Spath’s
views on correlation by ammonites.

The revised zonal scheme now presented refers to a particular area: Europe
north of and excluding the Alpine belt and the Pyrenees (sec Pl. 75). In the Alps
and country to the south the system cannot be used on account of the absence
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or rarity of many of the index species, apart from the question of the relative time
ranges of ammonite species in the two provinces (see Donovan, 1958 : 50). A separate
zonal system is necessary there ; this has been worked out for the Toarcian (Donovan,
1958), but for earlier stages stratigraphical information is not yet adequate.

The paper has been written as follows :

Hettangian to Lower Pliensbachian—D. T. D.
Upper Pliensbachian and Toarcian (Whitbian)—M. K. H.
Toarcian (Yeovilian)—W. T. D.

II. INTERPRETATION OF ZONE AND SUBZONE

The subject and its terminology have been fully discussed by Arkell (1933 : 14-35).
There has never been complete agreement as to the interpretation and usage of
stratigraphical units, as is shown by the recent exchange of views between Arkell
(19564, 1958) and Schindewolf (1957). In the scheme here presented, the units are
the subzones, which often correspond to the range of a genus, subgenus or species.
For instance, the Raricostatum Subzone corresponds to the range of the genus
Echioceras, the Conybeari Subzone to that of the subgenus Mefophioceras, and the
Subnodosus Subzone to the range of its index species Amaltheus subnodosus. The
zones were originally defined by their index species and by other characteristic
ammonites ; in most cases these have since been found to be restricted to certain
parts of the zone, which is now most satisfactorily defined in terms of the included
subzones. It is doubtful whether a single zonal index species in the Lias ranges
throughout the whole of the zone to which it gives its name. In some cases zones
can be defined in terms of the ranges of genera : the Spinatum Zone corresponds
to the range of the genus Pleuroceras, and the Angulata Zone to that of Schlotheimia.
In these cases, the zone can sometimes be recognized when fossils are too poorly
preserved or too fragmentary for the subzone to be identified.

I11. PRINCIPLES FOLLOWED IN ZONAL NOMENCLATURE

We have tried to follow the simple rules suggested by Arkell (1946 : 3). We add
to these the principle that zonal and subzonal indices should be co-ordinate with one
another (in the language of Zoological Nomenclature) ; that is, an index first used
for a subzone has priority from this usage if it is upgraded to a zone, and vice versa.
Zones are dated from the earliest usage except when this was clearly wrong, when
the fact is commented on (see Johnstoni and Scipionianum Subzones).

The only one of Arkell’s rules which we feel to be disputable is that dealing with
zonal indices which prove to have been misidentified by the original user (rule 4) ;
Arkell proposed to use these with their correct names but with priority from the
original introduction (with wrong name). This rule could result in the replacement
of familiar indices by new names : for instance, Belcheri Subzone (not in fact used)
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might be held to have priority over Portlocki Subzone (Lang, 1924), by those who
believe that von Schloenbach’s Johnstoni Zone (1863) was founded on Ammonites
belcheri (see pp. 444—445). Such cases are few and we prefer to solve each on its own
merits.

The priority rule is qualified in so far as it is restricted to the province for which
the Table is intended. For instance, the Marmorea Zone, first used in the eastern
Alps (see p. 446) is not considered available, although its index species occurs in
North-west Europe. Transference of zones from one province to another will only
lead to confusion and is to be avoided.

We have not been able to pursue a consistent policy with regard to the double
use of a species as both zonal and subzonal index (Spath, 1942 : 266). Double use
is probably better avoided, but a satisfactory alternative cannot always be found.
Spath’s double use of Angulata disappears as a result of the reclassification of the
Hettangian, but Bucklandi and Oxynotum remain in double use, and Raricostatum,
Jamesoni, Falcifer and Levesquei are added.

IV. HEMERAE

Hemerae are briefly mentioned, although by definition they are not synonymous
or interchangeable with zones. We do not accept priority of zonal indices from
previous use as hemerae, but such use sometimes influenced the naming of zones and
not all workers were careful to maintain the distinction between zones and hemerae.
The introduction of hemeral indices for the Lias dates from 1898, many of those
then published being equivalent to zones as now recognized (Buckman, 1898 :
Table facing p. 450). In subsequent works Buckman and other authors employed
a large number of additional hemerae. Many are to be found in Buckman (1918 ;
1925), and a table showing Buckman'’s final scheme will be found in the last volume
of Type Ammonites (Buckman, 1930 : 37—47). It should be emphasized that the
majority of hemerae were hypothetical chronological units and were not defined
stratigraphically.

V. LIMITS OF THE NORTH-WEST EUROPEAN LIASSIC
AMMONITE PROVINCE

The extent of the province is shown in Pl. 75, the southern and eastern parts of
the boundary being marked by the heavy dashed line. To the south and south-cast
lies the Mediterranean Liassic Ammonite Province, which includes the outcrops of
the Lias in Portugal, Spain, North Africa and Italy, and the Pyrenees and Alpine
belt ; knowledge of Lias ammonites from further east is not sufficient to enable the
eastern boundary of this province to be determined. The North-west European
Province should probably include the Lias outcrops in southern Sweden, for the
ammonites appear to belong to north-west European species, but knowledge of
their stratigraphical distribution is lacking.
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VI. TABLE OF STAGES, SUBSTAGES, ZONES AND SUBZONES

Stage Substage Zone Subzone
r ( Pleydellia aalensis
L . Dumortieria moorei
Upper Duwmortieria levesquei L .
- Dumortieria levesquei
Toarcian ,
or < Phlyseogrammoceras dispansum
s Pseudogrammoceras struckmanni
Yeovilian Grammoceras thouarsense .
Gramwmoceras striatulum
J Haugia variabilis
ToaRrciaN
1 Zugodactylites braunianus
Lower Hildoceras bifrons Peronoceras fibulatum
. Dactylioceras commune
Toarcian .
< . Havpocevas falcifer
or Havpoceras falcifer
s Harpoceras exaratum
‘Whitbian .
Dactylioceras
tenuicostatum
r . Pleurocervas hawskerense
Upper Pleuroceras spinatum
. . Pleurocevas apyrenum
Pliensbachian .
or Amaltheus gibbosus
. Amaltheus margaritatus Amaltheus subnodosus
Dcmerian X
L Amaltheus stokest
( Otstoceras figulinum
P tyliocer ; i
PLIENSBACHIAN J vodactylioceras davoei Androgynoceras capricornus
Androgynoceras maculatum
Lower Beawnicevas luridum
Pliensbachian J Tragophyllocevas tbex Acanthopleurocervas valdani
or Tropidoceras masseanum
Carixian Uptonia jamesoni
L . Platypleuvoceras brevispina
Uptonia jamesont vp . P
Polymorphites polymorphus
L L Phricodoceras taylovi
( ( Paltechioceras aplanatum
. . Leptechioceras macdonnelli
Echioceras vavicostatum . .
Echioceras vavicostatum
U Crucilobiceras densinodulum
pper .
. . . Oxynoticeras oxynotum
Sinemurian ) Oxynoficeras oxynotum . . .
Oxynoticevas simpsont
Eparietites denotatus
Asteroceras obtusum Astevoceras stellave
L Asterocevas obtusum
SINEMURIAN <
r L. . Micvoderoceras birvchi
Caenisites turneri L .
Caenisites brooki
Euagassicevas sauzeanum
Lower Arntoceras semicostatum Agassiceras scipionianum
Sinemurian Covonicevas veynesi
Avietites bucklandi
.. . Coroni )
Avwietites bucklandi oromceeras rolif orme
Coroniceras (Metophioceras)
L L conybeari
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Stage Substage Zone Subzone

Schlotheimia complanata
Schlotheimia extranodosa
Alsatites laqueus

( Schlotheimia angulata

H Alsatites Lasicus Schlotheimia (Waehneroceras)
ETTANGIAN — < portlocki
Psiloceras (Caloceras)
Psiloceras planorbis Johnstoni

L Psiloceras planorbis

VII. THE STAGES, ZONES AND SUBZONES

Under the heading INDEX SPECIES references are given to the original description,
and to authors who have refigured or revised the species. An example of the index
species to each zone and subzone is figured in the plates, in many cases from type
material.

The heading NOMENCLATURE refers to stratigraphical nomenclature; here the
first use of each unit is stated, followed by subsequent changes in meaning, and
synonyms. '

Under the heading STRATIGRAPHY criteria useful for recognizing the unit are noted,
together with brief details of its development and geographical extent.

HETTANGIAN STAGE

This stage was introduced by Renevier (1864 : 86) for Oppel’s Planorbis and Angu-
lata Zones. At the type-locality of Hettange (Moselle), France, ammonites are
rare in the Grés d’Hettange but this formation is overlain by limestones and shales
containing early Bucklandi Zone ammonites and it may therefore be correlated
with the Hettangian Stage as usually understood.

The term Infralias, first used by Leymerie (1838 :376) in a sense equivalent to
Hettangian, later became extended to include rocks of Rhaetian age below. The
rejection of the term Infralias was favoured by Renevier when he proposed the
Hettangian Stage.

Buckman’s Caloceratan Age (1898 : 446) was defined as “‘ time of Hettangian
Stage . It was later replaced (x925) by Psiloceratan and Schlotheimian Ages.

Spath (1942) retained Oppel’s two zones, each with two subzones, as follows, and
indicated a number of horizons said to be of local value :

Zones Subzones Horizons

Schlotheimia complanata
Scamnoceras angulatum (s.s.)g S. lymense
S. phoenix
Scammoceras angulatum
Alsatites laqueus S. prometheus

Saxoceras gallicum
Psilophyllites hagenow:

Caloceras johnstoni Wa.ehneroce'ms portlocki
C. johnstowi (s.s.)

Psiloceras planorbis
P. planorbis (s.s.)
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This scheme is unsatisfactory for several reasons: the subzone of C. johnston:
includes the horizon of W. portlocki, but a series of faunas dominated by Waehnero-
ceras continues into the subzone of A. lagueus. The zone of S. angulatum is extended
downwards to include the latter subzone. Both the zones are unwieldy.

A more balanced scheme comprises three zones, giving separate recognition to the
W aehneroceras-Alsatites faunas. The Planorbis Zone will then correspond nearly
to the range of Psiloceras and the Angulata Zone to that of Schlotheimia. This
arrangement was first employed by Collenot (1869 : 64), and adopted by Haug
(1910 : 954) and many other continental authors.

PLANORBIS ZONE
(PL. 63, fig. 1)

INDEX SPECIES. Psiloceras planorbis (J. de C. Sowerby, 1824 : 69, pl. 448). Lecto-
type designated and figured by Arkell (1956 : 760, pl. 31, fig. 7).

NOMENCLATURE. First used by Oppel (1856:24). Synonyms: Burgundiae
Zone (Zone & Amm. Burgundiae) of Martin (1860 : 28) ; Psilonotus Zone (Vaughan
& Tutcher, 1903 : 10, 12, 14).

STRATIGRAPHY. Oppel cited Ammonites planorbis and Ammonites johnstons
J. de C. Sowerby as guide fossils for the zone, and it has since been found that they
characterize successive levels throughout the province. The zone is therefore divided
into two subzones on this basis.

Planorbis Subzone
(Pl 63, fig. 1)

INDEX SPECIES. As for Planorbis Zone.

NOMENCLATURE. See Planorbis Zone. A subzone of Planorbis s.s. was first
employed by Trueman (1922 : 251). The Psilonotum Zone as used by North German
authors is equivalent to Planorbis Subzone. Includes the planorbis, aequabile,
erugatum, psilonotus and plicatus hemerae (Buckman, 1930 : 47).

STRATIGRAPHY. Subdivision of this part of the sequence has not been convincingly
accomplished and Buckman’s five hemerae (see above) are at least partly hypo-
thetical (Donovan, 1952 : 635). There is evidence for distinguishing a lower horizon
with smooth species of Psiloceras s.s. (P. planorbis, P. psilonotum (Quenstedt)) from
an upper with plicate ones (P. plicatulum (Quenstedt)) near Bristol, England (Dono-
van, 1952 : 634), and in the Psilonotenbank of South Germany (Frank, 1931:171);
this sequence is not yet proved to be generally valid. The subzone is almost univer-
sally present throughout the province, but is said to be absent in the Pfilz area of
westernmost Germany (Jiingst, 1938 : 154).

In Britain there are in many areas a few feet of strata without ammonites at the
base of the Blue Lias, underlying rocks with the Planorbis Subzone fauna. The name
Pre-Planorbis Beds has often been applied to them, and species of lamellibranchs
have been used as zonal indices, viz. Ostrea liassica Strickland and Pteromya crow-
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combeia Moore, the latter superseded by Pleuromya tatei Richardson & Tutcher.
Details will be found in the forthcoming Jurassic section of the Lexique Strati-
graphique International for Britain.

Donovan (1956 : 198) pointed out that the first appearance of ammonites does not
necessarily mark a constant horizon and proposed that the Planorbis Subzone be
extended downwards to include the old “ pre-Planorbis Beds ”’, the lamellibranch
zones being retained, for local use only, if needed.

Johnstons Subzone
(Pl 63, fig. 2)

INDEX SPECIES. Psiloceras (Caloceras) johmstons (J. de C. Sowerby, 1824 : 70,
pl. 449, fig. 1).

NOMENCLATURE. A zone of Ammonites johnstoni was first used by von Schloen-
bach (1863 : 498), as the equivalent in North Germany of the Planorbis Zone, but
later research has shown that the ammonites previously known as Caloceras johnstoni
in North Germany do not belong to that species (Hoffmann, 1949 : 114).1

According to Arkell’s proposed rules (1946 : 3, Rule 4) this should become the
Belcheri Zone with priority from von Schloenbach. The Johnstoni Subzone as
correctly used may be taken to date from Stoddart (1868 : 201 : Johnstoni-beds)
or Tutcher (1918 : 279 : Johnstoni Zone). It was made the upper subzone of the
Planorbis Zone by Trueman (1922 : 251). It is equivalent to Buckman’s johnstoni
hemera (1930 : 47).

STRATIGRAPHY. The base of the subzone is marked by the appearance of Caloceras,
P. (C). johnstoni being probably the earliest species. The genus ranges up into the
Portlocki Subzone with species such as P. (C). belcher: (Simpson) and P. (C.) bloom-
fieldense Donovan. The top of the subzone is taken at the appearance of Waehnero-
ceras. The subzone as here understood is smaller than the Johnstoni Subzone of
Spath (1942), which included the strata here separated as the Portlocki Subzone.
The subzone is absent or unproved in North Germany, as remarked above, but is
present in Britain and France. The index fossil is recorded from South Germany
but this identification awaits confirmation.

LIASICUS ZONE
(P 63, fig. 3)

INDEX SPECIES. Alsatites liasicus (d’Orbigny, 1844 : 199, pl. 48). The lectotype
was designated by Donovan (1952 : 644) and figured by Reynés (1879, pl. 6, figs.
0-12).

NOMENCLATURE. First used by Collenot (1869 : 64) who inserted it between the
Planorbis and Angulata Zones. It has priority over Laqueus Zone (Reynés, 1879),

! Lange (1941) and Hoffmann (1949) identify them as C. torus (d’'Orbigny) ; in the present writer’s
view they are C. belcheri Simpson (see Donovan, 1952 : 637).
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here retained as a subzone. Spath was evidently unaware of the earlier publication
of Liasicus, for he believed (unpublished MS.) Laqueus to have priority. Alsatites
lagueolus (Schloenbach), used as a zonal index by Hoffmann (1949 : 114), is a
synonym of A. lasicus (see Donovan, 1952 : 644). The Catenatum Subzone provi-
sionally proposed by Quilter (1886 : 65) is also a synonym of Liasicus Zone.

STRATIGRAPHY. The zone is best defined in terms of its two subzones, for the
range of Alsatites liasicus is not well established. The more detailed subdivision of
the lower part, which has been used in some areas, is reviewed under the Portlocki
Subzone. Lang’s (1924 : 181) Zone of Alsatites liasicus on the Dorset coast is a much
smaller unit which falls at the top of the zone as it is here understood.

Portlocki Subzone
(PL 63, fig. 4)

INDEX SPECIES. Schlotheimia (Waehnevoceras) portlocki (Wright, 1881, pl. 48,
figs. 4, 5). See Donovan (1952 : 646).

NOMENCLATURE. Introduced by Lang (1924 : 172, 182), in a more restricted
sense than now used. For general use the subzone includes the Hagenowi Zone of
Lang (1924), and the Torus, Schroederi and Angersbachense Zones of Lange (1931 :
352) although these may be useful for local successions (see below). The Megastoma
Zone of Waehner (1886 : 169) is a senior synonym even if accepted only from its
adoption for the British sequence by Buckman (19104 :xvi). It was proposed,
however, for the east-Alpine area and is not considered available for the province
now under consideration.

The Longipontinus Zone of Oppel (1862:92; 1863:131) was proposed as a
substitute for the Planorbis and Angulata Zones together. If restricted to the range
of the index species, Schlotheimia (Waehneroceras) longipontina (Oppel), it might
be held to be a prior name for Portlocki Subzone. It is not now adopted because it
has not been employed since its introduction, and the index species has not been
commonly recorded from the province.

Includes the portlocki and hagenow: hemerae of Buckman (1930 : 47).

STRATIGRAPHY. The base of the subzone is taken at the first appearance of
Waehneroceras. Alsatites may first appear in the subzone in some areas. Locally
the beds included in the subzone have been further divided, as many as four sub-
divisions being recognized in North Germany (Lange, 1931 : 352, @ 1b—e). The lowest
is the forus horizon (recte Belcheri “ Zone ", see above) which has not been recorded
elsewhere, but is presumably represented by the beds which yield Psiloceras (Calo-
ceras) belchers (Simpson) in Yorkshire ; their stratigraphy is inadequately known.
The next, the hagenow: horizon, has been identified at a number of places: the
Pfilz area of western Germany (Jiingst, 1938, fig. 3); south-western Germany
(Frank, 1931:14, etc.); Dorset, England (Lang, 1924:182); and Glamorgan,
Wales (Trueman, 1920). It is not certain, however, whether all these occurrences
lie at a constant horizon, and on account of this fact, the sporadic occurrence of the
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index species, and the difficulty of identifying it* (possibly a reason for the apparently
sporadic distribution) the horizon is not adopted for general use. The two highest
subdivisions are said to be characterized by Saxoceras schroederi Lange and S.
angersbachense Lange, which, in the present writer’s opinion, are species of Waehnero-
ceras allied to W. portlocki. In most areas the fossil material is not good enough for
the sequence of Waehneroceras species to be elucidated, and so these horizons cannot
be used generally.

Lagqueus Subzone
(PL. 63, fig. 5)

INDEX SPECIES. Alsatites lagueus (Quenstedt, 1856 : 43, pl. 3, fig. 5). See Donovan
(1952 : 642).

NOMENCLATURE. [First used in the explanations to plates 2 and 3 of Reynés’ Atlas
(1879). Spath (1942) adopted the index for the lower subzone of his Angulata Zone.
Lange’s Costatum Zone (1931 : 352) is a synonym. Buckman'’s gallica, prometheus,
laqueus and megastoma hemerae correspond to the subzone (1930 : 47).

STRATIGRAPHY. The subzone is recognizable throughout the province. Waehnero-
ceras may range up into it, and the boundary with the Portlocki Subzone is taken
at the first appearance of the index species or of the genus Saxoceras which is
characteristic of the subzone.

ANGULATA ZONE
(PL. 64, fig. 5)

INDEX SPECIES. Schiotheimia angulata (Schlotheim, 1820:70). Lectotype
designated and figured by Lange (1951 : 33, pl. 1, fig. 2).

NOMENCLATURE. First used by Oppel (1856 : 28). The Marmorea Zone of Waeh-
ner (1886 : 169-170), used by Buckman as a hemera (1898, Table facing p. 450),
and as a zone (19104 : xVvi), is a synonym as far as the present province is concerned,
although a valid zone for the east Alpine area ; the index species is a Charmasseiceras
(Donovan, 1952 :653) and is not confined to the Angulata Zone. The Moreanus
Zone of Martin (1860 : 38) is a synonym, and was said by Martin to be the equivalent
of the Angulata Zone.

Buckman'’s acuticosta, angulata, marmorea and phoenix hemerae correspond to the
zone (1930 : 47).

STRATIGRAPHY. The base of the zone is marked by the incoming of Schlotheimia
(s.s.), and the top by the appearance of Coroniceras (Metophioceras). The latter
horizon may not be constant but a better criterion cannot be suggested at present.
The zone as now interpreted is equivalent to Angulata Subzone of Spath (1942).
It is not easy to recognize subzones of general usefulness. Three are recognized in
North Germany, but only two are provisionally adopted here.

1 Psilophyllites hagenowi has the same shell-form as Psiloceras, and is distinguished only by the septal
suture. There are transitional species (** Neophyllites ' of Lange, 1941).
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Extranodosa Subzone
(P1. 64, fig. 1)

INDEX SPECIES. Schlotheimia extranodosa (Waehner, 1886 : 168, pl. zo, figs. Io,
11). See Donovan (1952 : 651).

NOMENCLATURE. The name replaces Germanica Zone of Lange (1922 : 461-462)
whose index species was a nomen nudwm when the zone was introduced, and on
description (Lange, 1924 : 201 ; 195I:69, pl. 8, fig. 11} proved to be synonymous
with S. extranodosa (Donovan, 1952).

STRATIGRAPHY. The subzone is well developed in North Germany, and is repre-
sented in southern England by the index species (Donovan, 1956 : 186). The suces-
sion within the Angulata Zone in France is insufficiently known. In North Germany
a zone of Schlotheimia amblygonia Lange is recognized below the Extranodosa
(‘“ Germanica ") Subzone, within the Angulata Zone ; it has not been distinguished
elsewhere.

Complanata Subzone
(PL 64, fig. 2)

INDEX SPECIES. Schlotheimia complanata von Koenen (1902 : 9, pl. 7, figs. 4-6).
Type refigured by Lange (1925, pl. 21, figs. 54, b).

NoMENCLATURE. The name replaces Stenorhyncha Zone of Lange (1922 : 461,
463). When first used the index species Schlotheimia stenorhyncha was a nomen
nudum, but it was described by Lange (1924 : 202) and figured in 1951 (pl. 15, figs.
1a, b). Spath (1942 : 267) suggested a complanata horizon to replace Lange’s stenor-
hyncha, then stillunfigured. In the present writer’s view the two species are synonyms.

STRATIGRAPHY. This subzone forms the highest subdivision of the Angulata
Zone in North Germany but is only locally developed (Lange, 1922 :463). In
southern England the subzone is represented by beds with Schlotheimia similis
Spath, closely related to the index species, in Dorset (Lang, 1924 : 181) and Somerset
(Donovan, 1956 : 201, etc.). In southern England the beds with S. simulis are
succeeded by strata with giant species (S. pseudomoreana Spath) but palaeontological
data are inadequate, and the beds have not been traced elsewhere, although they
may be represented by Jiingst’s (1938 : 154, 163) ““ Unnamed zone” with large
Schlotheimiidae above the * Stenorhyncha ” Zone in the Pfdlz area of western
Germany.

SINEMURIAN STAGE

The division into zones is unchanged from that of Spath (1942), with a few changes
to subzones and consequent slight alterations in zonal boundaries. The zones date
from Oppel, except that the upper part of his Bucklandi Zone has been separated
as the Semicostatum Zone, and his zone of Pentacrinus tuberculatus has been replaced
by an ammonite zone, the Turneri Zone. The division into Lower and Upper Sine-
murian was first made by Oppel (1856 : 59) who spoke of Obtusum, Oxynotum and
Raricostatum Zones as constituting the Upper Sinemurian.
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The Lotharingian Stage of Haug (1910 : 948) was used for the Turneri (also called
Birchi, p. 964), Obtusum, Oxynotum and Raricostatum Zones, the last two being
used as alternatives by Haug. Lotharingian was erroneously equated with Upper
Sinemurian in Oppel’s sense by Spath (1g94z). Certain French authors have used the
Lower Sinemurian for the Bucklandi and Semicostatum Zones only, thus making
the Upper Sinemurian larger and equivalent to Lotharingian (e.g. Gignoux, 1950 :
352), while others (e.g. Abrard, 1948 : 12) follow Haug (1910) in restricting Sine-
murian to these two zones. Buckman (19104 : xvi) excluded the Raricostatum Zone
from the Sinemurian and placed it at the base of the Charmouthian Stage.

The Sinemurian as here understood includes four stages introduced by Buckman
(1917 ; 1918 :267-275): Lymian, Mercian, Deiran and Raasayan. Having been
defined in terms of a hypothetical hemeral system their limits are not well established.
Lymian corresponds to the Bucklandi and Semicostatum Zones, but includes a
birchi hemera at the top. Since the brooki and furner: hemerae were excluded it
cannot be synonymous with Lower Sinemurian, although it was so equated by
Spath (1942 : 265). Mercian corresponds approximately to the Turneri and Obtusum
Zones, and Raasayan includes the Raricostatum Zone. These terms are not adopted
in this paper.

The Sinemurian from the base up to the Oxynotum Zone inclusive corresponds to
the Asteroceratan Age of Buckman (1898 : 447), later restricted by the separation
of Vermiceratan, Coroniceratan, Agassiceratan, Microderoceratan and Oxynoticera-
tan Ages. Buckman’s Deroceratan Age, as later restricted, corresponds approxi-
mately to the Raricostatum Zone but includes the base of the Jamesoni Zone.

BUCKLANDI ZONE
(PL. 64, fig. 3)

INDEX SPECIES. Arietites bucklandi (J. Sowerby, 1816 : 69, pl. 130). See Donovan
(1952 : 718). The neotype was figured by Arkell (1956, pl. 31, fig. 4).

NOMENCLATURE. Introduced by Oppel (1856 : 35), and later restricted by the
proposal of the Semicostatum Zone (see p. 45I).

STRATIGRAPHY. The two lower subzones reflect an evolutionary trend in the
genus Coroniceras and are well established, but stratigraphy of the upper part of the
zone is less satisfactory. Vermiceras scylla (Reynés) is found in the Conybeari
and Rotiforme Subzones, and the Schlotheimiidae Charmasseiceras occurs throughout
the zone.

Conybeari Subzone
(PL. 64, fig. 4)

INDEX SPECIES. Coroniceras (Metophioceras) comybeari (J. Sowerby, 1816 : 70,
pl. 131). See Donovan (1952 : 728).

NoMENCLATURE. First used, as a zone, by Tutcher (1918 : 279). Trueman (1922 :
251) placed it as the lowest subzone of the Bucklandi Zone. Spath (1924 :187%)
included in the Conybeari Zone two hemerae, longidomus and brevidorsale, on the
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basis of records of these species from Wiirttemburg. Hoffmann (1949 : 114) adopted
Vermiceras longidomus as a zonal index for the lowest zone of the Sinemurian, and
as Coroniceras (Metophioceras) longidomum (Quenstedt) the index was used for south-
western Germany by Walliser (1956 :217). Longidomum Zone is a synonym of
Conybeari Subzone as here used.

The subzone includes the longidomaus, brevidorsale and scylla hemerae (Buckman,
1930 : 47). The charmasser hemera was placed by Buckman (1925 :78) above his
bucklandi hemera, but it probably falls in this or in the next subzone.

STRATIGRAPHY. There is general agreement that the appearance of the subgenus
Metophioceras marks the base of the Sinemurian. It has been recorded throughout
the province, with the exception of north-western Germany, where there is a non-
sequence at this level (Hoffmann, 1949 : 114). Further subdivision does not seem
practical. Spath’s hemerae mentioned above were adopted by Muller (1941, Table 2)
as subdivisions, of unspecified rank, of the Conybeari Subzone. According to Walliser
(1956 : 197, 216), who states that the two species are closely allied, their ranges
overlap, but Coroniceras (Metophioceras) longidomum (Quenstedt) appears first
and C. (M.) brevidorsale (Quenstedt) survives later. There is no evidence yet that
this succession is of more than local importance.

Rotiforme Subzone
(PL. 65, fig. 2)

INDEX SPECIES. Coroniceras votiforme (J. de C. Sowerby, 1824 :76, pl. 453).
See Donovan (1952 : 730).

NOMENCLATURE. Amumonites rotiformis was first used as a zonal index by Collenot
(1879 : 790), replacing his earlier and incorrect use of Awm. scipionianus above
Angulatus and below Bucklandi (1869 :132). Trueman (1922 :251) reduced the
zone to the status of a subzone of the Bucklandi Zone. Fiege (1926 : 210) spoke of
a “ Zone of Avietites Schloenbachi > which is probably synonymous with Rotiforme
Subzone. He stated that Coroniceras westfalicum ILange was identical with C.
schloenbachi (Reynés), but later Hoffmann (1949 : 114) employed these two species
as indices for successive zones, presumably with special reference to Germany.
The subzone includes the kridion, rotator and schloenbachi hemerae (Buckman,
1925 : 78 ; 1930 :47).

STRATIGRAPHY. The subzone succeeds the Conybeari Subzone throughout the
province, the lower boundary being marked by the incoming of Coroniceras (s.s.).
The upper boundary is not so satisfactory, but is conveniently drawn immediately
below the appearance of large ammonites of the genera Ariefites and Pararnioceras :
the matter is discussed below (Bucklandi Subzone). Locally the subzone can be
divided but it does not seem possible to correlate the subdivisions in England and
Germany. In southern England Coroniceras rotiforme and allied species, such as
C. schloenbachi (Reynes), are confined to the lower part of the subzone, while the
upper part is characterized by Coroniceras caprotinum (d’Orbigny) and C. hyatti
Donovan,! as demonstrated by Donovan (1956 : 207, 210-211) and confirmed by the

! This group is referred to as Arnioceratoides in the publications of Spath and Trueman.
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Stowell Park Borehole (Spath, 1956:157). In Germany Coroniceras westfalicum
is stated to be earlier than C. schloenbachi, as noted above, but a separate C. caproti-
num horizon has not been distinguished. Coroniceras caprotinum is found in Wiirt-
temberg, as shown by the series of examples from Vaihingen figured by Reynés
(see Donovan, 1955 : 27). The latest work on the South-west German Lias (Walliser,
1956) does not distinguish any subdivisions of the Rotiforme Subzone. In France,
in the type area of the Sinemurian (the Semur area, Cote d’Or), the horizon with
C. rotiforme is succeeded by one characterized by C. kridion,! recalling the succession
in southern England. The C. kridion fauna is already accompanied by Pararnioceras
meridionale (Reynes) (Mouterde, 1953 : 396).

Bucklandi Subzone
(PL 64, fig. 3)

INDEX sPECIES. See Bucklandi Zone.

NOMENCLATURE. See Bucklandi Zone. After the separation of the Semicostatum
Zone, the zone was further restricted by the introduction of the Rotiforme Zone.
In 1942 Spath reduced this restricted zone to the status of a subzone of the Bucklandi
Zone.

The subzone includes the bucklandi hemera of Buckman (1930 : 46) and probably
the charmassei hemera of Spath (1924).

STRATIGRAPHY. It is often difficult to delimit the subzone for the index species
is seldom common, and has often been misinterpreted. Like Pararnioceras meridionale
(Reynés), which also occurs in the subzone, it is a large ammonite and is rarely
collected ¢n situ. Its stratigraphical position has been confirmed in the Bristol
Region (Donovan, 1956 : 203). Certainly in Britain, and probably throughout the
province, Avietites bucklands? is not a good subzonal index fossil, but nothing better
can yet be suggested. There should be no hesitation in abandoning it if a better
species is forthcoming.

In the Stowell Park Borehole Spath (1956 : 160) noted three distinct divisions of
the subzone, but they cannot be correlated with sections elsewhere. The ammonites
referred by Spath to his genus Epammonites (probably merely closely ribbed species
of Coroniceras (Primarietites)) are found in the subzone. The remaining noteworthy
feature of the subzone is the first appearance of the genus Avnioceras.

SEMICOSTATUM ZONE
(P1. 63, fig. 4)

INDEX SPECIES. Arnioceras semicostatum (Young & Bird, 1828:257, 359).
The holotype was refigured by Buckman (19184, pl. 112) and again by Jaworski
(1931, pl. 5, figs. 14, b).

1 Covowiceras kridion (Hehl MS. in Zieten), the type of which has recently been refigured by Walliser

(1956, pl. 10, fig. 5) is apparently the inner whorls of a species of the hyatti-caprotinum group. It is not

the inner whorls of C. rofiforme.
* As properly restricted ; in the past it was often used as all-embracing name for large, bisulcate

arietitids.
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NOMENCLATURE. The zone was proposed by Judd (1875:42) to replace the
Geometricus Zone used by Oppel for the upper part of his comprehensive Bucklandi
Zone. Oppel's Ammonites geometricus (1856 : 79) was a homonym of Ammonites
geometvicus Phillips (1829), and as such was rejected by Spath (1942 :266) as a
zonal index. Lang’s Arnioceras Zone (1914 : 312) is a synonym.

STRATIGRAPHY. The existing subzones, adopted by Spath (1942) from Tutcher
(1918), are retained except that Gmuendense is replaced by Reymnesi Subzone (see
below). The genus Arnioceras itself is of little stratigraphical use : it has a long range,
up to a horizon high in the Obtusum Zone, and although Spath (1956 : 161) has
given a succession of species, the fact remains that species from the Obtusum Zone
(e.g. A. semicostatoides Spath) are barely distinguishable from A. semicostatum,
unless exceptionally well-preserved material is available (Spath, 1956 : 151). The
zone is retained, in default of a better alternative, but the presence of the index
fossil, without supporting ammonites, cannot be taken as positive evidence for its
identification.

In consequence of the abandonment of the Alcinoé Subzone the boundary between
the Semicostatum and Turneri Zones is placed higher than by Spath (1942), at the
incoming of Caenisites instead of at the disappearance of Euagassiceras.

Reynesi Subzone
(Pl 65, fig. 5)

INDEX SPECIES. Coroniceras reymesi (Spath, 1923 :7%2). Lectotype figured by
Reynés (1879, pl. 24, figs. 27, 28) and designated by Donovan (1952 : 738).

NOMENCLATURE. The subzone is here proposed to replace the Gmuendense
Zone introduced by Buckman (19104 : xvi), and adopted by Spath (1942) as the
lowest subzone of the Semicostatum Zone. Awmsnonites gmuendensis Oppel was
described but never figured by its author, and Prof. Dehm, of Munich, informs me
(im Litt.) that no type material can now be recognized. Numerous figures purporting
to represent the species have been published but they include several species, and
Spath’s selection (1922 : 173) of Reynes’ figures was irregular. As the species cannot
be defined it cannot be used as a zonal index.

The gmuendense, meridionalis and vercingetorix hemerae (Buckman, 1918 : 274 ;
1930 : 46) fall in the subzone.

STRATIGRAPHY. In Somerset Coronicevas reynesi is abundant in the beds above
the Bucklandi Subzone, which also yield occasional examples of Paracoroniceras,
that is, species related to C. reynesi in which the outer whorl acquires a trigonal
section. The species occurs in Germany (the syntypes ; compare also the ammonites
figured by Fiege (1929) as Arietites bucklandi) but precise stratigraphical information
is lacking. In France data are also insufficient; it is possible that Mouterde’s
horizon of Arnioceras ceratitoides (1953 : 306-397) represents this subzone.

GEOL. 4, IO. 41















































































































































































































































































































