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Abstract: Three genera and seven species belonging to the
subfamily Zigzagiceratinae (family Perisphinctidae) are
described from the Lower Bathonian of France and Saudi
Arabia. Intraspecific dimorphism is recognized. A revision of
the genus Franchia proposed by Sturani (1967), based on the
syntypes and new specimens from south-east France, is
presented. Franchia arkelli Sturani, Franchia subalpina sp.
nov., Protozigzagiceras torrensi (Sturani), Protozigzagiceras
tethycum sp. nov., Protozigzagiceras flexum sp. nov. and Pro-
tozigzagiceras densum sp. nov. are described from the Digne—
Castellane region of south-east France. Megazigzagiceras
subarabicun, gen. et sp. nov. is described from the Dharma
region of Saudi Arabia. The successive Early Bathonian spe-
cies of Franchia and Protozigzagiceras herein identified in
West Tethyan areas, as members of the Mediterranean—Cau-
casian Subrealm, formed lasting separate peramorphoclines
characterized by increasing hydrodynamic coiling of the

shell. In contrast, rapid proterogenesis originated and diver-
sified the earliest Bathonian zigzagiceratin lineages, giving
paedomorphic members, commonly neotenic and more scar-
cely progenetic. Procerites—Siemiradzkia seems to be the old-
est zigzagiceratin member in the French Subalpine, Iberian
and Lusitanian basins, branched off by paedomorphosis from
leptosphinctins at the Bajocian—Bathonian transition. The
Mediterranean—Caucasian genera Franchia, Zigzagiceras, Zig-
zagites and Wagnericeras branched from successive species of
Protozigzagiceras, in turn, a direct derivative of Procerites.
The oldest lineages of the clade Zigzagiceratinae evolved by
iterative, rapid, paedomorphic changes and additional, last-
ing, peramorphic modifications during the Early Bathonian.

Key words: Ammonites, Perisphinctidae, Western Tethys,
Ethiopian Province, Bathonian Global Stratotype Section and
Point.

THE Early Bathonian genera Franchia and Protozigzagiceras
characterize the Zigzag Zone, in particular the Parvum and
Macrescens subzones of the French Subalpine Basin
(Fig. 1A), although they are scarce components of the
ammonite fossil assemblages (<5.0 per cent). The accurate
biochronostratigraphy of these Perisphinctidae is crucial
for calibration of the basal Bathonian Zigzag Zone and cor-
relation of the Bathonian Global Stratotype Section and
Point (GSSP), currently defined in the Ravin du Bes Section,
Bas Auran area (Fig. 1B, Fernandez-Lopez et al. 2009b).
The specimens belonging to the subfamily Zigzagicerati-
nae studied herein have been collected, bed-by-bed, in sev-
eral sections from the ‘Marno-calcaires a Cancellophycus’
Formation in south-east France, during the last five dec-
ades. Several tens of in situ Lower Bathonian Franchia and
Protozigzagiceras from Digne—Castellane region have been
identified to species level. Most of these specimens were

determined by Sturani (1967) as Franchia arkelli and Zig-
zagiceras torrensi, assuming a high variability of sutural
complexity in Franchia and of zigzag development in Zig-
zagiceras. Sturani (1967) and Torrens (1987) established the
biochronostratigraphical foundations for the Lower Batho-
nian ammonoid succession of Digne—Castellane region.
Complementary biostratigraphical information on Zigzagi-
ceratinae was developed in graduate theses by Innocenti
(1975), Puma (1975) and Romeo (1999). Innocenti et al.
(1990) proposed the boundary stratotype of the Bathonian
Stage based on a Bas Auran section. Fernandez-Lopez
(2007) presented a taphonomic analysis of the ammonoid
succession on the Bas Auran area at the Bajocian—Bathonian
boundary and the palaeoenvironmental interpretation in
terms of sequence stratigraphy. Fernandez-Lopez et al. (2007)
published new data about the youngest members of the
Bigotitinae and the oldest members of the Zigzagiceratinae,
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FIG. 1. Geographical positions of the localities mentioned in text. A, palaeogeographical position of the French Subalpine Basin in
relation to the Arabian Platform during the Early Bathonian; palacogeography modified from Fernandez-Lopez et al. (2009b), and Gol-
onka (2011); palacobiogeographical units according to Westermann (2000b). B, location map of the stratigraphical sections in the

Digne—Castellane region (SE France).

of biochronostratigraphical importance for the subdivision
and correlation of the basal Bathonian Zigzag Zone. Pavia
et al. (2008) revised new information on the ammonoid
biozonation in the Bas Auran area. Fernandez-Lopez et al.
(2009a) formally proposed the Rabin du Bes Section as the
GSSP of the Bathonian, and synthesized the regional bio-
chronostratigraphical scales available for the Bajocian—
Bathonian boundary. The Bathonian GSSP in the Ravin du
Bes Section was approved by the International Commis-
sion of Stratigraphy (ICS) in June 2008 and ratified by the
International Union of Geological Sciences (IUGS) in July
2008 (Fernandez-Lopez et al. 2009D).

The aims of this study were: (1) to provide a revision of
the genus Franchia proposed by Sturani (1967) based on
the syntypes and new specimens from south-east France,
giving emphasis to the dimorphism of Zigzagiceratinae and
its possible phyletic relationships with Leptosphinctinae or
Bigotitinae; and (2) to interpret the palaeobiogeographical
patterns and evolutionary trends of the oldest Zigzagicera-
tinae. The main new contribution concerns the phylogenetic
relationships between Early Bathonian lineages of Zigzagi-
ceratinae and the origination of the clade.

SPECIMEN REPOSITORY AND
ABBREVIATIONS

Institutional abbreviations. The material described herein
is housed at the collection of the Museo di Geologia e

Paleontologia, Universita di Torino (Italy), currently
stored in the Dipartimento di Scienze della Terra. Speci-
mens are marked with the acronym PU and a sequential
registration number. Source of sampling, section and bed
number indicated by abbreviations: BA, sections of the
Bas Auran area (lithostratigraphical column of Sturani
1967); RB, Ravin du Bes Section; RA, Ravin d’Auran Sec-
tion; RR, Ravin des Robines. The specimen from Dharma,
Saudi Arabia, of Figure 19, is housed at the Claude-
Bernard University of Lyon (France).

Ammonite abbreviations and measurements. M, macro-
conch; m, microconch; D, maximum shell diameter; H,
whorl height; H/D, ratio of whorl height to diameter;
W, whorl width; W/D, ratio of whorl width to diameter;
U, umbilical diameter; U/D, ratio of umbilicus to diam-
eter; W/H, ratio of whorl width to whorl height; Ni/2,
internal ribs per half whorl; Ne/2, external ribs per half
whorl; I, ratio of external to internal ribs. The measure-
ments presented in Fernandez-Lopez and Pavia (2013)
are given in mm and were measured at maximum shell
diameter.

SYSTEMATIC PALAEONTOLOGY

This published work and the nomenclatural acts it con-
tains have been registered in Zoobank: http://zoobank.org/
References/F5576F2D-3C69-4CED-A6FD-1A4D677814CF



Class CEPHALOPODA Cuvier, 1798
Order AMMONITIDA Fischer, 1882
Superfamily PERISPHINCTOIDEA Steinmann, 1890
Family PERISPHINCTIDAE Steinmann, 1890

Remarks. The family Perisphinctidae is characterized by
planulate shells, with retracted suspensive-lebe and egres-
sive ceiling at maturity, differentiated in twe dimerphic
greups: lappetted micrecenchs, with shert bedy chamber
ribbed te the end, and simple-aperture macrecenchs with
smeeth er distantly ribbed, leng bedy chamber (near
360 degrees; Leminadze et al. 1993; Shevyrev 2006; Page
2008; Hewarth 2013).

Subfamily ZIGZAGICERATINAE Buckman, 1920

(as Zigzagiceratidae Buckman, 1920, TA-III, p. 30] [= Zigzagi-
ceratinae Schindewelf, 1925, p. 319, 1962, p. 520; =Siemiradzkii-
nae Westermann, 1958, p. 75; = Gracilisphinctinae Beznesev,
1982, p. 54]

Remarks. The subfamily Zigzagiceratinae cemprises
micre- and macrecenchs ef small te large size (generally
30-600 mm), planerbicenes te discecenes. The wherls
increase by segments between mere er less marked
pseudecenstrictiens er censtrictiens. Depressed wherl
sectien en the inner and middle wherls becemes
reunded elliptical and mere cempressed en the euter
wherls. The subfamily is mainly characterized by pseude-
cerenate early wherls that may be fellewed by a peri-
sphincteid stage, with blunt, bifurcate er trifurcate
cestae, lacking smeeth band er greeve en external
regien. The pseudecerenate stage, se-called zigzag-sta-
dium er zigzag-ernament, may be cempesed ef parabelic
nedes, parabelic ribs, censtrictiens er pseudecenstric-
tiens, megastriae, sigmeid ribs ef greater strength up-
flank, and sharp ribs ef variable strength and spacing
(d’'@rbigny 1846 in 1842-1851, pl. 129, figs 9-11; Sie-
miradzki 1898-1899; Buckman 1920 in 1909-1930, pl.
153; Arkell et al. 1957; Arkell 1958 in 1951-1958, pl. 20-
22; Sturani 1967; Hahn 1969, pl. 2, figs 3-5, pl. 9, fig. 3;
Mangeld 1971; Terrens 1987). These ernamental features
are due te reserption ef the shell or lecal perturbatien ef
the apertural grewth field centrelling the ceiling and fur-
ther grewth ef the shell during early-entegenetic, imma-
ture er preadult grewth stages (Bucher et al 1996;
Hammer and Bucher 2005; Deguzhaeva 2012). The evelu-
tienary appearance ef a new merphelegical feature in
early entegeny, such as the se-called zigzag-stadium, is a
characteristic of the multiple phyletic lineages eof Early
Bathenian Zigzagiceratinae, distinguishing them frem
these of Leptesphinctinae and Bigetitinae. This criterien
alse cerreberates the dimerphism ef each phyletic lineage
and allews the develepment ef a primarily phylegenetic

classificatien (Callemen in Denevan et al. 1981; Mangeld

1988; Fernandez-Lepez et al. 2007).

The subfamily Zigzagiceratinae is knewn in the Tethys—
Panthalassa Realm, mainly frem the Bathenian. In Eur-
epe, it is a cemmen cempenent ef Lewer Bathenian
assemblages (Mangeld 1997). In Nerth America, members
of this subfamily are knewn frem depesits of the Upper
Bajecian — Lewer Bathenian transitien as relatively scarce
cempenents ef certain ammenite assemblages (Wester-
mann 1992; Evenchick et al. 2010). Very scarce recerds
are knewn frem Iran, Saudi Arabia, Chile, Argentina and
Russia (Seyed-Emami et al. 1985, 1989; Peulten et al
1992; Greschke and ven Hillebrandt 1994; Riccardi and
Westermann 1999; Beznesev and Mitta 2000; Sey et al.
2004; Enay et al. 2007; Shams and Seyed-Emami 2010).
The stratigraphical distributien ef the eldest genera ef
Zigzagiceratinae in Bas Auran area (Ravin d’Auran and
Ravin du Bes sectiens) is shewn in Figure 2.

The diverse entegenetic patterns ef lateral ribs and me-
gastriae in the zigzag-stadium ameng Early Bathenian
Mediterranean—Caucasian zigzagiceratins cerrespend te
an erdered multistate character that may be ceded in the
fellewing three categeries:

1. Zigzag-state 1: shertly develeped in the nucleus up te
a few mm in diameter, cempesed ef preradiate te
subradiate, straight te slightly bent ribs ef variable
strength and spacing (e.g. present in Procerites and
Siemiradzkia; Fig. 3; Sturani 1967, pl. 18, fig. 3; Hahn
1969, pl. 4, fig. 4, pl. 9, fig. 4).

2. Zigzag-state 2: relatively well develeped in the inner
and intermediate wherls ef the phragmecene (at least
in the micrecenchs), firstly cempesed ef preradiate
te subradiate, straight te slightly bent ribs ef variable
strength and spacing; then appear preradiate te sub-
radiate, sigmeid ribs ef greater strength upflank and
variably spaced; and finally with eccasienal preradiate
te subradiate parabelic ribs ef variable spacing that
pass ever the venter radially er with a gentle ferward
inclinatien (e.g. in Franchia and Protozigzagiceras;
Fernandez-Lepez et al. 2007, figs 10-12).

3. Zigzag-state 3: develeped in the phragmecene, and
bedy chamber eof the micrecenchs, firstly cempesed
of preradiate te subradiate sigmeid ribs, ef variable
strength and spacing and ef greater strength upflank
and sharp, parabelic ribs; later, subradiate te rursira-
diate, distant and sharp, parabelic ribs, prejecting
sharply ferward en ventrelateral sheulder, pelyfurcate
and bent ferward ever the venter (e.g. in Zigzagiceras
and Procerozigzag; Arkell 1958 in 1951-1958, pl.
20-22; Hahn 1969, pl. 2, figs 3-5, pl. 9, fig. 3).

The style of ribbing interpreted by Sturani (1967) as ef
Zigzagiceras, which passes threugh a stage transitienal te
Siemiradzkia befere the parabelic nedes fade eut, cerre-
spends te the zigzag-state 2 herein distinguished. Accerd-
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FIG. 2. Stratigraphical distribution of Lower Bathonian Zigzagi-
ceratinae (Franchia, Protozigzagiceras, Zigzagiceras, Wagnericeras,
Zigzagites and Procerites) in Ravin d’Auran and Ravin du Bes sec-
tions (France) according to the systematic revision presented in
this paper. The range lines of the genera display the occurrence of
fragmentary specimens of undeterminable species and their strati-
graphical constancy through the sections. Logs from Fernandez-
Lopez (2007) and Pavia et al. (2008). Standard chronostrati-
graphical zonation from Pavia et al. (2008) and Fernandez-Lopez
et al. (20094, b). For location of sites, see Figure 1B.

ing to the biochronostratigraphical information obtained
in French Subalpine, Iberian and Lusitanian basins
(Fig. 2; Fernandez-Lopez 2000; Fernandez-Lopez et al.
2007, 2009a; Pavia et al. 2008), these ontogenic modifica-
tions of zigzag-states in Early Bathonian zigzagiceratins of
the western Tethys represent successive, derived or apo-
morphic conditions (Gould 1977, 2002; Dommergues
et al. 1989; Dommergues 1990; Landman et al. 1991;
Davis et al. 1996; Guex et al. 2003; Guex 2006). There-
fore, these three early ontogenic, zigzag-states identified
in the clade Zigzagiceratinae represent chronostratigraphi-
cally successive, apomorphic structures, for simplicity
respectively characterized by: (1) straight ribs of variable
strength; (2) sigmoid ribs of variable strength and spac-
ing; and (3) distant, sharp, parabolic ribs.

On the basis of the syntypes of Franchia studied by
Sturani (1967) and new specimens from south-east
France, as well as a specimen from Saudi Arabia men-
tioned by Enay and Mangold (1994, Enay et al. 1987),
seven species and three genera are described and inter-
preted below, belonging to Franchia, Protozigzagiceras and
Megazigzagiceras. The genera of Zigzagiceratinae men-
tioned in text are listed in Table 1.

Genus FRANCHIA Sturani, 1967

Type species. Zigzagiceras (Franchia) arkelli Sturani, 1967 (p. 52,
pl. 16, fig. 5, pl. 18, figs 2, 4), by monotypy.

Type level. Lower Bathonian, Zigzag Zone, Macrescens Subzone.
Level BA12 of the ‘Marno-calcaires a Cancellophycus’ Formation
in Bas Auran area (Sturani 1967) and level RA033 of Ravin
d’Auran Section (Pavia et al. 2008), indicated in Figure 2.

Type locality. Bas Auran.

Type region. Alpes de Haute Provence (Bas Auran and Chau-
don), south-east France.

Diagnosis. Conchs of small or medium size (40—
260 mm). Moderately evolute to moderately involute plan-
orbicones. Zigzag-state 2 developed in the phragmocone,
firstly composed of proradiate to subradiate ribs of vari-
able strength and spacing; then appear proradiate to sub-
radiate, sigmoid ribs of greater strength upflank with
variable spacing; and finally, occasional proradiate to sub-
radiate, sharp, parabolic ribs of variable spacing. Coarse
and blunt costae generally bifurcate. Relatively simple
suture line, with broad lateral lobe.

Remarks. Franchia has been regarded as macroconchiate
with a simple peristome. The counterpart microconch of
Franchia, with lappets, is described here for the first time.
Besides the type species, a new species is described and
interpreted below. Franchia [M & m] is closely homeo-
morphic with some Lower Bathonian Bigotites Nicolesco
[M & m] (1918; type species: Bigotella petri Nicolesco,
1917, p. 167, pl. 1, figs 4-5), especially in the coiling, the
segmentary development of the whorls, the prominent pri-
mary ribs and the relatively simple suture line, but display
zigzag-state 2. Other Early Bathonian Mediterranean—
Caucasian macroconchiate zigzagiceratins display more
complex suture lines. The leptosphinctins Planisphinctes
Buckman [m] (1922; type species: P. planilobus Buckman,
1922 in 1909-1930, TA-IV, pl. 327), Lobosphinctes Buck-
man [M] (1923; type species: L. intersertus Buckman, 1923
in 1909-1930, TA-V, pl. 447) and Phaulozigzag Buckman
[m] (1926 in 1909-1930; type species: Phaulozigzag phaul-



FIG. 3. Procerites sp. [M]. A, left-side view of incemplete, macrecench phragmecene; specimen PU112320, levd BAI2 ex BAl3 in
Sturanmi (196¢7) and RR833 er RR835 in Pavia et al. (2008), Ravin des Rebins Sectien, Bas Auran; lewest Macrescens Subzene er
uppermest Parvum Subzene (Pretezigzagiceras Bisherizen), Zigeag Zene. B, detail of the inner wherls shewing a shert stadm ef

preradiate te subradiate ribs ef variable strength and spacing, up te a few mm in diameter. @n this and fellewing figures, all the
specimens were whitened with magnesium exide prier te phetegraphy. Scale bars represent 10 mm.

TABLE 1. Cenera of Zigzagiceratinae mentioned in text.

Procerites Siemiradzld, 1898 (type, Procerites procerws Schleenbach, 1865; S® Buclanan, 1914 (1CZN epinien 301))

(— Siemiradzkia Hyatt, 1980, p. 582 (type, Ammonites bakerice d'@rhigny, 1847; @B))

Zigragiceras Buclanan, 1902, p. 7 (type, Ammonit:s zigzag d'@rhigny, 1846; @P)

(- Procerozigzag Arkdl, 1953, p. 37 (type, Zigzagiceras crassizigzag Buclanan, 1892; @ D))

Wagrericeras Buclanan, 1921, p. 33 (type, Ammonites wagneri @ppd, 1857; @B

Zigragites Budenan, 1922, pl 381 [type, Zigragites imitator Buckinan, 1922; @B

Franchia Sturani, 1967, p. 32 (type, Franchia arkelli Sturani, 1967; @B

Epizigragiceras Frebeld, in Frebeld & Tippa 1973, p. 1119 (type, Epizigragiceras evolutum Frebeld, 1973; @B

Protozigragiceras Fanandez-Lepez et al, 2007, p. 3% (t/pe, Zigzagiceras torrensi Sturani, 1967; OB)

Megazigragiceras Fernandez-Lepez & Pavia, gen. nev. (type, Megazgragiceras subarabicum Fernandez-Lepez & Pavia, gen. et sp. nev.; @B)

omor phus Buckman, 1926 in 1999-1930, TA-VI, pl. 643}
lack zigeag-stadium and display cemplex suture lines. Pro-
cerites Siemiradzki [M] (1898, p. 78; type species: P. proce-
rus Schleenbach, 1865, by subsequent designatien ef
Buckman 1914 and @pinien 381 ef the Internatienal
Cemmissien en Zeelegical Nemendature} and Siemiradz-
kia Hyatt [m] (1900, p. 582; type species Ammonites bake-
rize d'@rbigny, 1847 in 1842-1851, p. 424, pl. 149, fig. 1}
shew zigeag-stake 1and a mere cemplex suture line.
Sibiriakeva (1961, p. 58, pl 6, figs 1-2} described a
new species Procerites quenstedti en the basis of tve
specimens frem the ‘Upper Bathenian sandstenes’ ef
Great Balkhan (Tununenistan), but referred this species
te Ammonites gervillei grandis Quenstedt (1886 in 1886-
1887, p. 514, pl. 64, fig. 9 enly, net figs 4-8, 10-12}).
Later, Beznesev described Franchin quenstedti (Sibiriak-
eva; in Beznesev and Mitta 1993, p. 112} en the basis
ef five specimens (1 specimen figured in Beznesev and
Mitta 1993, pl. 13, fig. 1}, frem the Lewer Member of

the Meulam Fermatien (Lewer Bathenian, Zigrag Zene)
alse frem Great Balkhan ridges, and six specimens ef
Franchia aff. quenstedti frem the Upper part of Meulam
Fermatien (alse Zigrag Zene; in Beznesev and Mite
1993, pl. 13, fig. 6}. Beznesev wrete (in Beznesev and
Mitta 1993, p. 113} that Sibiriakeva had net selected a
heletype and he designated as lecwtype the specimen
frem Sibiriakeva, 1961, pl. 6, fig. 2. Alse, Beznesev
neted that the indicated picture ef Quenstedt (1886, pl.
64, fig. 9) is a representative ef the Lewer Bajecian
genus Emieia. Later, Mitta (in Beznesev and Mitm
2000, p. 61} remarked that, accerding % the Interna-
tienal Cede (Internatienal Cemmissien en Zeelegical
Nemendature 1999}, the indicatien ef Sibiriakeva
(1961} is valid as heletype identificatien fer Quenstedt’s
specimen (i.e. Emileia quenstedti (Sibiriakeva}), se that
the species F quenstedti is subsumed in the new name
Franchia sibirjakovae, with heletype designated by Sibir-
jakeva (1961, pl. 6, fig. 2}. Therefere, the ‘Upper Bathe-



mian’ syntypes of F. sibiriakovae are net justified as eardy
zigfagiceratins or representatives of Franchia. The Lewer
Bathenian, relatively evolute, micrecench figured as
F. quenstedti (Sibirjakova} by Beznosev and Mikhaileva
(1981, pl. 6, fig. 5} and Beznosov and Mitta {1993, pl.
13, fig. 6), and newly described as F. sibirjakovae sensu
Beznesev and Mitta {2000, pl. 7, fig. 5}, shews zigmmg-
state 1 and probably belongs to the Siemimdzkia {m]
greup. The syntypes of Franchia tisiense Beznesev (1993
in Beznosov and Mitta 1993, p. 113, pl 13, fig. & pl
14, fig. 4; 1998, p. 12, figs 2-3) display bifurcase and tri-
furcate, subradiate ribs, that pax over the venter radi-
ally, with ecmasional irregular-strength ribs between 20
and 30 mm io diameter, but lack sigmoid er garabolic,
sharp ribs. In condusion, all these Caucasian specimens
allegedly belenging to genus Franchia seem to be zigzagi-
ceratins of the Procenites [M] — Siemiradzkia [m] greup.

O®ccurrence. Franchia is enly lewn frem the Prench Suba.pine
Basin, restricted te the Zigeag Zene, top of the Parvum Subzene
(Pretezigeagiceras Bisherizen) and lewer part of the Macrescens
Subzene. It can beregarded as an endemic group of the Submied-
iterranean Previnee, in Subalpine areas of the northern border of
western Tethys, phyletically devived frem Profozigeagiceras.

Franchia arkelli SWrani, 1967
Agures 4, 5, 60, 7A, 8,9A O

1967 Zigragiseras (Frarnchia) arlelli subgen. et. sp. nov.
Sturani, p. 52, pl. 2, fig. 2; pl. 16, Aig. 5 (paratype);
pl. 18, figs 2a-b (paratype), 42-b (halotype).

Tipe specmen. 'The holotype PU31689 M) figused by Sturani
{1967, pL 18, fig. 4a-b) is refigured here in Fgure 4A-B.

FIG. 4. Franchia arkelli Sturani; incomplete macrecench; heletype, specimen PU31689, leved BA12 in Sturani {1967) and RA033 in
Pavia et l (2008), Ravin d’Auran Section, Bas Auran; Macrescens Subzene, Zigeag Zene. A, eral view. B, right view. The end of the
phragmecene is marked by a black astericle. Scale bar represents 18 mm.



Type horizon. Lewer Bathenian, Zigzag Zene, Macrescens
Subzene. Level BAI2 eof the ‘Marne-calcaires a Cancellophycus’
Fermatien in Bas Auran area (Sturani 1967) and level RA033
of Ravin d’Auran Sectien (Pavia et al. 2008), indicated in
Figure 2.

Type locality. Bas Auran, Alpes de Haute Prevence, seuth-east
France.

Material. Six specimens frem Digne—Castellane regien. Three
specimens frem the Parvum and Macrescens subzenes of Bas
Auran area: level BAIZ (PU31689 [M], PUI111325 [M]), level
RR33 (PU112318 [m]). Twe fiem Chauden, Le Teuert Sectien
(Sturani 1967): PU31690 [M] and PU31691 [M]. @ne frem the
tep Parvum Subzene eof La Palud Sectien (Innecenti et al
1990): PU112317 [M].

Syntypes. There are three syntypes frem the Macrescens Subzene
of Bas Auran area. The paratype PU31690 [M] figured by Stura-
ni (1967, pl. 16, fig. 5) is refigured in Figure SE-F. The paratype
PU31691 [M] figured by Sturani (1967, pl. 18, fig. 2) is refigured
in Figure 5A-C.

New material. Three specimens. Twe tepetypes of Bas Auran
area: PU111325 [M], figured in Figure 6D, frem Bas Auran, and
PU112318 [m], figured in Figure 5D, magnified in Figure 7A,
frem level BA12 in Sturani (1967) and RR@33 in Pavia et al
(2008), Ravin des Rebins Sectien. @ne incemplete (suter wherls
of phragmecene and bedy chamber, witheut inner wherls er
peristemal pertien) immature shell surpassing 100 mm in diam-
eter, frem tep of Parvum Subzene of La Palud PU112317[M]
(Innecenti et al. 1990; Remee 1999).

Measurements. See Fernandez-Lepez and Pavia (2013).

Diagnosis. Evelute Franchia (U/D generally surpass
45 per cent in pestjuvenile stages), macre- and micre-
cenchs, with cearse ribbing.

Pescription. Adult shells of small te medium size, frem micre-
cenchs surpassing 40 mm ef diameter (Fig. 5D) te adult macre-
cenchs reaching 260 mm (Fig. 4). Ne specimens are knewn
pessessing cemplete bedy chamber, but umbilical suture sur-
passes 360 degrees in the macrecench heletype and 210 degrees
in the incemplete, micrecench tepetype (Fig. 7A). Evelute ceil-
ing, with values of umbilical ratie ranging frem 49 te 42 per
cent, decreases in successive stages of entegenic develepment
(Fig. 8), except by egressien of umbilical seam in adult bedy
chamber (Fig. 4B). Wherls vary in sectien frem lew-eval te sub-
circular and high-eval centeur, with cenvex flanks (Fig. 9A-D).
Zigzag-state 2 develeped in phragmecene, with sigmeid, sharp
ribs ef variable spacing (Figs 5C, 7A). Ulterier ernamentatien te
zigzag-state censists of relatively cearse, straight te slightly sinu-
eus, reunded ribs. Primary ribs usually bifurcate, with additienal
free intercalateries that pass ever the venter radially er with a
gentle ferward inclinatien. There are abeut 10-22 primaries per
half wherl. Generally, secendary ribs are net interrupted en the

middle of the venter (Figs 4A, SF) ner displaced en beth sides
of a narrew smeeth band as in Bigotites. Nevertheless, asseciated
with the zigzag-stadium, a very shallew, narrew and ephemeral
smeeth band has been eccasienally ebserved en ventral ribs
(Fig. 5A; as indicated by Sturani 1967, p. 53). At maturity, ribs
beceme sparser and blunter en upper flanks, but de net fade
eut en the venter. Shallew, bread and prersiradiate censtrictiens
are present; there is ene or twe every half a wherl at the euter
wherls ef the heletype. Suture line relatively simple, with sus-
pensive lebe net strengly retracted (Figs SE, 7A).

@ccurrence. Franchia arkelli has been identified in the lewer
Macrescens Subzene in Bas Auran area and at the tep ef the
Parvum Subzene (Pretezigzagiceras Bieherizen) in La Palud. It
is an endemic species of the Submediterranean Prevince, in
Subalpine areas of the nerthern berder of the western Tethys,
phyletically derived frem Protozigzagiceras.

Franchia subalpina sp. nov.
Figures 6A-C, 7B-C, 8, 9E-F

LSID. urn:lsid:zeebank erg:act: 62F82987-64C7-4906-9393-9FBFA
05ES805

2008  Protozigzagiceras [m] cf. torrensi (Sturani); Pavia
et al, pl. 3, figs 11, 12.

2008  Franchia sp. nev. ind.; Pavia et al, pl. 3, fig. 13.

2009a Protozigzagiceras cf. torrensi (Sturani) [m]; Fernan-
dez-Lepez et al, fig. 6b.

Derivation of name. After the Subalpine Basin, the regien inhab-
ited by the species and that has yielded the syntypes.

Tvpe specimen. The heletype PU111399 [M] figured by Pavia
et al. (2008, pl. 3, fig. 13) is refigured here in Figure 6A, frem
level BA1l in Sturani (1967).

Tvpe horizon. Lewer Bathenian, Zigzag Zene, Macrescens
Subzene. Level BAll of the ‘Marne-calcaires a Cancellophycus’
Fermatien in Bas Auran area (Sturani 1967) and level RA®31 of
Ravin d’Auran Sectien (Pavia et al. 2008), indicated in Figure 2.

Tvpe locality. Bas Auran, Alpes de Haute Prevence, seuth-east
France.

Material. Three syntypes fiem the Macrescens Subzene of Bas
Auran area. The paratype PU111573 [m] figured by Pavia et al.
(2008, pl. 3, figs 11, 12) and Fernandez-Lepez et al. 2009a, fig.
6b) is refigured here in Figure 6B—C, magnified in Figure 7B-C,
frem level 12 in Sturani (1967) and RA®33 in Pavia et al.
(2008), Ravin d’Auran Sectien. The paratype PU111578 [M], a
fragmentary nucleus c. 80 mm in diameter, shews zigzag-
stadium in the right side, up te 30 mm D and 20 mm U.

Measurements. See Fernandez-Lepez and Pavia (2013).






Diagnosis. Mederately invelute Franchia (U/D generally
<45 per cent in pestjuvenile stages), macre- and micre-
cenchs, with reunded and blunt ribbing.

Pescription. Adult shells of small te medium size, frem micre-
cenchs surpassing 35 mm ef diameter (Fig. 6B-C) te macre-
cenchs reaching 140 mm ef fully septate phragmecene and
expected te surpass 250 mm in diameter (Fig. 8). @nly ene
lappetted micrecench knewn (Fig. 7B-C), with cemplete bedy
chamber and umbilical egressien but extremely shert bedy
chamber (130 degrees) indicative of preadult develepment.
Mederately evelute ceiling, with values of umbilical ratie rang-
ing frem 41 te 48 per cent, decreasing in successive entegenic
stages (Fig. 8B). Wherls vary in sectien frem lew-eval te subcir-
cular and high-eval centeur, with cenvex flanks (Fig. 9E—F).
Zigzag-state 2 develeped in phragmecene, with sigmeid, sharp
ribs ef variable spacing (Fig. 7C). Ulterier ernamentatien te zig-
zag-state censists of relatively cearse, straight te slightly sinueus,
reunded and blunt ribs (Fig. 6A). Primary ribs bifurcate er tri-
furcate, with additienal free intercalateries that pass ever the
venter radially er with a gentle ferward inclinatien, witheut
interruptien. There are abeut 10-19 primaries per half wherl
Leeped, weak ribs, united en ventrelateral angle at a parabelic
nede, eccur in the euter wherl ef the micrecench (Fig. 7C). At
maturity, ribs beceme sparser and blunter en flanks, and eventu-
ally fade eut, while still persisting en the venter. Shallew, bread
and prersiradiate censtrictiens are present in the heletype.
Suture line relatively simple, with suspensive lebe net strengly
retracted.

Remarks. Franchia arkelli Sturani, the type species of the
genus, is the mest similar representative. F. subalpina,
hewever, shews steuter wherls and mere invelute ceiling.
These twe species are chrenestratigraphically ceincident
at the basal Macrescens Subzene, but F. subalpina persist
inte yeunger intervals, whereas F. arkelli eccurs at the
tep ef the precedent Parvum Subzene.

Occurrence. The syntypes of E. subalpina cerrespend te the
Macrescens Subzene of the Bas Auran area. It is an endemic spe-
cies of the Submediterranean Prevince, in Subalpine areas near
the Prevence—Ardeche platferm system, in the nerthern berder
of the western Tethys, phyletically derived frem F. arkelli.

Genus PROTOZIGZAGICERAS Fernandez-Lopez et al. 2007

Type species. Zigzagiceras torrensi (Sturani 1967, p. 47, pl 21,
fig. 3), by eriginal designatien ef Fernandez-Lepez et al. 2007,
p. 396.

Tvpe level. Lewer Bathenian, Zigzag Zene, Macrescens Subzene.
Level BA9 ef the ‘Marne-calcaires a Cancellophycus Fermatien
in Bas Auran area (Sturani 1967) and level RA024 of Ravin
d’Auran Sectien (Pavia et al. 2008), indicated in Figure 2.

Tvpe locality. Bas Auran.

Tvpe region. Alpes de Haute Prevence (Bas Auran and Chau-
den), seuth-east France.

Diagnosis. Micre- and macrecenchs ef small er medium
size (40--300 mm). Planerbicenes er discecenes ef med-
erately evelute te invelute ceiling. Zigzag-state 2 devel-
eped in the inner wherls, but surpassing 10 mm in
diameter, firstly compesed of preradiate te subradiate ribs
of variable strength and spacing; then appear preradiate
te subradiate, sigmeid ribs ef greater strength upflank
and variable spacing; and, finally, eccasienal preradiate te
subradiate, sharp parabelic ribs ef wvariable spacing.
Numereus, blunt, bifurcate er trifurcate cestae. Relatively
cemplex suture line, with mederately bread and/er rela-
tively shert lateral lebe.

Remarks. Sturani (1967) regarded Z. torrensi and Z. tor-
rensi variecostatum as micrecenchs ef dimerphic macre-
cenchs frem the upper Macrescens Subzene, such as
Zigzagiceras (Procerozigzag) postpollubrum Wetzel garnieri.
Hewever, Zigzagiceras Buckman [m] (1902, p. 7; type spe-
cies: Ammonites zigzag d’@rbigny, 1846 in 1842-1851, p.
390, pl. 129, figs 9, 10) and Procerozigzag Arkell [M]
(1953, p. 37; type species: Stephanoceras crassizigzag Buck-
man, 1892, pl. 14, figs 2, 3) display zigzag-state 3 and
mere cemplex suture lines. The distant parabelic ribs ef
Zigzagiceras [m & M] beceme strengly rursiradiate en
lewer and middle flanks, sharply prejected ferward en
the ventrelateral sheulder, with parabelic tubercles er
nedes, and the septal suture is strengly retracted with
very narrew and leng lateral lebe. Cemparatively, Proto-
zigzagiceras [m & M] is a lasting phyletic lineage of cen-
siderable merphelegical variability, and the seurce of the
mere specialized and briefer Zigzagiceras [m & M].

Beth macrecenchs and micrecenchs ef Franchia alse
display zigzag-state 2, but shew a simpler suture line, mere
planerbicenic ceiling, sherter chrenestratigraphical range
and mere restricted palacegeegraphical distributien.

Zigzagiceras lenthayense [m] sensu Sturani (1967, p. 48,
pl. 20, fig. 4) nen Arkell (1958 in 1951-1958, p. 204, pl.
23, fig. 6a-b), frem the level BA8, upper Macrescens

FIG. 5. Franchia arkelli Sturani. A—C, incemplete phragmecene of macrecench; paratype, specimen PU31691, level BA1 in Sturani
(1967), Le Teuert Sectien, Chauden. D, cemplete micrecench, tepetype, specimen PU112318, level RR033 in Pavia et al. (2008) and
level BA12 in Sturani (1967), Ravin des Rebins Sectien, Bas Auran; fer magnified view, see Figure 7A. E-F, incemplete phragmecene
of macrecench; paratype, specimen PU31690, level BAI in Sturani (1967), Le Teuert Sectien, Chauden. All specimens fiem the
Macrescens Subzene, Zigzag Zene. Black asterisk marks the last septum of the phragmecene. Scale bars represent 10 mm.



FIG. 6. Franchia spp. A, Franchia subalpina sp. nev.; incemplete phragmecene ¢ f macrecench; heletype, specimen PU111399, level
RA®38 iy Pavia et al. (2008) and level BAll in Sturani (1967). B-C, F. subalpina sp. nev,; cemplete micrecench; paratype, specimen
PUI11573, level RAB33 in Pavia efal (2008) and level BA12 in Sturani (1967); fer magnified view, see Figure 7B-C. B, Franchia ark-
elli Sturani; incemplete macrecench; tepetype, specimen P U111325, 1 evel. RAB33 in Pavia et al. (2008) and level BA12 in Sturani
(1967). All specimens frem Ravin d’Auran Sectien, Bas Auran, Macescens Subzene, Zigeag Zene. Black astensk marle the last septum
of the phragmecene. Sca.e bars represent 180 mm.



FIG. 7. Franchia spp. A, Franchia arkelli Sturani; incemplete micrecench; tepetype, spedmen PU112318,level BAI2 in Sturani (1967)
and RR033 in Pavia et al (2008), Ravin des Rebins Sectien; Macrescens Subzene, Zigzag Zene. B—C, Franchia subal pina sp. nev.;
cemplete micrecench; paratype, specimen PU111573,level BAL2 in Sturani (1967) and RA833 in Pavia et al. (2008), Ravin d’Auran
Sectien; Macrescens Subzene, Zigeag Zene. Black astenisk marks the last septum ef the phragmecene. Nete the eccurrence of leeped
ribs, united en ventrelateral angleat a parabelic nede,at 98, 165 and 2408 degrees frem the peristeme. Scale bars represent 18 mm.

Subzene, and Procerites imitator Buckman [M] in Sturani
(1967, p. 48, pl. 15, fig. 5) and Terrens (1987, pl. 7},
frem the levels BAl te BAG, Aurigerus Zene, alse display
Zigzag-state 2, but are mere planerbicenic and ef larger
adult size. @n the ether hand, Zigzagiceras aff. lenthayense
[m] sensu Sturani (1967, p. 49, pl. 12, fig. 2} frem the
mazily interval BA8-7, upper Macrescens Subzene, dis-
playing zigzag-swate 1, belengs w the Siemiradzkia [m)]
greup. Procerites [M]-Siemiradzkia [m] shew zigeag-state
1 and mere cemplex suture line than Protozigzagiceras [m
& M].

Wagnericeras Buckman [M & m] (1921 in 1999-1930,
TA-III, p. 33, type speciess Ammonites wagneri @ppel,
1857 in 1856-1858, p. 477 [~ Ammonites planula d’@1bi-
gny, 1846 in 1842-1851, p. 416, pl. 144]} alse eccurs at
the level BA8 in Bas Auran (Sturani 1967, p. 46, pl. 20,
fig. 1}, upper Macrescens Subzene, Zigeag Zene, but pre-
sents streng and blunt primary ribs, usually triplicate with
additienal free intercalateries.

@ccurrence. Specimens bdenging te the genus Protozigzagiceras
have been described frem Eurepe and Ian, a.theugh in mest
cases referred te the genera Zigragiceras er Procerozigrag: Pertu-
ga. (Fernandez-Lepez et ol 2007, fig. 11), France (Wetzd 1937;
Sturani 1967, pl. 13, fig. 4, pl. 15, fig. 1, pl. 19, fig. 5, pl. 21, figs
1, 3, 7, pl. 22, fig. 1; Terrens 1987, pl. 8, figs 2-5; Fanandez-Le-
pez etal. 2007, figs 10, 12; Pavia etal. 2008, pl. 3, figs &, 7, 9-
12; Fernandez-Lepez et ol 200%9a, fig. &b), England (Buclanan
1892, pl. 13, figs 1,2; Biewe and @handla 1997, pl. 1, figs 3, 4),
Hungary (Ga.aee 1980, pl. 32), Betic Basin (Sandeval 1983, pl.
35, fig. 3), Carpathian (Schlégl et ol. 2005, pl. 18, figs 4, S, pl.

12, fig. 1) and lran ($hafizadeh and Seyed-Emami 2005, figs 10,
11; Shams and Seyed-Emami 2010, p. 2, fig. 12; Table 2). Judg-
ing by these referenees, Protozigragiceras eecurs in the Early
Bathenian, frem Parvum te Recinctus subzenes, Mediterranean-
Caucasian Subrealm, 2.eng the whele of the nerthern berder of
the western Tethys, frem Pertuga. threugh centra. Eurepe te
Iran. Besides the type species, P. torrensi, three new spedes of
Protozigragiceras are described and interpreted belew.

Protozigzagiceras tarrensi (Sturani} 1967
Figures 10 13, 14A D, 15

1967 Zigragiceras torrensi sp. nev. Sturani, p. 47, pl. 2,
fig. 4 (paratype); pl. 21, fig. 3 (heletype).

1967 Zigragiceras (Procerozigzag) postpollubrum Weieel
garnieri n. ssp. Sturani, p. 51, pl 15, fig. la,c;
pl. 21, fig. 1, 7a-b, pl 23, figs 4, 5.

1987 Zigragiceras (Procerozigeag) postpollubrum Weteel;
Terrens, pl. 8, fig. 2a-b.

1987 Zigragiceras (Procerozigzag) nev. sp; Temens, pl. 9,
fig. 3a-b.

2007 Protozigragiceras g. nev. torrensi (Sturani); Feman-
dez-Lepez ¢ al, p. 396, fig. 12 (heletype refig-
ured).

2008 Protozigragiceras (M) d. torrensi (Sturani); Pavia
et al, pl. 3, figs 9, 10.

Type specimen. The heletype PU31676 [m] figured by Sturani
(1967, pl 21, fig. 3a-b) and Fanandez-Lepez e ol (2007, fig.
12) is refigured here in Figure 10A-B.
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FIG. 8. Plots of measurements of Franchia and Megazigzagi-
ceras. A, whorl width (W) versus shell diameter (D). B, umbilical
diameter (U) versus shell diameter (D). C, whorl width/whorl
height ratio (W/H) versus shell diameter (D). D, internal ribs per
half whorl (Ni/2) versus umbilical diameter (U). h, holotype.

Type horizon. Lower Bathonian, Zigzag Zone, Macrescens Sub-
zone. Level BA9 of the ‘Marno-calcaires a Cancellophycus’ Forma-
tion in Bas Auran area (Sturani, 1967) and level RA024 of Ravin
d’Auran Section (Pavia et al. 2008), indicated in Figure 2.

Type locality. Bas Auran, Alpes de Haute Provence, south-east
France.

Material. Eleven specimens from the Macrescens Subzone of Bas
Auran area have been studied. Six specimens from level BA9 in
Sturani (1967) and RA024 in Pavia et al. (2008), Ravin d’Auran
Section: PU31676 [m], PU31677 [M?], PU31680 [m], PU31681
[m], PU31682 [m] and PU31719 [M]. Two specimens from level
BA8 in Sturani (1967): PU311717 [M], which is the holotype of
Zigzagiceras (Procerozigzag) postpollubrum Wetzel garnieri figured
by Sturani (1967, pl. 21, fig. 7a-b) and refigured here in
Figure 11, and PU311725 [M] collected by Sturani in 1972 and
figured by Torrens (1987, pl. 9, fig. 3a-b). One specimen from
level BA8 or BA9 collected by Sturani in 1972, PU31720 [M],
and figured in Figure 12. One specimen from level BA9 or BA10
collected by Sturani (1967), PU311711 [M], and figured by Tor-
rens (1987, pl. 8, fig. 2a-b). One specimen from level BA1l in
Sturani (1967) and RAO031 in Pavia et al. (2008), PU111577 [M],
figured by Pavia et al. (2008, pl. 3, figs 9, 10).

Syntypes. There are two syntypes. The paratype PU31677 [M]
described but not figured by Sturani (1967, p. 48) is figured here
in Figure 10I-].

New material. Four topotypes: PU31680 [m] figured in
Figure 10G-H; PU31681 [m] in Figure 10E-F; PU31682 [m] in
Figure 10K-M; and PU31720 [m] in Figure 12.

Measurements. See Fernandez-Lopez and Pavia (2013).

Diagnosis. Protozigzagiceras, planorbicones to discocones
of moderately evolute to involute coiling, with straight to
slightly concave, rounded and blunt, generally bifurcate ribs.

Description. Adult shells of small to medium size, from incom-
plete microconchs reaching 70 mm diameter (Fig. 10G-H) to
macroconchs reaching 250 mm in diameter. Moderately evolute
coiling, with values of umbilical ratio ranging from 49 to 41 per
cent, decreasing insuccessive stages of ontogenic development
(Fig. 13B). Whorls vary in section from low-oval to subcircular
and high-oval, with convex flanks (Fig. 14A-D). Zigzag-state 2
developed in the inner whorls, composed of proradiate to subra-
diate, sigmoid ribs of greater strength upflank and variable spac-
ing; and, finally, occasional, sharp parabolic ribs of variable
spacing (Fig. 10D). Ulterior ornamentation consists of straight
to slightly concave, rounded and blunt, generally bifurcate ribs
that cross the venter with a gentle forward inclination. Simple
primaries and intercalatories occur. There are about 19-26
primaries per half whorl. Generally, secondary ribs not inter-
rupted on the middle of the venter. Shallow and prorsiradiate
constrictions present exceptionally (Fig. 10B, J). Relatively com-
plex suture line, with relatively short lateral lobe (Fig. 15).

Remarks. According to Sturani (1967), Z. torrensi is the
microconch counterpart of Procerozigzag postpollubrum
garnieri, and Zigzagiceras postpollubrum appears to be
the end member of a wide chronospecies in which the



FIG. 9. Whorl shape cross-sections, through the phragmocone and body chamber (stippled), of Franchia spp. A-D, Franchia arkelli
Sturani; A, holotype, PU31689 [M] (Fig. 4); B, paratype, PU31690 [M] (Fig. 5E-F); C, topotype, PU111325 [M] (Fig. 6D); D, para-
type, PU31691 [M] (Fig. 5A-C). E-F, Franchia subalpina sp. nov; E, holotype, PU111399 [M] (Fig. 6A); F, paratype, PU111573 [m]

(Figs 6B—C, 7B-C). Scale bar represents 10 mm.

maximum size of full-grown specimens reaches 250 mm.
In Bas Auran (Sturani 1967, pl. 22, fig. 1; Torrens 1987,
pl. 8, figs 3-5), Protozigzagiceras postpollubrum (Wetzel
1937, p. 107, pl. 11, fig. 3a-b) comprises involute disco-
cones with a very narrow and deep umbilicus (<24 per
cent in adults), and with an earlier fade of primaries and
secondaries at 80 and 120 mm, respectively, at the top of
the Macrescens Subzone (level BA7 in Sturani and level
RAO019 in Pavia et al. 2008).

Zigzagiceras torrensi variecostatum Sturani (1967, p. 48,
pl. 20, fig. 2a-b [holotype], pl. 2, fig. 5; pl. 13, fig. 4a,c;

pl. 19, fig. 5) was based on four specimens from the beds
succeeding that yielding the holotype of P. torrensi (BA8
and BA7). They show the zigzag-stage more densely
ribbed and proportionally shorter, ending at 10 mm. On
account of their biochronostratigraphical and morphological
differences, this subspecies was regarded as transitional
between typical Zigzagiceras and typical Siemiradzkia.
However, the holotype is lost (H. Torrens, pers. comm.),
the paratypes are fragmentary inner whorls, and new
specimens similar to the holotype are unknown at
present.



TABLE 2. Specimens published belenging te the genus Proto-
zigzagiceras Fernandez-Lepez et al. 2007.

References @ccurrence
Bucktnan (1892, pl. 13, figs 1, 2) England
Wetzel (1937, pl. 11, fig. 3) France
Sturani (1967, pl. 13, fig. 4, pl. 15, fig. 1, pL. 19, France
fig. 5, pl. 21, figs 1, 3, 7, pl. 22, fig. 1)

Galacz (1980, pl. 32) Hungary
Sandeval (1983, pl. 35, fig. 3) Spain
Terrens (1987, pl. 8, figs 2-5) France
Dietze and Chandler (1997, pl. 1, figs 3, 4) England
Schlegl er al. (2005, pl. 10, figs 4, 5, pl. 12, fig. 1) Slevakia

Shafizadeh and Seyed-Emami (2005, figs 10, 11) Iran

Fernandez-Lepez et al. (2007, fig. 11) Pertugal
Fernandez-Lepez et al. (2007, figs 10, 12) France
Pavia et al. (2008, pl. 3, figs 6, 7, 9-12) France
Fernandez-Lepez et al. (2009a, fig. 6b) France
Shams and Seyed-Emami (2010, p. 2, fig. 12) Iran

@ccurrence. Protozigzagiceras torrensi is knewn frem the French
Subalpine Basin, restricted te the Macrescens Subzene. It is cem-
men in the upper part of this subzene and scarce in the lewer part.
All the micrecenchs ef Figure 10 ceme frem the level BA9 in
Sturani (1967) and RA®29 in Pavia et al. (2008), Ravin d’Auran
Sectien, but the macrecench published by Pavia et al. (2008, pl. 3,
figs 9, 10) cerrespends te the level RA®31 (= Sturani’s level BA11).

Protozigzagiceras tethycum sp. nov.
Figures 13, 14E-H, 16

LSI®. urn:lsid:zeebank.erg:act:A077DDEE-E86A-4AE4-AAT76-
6666D62B9AT73

2007 Protozigzagiceras g. nev. sp. aff. P. torrensi (Stura-
ni); Fernandez-Lepez et al, p. 396, fig. 10.

Derivation of name. After the Nee-Tethys @cean and the Peri-
Tethyan sedimentary basins, where the species has been cem-
menly recerded.

Tvpe specimen. The heletype PUI11574 [m] is figured in
Figure 16]J-L.

Tvpe horizon. Lewer Bathenian, Zigzag Zene, Parvum Subzene,
Pretezigzagiceras Bieherizen. Level BA13 eof the ‘Marne-calcaires a
Cancellophycus Fermatien in Bas Auran area (Sturani 1967) and level
RA®35 of Ravin d’Auran (Pavia et al. 2008), indicated in Figure 2.

Tvpe locality. Bas Auran, Alpes de Haute Prevence, seuth-east
France.

Material  Six syntypes, all fully septate phragmecenes, frem the
Parvumn and Macrescens subzenes of Bas Auran area. The para-
type PU31694 [M] figured by Fernandez-Lepez et al. (2007,

fig. 10) is refigured here in Figure 16H-I; beth specimens fiem
level BA13 in Sturani (1967) and RA®35 in Pavia et al. (2008),
Pretezigzagiceras Bieherizen, Parvum Subzene. The paratypes
PU31695 [m] figured in Figure 16A-D and PU111299 [m] fig-
ured in Figure 16E-G frem level BAI2 in Sturani (1967) and
RA®33 in Pavia et al. (2008); Macrescens Subzene. Twe frag-
mentary paratypes, PU111572 [m] and PU111300 [m], respec-
tively, frem levels BA12 (= RA®33) and RA®35.

Measurements. See Fernandez-Lepez and Pavia (2013).

Diagnosis. Protozigzagiceras, slim planerbicenes of meder-
ately evelute te mederately invelute ceiling, with straight,
reunded and blunt, generally bifurcate ribs.

Pescription. Fully septate, disceid shells of small te medium size,
frem micrecenchs reaching 50 mm diameter (Fig. 16E-G) te pre-
sumed macrecenchs surpassing 60 mm (Fig. 16H-I). Mederately
evelute ceiling, with values of umbilical ratie ranging frem 49 te
39 per cent, decreases in successive stages of entegenic develep-
ment (Fig. 13B). Wherls vary in sectien frem lew-eval te subcir-
cular and high-eval, with cenvex flanks (Fig. 14E—H). Zigzag-state
2 develeped in the inner wherls, firstly cempesed of preradiate te
subradiate ribs ef variable strength and spacing; then appear pre-
radiate te subradiate, sigmeid ribs ef greater strength upflank and
variable spacing (Fig. 16G). Ulterier ernamentatien censists ef
straight te slightly cencave, reunded and blunt, generally bifurcate
ribs that cress the venter radially er with a gentle ferward inclina-
tien. Simple primaries and intercalateries eccur. There are abeut
19-23 primaries per half wherl. Generally, secendaries are net
interrupted en the middle of the venter. Shallew and prersiradiate
pseudecenstrictiens er censtrictiens are very scarce.

Remarks. Ameng the syntypes, the micrecenchs shew a
zigzag-state 2 clearly lenger than the macrecench (Fig.
16H-I) as in ether zigzagiceratin species. Protozigzagiceras
tethycum cemprises ferms mere planerbicenic and appar-
ently smaller in size than P. torrensi. It differs frem Fran-
chia [M & m] by the mere cemplex suture line, whereas
Siemiradzkia [m] lacks zigzag-state 2 with sigmeid ribs.
Planisphinctes [m] — Lobosphinctes [M] and Phaulozigzag
[M & m] lack zigzag-stadium.

Occurrence. The heletype of P. tethycum cetrespends te the Prete-
zigzagiceras Bieherizen, upper Parvum Subzene, but ether syntypes
ceme frem the lewermest Macrescens Subzene, Bas Auran area.

Protozigzagiceras flexum sp. nov.
Figures 13, 17

LSID. urnlsid:zeebank. erg:act:9E99C121-3A32-40E3-AB2E-
665B256C76C2

Perivation of name. After the flexueus ribs that characterize the
species.



FIG. 10. Profozigzagiceras torrensi (Sturani). A-I, incemplete phragmecene; heletype, specimen PU31676. E-F, inesmplete
phragmecene; tepetype, spedmen PU31681. G-H, incemplete bedy chamber and phragmecene; tepetype, specimen PU31680. 1-],
mcemplete phragmecene; paratype, specimen PU31677. K-M, inesmplete bedy chamber and phragmecene; tepet pe, specinen
PU31682. All micrecench specimens frem the level BA® in Sturani (1967) and RAB29 in Pavia ef ol. (2008), Ravin d’Auran Sectien,
Bas Auran, Macrescens Subzene, Zigzag Zene. Black asterisk marks the last septum ef the phragmecene. Scale bars represent 10 mm.

Type specimen. The heletype PUI11326 [m] is figured in Type horizon. Lewer Bathenian, Zigeag Zene, Macrescens
Figure 17A-B, frem level BA12 in Sturani (1967) and RA833 in Subzene. Level BA12 of the ‘Mame-ca.caires a Cancellophycus’
Pawvia ef al (2008), Ravin d’Auran Sectien, Bas Auran. Fermatien in Bas Auran area (Sturani 1967) and level RA®33



FIG. 11. Protozigragiceras torrensi (Sturani); ineemplete macreesnch; specimen PU311717, heletype of Zigragiceras (Procerozigzag)
postpollubrum Wetel garnieri Sturani; level BA8 in Sturani (1967) and RAM23 in Pavia et ol (2008), Ravin d'Auran Sectien, Bas
Auran; Macrescens Subzene, Zigzag Zene. A, eral view. B, right view. The end ef the phragmecene is marked bya black asterisk. Sca.e

bar represents 18 mm.

of the Ravin d’Auran Sectien (Pavia ef ol. 2008), indicated in
Figure 2.

Type locality Bas Auran, Alpes de Haute Prevenee, seuth-east
France.

Matzrial Twe symtypes, a1 mcemplete phragmecenes, frem the
Macrescens Subzene of Bas Auran area. The paratype PU112319
[M] is figured in Figure 17E-F, frem level BAI2 m Sturani
(1967) and RR833 in Pavia efal. (2008), Ravin des Rebins
Sectien.

Measurements See Fernandez-Lepez and Pavia (2013).

Wiagnosis. Protozigzagiceras, planerbicenes s discecenes
of mederately evelute v mederately invelute ceiling, with
flexueus, reunded and blunt, generally bifurcate ribs.

Pescription. Heletype is a fully septate, fragmentary miaecench
(Fig. 17A-B) surpassing 43 mm in diameter. Mederately evelute
esiling, with values of umbilica. ratie c. 48-46 pa eent
(Fig. 13B). Wherl sectien lew-eva. (W/H —12 and W/
B — 37 per cent), with cenvex flanks. Zigzag-state 2 dearly

FIG. 12. Protozigragiceras torrensi (Sturani); incemplete
phragmecene ¢f macrecench, sheving pathelegica. emamenta-
tien I the last preserved wherl and cemplex suture line; sped-
men PU311720, level BA8 er BA% in Sturani (1967), Bas Auran;
Macrescens Subzene, Zigzag Zene. A, left view. B, era. view.
Sca.e bar represents 18 mm.
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FIG. 13. Plots of measurements of Protozigzagiceras. A, whorl
width (W) versus shell diameter (D). B, umbilical diameter (U)
versus shell diameter (D). C, whorl width/whor] height ratio
(W/H) versus shell diameter (D). D, internal ribs per half whorl
(Ni/2) versus umbilical diameter (U). h, holotype.

developed in the inner whorls, up to 25 mm in diameter, with
proradiate to subradiate, sharp sigmoid ribs of greater strength
upflank and variable spacing; and, later, numerous, slightly con-

vex, rounded and blunt, subradiate primary ribs with occasional
parabolic ribs. In the last whorl, there are flexuous, rounded and
blunt, subradiate primary ribs, generally bifurcate (Ni/2 = 21).
Simple primaries and intercalatories occur. Secondary ribs cross
the venter with a gentle forward inclination. Two shallow and
prorsiradiate constrictions, diametrally opposite, are present in
the last preserved whorl. Relatively complex suture line.

The paratype is an incomplete phragmocone of amacroconch
(Fig. 17E-F) surpassing 100 mm in diameter. Moderately evo-
lute, with proradiate to subradiate, flexuous ribs, rounded and
blunt, generally bifurcate or trifurcate. Secondary ribs continue
along the line of the primaries and bend forwards slightly over
the venter.

Remarks. Protozigzagiceras flexum is close to P. tethycum,
in its moderately evolute coiling, but differs in the more
depressed whorl section and the flexuous ribs with
forward inclination on the ventral region, instead straight
ribs crossing the venter radially.

Zigzagites Buckman [M & m] (1922; type species: Zig-
zagites imitator Buckman, 1922 in 1909-1930, TA-IV, pl
301), Zigzagiceras lenthayense [m] in Sturani (1967, p. 48,
pl. 20, fig. 4) non Arkell (1958 in 1951-1958, p. 204, pl.
23, fig. 6a-b), from the upper Macrescens Subzone, Zig-
zag Zone, and Procerites imitator Buckman [M] in Sturani
(1967, p. 48, pl. 15, fig. 5) and Torrens (1987, pl. 7) from
the Aurigerus Zone, also display zigzag-state 2, but the
phragmocone is more planorbiconic and of larger adult
size. However, they could be counterpart dimorphs and
paedomorphic taxa originated from a more involute and
depressed species such as P. flexum during the Macrescens
Subzone. Analogously, Wagnericeras could be a paedo-
morphic genus originating from this group of flexicostate
zigzagiceratins during the Macrescens Subzone, taking
into account of the relatively evolute specimen identified
by Torrens (1987, p. 46, pl. 20, fig. 1) as Wagnericeras?
sp. nov., collected by Sturani in bed BA8, and probably
the earliest known representative of that genus.

Occurrence. Protozigzagiceras flexum is very scarce in the lower-
most Macrescens Zone of Bas Auran, probably derived of P. tethy-
cum at the latest Parvum Subzone (Protozigzagiceras Biohorizon).

Protozigzagiceras densum sp. nov.
Figures 13, 18

LSID. urnisid:zoobank.org:act:5656C765-CEE3-45A1-B82E-
6FABA2AB4B8C

2008 Franchia [m] arkelli Sturani; Pavia et al., pl. 3,
figs 6, 7.

Derivation of name. After the dense ribbing that characterizes
the species.
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FIG. 14. Whorl shape cross-sections, through the phragmocone and body chamber (stippled), of Protozigzagiceras spp. [m & M].
A-D, Protozigzagiceras torrensi (Sturani); A, paratype, PU31677 [M?] (Fig. 10I-]); B, topotype, PU31681 [M] (Fig. 10E-F); C, topo-
type, PU31682 [m] (Fig. 10K-M); D, holotype, PU31676 [M] (Fig. 10A-D). E-H, Protozigzagiceras tethycum sp. nov,; E, paratype,
PU31694 [M] (Fig. 16H-I); F, paratype, PU111299 [m] (Fig. 16E-G); G, paratype, PU111574 [m] (Fig. 16]J-L); H, holotype, PU31695

[m] (Fig. 16A-D). Scale bar represents 10 mm.
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FIG. 15. Septal suture of Protozigzagiceras torrensi (Sturani),
specimen PU31682 (Fig. 10K-M). E, external lobe; L, lateral
lobe; U,, second umbilical lobe. Scale bar represents 10 mm.

Type specimen. The holotype PU111322 [m], figured by Pavia
et al. (2008, pl. 3, figs 6, 7) and refigured here in Figure 18A-D.

Type horizon. Lower Bathonian, Zigzag Zone, Macrescens Subz-
one. Level BA12 of the ‘Marno-calcaires a Cancellophycus’ For-
mation in Bas Auran area (Sturani 1967) and level RA033 of
Ravin d’Auran Section (Pavia et al. 2008), indicated in Figure 2.

Type locality. Bas Auran, Alpes de Haute Provence, south-east
France.

Material. One specimen, the holotype PUI111322 [m], Fig-
ure 18A-D.

Measurements. See Fernandez-Lopez and Pavia (2013).
Diagnosis. Protozigzagiceras, planorbicones to discocones

of moderately involute coiling, with straight to slightly
sinuous, rounded and blunt, bifurcate and polyfurcate ribs.

Description. The holotype is a fully septate phragmocone of mi-
croconch (Fig. 18A-D) surpassing 40 mm in diameter and with
moderately involute coiling, with values of umbilical ratio
c. 45 per cent (Fig. 13B). Whorl section low-oval (W/H = 1.2
and W/D = 39 per cent), with convex flanks. Ornamentation,
mainly ribbing and parabolic nodes, is very variable. Zigzag-state
2 developed in the inner whorls, but surpassing 30 mm in diam-
eter, with proradiate to subradiate, sharp sigmoid ribs of greater
strength upflank and variable spacing; and, later, occasional pro-
radiate to subradiate parabolic ribs of variable spacing. Last half
whorl displays numerous, straight to slightly concave, rounded
and blunt, subradiate primary ribs (Ni/2 = 20). Secondary ribs,
bifurcate or trifurcate, are quite weak, wiry, crossing the venter
with forward inclination (Ne/2 = 53, i = 2.6). Whorl thickness
is at its maximum just at the ventrolateral margin, where com-
mon parabolic nodes occur in the last preserved whorl. Shallow
and prorsiradiate constrictions are locally present. Relatively
complex suture line.

Remarks. Protozigzagiceras densum is the most involute,
deeply navel and early polyfurcate species of the genus
recorded in Bas Auran area at the transition between Par-
vum and Macrescens subzones. Moreover, the holotype is
one of the specimens of this genus showing the largest
number of parabolic nodes. This species clearly differs
from species of Zigzagiceras [m] — Procerozigzag [M] in
lacking zigzag-state 3, with distant and sharp, parabolic
ribs. Another specimen, showing early polyfurcate ribs
ventrally projected forwards, with zigzag-state 2 formed
of sharp, sigmoid and parabolic ribs of variable spacing,
has been figured from the Protozigzagiceras Biohorizon of
Cap Mondego by Fernandez-Lopez et al. (2007, fig. 11).
That Portuguese specimen is more planorbiconic and
older than the holotype of P. densum, but it can represent
a plesiomorph of the same phyletic lineage.



FIG. 16. Protozigragiceras tethycum sp. nev. A—B, incemplete phragmecene of miaecench; paratype, specimen PU31695, level BA12
m Sturani (1967) and RA833 in Pavia ef ol (2008); Macxrescens Subzene. E-G, inceniplete phragmecene ¢f micrecench; paratjpe,
specimen PUI111299, level BAL2 in Sturani (1967) and RA®33 in Pavia ef al. (2008); Maaescens Subzene. H-1, incemplete phragme-
cene of prebable macrecench; paratype, specimen PU31694, level BA13 in Sturani (1967) and RAB35 in Pavia et ol (2008); Prete-
Zdgzagiceras Bisherizen, Pacvumn Subzene. J-L, incenmplete phragmecene ¢f miaecench; helet;pe, specimen PU111574, level BAI3 in
Sturani (1967) and RA®3S in Pavia et ol (2008); Pretezigeagiceras Bisherizen, Parvum Subzene. All specimens frem Ravin d’Auran
Sectien, Bas Auran, Zigeag Zene. Sca.e bars represent 18 mm.

The twe @hilean specimens taxenemically determined Sierra de Argemede, Pemeyke Cerdillera, Lewer Bathe-
?Zigzagiceras sp. {Greschke and ven Hillebrandt 1994, pl. nian, cerrespend te immature er preadult, fragmentary
1, figs 4, 5; Greschke 1996} frem Aguada El @re and W shells. They display sigmeid ribs ef variable strength and



FIG. 127. Protozigragiceras flecum sp. nev. A—B, incemplete phiragmecene of miaecench; heletype, spechmen PU111326, level BAL2
m Sturani (1967) and RA833 in Pavia ef ol (2008), Ravin d'Auran Sectien. E-F, incemplete phiragmecene of macrecench; paratype,
specimen PU112319, level BA12 in Sturani (1967) and RR833 in Pavia etal. (2008), Ravin des Rebins Sectien. All specimens frem Bas
Auran, Macescens Subzene, Zigzag Zene. Sca.e bars represent. 18 mm.



FIG. 18. Protozigzagicsras dsnsum sp. nev.; incemplete phragmecene ef micrecencly; heletype, specimen PUI111322, level BAI2 in
Sturani (1967) and RAQ33 in Pavia & ol (2008), Ravin d’Auran Sectien; Macrescens Subzene, Zigeag Zene. A, C, right view. B, eral
view. B, ventral view. Scale bars represent 10 mm.

spacing, bifurcate or trifurcate that cress the venter
radially (therefore zigzag-state 2).

@®ccurrence  Profozigzagicsras densum is a ery scarce spedes in
the lewermost Macrescens Zone of Bas Auran, enly recegnized in
the heletype, recorded at level BA12 and asseciated with the eld-
est representatives of Zigagicwes [m) — Procerazigeag (M), This
stratigraphical comcidenee, howeves, daes net inply simultaneity
of these ¢wo taxonomic groups nor sedimentary comdensation
in the strabgraphiical interval, tecause the preavatiapal fatures
of this holotype are charactexistic of 2 re-elaberated element
duded i an expanded deposit (Reanandez-Lopez 2007). Taking
meo ascount these featares ol the holotype, the spedies P dersam
belongs %0 the earliest Maaescens and/ox latest Parvam subeoes.
I possibly derives rom P tethycean thxough intermediate, plesio-
morphic planoebicones, such 23 the sbove mention ed Portuguese
specimen (Femandez-Lopez ¢t . 2007, fig. I1).

Genus MEGAZIGZAGICERAS, gen. nov.

LS1®. umisidzoobank.org:act:E2DC3CC4-7969-4BB2-B19A-
5972840923A6

Type specles.  Mepasigzagicrras sidharaldtion, wp. mov
Type level Tep ef unit D3 and middle part ef the Bhruma

Fermatien (Enay ¢ al. 1987, 2007; Enay and Mangeld 1994;
Almeras et al. 2010).

Type locality Bhanna area, central Saudi Arabia.

Perivation of name After the large size reached by the adults ef
the type species.

Diagnosis. Planetbicenes of medium or large size (micre-
cenchs expected te surpass 100 mm in diameter). Zigzag-
state 2 develeped in the phragmoeone, ecmpesed of pre-
radiate to snbradiate, blunt sigmoid ribs of greater
strength upilank, but of varable strength and spacing.
Relatvely simple suture line, with broad lateral lobe.

Remarks. Theholotype of the typespecies is the only spedi-
men known of the genns Megazigzagiceras. Thelarge size of
the helstype and the presence of blunt, sigmoid ribs are
distinctive features, differentiating it from other Tethyan
micrecench zigeagiceratins, It has a relatively simple suture
linelike Franchia [M & m]. Protozigzagicesas [m & M] also
display zigeag-state 2 ribbing, but have a more complex
suture line and mere cadiconic or discoconic coiling.
Zigzagiceras [m & M] display zigzag-state 3, a complex
suture line and mere cadiconic or discoconic coiling,
Certain Panthalassa zigeagiceratins such as Epizigzagi-
ceras Frebeld (1973 in Frebeld and Tipper 1973; type spe-
cies: Epizigangiceras evolutum Frebeld, 1973, p. 1119, pl. 1,
figs 1-5} alse reach a relatively large size. Epizigzagiceras
cemprises planerbicenes, with zigzag-state 2 ribbing relatively
develeped in the phragmecene, composed of proradiate te



FIG. 19. Megazigzagiceras subarabicum, gen. et sp. nev.;
phragmecene and incemplete bedy chamber ef prebable micre-
eench; heletype, specimen JMA 82 285/FSL 177 €39; tep ef unit
P3 and middle part ef the Bhruma Fermatien, Bharma area
(centra. Saudi Arabia). A, ventra. view. B, left view. Black aster-
isk marks the last septum of the phragmecene. Sca.e bar repre-

sents 10 mm.

subradiate, blunt sigmeid ribs ef greater strength upflank,
of variable strength and spacing, and eccasienal subradiate
te rursiradiate, sharp parabelic ribs. In British Celumbia,
Canada, E evolitum is asseciated with Parareineckeia spp.
and was initially interpreted as equivalent in age te a simi-
lar Lewer Bathenian ammenite asseciatien frem seuthern
Alaska described by Imlay {1962; Hall and Strenach 1981;
Westermann 1981, 1993; Hall 1988; Peulten et al. 1992).
Epizigangiceras crassicostatum Frebeld (1973 in Frebeld and
Tipper 1973, p. 1121, pl. 6, fig. 1} was recerded in an elder
ammenite assemblage assigned te the Bajecian, pessibly
Late Bajecian. The difference betveen these twe species of
Epizigmgiceras has been censidered as nearly the same as
that between Zigzagiceras Buckman and Procerozigaag Ark-
ell, indicating that the absence of lappets in the syntypes of
E. evolutum may be due te nenpreservatien (Frebeld and
Tipper 1973, p. 1121). @n the ether hand, Epizigzagiceras
has been censidered as macrecenchiate by several authers
(Callemen 1984, p. 151). Hewever, taking inte acceunt ef
the relatively develeped zigeag-state in the phragmecene of
these twe evelute, planerbicenic heletypes, beth are mi-
crecenchs. Beth species of Epizigzagiceras are asseciated
with Cobbanites talkeetnanus Imlay, referred te Late Baje-
cian and used as regienal zenal names in the Bewser Basin,
new lecated in the interier of the Canadian Cerdillera but
belenging te the allechtheneus terrane se-called Stikinia

(Callemen 1984, fig. 3; Tayler et al. 1984; ven Hillebrandt
et al. 1992a; Palfy et al. 2000, fig. 1; Evenchick et al. 2010,
fig. 38; Shirmehammad et al. 2011, fig. 4). Generally, these
species of Epizigzagiceras have been interpreted as East-
Pacific endemic taxa, centemperaneeus and/er elder than
Zigzagiceras—Procerozigamg. Hewever, Epizigmgiceras is an
Early Bathenian zigeagiceratin prebably belenging te a
Macrescens and/er pest-Macrescens interval and weuld
be very unlikely te eccur in any Late Bajecian interval,
accerding te the biechrenestratigraphical and phylegenetic
infermatien ef West Tethyan areas.

@ccwrrence. Megazigragiceras is lnewn enly frem the Middle
Jurassic lew pa.aeelatitude, shalew marine Arahian Platferm
(Enay ef ol 2007; Enay 2011). As far as can be seen frem the
s@rce materia. currently levewn, it seemis te¢ be an endemic
genus ef the Fthiepian Prevince, in the seuthemn berder ef the
Centra. Tethys, prebably derived frem Protozigragiceras at the
latest Parvum and/er Macrescens subzenes.

Megazigaagiceras subarabicum sp. nev.
Figures 8, 19

LSI® umilsidzeebank.ergact:3E992BC2-CCEl-4A%E-9CC1-
3F8966C40A7E

1987 Zigragiceras (Franchia) sp. Emay etal., p. 35, 41, 43.
1994 Zigragiceras (Franchia) sp.Enay and Mangeld, p. 170.

Perivation of name. Afta the euter marine envirenments, at the
nerthern margin of the shalew Arahian Platferm, the place that
has yielded the heletype.

Type specimen The heletype JMA 82 285/FSL 177 3% [m]
(Fig. 19A-B).

Type horizon Tep ef unit B3 and middle part of the BPhruma
Fermatien, Lewer Bathenian (Enay et ol 1987, fig. 2, tables 1, 2;
Enay and Mangeld 1994), cerrelated with the Parvum and Cen-
vergens subzenes of the Submeditaranean and NW Eurepean
previnees (Enay ef al. 2007; Almeras ef al. 20108). As a whele, the
age of unit B3 i Late Bajedan, Planus Zene ef the Arabian
Prevince (mere or less equivaent with the Parldnseni Zene),
save the uppermest beds whid have been dated as Lewermest
Bathenian, Tuwaigensis Zene en the basis of the eccurrence of
‘Franchia’ sp. and Tulites sp. (R. Enay, pers. cemm. 2012).

Type locality. Wadi 2. Hisyan (24*°45'N), Pharma @uadrangle
{centra. Saudi Arabia).

Material. @nespecimen, JMA 82 285/FSL 177 %39, the heletype
(m] here figured in Figure 19.

Measurements. See Fernandez-Lepez and Pavia (2013).



Diagnosis. Moderately evolute Megazigzagiceras, with pro-
radiate to subradiate, slightly sigmoid to straight, blunt
ribs in the intermediate and outer whorls of phragmo-
cone.

Remarks. The holotype is the internal mould of a frag-
mentary phragmocone and incomplete body chamber of
probable microconch, reaching 80 mm and expected to
surpass 100 mm in diameter (Fig. 19). Although it dis-
plays possible signs of maturity, such as egressive coiling
and flattening of the body chamber, crowding of the last
sutures is missing and so it probably represents a preadult
individual.

Megazigzagiceras subarabicum differs from other Teth-
yan zigzagiceratins in having greater adult size, with sub-
radiate, blunt, sigmoid ribs and relatively simple suture
line. The holotype shows more depressed whorls and
more evolute coiling than the known species of Franchia
(Fig. 8).

Occurrence. The holotype comes from top of unit D3 and mid-
dle part of the Dhruma Formation, Lower Bathonian (Enay
et al. 1987, fig. 2, table 2; Enay and Mangold 1994, p. 170, fig.
I; Almeras et al. 2010, fig. 2). It was mentioned as biostrati-
graphically related to the uppermost specimens of Thambites
planus  Arkell, ‘Clydoniceras avus (Arkell) and Clydoniceras
pseudodiscus Arkell, below Tulites tuwaigensis Arkell (Enay et al.
1987, table 1). The basal levels of the Lower Bathonian Tuwaiq-
ensis (Tulites) Zone of the Arabian Province have been corre-
lated with the Parvum and Convergens subzones of the
Submediterranean and NW European provinces (Enay et al.

2007). Upper Bajocian deposits of this area, with Ermoceras,
Thambites, Leptosphinctes and Spiroceras, represent the Runcina-
tum (Ermoceras), Mogharense (Ermoceras) and Planus (Tham-
bites) zones (Enay and Mangold 1994, 1996).

Megazigzagiceras subarabicum is interpreted here as an ende-
mic species of the Ethiopian Province, of outer marine environ-
ments near the northern margin of the shallow Arabian
Platform, in the southern border of the central Tethys, derived
from P. tethycum probably belonging to the latest Parvum and/
or Macrescens subzones.

PALAEOBIOGEOGRAPHICAL AND
EVOLUTIONARY IMPLICATIONS

Zigzagiceratinae evolved from Leptosphinctinae in wes-
tern Tethys and entered the eastern Pacific (Westermann
1993). Earliest Bathonian genera of Zigzagiceratinae
spread to become in almost subrealms of the Tethys—Pan-
thalassa Realm, but restricted in their palaeogeographical
distribution to areas of only one hemisphere (Fig. 20).
Similarly to Franchia [M & m] and Protozigzagiceras [m
& M|, Zigzagiceras [m] — Procerozigzag [M] are character-
istic taxa of the Mediterranean—-Caucasian Subrealm
(Buckman 1892, 1909-1930; Thalmann 1925; Arkell et al.
1957; Westermann 1958; Hahn 1969, 1972; Krystyn 1972;
Dietl 1977; Sandoval 1983; Schlegelmilch 1985; Seyed-Em-
ami et al. 1985 Mangold 1994; Galacz 1995; Dietze and
Chandler 1996; Page 1996; Mangold and Rioult 1997;
Wierzbowski et al. 1999; Fernandez-Lopez 2000; Schlogl
et al. 2005; Dietze and Dietl 2006; Zaton 2011). On the
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FIG. 20. Palaeobiogeographical distribution of some Zigzagiceratinae genera during Early Bathonian Zigzag Zone. Palaeogeography
modified from Fernandez-Lopez et al. (2009b), Fernandez-Lopez and Chong Diaz (2011) and Golonka (2011); palaeobiogeographical

units according to Westermann (2000b).



other hand, Megazigzagiceras [m] belongs to the Indo-
Pacific Subrealm (Ethiopian Province; Enay 2007),
whereas Epizigzagiceras [m & M?] characterizes the East-
Pacific and Arcto-Pacific subrealms (Athabascan and Ber-
ing provinces; Frebold and Tipper 1973; Callomon 1984;
von Hillebrandt et al. 1992a, b; Poulton et al. 1992; Sey
et al. 1992, 2004; Zakharov et al. 1996; Sey and Kalacheva
2000; Evenchick et al. 2010). Therefore, the distribution
of zigzagiceratin genera can be a diagnostic criterion to
identify and to distinguish Bathonian biochoremas (West-
ermann 2000a, b; Cecca and Westermann 2003) as well as
to test the palaeogeographical distribution of some plates
and terranes (e.g. the North Tethyan position of the Ira-
nian platform system during Early Bathonian; Stampfli &
Borel 2002; Golonka 2011; Seton et al. 2012).

Several authors have considered Bigotites as the source of
two main phyletic lineages of Bathonian perisphinctids,
evolving in different directions: Procerites [M] — Siemiradz-
kia [m] progressing through Planisphinctes [m] — Lobo-
sphinctes [M] and Zigzagiceras (m] — Procerozigzag [M]
through Franchia [M & m] (Arkell et al. 1957; Arkell 1958
in 1951-1958; Sturani 1967; Hahn 1969; Mangold 1971;
Galacz 1980; Callomon in Donovan et al. 1981; Sandoval
1983). However, in accordance with the sutural complex-
ity, ornamentation and biochronostratigraphical distribu-
tion, it seems more probable that the dimorphic group
Planisphinctes [m] — Lobosphinctes [M] represents a direct
derivative of some Late Bajocian species of the group of
Vermisphinctes [m] — Prorsisphinctes [M]. As suggested by
Stephanov (1972), this dimorphic group can be included
among the youngest Leptosphinctinae (Westermann 1956,
1958; Luppov and Druzschic 1958; Beznosov and Mikhail-
ova 1981; Beznosov 1982; Torrens 1987; Innocenti et al.
1990; Beznosov and Mitta 1993, 1995, 1998; Fernandez-
Lopez et al. 2006, 2007). The phylogenetic derivation of
Zigzagiceratinae, in particular Zigzagiceras [m] — Procero-
zigzag [M] and Franchia [M & m], from Bigotites [M & m]
as supported by Sturani (1967) and Torrens (1987), or
from Phaulozigzag [m] — Lobosphinctest [M] as suggested
by Fernandez-Lopez et al. (2006), remains to be reassessed
according to very accurate biochronological data and com-
plementary morphological information (Fernandez-Lopez
et al. 2006, 2007; Pavia et al. 2008).

Procerites [M] — Siemiradzkia [m], the oldest known
Zigzagiceratinae with zigzag-state 1, probably branched
off from the alleged Leptosphinctinae Phaulozigzag [m] —
Lobosphinctest [M] group (Fig. 21). The holotype of
P. phaulomorphus Buckman (1926 in 1909-1930, TA-VI,
pl. 643) lacks a zigzag-stadium, but is a very small adult
(D = 56 mm), and the possible occurrence of parabolae
in this taxonomic group needs further investigation.

Protozigzagiceras [m & M] and Franchia [M & m] rep-
resent progenetic zigzagiceratins, directly or indirectly
branched off from Procerites [M]| — Siemiradzkia [m],
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FIG. 21. Phylogenetic scheme of the Early Bathonian genera of
Zigzagiceratinae, originated from Leptosphinctinae and diversi-
fied during Parvum and Macrescens subzones (Zigzag Zone,
Early Bathonian), before the extinction of Bigotites. Geochrono-
logical divisions after Pavia et al. (2008) and Fernandez-Lopez

et al. (2009a, b).

whereas Zigzagiceras [m] — Procerozigzag [M] represents a
neotenic zigzagiceratin branched off from Protozigzagi-
ceras [m & M]. P. tethycum and F. arkelli appear progenetic
because they attain maturity at a relatively small size.
Protozigzagiceras [m & M] and Franchia [M & m], besides
zigzag-state 2, display morphological features characteris-
tic of the earliest Procerites at a juvenile stage, such as rel-
atively planorbiconic and evolute coiling with relatively
simple suture lines. Protozigzagiceras [m & M] spreads in
middle latitudes to many northern Peri-Tethyan basins,
from Proto-Atlantic Ocean and Lusitanian Basin (Buck-
man 1892, pl. 13, figs 1, 2; Dietze and Chandler 1997, pl.
1, figs 3, 4; Fernandez-Lopez et al. 2007, fig. 11), through
Alpine Ocean, Subalpine Basin and Tizia (Sturani 1967,
pl. 13, fig. 4, pl. 15, fig. 1, pl. 19, fig. 5, pl. 21, figs 1, 3, 7,
pl. 22, fig. 1; Galacz 1980, pl. 32; Sandoval 1983, pl. 35,
fig. 3; Torrens 1987, pl. 8, figs 2—5; Schlogl et al. 2005, pl.
10, figs 4, 5, pl. 12, fig. 1; Fernandez-Lopez et al. 2007,



figs 10, 12; Pavia et al. 2008, pl. 3, figs 6, 7, 9-12; Fernan-
dez-Lepez et al. 2009a, fig. 6b), te the Iranian platferm
system (Shafizadeh and Seyed-Emami 2005, figs 10, 11;
Shams and Seyed-Emami 2010). @n the ether hand,
Franchia seems te be endemic te Subalpine areas, near
the Prevence—Ardeche platferm system.

Zigzagiceras [m] — Procerozigzag [M], in additien te
zigzag-state 3 ribbing and a cemplex suture line, displays
a relatively planerbicenic and evelute ceiling, in particu-
lar Zigzagiceras euryodos Schmidt [m] (1846, p. 106, pl.
43, fig. 6a-b) and Zigzagiceras pseudoprocerum Buckman
[M] (1926 in 1909-1930, TA-VI, pl. 623). This dimerphic
greup becemes widely distributed aleng the nerthern ber-
der of Western Tethys. The primitive and evelute Zigzagi-
ceras, in particular Z. euryodos [m & M], may be a direct
neetenic derivative of P. densum, at the basal Macrescens
Subzene. The greup ef Z. imitator Buckman [M] (1922
in 1909-1930, TA-1V, pl. 301) and Z. lenthayense [m]
sensu Sturani (1967, p. 48, pl. 20, fig. 4) nen Arkell (1958
in 1951-1958, p. 204, pl. 23, fig. 6a-b) was suggested as
hemeemerphic with Procerites by Terrens (1987). This
greup, and the steuter greup ef Wagnericeras Buckman
[M & m] (1921 in 1909-1930, TA-III, p. 33), beth
recerded at the level BA8 (in Sturani 1967), may have
eriginated by neeteny frem mere invelute and depressed
species such as P. flexum during the Macrescens Subzene.
In this way, Zigzagites [M & m] and Wagnericeras [M &
m] ceuld be twe neetenic zigzagiceratins, independently
branched eff frem Protozigzagiceras. Alse, Megazigzagi-
ceras and Epizigzagiceras, shewing zigzag-state 2 and lack-
ing distant, sharp, parabelic ribs, can be regarded as
neetenic greups phyletically derived frem diverse species
of Protozigzagiceras. Beth derivative genera prebably cer-
respend te Macrescens and/er pest-Macrescens intervals,
being very imprebable frem any Late Bajecian interval
(Fig. 21). The phyletic pesitien ef these twe large-sized
genera and the abeve-mentiened Chilean zigzagiceratins,
hewever, still requires further investigatien.

In summary, rapid preteregenesis gave rise te the earli-
est Bathenian zigzagiceratin lineages, preducing paede-
merphic members, cemmenly neetenic and mere scarcely
pregenetic (Fig. 21). In centrast, the successive species of
Protozigzagiceras (frem P. tethycum te P. torrensi and
P. postpollubrum) and Franchia (frem F. arkelli te F. sub-
alpina) shew trends tewards increasing invelutien ef ini-
tially evelute planerbicenes te mere weakly ernamented
discecenes in the Bas Auran area. @ther species of Proto-
zigzagiceras, such as P. densum and P. flexum, shew
relatively cemplex suture line and nevel structures (pely-
furcate and flexueus ribs, respectively) in preadult ente-
genic stages later develeped in the adult phragmecene of
Zigzagiceras, Zigzagites and Wagnericeras. A chrenecline
tewards the mere invelute Zigzagiceras zigzag [m & M]
has been recerded in Catalan Basin at the Macrescens

Subzene (Fernandez-Lepez 2000, fig. 2, pl. 1, fig. 9). In
turn, plesiemerphic representatives, elder and mere plan-
erbicenic than P. densum, have been recerded in the
uppermest Parvum Subzene of Cap Mendege. Therefere,
mest ef the earliest Bathenian phyletic lineages of the
clade Zigzagiceratinae develeped lasting peramerpheclines
with increasing hydredynamic ceiling ef the shell and
increasing adult size (at least, in the micrecenchs), in an
eppesite sense te the previeus, rapid, paedemerphic
changes.

In cenclusien, the ancester of the clade Zigzagiceratinae
can be feund in the genus Procerites, rapidly diversified in
multiple phyletic lineages by iterative, paedemerphic
changes and additienal, lasting, peramerphic medificatiens
during the Early Bathenian Zigzag Zene. The Mediterra-
nean—Caucasian genera Franchia, Zigzagiceras, Zigzagites
and Wagnericeras are phyletically derived of successive spe-
cies of Protozigzagiceras, which is itself a direct derivative of
Procerites. This evelutienary pattern preduced numereus
and brief phyletic lineages with cemmen hemeemer-
phisms. These new palacentelegical results cencerning the
eldest Zigzagiceratinae are eof biechrenestratigraphical
impertance fer calibratien ef the basal Bathenian and cer-
relation of the Bathenian GSSP.
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Measurements

A. Measurements for the specimens of Franchia arkelli Sturani, 1967

Specimens Figures D H H/D % W/D u u/D W/H Ni/2 Ne/2
PU31689 Flilgosl‘o‘t‘;‘f [M] 2200 600 273% 612 27.8% 1016 462% 162 14 35 2.5
1700 538 316% 520 306% 782 460% 097 15
PU31690 Figs. SE-F [M] 1470 435 296% 400 272% 718 488% 092
1140 345 303% 347 304% 548 481% 101 20 45 23
PU112317 - [M] 920 319 347% 294 320% 402 437% 092 16
PU31691 Figs. SA-C [M] 700 225 321% 220 314% 330 471% 098
530 137 2586 168 317% 239 451% 123 22
PU111325 Fig. 6D [M] 750 238 317% 233 311% 319 425% 098 17
PU112318 Figs.4D,7A  [m] 315 93 295% 98 311% 146 463% 105
B. Measurements for the specimens of Franchia subalping & nov.
Specimens Figures D H H/D \% W/D u u/D W/H Ni/2 Ne2 |
PU111399 Ifi]g' gt [M] 1400 465 332% 430 307% 577 412% 092 45
olotype
750 260 347% 300  400% 330 440% 115 16
PUI11578 = [M] 450 125 2780 201 447% 192 427% 161 16
PU111573 FigsB-C.7B- 111 320 105 328 98 306% 153 478 093 19 32 17

(C




C. Measurements for the specimens of Protozigzagiceras torrensi (Sturani)

Specimens Figures D H H/D W W/D U UD W/M Ni/2 Ne2 i
PU31725 quri“sﬁlg’sj’ [M] 1156 41.0 355% 451 390% 438 379, 116 21 44 21
944 337 357% 38.0 403% 377 3996 113 20 44 22
PU31717 Figs. 11A-B [M] 1057 462 437% 482 456% 305 289% 164 17 48 2.8
790 300 380% 315 399% 265 335% 105 - o
PU31711 Tgfg”sﬁlg’?’ [M] 989 380 384% 380 384% 360 364% 1600 20 39 20
759 274 361% 29.6 39.0% 292 385% 168 24 42 18
PU31719 S;luril;n fl,l;‘?’ [M] 933 428 459% 394 422% 286 307% 092 21 46 22
779 318 408% 316 406% 246 316% 099 19 44 23
PU31720 Figs. 12A-B [M] 674 235 349% 259 384% 287 426% 110 22 36 1.6
520 181 348% 206 396% 229 440% 114 20 34 17
PU31680 Figs. 10G-H [m] 610 21.5 352% 218 357% 250 410% 161 20
PU31677 Figs. 101-J [M?] 550 201 365% 235 427% 230 418% 117 26
PU31681 Figs. 18E-F [m]  52.0 180 346% 195 37.5% 228 438% 108 21 36 17
380 130 342% 142 374% 181 476% 1% 20 31 16
PU31676 Figy 1 [m] 490 156 318% 205 418% 212 433% 131 24
holotype
PU31682 Figs. 10K-M [m] 448 150 341% 167 380% 205 466% 111 20 33 17
330 100 303% 125 379% 161 488% 125 23 34 15
PU111577 Paviaetal. 2008, 390 139 3329% 17.0 434% 180 459% 131 22
pl. 3, figs. 9-10
D. Measurements for the specimens of Protozigzagiceras tethycum sp. nov.
Specimens Figures D H H/D W W/D U U/D W/MH Ni/2 Nei2 i
PU31694 Figs. 16H-1 [M] 5L 17.0 333% 17.0 333% 201 394% 100 20 3% 20
370 140 378% 140 378% 159 430% 100 2]
PUI11299 Figs. 16E-G [m] 400 146 365% 116 290% 171 428% 7% 23 46 20
280 90 321% 81 289% 129 46.1% 090 19
Figs. 16]-L
PUI11574 felotype [m] 360 1080 278% 124 344% 174 483% 124 19 33 17
PU31695 Figs. 16A-D [m] 300 97 323% 105 350% 136 453% 108 19 36 19
330 100 303% 125 379% 161 488% 125 23 34 L5
E. Measurements for the specimens of Protozigzagiceras flexum sp. nov.
Specimens Figures D H H/D W W/D U u/D W/H Ni/2 Ne2 i
PU112319  Figs. 17E-F [M] 513 163 318% 149 290% 516 421% 091 - - -
pUllz2e  FESUAD o g0 1310 320% 150 366% 190 463% 115 — - -
holotype
300 92  307% 118 367% 146  487% 120 24 38 16




F. Measurements for the specmens of Frofozigramiceras densum =p. nov.

Specimens Figures D H H/D w W/D U UD WH Ni©2 Ne2 |
PU111322 Wgs. Lo I [m] 356 115 323% 138 38.8% 161 452% 120 18 46 2.6
holotype
G. Measurements for the specimens of Weguzigzagiceray subarabicum sp nov.
Specimen Figures D H H/D W W/D U u/D W/H Ni/2 Ne2 i
FSL 177 639 Bags, L3R [m] 1000 223 223% 250 250% 60.0 60.0% 1.12 16 = =
holotype
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