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ABSTRACT -A belem11ire nssemblnge, was collected /i·om Upper Caflov1m1 ro Middle Oxfordinn beds o( the Rosso Ammonirrco Jn/more 
at Mo111r K11mrt11 (P,rlermo. so11thrm lraly}. Abundant Duvalia Baylr. 1878 and Hibolirhcs Mo111farr. 1808. ch,1ral'fPristir o( the wmem 
Tethys. were fa1md wirh Belcmnopsis Bayle, I 878. Rhopaloteuthis lissnjo11s, 1915 tlnd Pseudobdus de Blain11ille, I 827. The fa!lowmg spems 
wat' recognised: Hiboliches hasrarus Monthrt, 1808, Hibolithes sp. a.If H. beynchi Oppel, 1857. Belemnopsis laresulcarus {Voltz) in 
Th11rma1111, 1832, Duvalia monsalvensis (Gilliiro11, 1873), D. neyrivensis (Favre, 1876). D. didayana (d'Orb,gny. 1842). D. dumonieri 
(Oppel, 1865). Rhopaloteuthi� sauvanausa (d'Orbigny. 1842), R. argoviana (Maye,; 1863), Pscudohelus coquandus (d'Orbig,�}\ 1842). In 
nddi11011 Belcmnopsis p. I nnd Rhopalorcuchis sp. I are presem nnd retained m o;en nomenclature. 

Thu nJsemhluge allows new stratigraphic co11sidernt1ons for 1hr Middle - ltue Jurassic of centml and so111hern ltn9•. 

R!ASSUNTO- (Belemniri dcll'inrervallo Calloviano suptriore- Oxfordiano medio del Monte Kumeta (Giurassico della Sicilia ow­
dem,1le, ltali.1)] - U11imociazio11e n belem11iri, mccol111 d11 sedimenti mt'dio Giumssiri (C11/!01,i11110 mperiorl' - Oxfvrdi11110 111edir1}, si cnmtrr­
nun per In presenzn d1 abbondn,m esemplari d1 Duvalia Bn_yle, 1878 e H ibolilhes Monrforr, 1808. farme rip,che delln Teude orcrde11tt1lr. nsso­
r,nte II Belcmnopsis Bayle, 1 lJ78, Rhopalotcuthb Lissajous, 1915 e Pseudobclus de Blainvdle, I 827. A liveilo spm!ico so110 Stt11e r1cono;riu1e: 
Hiboliches hascacus Momforr, /808, Hibolirhcs rp. off. H. beyrichi Oppel. 1857. Belemnopsis laresulcaLUs (Voltz) in 77mn111u111, 1832.
Ouvalia monsalvensis (Gillieron, 1873), D. neyrivensis (Ftwre, 187(i}, D. didayana (d'Orb,g,,y. 1842), D. durnortieri (Oppel. /865).
Rhopaloteuthis sauvanausa (d'Orbig11;1 1842). R. argoviana (Maye,: 1863). Pscudobclus coquandus (d'Orhigny. /842). lnoltre sono sllll<' 
l"iro11osci11te Belemnopsis sp. 1 e Rhopaloteuthis sp. 1 chr ri1111111gono in 11omenc/11111m n;erra. 

L'nssocinzume comente ,move rom1demzio111 su/ln rmporranzn srmrig,'fljim di qursrr Jorme per ii Giummco mrdio r superiort' dell'!talin cm­
tmle I' meridionale. 

INTRODUCTION 

The purpose of this paper is co describe an Upper 
Callovian - Middle Oxfordian belemnice association 
and co discuss ics bioscrarigraphical and palaeobio­
geographical implications. The investigaced speci­
mens were collecred from an 80 cm chick laminated 
level in a single outcrop located near the cop of 
Monce Kumeta, SE of rhe Piana degli AJbanesi village 
(Palermo, southern Italy) (Texc-fig. 1). 

This is rhe first Upper Callovian - Middle 
Oxfordian belemnice assemblage from southern lraly 
ro be described and is probably the only assemblage 
co come from a single site in the western Tethys. 

GEOLOGICAL SEn'JNG 

The invesrigaced fauna was collected between 
1997 and 200 I in a sequence cropping out in an 
acrive quarry (Texr-ftg. 2), near che rop of Monre 
Kumera, in rhe southern pare of che Palermo 
Mountains (western Sicily). The mountain is rhe 
uppermosr portion of an E-W trending ridge, about 
20 km long, belonging co a major structural unit of 
chc Sicilian-Maghrebian chain. This ridge derives 
from che Neogene deformation of a wide palaeogeo-

graphic domain chat in che Mesozoic was part of rhe 
African passive margin, and defined by different 
names (Trapanese, Saccense, lmerese, Panormide 
Domains, ere. see Catalano & D'Argenio, 1982a). 

Among the Jurassic outcrops of the Trapanese 
Domain. Monce Kumeca offers a good example of che 
complex tectonic and sedimentary evolurion of a 
pelagic stepped escarpment adjacent co a scmcrural 

Tex1-fig. I - Location map or Monte Kumeta area. 
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high. The area is well known in che geological lirerarure 
(Catalano & D'Argenio, I 982a, b; Catalano et al

1993, 1996; Di Stefano 1990; Di Stefano & 
Mindszenty, 2000). More srriccly srracigraphy-orienced 
papers include chose by Caflish ( 1966), Mascle ( 1979), 
Wendt (1963, 1969). As well as other domains in rhe 
Terhys, after the Early Jurassic break-down of a prolific 
carbonate platform, ir was drowned co become a pelag­
ic environment, further subdivided into more or less 
depressed areas frequently connected by steeps (non 
depositional) or gencle (deposirional) escarpments. 

The Jurassic sequences cropping out in che Monte 
Kumeta area have been known for a long cime for che 
fossil assemblages and che inceresring cornplcxiry of rhe 
apparent rock body geometries and reports. These 
geometries fir well wich rhe paJaeosrrucrural schemes 
(Abare et al., 1982) in whid, intensive synsedimencary, 
mainly excensional, Jurassic recronics is stressed. This 
type of sequence characrerizcs all che basin/platform 
systems causing rhe genesis of different types of uncon­
formable conraccs. rn rhis area che main unconformity 
is char berween "bahamian" platform limescone (Inici 
Formation) and different pelagic terms (Rosso 
Ammonicico after Di Scefano & Mindszency. 2000) 
bur minor unconformicies within cl1ese rock bodies are 
also frequenc. The complex facies relarionships, che 
depositional geometries, hiaruses and rhe precise mulci­
element bioscracigraphic calibration of the evenrs have 
provided detailed knowledge of d,e timing and mode 
of rhe evol L1Cion of che area (Mariocti et tlf., 200 l). 

A peculiar element of the srrarigraphy of Monce 
Kumera, which palaeogeographically behaves as a 
morpho-srruccural high (pelagic carbonate platform 

lext-fig. 2 - General v1c\\ of rhe 
Rosso i\mmon1tico 
Lnferiorc unit in rhi: 
Cerniglia quarry Jt 

Monie Kumeca A) 
Calcare a Crinoidi 
unit; B) pseudonodu­
lar limesronc and pink 
w,IY)' cross-be<lclcd 
lime�rone (RA[a. h); 
C) red pseuduno<lular
m..irly limesmnc (RA lc);
• belemnire bearing
no<lul.ir m,1rl, (RAld).

sensu Sancanconio, 1994), is the lack of a chin succes­
sion conformably overlying pcriti<lal limestone. This 
absence represencs, in similar palaeoscruccural sirua­
cions (Southern Alps, Umbria-Marche-Sabina 
Apennines, Saccense Domain), rhe marker of rhe 
drowned platform-top on faulred blocks (condensed 
pelagic facies sensu Santanronio, 1993). 

In rhe studied ourcrop, angular unconformicies. 
discontinuous sediment disrriburion and strong 
thickness reduccion of pelagic units, over che irregu­
lar basement, prevail. chat seem co correspond co che 
typical characters of the submarine slope zone (com­
posi re pelagic facies association sensu Sancan con io, 
l 993). Conseguencly they would indicate <leposirion 
refaced co a rilced block, either corresponding co ics 
eroded ridge or, more probably. ro its flanks. The sec­
ond alternative was in rhe end preferred because of 
the presence of clasric deposits of local derivation 
(Marioni et al., 2001). 

rHEJURASSICScCT!ON OF MONTI:. KUMETA 

The Monce Kumeca sequences were recently 
described (Di Srefano & Minds1.enrv, 2000; Di Stefano 
& Mallari no, in f ress: Di Sedano ;t al .. in press) pro­
viding great decai of their complex relationships (Texr­
fig. 3); rhus only a brief synthesis is given here. 

The Jurassic pan of rhe sequence was organised into 
four main units (lnici Formarion, CaJcari a Crinoidi, 
Rosso Ammonitico and Larcimusa Formation, p11rs) 
and subsequently the Rosso Ammonirico was split inco 
three informal units named as Rosso Ammonirico 
lnferiore (RAI), Membro lnrermcdio Radiolaricico 
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Text-fig. 3 - Schcm.nic columnar sect ion of the Jurru.sic )cqucncc.­
ar Monte Kumet,t. I) Pericidal cvclorherns; 2) oolot­
ic skeletal limestone; 3) peloi<l · skelcral grainsronC-'> 
and packst0nes; 4) crinoidal limestone; 5) reddish 
condensed limesconc; 6) bedded cherts and radiolar­
ian-rich marls; 7) nodular limestone with mcgabrcc­
cias; 8) nodular limestone; 9) calpioncllid bearing
calcilmitcs; 10) belemnite bearing beds. 

(MIR) and Rosso Ammonirico Superiore (RAS) (see 
below for derailed descriprion). 

The oldest sedimencs cropping our are periridal co 
open-shelf limesrone and dolosrones (Inici 
Formation) of lower co mid Early Jurassic in age, 
characterized by nepcunian dykes with polyphase fill­
ings. Three main lithofacies associacions were recog­
nized in the lnici Formation, from the base: lnici Ml, 
peritidal cyclochems (>300 m), Inici M2, oolicic­
skelecal limescone and Jnici M3 peloid-skelecal grain­
stones and packsrones (Early Pliensbachian). 

A whice co pink crinoidal limestone, rhe Calcari a 
Crinoidi unit, unconformably succeeds the lnici 
Formation. This unit, Pliensbachian p. p., characrer­
ized by a prismatic geometry, also fills rhe first gener­
ation of nepcunian dykes (Di Stefano & Mallarino, in 
press; Di Stefano et al., in press). The cop of this unit 
is characterised by a dissolution surface wirh pinna­
cles coared by a ferromanganese cruse. lcs genesis is 
related co complex changes in seawater chemistry (Di 
Stefano & Mindszenry, 2000). 

The overlying sediments, lace Early Jurassic -
Tithonian p. p. in age, are subdivided into rhree unirs 
(Di Stefano & Mindszenry, 2000; Di Srefano & 
Mallarino. in press; Di Stefano et nl., in press): 
a) a lower unir (RA[} consisting of up to 6 m of mas­

sive, reddish condensed limescone ranging 
Toarcian co Oxfordian p. p. This unir filled che 
depressions of che irregular substrate made of the 
lnici Formation and Calcari a Crinoidi unic; 

b) an inrermediare cherry unir (MIR) characterized
by varicoloured, 0 ro 15 m chick. bedded cherrs 
and radiolarian-rich marls of Late Oxfordian -
Earliesc Kimmeridgian age (Marioni et al., 2001 ); 

c) an upper unit (RAS) consisting of l O co 15 m 
thick reddish nodular limestone and S11ccocomn­
limesrone of Kimmeridgian - Early Tithonian age. 
locally with inrraformarional unconform iries. 
megabreccias, pebbly rnudscones, and slumps. 
Upper Tichonian - Neocomian calpionellid-bearing 

cherrv calcilurires ("Lactimusa" Auct.) and Lower Creca­
ceou; co Eocene marls and cakilurices (Hybla Fonna­
cion and Scaglia = Amerillo Formation) follow upward. 

In the RA1 unic Di Srefono et al. (in press) recog­
nize four lichofacies: 
I) RAla, "Red pseudonodular cephalopod lime­

stone", consisting of dark red co red calcilurice 
containing abundant ammonites, fragments of 
Bositra, radiolarians. mollusc fragments and ben­
chic foraminifers. It is possible co recognize three 
subunits separated by chin Mn-oxide-coated bed­
ding planes corresponding co d1e Humphriesia­
num, Garanriana, and Parkinsoni Zones; 

2) RAJb, "Pink wavy cross-bedded limescone", char­
acterized by alcernaring laminae of coarser and
finer bioclascic grain/pack/wakescone wirh Bositrtt,
other mollusc fragments ,  foraminifers, osrracods, 
Clobochaete, ammonires, gastropods and echino­
derm fragments. The upper portion of RAlb is 
marked by the presence of a Lace Bachonian 
(Rerrocoscarum Zone) fauna; 

3) RAlc, "Red pseudonodular marly limesrone", a
reddish cakilucice characterized by a pseudonodu­
lar texture derived from early diagenecic nodules, 
ammonice moulds and bioturbacion traces. The 
fossil conrenr is represented by radiolarians. ben­
rhic foraminifers and mollusc and echinoderm 
fragments. Several bed-parallel goerh itic marl 
intercalarions characterize che unic whose upper 
portion is rich in large ammonices of Middle 
Callovian (Anceps Zone) age, and marked by a 
series of Mn-coated condensation horizons. A 
chin and discontinuous Mn-oxide crust separaces 
chis unit from the succeeding one; 

4) RAld, "Red/grey nodular marls", marly calcilucice
showing slump srruccures and pebbles and with a 
rich fossil concenr characcerized by belemnires, apC)'­
chi, corals, crinoids, rhyncholires and echinoderm 
fragments. The belemnice assemblage investigated 
here was collected from d,is incerval (Texr-fig. 4). 
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SYSTEMATICS 

PREVIOUS WORKS 

Belemnire assemblages from Callovian - Oxfordian 
beds have never been described from cenrral and 
southern lcaly. le is thus worth mentioning past 
authors such as de Blainville ( 1827), d'Orbigny ( 1842-
49), Favre ( 1875, 1876), Gillieron ( 1873). de Lorio! 

( 1900, 1902) and Lissajous ( 1912, 1915, 1925), who 
described, figured and discussed belcmnices from che 
Middle and Upper Jurassic of Switzerland and France. 
All the raxa here invesrigared were calibrated with 
ammonicc biosrratigraphy by rhem. Even if today their 
descriptions are defective according ro d,e ICZN rules 
(1999), we musr positively consider their studies and 
che arrempt they made co use these fossils in bios­
rrarigraphy. ince this pioneering work only two 
authors have invcsrigared bclemnices of the per­
imedicerranean area from the taxonomic, scracigraphi­
cal and evolutionary point of view: Pugaoewska 
( 1961) described and discussed belemnires from 
Middle Jurassic beds of Poland; Riegraf (1980. 1981), 
carrying on rhe belemnice revision begun by chwegler 

( 1965), complered the bioscrarigraphical, evolurionary 
and palaeobiogeographical study of Jurassic belemnires 
of sourh-western Germany. 

The systematic arrangement adopted here is 
mainly based on chat proposed by Doyle, Donovan & 
Nixon ( 1994); although che more recenr works of 
Riegraf (1995) and RiegraC Janssen & Schmirt­
Riegraf ( 1998) open some svsremaric problems char 
will need some rime for resof urion. 

TAXONOMY 

The terminology herein used is derived from 
Stevens (1965), Doyle & Kelly (1988) and Combe­
morel ( 1988). Individual descriptions also include 
si,e measurements in che cases of complete or almost 
complete specimens. AJI measures arc in millimetres. 

Texr-fig. 4 Belemmtc bearing mark 

Estimated values for incomplete specimens arc 
marked by a('). Dimensional adjeccives are used as in 
Doyle & Kelly (I 988); che terms small, medium and 
large, related co the lengch of che roscrum (L), are 
respecrively referred co L < 80 mm, L berween 80 and 
110 mm and L > 110 mm. 

Abbreviarions as in Mariotti (in press): l, roraJ 
preserved lengch; Dv, dorso-venrral diamecer at alve­
olar opening; DI. lateral diameter at alveolar opening; 
Dv

0
,.., maximum ventral diameter; DI , maximum 

lateral diameter; X, length from apex to D,,"'; le, 
compression index, used for the Duvaliidae, rhe ratio 
between dorso-ventral diameter and laceraJ diameter, 
calculated ar rhc level of che alveolar opening (I),
and at che level of che maximum dorso-venrral diam­
eter (1.111); Id, depression index, used for the 
Belemnopseidae, the rario between lateral diameter 
and dorso-ventral diameter cakulaced ac the level of 
the alveolar opening (lJ..), and ar the level of the max­
imum lateral diameter (1,1,,,), 

All che collected specimens are housed in che 
Palaeoncological Museum of the Diparcimenco di Scienze 
deUa Terra of d1e Universicy "La Sapiem.a" of Rome. and 
are curare wirh d,e coUeccion number NS 20/ .. . 

ome of che species described herein arc poorly 
known as cheir original descriptions made ar the end 
of che nineteenth century were poor ,md the illusrra­
rions in che original papers were jusc drawings. Some 
forms suhsequendy described still present nomenclar­
ural prohlems. Moreover the studied belemnite 
assemblage, rypical of Upper Callovian - Middle 
Oxfordian levels, is unique because was collected 
from a single outcrop. from beds wirh a coral thick­
ness of less rhan one metre. 

Class CFPHALOPODA Cuvier, I '94 
ubclass COL.EOrm.A Bather, 1888 
Order BELEMNI I IDA Gray, 1849 

Suborder Bu EMNOP'il l\:A Jelec1ky, l 965 
family 81 l Cl\f;s:OP\UDAE Naef, 1922 

Remarks - I fibolithes Moncforr, 1808 and 
Belemnopsis Bayle, 1878 are rhe rwo besr known gen­
era of rhis family. The question of rhe disnncrion 
between chem was raised for the first time by Lissajous 
(1925). This author's opinion was that Belemnopsis
comprised rwo groups (I libolithes and Belemnopsis)
and chat rhey had been incorrectly separated. 

Subsequently this problem was aho discussed by 
ocher auchors. Muuerlose ( 1992) describing che genus 
Belemnopsis underlines how che rwo genera are dose 
each ocher bur scares char chey differ because Hiholithes
has a pronounced hasrace rostrum wirh a shorrcr less 
prominent venrral groove. Recencly Doyle & Pirrie 
( 1999, p. 424) affirm chat "rhe overall morphology of 
Belemnopsis shows a number of subrlcries which sug­
gest char a derailed analysis of the group as a whole is 
necessary.". They distinguish rhe Middle Jurassic spec­
imens from rhe subsequent ones: che former possess a 
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depressed cross section and hastate outline, the latter a 
compressed cross section and cylindrical shape. 

Here Murrerlose's ( 1992) subdivision is applied; 
consequently the specimens with a clearly hasrare ros­
trum, a ventral groove limited ro r.he anterior half of the 
rostrum, or at its maximum not reaching r.he apex, and 
a usually circular. sometimes depressed transverse sec­
tion, are ascribed co the genus Hibolithes. In contrast, 
the specimens characterized by a cylindrical rostrum, a 
transverse section markedly depressed in the apical and 
seem regions, compressed in the alveolar region and a 
ventral alveolar groove extending up to the apex are 
included in Belemnopsis. Neverr.l,eless the existence of 
forms with transitional characters is confirmed and in 
investigating the morphological characters of some 
western Tethyan roscra of Hibolithes and Belemnopsis, ic 
is possible co observe char they are similar ro chose, 
coeval or not, of the Indonesian or South Pacific roscra. 
This seems a quire important argument due to the ami­
bucion co Hibolithes or co Bel.emnopsis of these forms, ac 
the Lare Oxfordian (the cime of its assumed eastward 
emigration), has profound implications inJalaeobio­
geographical models and in biosrratigraphic schemes. 

Sometime biogeographical and biostratigraphical 
disjunctions are considered as taxonomically distinctive 
characters ac species or ar genus level. Only with regard 
co some widespread and long ranging taxa such as 
Rhop11loteuthis s11uv11m1ust1 or Hibolithes httStatus r.hac 
have been recorded from different geographical and 
stratigraphical levels from the first palaeonrological sn1d­
ies onwards, do rhese obstacles seem to be overcome. 

The uncertainty of a clear distinction between these 
rwo genera means that a revision of their evolutionary 
history is needed. Therefore ro make progress in this 
field and to clarify in derail their geographical and 
stratigraphical discriburion, primary descriptive papers 
are urgently needed. Jc would probably be bercer to try 
first ro closely adhere co the original description of 
these caxa, leaving open for the moment the nomen­
dacural problems, and collect original dam. Only after 
a synthesis of such new data will ic possible co scientif­
ically analyse r.he results and determine cheir biostrati­
graphical and palaeobiogeographical implications. 

Genus HIBOLITHES Montfort, 1808 

7j,pe species - Hibolithes httstatus Montfort, 1808.
According ro Riegraf, Janssen & Schmirr-Riegraf 
(1998, p. 149): "Type species is a nom. dub.; ICZN 
pending: validarion with rype s

1
ecies Belemnites semi­

sulcatus M unscer, 1830". Unri rhe question is offi­
cially seer.led ir seems useful ro consider Hibolithes
httsttttus Montfort, 1808 as che cype species. 

Diagnosis - Elongated, slender and hascace ros­
trum. Symmetrical outline and profile. Maximum 
transverse diameter usually at the posterior region, 
near rhe apex. Transverse section usually circular, 
sometimes depressed in che posterior region and at 

che mid poinr of che rostrum, sometime compressed 
in the alveolar region. Shallow, wide ventral groove 
limited ro rhe anterior half of rostrum. Well evidem 
lateral lines (Doppellinien). Central apical line. 

Stratigraphical range nnd geographical distribution -
Bajocian co Apcian of Europe, Africa, Madagascar, 
Pakistan, lndia, Tibet, south-eastern Asia, New 
Zealand, Australia, wescern Anr::ircrica. Sourh and 
North America. 

HIBOLITHES HASTATUS Montfort, 1808 
Pl. 1, figs. 1-6 

1808 HibolirJm h,marus Mt11'TFORI, p. 387. 
1827 Belem111tes hasratw (Montfort) - de 8Lt\1NYllil ,  p. 71. pl. 

2. figs. 4-5; pl. 5. fig. 3.
1981 HiboliJ/m (Hibolitlm) hastatlls hasrarus (Montfort) -

RIH,RJ\1-. pp. 81-84. cext-figs. 199-201; pl. 6. figs. 45-47 
(rum ty11.). 

Material - Three well preserved adult specimens
(NS 20/1189, /1190, /1191), four sub-adult {NS 
20/1192. /J 193. /1194, /1195), rwo juvenile speci­
mens (NS 20/1196. /1197). nine sub-adult speci­
mens lacking the alveolus (NS 20/ 1198, / 1199. 
/1200, /1201, /1202, /1203, /1204, /1205, /1206), 
eight juvenile specimens lacking rhe alveolus (NS 
20/1207. /1208, /1209, /1210, /1211, /1212, /1213, 
I 1214) four fragments of alveolar, stem and apical 
regions (NS 20/1215, /1216, /1217, /1218). 

Description - The large-sized rostrum is typically
hasrate and slender with a narrowing ar the beginning 
of rhe alveolus and an inAacion in ics proximal portion. 

The our.line is symmetrical and hascate wir.l, its 
maximum diameter (Dl

1
1ux) at about one third of the 

length from the apex. The profile is symmetrical and 
hascate; che maximum dorso-venrral diameter (Dvm.J 
is ac one third of rhe lengrh from the apex. The crans­
verse section is slightly compressed in che alveolar 
region becoming slightly depressed in the seem and 
apical regions. A ventral groove ex.rends from rhe 
alveolar opening co r.he apical region. Proximally ir is 
narrower with angular edges chat become more 
rounded in the posterior portion where the groove is 
less deep and wider as a shallow depression. Two lat­
eral lines run on each Aank. The apex is acute, slight­
ly mucronare in die adult specimens. 

Dimensions 

NS 20/ L DI .•• Dv DI Dv x I,, I. 

1189 150.0 16.5 13.5 11.0 12.0 41.0 1.22 0.91 
1190 144.5" 18. l 15.8 12.3 10.7 1.45 I. 15 
1191 130.0· 13.9 11.5 9.7 10.2 1.21 0.95 
1192 s-.G 8.1 6.8 5.5 4.9 33.5 1.19 1.12 
1194 91.0· 10.0 9.3 6.5 6.5 1.09 1.00 
1196 50 8.0 7.1 4.7 4.3 19.0 1.13 1.09 
1197 41.2 5.0 4.5 2.7 2.5 15.0 I. I I 1.08 
1201 108.3 8.2 8.2 33.0 1.00 
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Remarks-The specimens investigated here are very 
simUar co chose known in che liceracme (de Blainville, 
1827; Favre, 1876; Lissajous, 1925; Pugaczewska. 
1961; Riegraf, 1981). Hibofithes semihastatus is rhe 
species closest co Hibolithes hastatus, bur the latter pos­
sesses a shorter groove and a less clavate rostrum. 

Occurrence - Upper CaJlovian to Middle Oxfordian 
beds ar Monte Kumeta (Sicily, souchern ItaJy). Favre 
( 1876) atftrms char Hibolithes hastatus is the mosr wide­
spread species in the Callovian and Oxfordian rocks of 
Swirz.erland. d'Orbigny (1842-49) asserts char this is 
the most characteristic species of Lower Oxfordian beds 
in France. and records ic also in Spain. Pugaczewska 
( 1961) recorded thar this is a widespread species in the 
Bathonian - Oxfordian of Poland; additionally she 
records it in Germany, France, England, Switzerland, 
Austria, Portugal, Spain, Algeria. Caucasus, Russia, 
Arabia, India and Madagascar. Riegraf (1981) records it 
in Oxfordian sedimems of south-western Germany. 

HIBOLITHES sp. aff H. BEYRICHI Oppel, 1857 
Pl. 2, figs. 1-2 

Material - Three almost complete roscra (NS 
20/1295, /1296, /1297), four specimens lacking rhe 
alveolar region (NS 20/1298, /1299, /1300, /1301), 
one long fragment of the seem region (NS 20/1302), 
one specimen lacking the apical region (NS 20 
11303) and five fragmenrs of the stem region (NS 
20/1304. /1305. /1306, /1307, /1308). 

Description - The large-sized rostrum is character­
istically very slender. The oucline is symmerrical and
very weakly hascate. The maximum lateral diameter 
(DI'"..) occurs ar one third of the coral length from 
rhe apex. The profile is symmetrical, cylindrical co 
slightly hasrace. Two long lateral lines run on each 
Aank to nearly che apex. The transverse section is cir­
cular, sometime very licde compressed near che alveo­
lar opening. The vencral furrow is narrow and shallow 
ending a little beyond the mid-lengch of che rostrum. 
The apical region is slender and sharply poimed. 

Dimensions 

NS 20/ L DI.... Dv., .. DI Dv x !,. I,, 

1295 131.'5 5.4 
1296 114.3 6.7 

5.3 4.2 3.8 33.0 1.02 1. 10 
6.5 3.8 4.1 30.0 1.03 0.93 

Remarks - The specimens investigated possess a 
characceriscically long and slender rostrum with a cir­
cular rransverse section. The only specimens with 
which these can be related, are chose described, figured 
and ascribed co Hiboliihes beyrichi by Pugaczewska 
( 1961). The same species was also described and fig­
ured by Riegraf ( 1980) as Belemnopsis (Longibelemnop­
sis) beyrichi and successively ascribed co Longibelemno­
psis by Riegraf, Janssen & Schmirt-Riegraf (1998). 
The specimens studied, although showing some 
affinities with che specimens figw-ed by Pugaczewska 
( 1961). differ from chem in a more marked hascacion 
of the apical region and in a clearly longer groove. 

The amiburion to Hibolithes is based on profile 
and outline both symmetrical and slightly hastate, on 
circular cross section and on the groove length. The 
investigated specimens are nor comparable to any 
known species but they were nor so well preserved 
and numerous enough co esrablish a new species. 

Occurrence- Upper Callovian - Middle Oxfordian 
beds at Monce Kurneta (Sicily, southern Italy). 

Genus BELEMNOPSIS Bayle, 1878 

Tjrpe species - Belemnites sufcatzts Miller, I 823, by 
subsequent designation (Douville, 1879). Recenrly 
Riegraf, Janssen & Schmicc-Riegraf ( 1998) ques­
cioned che validity of rhe genus Belemnopsis and its 
cype species Belemnites sulcattJS Miller. However, it is 
maintained in rhis paper, mainly following the classi­
fication of Doyle, Donovan & Nixon (1994). 

Diagnosis - Cylindrical to hascare, elongate ros­
trum. Ourline symmetrical. Profile asymmetrical. 
Acute apex. Transverse section usually depressed in 
che apical and seem regions, compressed in rhe alveo­
lar region. Broad, ventral alveolar groove extending 
up co the apex. Apical line ventrally eccentric. Lateral 
lines rarely present. 

Stmtigr11phic11/ range and geographical distribution -
Bajocian co lowermost Hauterivian of Europe, Africa, 
Madagascar, Pakistan, India, Tiber, South Ease Asia, 
Australia, New Zealand, western Ancarcrica and 
South America. In f ra.ly rhe genus is known from beds 
of Early Kimmeridgian age ac Campo al Bello and 
from Bajocian beds ar Sasso di Pale (Central 
Apennines; Marioni. 1994; in press). 

EXPLANATION OF PLATE 1 

Figs. 1-6 Hibol,tlm hasra111S Montfort. 1808. I) Adule specimen, NS 20/ 1190: 1 a) ventral view, {x I), I h) left side, (X I): 2) Jduh 
specimen NS 20/ 1 191: 2a) vcncral vie�v. (X _O. 9), 2b) lcf1 side {x 0. 9), 2�) 1ransvme section: (X 2);_ 3) adult specimen, NS 
20/1189: 3a) ventral view, {X 1 ), 3b) ngh1 side, (x 1), 3c) 1ransversc �ccuon. {X 2); 4) iuvcnile specimen, NS 20/1 196: 4a)
ventral view. (x 1). 4b) left side, (x 1); 5) suh-adulL specimen, NS 20/1192: 5a) ventral view, (x I), Sb) right side, {x I); 6) 
juvenile specimen, NS 20/1197: 6a) venrral view.(>< I), 6b) lcfr side. {x I}. 
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BELEMNOPSIS LATE.5ULO\TUS (Voltz) in Thurmann, 1832 
Pl. 2, figs. 3-6 

1832 Belem,mes lmesulcnw.r (Volcz) - Till RMANN, p. 27. 
184 5 Belem11irrs !ates11/cn111s d'ORBIC,N\. p. 301, pl. 50, figs. 3-8. 
1846-1849 Belemnius Jemiht1Stnws deprmus. QL'�.N'iTFD I, p. 440, 

pl. 29. figs. 12-19.
1893 Be/mmitts (Hibolitts) !nm11/cn1111 (Volrz) - R1cm, pp. 327-

328. pl. U, figs. 13-17.
1902 Belmmites (Hibo/iw) lmmilcnms (d'Orbigny) - de Ll>RIOI , 

pp. 8-9, pl. I. figs. 8-1 I. 
1910 Belemmtes !ntesulcn111s (VC>ltz) - BENE< Kl:, pp. 129-132, 

text-fig. I. 
1912 Belmmires (Hibolim) lmmt!ca1111 (d'Orbigny) - Li'>\AJOLi\, 

p. 15. pl. 2, figs. 7-8.
1920 Hibo/1tlm !11res11/m111s (Voh-t) - BOI ow-TRUl\lMF.R, p. 145. 
1925 Belmmopsis latesulcmus (d'Orbigny) - LI\\AJOl'�. p. 105. 
1961 Belmmopm lmesulcarus (d'Orbigny) - Puc,,\C/�\X �Iv\. pp. 

150-153, rexr-fig. 14; pl. XI; pl. XU, fig. I .

Material - Four adult specimens (NS 20/1273, 
/1274, /1275, I 1276), one juvenile specimen (NS
20/1284), three specimens lacking che alveolar region 
(NS 20/1277. /1278, /1279), four apical regions (NS
20/ 1280, / 128 l. / 1282, /1283). 

Description - The medium-sized rostrum is slen­
der and characteristically licrle hastace. The oucline is 
symmerrical, cylindrical ro l.ircle hascace. The ventral 
surface is flanened with the maximum diameter 
(Dim,.) at about che half of the rostrum in adulr spec­
imens and a lircle less chan one chird in the juvenile 
forms. The profile is symmetrical, cylindrical co very 
slighdy hastace. The transverse section is depressed 
along che entire length of che roscrum. Two faintly 
visible lateral lines run along each Aank. A vencral 
well developed groove extends backward from che 
alveolar opening, terminating near che apex; in che 
apical region ic becomes shallow expanding. The api­
cal region is relatively short and pointed. 

Dirnensions 

NS 20/ L Dl. Ov. DI Dv x 11fn. l,1, 

1174 77.0 12.0 9.7 10.3 9.2 33.0 1.24 1.12 
1275 68.0 l l .8 10.0 8.8 8.8 29.0 1.36 1.00 
1277 65.0' 11.4 9.3 - 32.0 1.22
1284 50.8 6.8 5.7 5.8 5.2 21.3 l.19

Remarks - The funny and incerescing history of 
this name, as reported by Benecke ( 1910) is rhe fol­
lowing: Voltz probably gave his name as author only 
to rhe fragmentary specimens figured in Benecke 
( 1910, fig. l) because they were che unique belem­
nices stored in an unspecified "city collection". These 
specimens were defined as Belmmites latesulcatus
Volrz and so they can be considered co include che 
original macerial. Voltz never published his name as 
che author of che species; nevertheless the name 
Belenmites latesulcatus Voltz in lit. as quoted by Bronn 
(1848, lndex I, p. 152, fide Benecke, 1910) was 
known and has been frequently cited in the literature 
sincel832, (e.g. in Thurmann, 1832; Thirria, 1883 
and Mandelsloh, 1835). Since che "Essay" of 
Thurmann was published in 1832 and in the 
"Observations sur les Belemnites" of Volcz ( 1830) 
Belemnites &tesulcatus was noc cited, Benecke ( 191 O) 
considered it probable chat Voltz gave the name to his 
belemnites between 1830 and 1832. The same author 
believed chat d'Orbigny (1845) probably created the 
name latesulcatus in autonomous way. The figures of 
d'Orbigny were never published, and what he intend­
ed with che name Belen-mites latesulcatus was known 
only by Riche (1893). ln che opinion of Benecke 
( 1910) ic is correct ro write Belen-mites latesulcaws as 
French and Swiss authors did, adding che artriburion 
Volcz non d'Orbigny. 

Belemnites latesulcmus has some very characteristic 
features, such as a lircle hasration, a long groove 
almost co the apex and an always depressed cross sec­
tion chat allows clear distinction of this species from 
che closely related Hibolithes semihastatus.

Occurrence - Upper Callovian-Middle Oxfordian 
beds at Monce Kumeca (Sicily, southern Italy). le is 
recorded from Upper Callovian beds of che 
Quenstedtocems lamberti Zone at Lupieu (Ain), 
Mon trevel (Jura) and Valfin-sur-Valouze (Jura) 
(Riche, 1893). D'Orbigny (1845) found ir in the 
lower beds of the Ox.fordian Qura bernois), de Lorio! 
( 1902) from the "Pho/. exflitata beds" at Andeloc-en­
Monragne, Gevingey, Arc-sous-Moncenot, Oramelay, 
la Billode. Benecke ( 1910) from Oxfordian of Monce 
Terrible. Lissajous ( 1912) recorded i c from the Upper 
Callovian of che Quenstedtocems wmberti Zone of the 
"Jurassique maconn.us''. Pugaczewska (1961) collect-

F.)(l>LANATION OF PLATE 2 

Figs. 1-2 - H1bolit!m sp. aff H. beyridu (Oppel, 1857). la) venrral view, (x 0. 9), I b) lefi side. (x 0.9), NS 20/ l 295: 2a) ventral view. 
(X 0. 9), 2b) left side, (X 0. 9), NS 20/ 1296. 

Figs. 3-6 - Be/mmopsis lrrresu/cmus Voltz in Thurmann, 1832. 3a) ventral view, (x I), 3b) left side, (x I), NS 20/ 1274; 4a) venrral view, 
(x 1), 4&) lefr side, (X I), 4c) transverse seccion, (X 2), NS 2011273: Sa) ventral view. (X 1), 5b) left side, (X 1), NS 20/1275: 
6)

J.
"uvcnile specimen, NS 2011284, 6a) ventral view, (x 0.9). 6b) left side, (X 0.9).

Fig. 7 · Be emnopsis sp. I. 7a) ventral view, (x I), 7b) right side, (X 1 ), NS 20/ 1285. 
Fig. 8 Duvnlta didayana (d'Orbigny. 1842). 8a) dorsal view. (x 0.9). 8b) left side, (X 0.9). NS 20/ 1266. 
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c<l ir from Bachonian and Callovian horizons in 
Poland. 

BELl:\l�OP<;f\ sp. I 
Pl. 2, fig. -

1\f,ttmnl - One adult specimen (NS 20/ 1285). 
one long srem region (NS 20/ 1286) eight fragments 
of apical region (NS 20/ l 287. / 1288. I 1289, I 1290, 
/1291. /1292, /1293. /1294). 

Description -The rostrum i\ slender and mc<lium­
sized. The outl111e is wmmerrical and very slightly 
hasrnte. [he maximum transverse inflation (Dl.,J 
occurs a1 a lirrle more I han one rhir<l of che total 
length ot the rostrum from che apex. fhe apical 
region 1s elongate endtng wirh a sharp po1nr. Antenor 
of the widest po11n che sides converge very slighdy up 
co rhe beginning of che alveolar region. The cransverse 
hascacion is very slighr. The profile is symmecrical and 
cylindrical. The apex i.!I centrally placed. The crans­
verse section or the stem and apical regions are 
depressed, ancenorly che cross section becomes .1 litdc 
compressed. The apical region 1s long and sharp. A 
median ventral groove, extending from the alveolar 
openmg co one sixch from the ,1pex, attains a maxi­
mum depth of I mm and a maximum widrh of 3 
mm. Lucral lines are present on each flank.

Dunens,om

'\J<., 201 l. DI " D, 

1285 89.0 ll.(1 8J 8.4 8. 5 u.o 1 5� 0.98 

Remnrks -These specimens show che typical char­
accerisnc.!I aUowing chem ro be ascribed to che genus 
Belemnoris. The lengch of 1he groove. rhe long and 
,lender apical region and che !>lighcly hasrare profile 
d1snngu1sh chesc specimens from already known 
forms. The marerial. even though well preserved, is 
not enough co establish a new species. 

Ocmrrmce- Upper Callovian - Middle Oxfordian 
beds al Monce Kumeca (Sicily. southern lraly). 

family DVVAI ((DAE Pavlow, 1914 

Genus On AL IA Bayle, 18"78 

7j,pe species - Belemnites dilrttflfllS <le Blainville, 
1827. br subsequent dcs1gnanon (Dou\'llle. 1879). 

Di,1g11osis - Small co large siLed, more or less 
stronglv compressed rosrrum. Alveolar dorsal groove. 
Ourlinc symmetrical. Profile asymmeuical. Two lar­
cral lines (Doppcllinien) on each flank. Apex shore, 
sometimes mucronate or rounded. 

Remt1rks - Riegraf ( 1981) re-esrablished rhe genus 
Prot/11/111/i,1 and used Belemnites mo,wtfumsr., 
Gillicron, 1873 as tvpe species, using che name 
Prod11vnlin established by \chweglcr ( 1949) bu1 
nomen nud11111. Dovie. Donovan & Nixon ( 1994) 
maint,iined the genm Prod11/Jldia Schwegler, 1949 
believing that the species Belemnites 111''!,0lliemis cired 
by �chwegler ( 1949) could be considered as rypL 
species. According ro RiegraC Jans5en & Schmicc­
R.iegraf ( 1998, p. 264), che question or suppression of 
rhis genus is pending with the ICZN. As some species 
(D111111/ia momnlvensis. D. didt')'flllll, D. neyriuensrs 
and D. dumortien). that were ascribed by Riegra( 
Janssen & \chmin-Riegraf ( 1998) co Prod1ll'nlu1 
RicgraC are invescigaced here 1r is preferable, while 
waiting for resolution of 1his problem by rhe 
lnrernarional Commission on Zoological 'omen­
clarun:, ro refer Lhese species w che genus D111lfllill. 

Stmtigraphwrl range and geogmphiCt1! dismb111io11 -
D1111,tllfl i, .1 widespread Techyan genus from 
Kimmeridgian-Early Aprian limes and is rarer in rhe 
Middle Jum\lc and Oxfordian. D1mt!111 disp11111bilis. 
from Poland (Pugac,ewska, 1961 ). and Duvalra 
rhop,t![/ormis, from Madagascar (Combcmorel, 1988), 
are che only known Barhonian record,. The youngesc 
specie<,, D. mfimze, wa� collected from rhe Turon1an of 
Madagascar (Combcmorcl. 1988). The only species 
recorded outside rhe Tethvan Realm is D1111,1'111 
gms11m,1 from the middle Lare Aptian of north-west­
ern Cermany (Murrerlose, 1988, 1990, 1992. 1998). 

DL'\'\11,\ DID.\\·\'=\ (d'Orbigm. 1842) 
Pl. 2, fig. 8 

18·i.! f!elemnm D,d,1p11111, d'Ou111 ,,. pp. L!6-l.!7. PI X'X 
l1g\. 1-5 

1863 !Mm1111m D,d,ry,11111< d'Orb1gny - Vu \Mi, \ & P11 1c,. pl. 
9. fig. 9.f,tf,. Liss.1jom. 1925

I 99-1 !>111•,,/111 tlulm111,1 (d'Orbigm·) CP\1111 �11 •K�1 & 1·1,Htk 
III F1,111 k. pp. 19-20. pl. 4. Ilg,. 1-'i. 

M11terlfll - Eight complete specimens (NS 
20/ 1266-72, I 1351 ), 'lix juvenile specimen<, (NS 
20/ 1326-31 ), rhree adulr specimens !,,eking rhe alveo­
lus (N) 20/1323-25). fourteen specimens lacking the 
alveolar region and a portion of che stem (NS 
20/13.H-45), one juvenile specimen wichout apex 
((NS 20/1346), one srem region ((NS 20/1347). three 
spec1 mcns lackmg the alveolar region (NS 20/ 1348-
50) ,md one very juvenile specunen (NS 20/1352).

Description -The large sized rostrum is ven slen­
der .ind compressed (i, 111 

0.66 ro 0.87, 1,., 0.64 co 
0.78). The compres�ion is more acccnruaced in che 
seem and apical regions. The outline 1� symmcrrical 
and hasrace. The maximum lateral diameter (Dl,.,, ) is 
placed ar the posterior portion of che rosrrum in che 
proximity of rhe apex, so rhe outline has a character­
i1,ric clavate aspecr. The flanks show a convergenr 
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rrend for the enrire alveolar region, becoming almost 
parallel or moderately divergenc in the long stem 
region, finally becoming very quickly convergent in 
rhe apical region. The profile is hastace and asymmet­
rical. The asymmetry is due co che more accenruaced 
venrral side in the apical region. A weak depression 
runs along the flanks from che end of the alveolar 
region nearly co the apex; it is more accentuated and 
marked by lateral lines in the apical region. A dorsal 
alveolar groove extends from the alveolar opening as 
far as che beginning of che apical region. The laccer is 
shore and ends in a sharp, sometimes mucronate, 
apex. The phragmocone penetrates for about one 
fifth of the length of the rostrum. The transverse sec­
tion is compressed wich rounded edges and a more 
developed venrraJ side. Alveolar angle about 20°. 

Dimensions 

NS 20/ L DI. Dv, DI Dv x r,,1· I,, 

1266 124.8 6.9 7.9 4.8 6.3 16.2 0.87 0.76 
1267 111.0 6.2 7.6 5.1 6.6 21.0 0.81 0.?7 
1268 115.0 5.2 7.7 3.6 4.7 23.7 0.67 0.7(, 

1272 92.0 5.6 7.1 4.0 5.3 22.0 0.79 0.75 
1327 74.6 6.1 9.2 3.9 5.0 15.0 0.66 0.78 
1328 61.0 5.1 6.8 3.0 3.9 15.7 0.75 0.77 

Remarks - This species is extremely slender and 
with a long dorsal groove; these features distinguish 
Duvalia didayrma from D. monsalva1sis and D.
neyrivensis. In fact che former has a clearly more 
robust and shorter rostrum and a shorter groove; rhe 
latter, even chough characterized by a long and slen­
der rostrum, possesses a shorter groove and a lircle 
more robusr rostrum. 

Occurrence- Upper CalJovian - Middle Oxfordian 
beds ac Monce Kumera (Sicily. southern Italy). 
Elsewhere, chis species is only known from Oxfordian 
beds ar R.ians and Chacillon-sur-Seine (France, d'Or­
bigny, 1842-49). 

0UVALIA DUMORTIERI (Oppel, 1865) 
Pl. 3, figs. 1-2 . 5 

1865 Belem11i1es DumorrieYi Ol'PH, p. 313 
1876 Belemn11es Dumomeri Oppel - Dl MORI II R & Fl ,,r,:s:­

'ff'. pp. 31-33. pl. IV. figs. 8. JO. not fig. 9. 
1897 Belmmitcs Dumortieri Oppel - ROM,\,, p. 5, pl. I. fig. 8. 

no 1981 Produvn/111 (Produvnfia) dumorfleri (Oppel) - RIH ,R \I. 
p. 114, tcxr-fig�. 244-245; pl. 8. fig. 85.

Material - Five complece aduJc specimens (NS 
20/1309, /1314, 11320-22), rhree sub-adult speci­
mens (NS 20/l310. /1313, /1315) and six juvenile 
specimens (NS 20/1311-12, /1316-19). 

Description - The small sized roscrum is scour and 
compressed 0,,,, 0.75 co 0.92, 1., 0.77 co 0.93). The 
outline is symmetrical and hascace. The maximum 

lareral diameter (DJ,,.") is placed at che posterior por­
tion or the roscrum. The hascace oucline is caused by 
the very gradual widening of the sides, starting from 
the alveolar opening, up co about d,e chree quarcers 
of the rocal length; they then converge rapidly in rhe 
apical quarcer. The profile is hastace and markedly 
asymmetrical. The asymmetry is due ro the more 
accenruaced vemral side in che apical region where 
the rostrum narrows very quickly, causing a clavace 
aspect to the posterior part. A weak depression runs 
along each flank from che end of che alveolar region 
almost to che apex. A dorsal alveolar groove extends 
along all the alveolar region co rhe beginning of the 
apical region, which is shore and ends wich an obtuse 
and rnucronate apex. The phragmocone penerrares 
for about one chird of rhe length of the roscrum in the 
adulc specimens and for about one half in the juvenile 
specimens. The transverse section is compressed with 
rounded edg�. Alveolar angle about 18°. 

Dimensions 

NS 20/ L DI Dv DI Dv '( 

1309 66.3 13.0 14.3 9.9 10.6 25 7 0.91 0.9.'I 

1310 55.2 10.'i 12.2 9.6 10.5 22.6 0.86 0.91 
1314 64.3 10.5 1301 8.0 10.9 24.6 0.81 0.73 

UIS 53.0 10.0 11.6 8.7 9.5 21.7 0.86 0.91 
1318 46.4 8.9 11.9 8.5 l0.4 16.5 0.75 0.82 
1319 48.0 10.8 11.7 7.8 9.5 18.6 0.92 0.82 

Remarks - This species was erected by Oppel 
( 1865) witl10uc designation of che holorype. ln our 
opinion Oppel did noc inrend co select a rype buc 
only co compare its macerial with some other figures, 
in face in his descriplion a simple comparison was 
made with a figure of Belenmites latus (= Duvalia lata)
as in Quenstedt (1849, p. 452, pl. :XXX, fig. 13), not 
co establish a rype, as helieved by some amhors, hue 
only co compare che cwo morphologies. Subsequencly 
Dumorcier & Fontannes ( 1876) described and fig­
ured so�e specirne,ns comi_ng from rhe same localiry
from which Oppel s macerral came and named chem 
as Belemnites dwmortieri Oppel. According co 
Lissajous ( 1925), Oppel ( 1865) chose the f-,gure of a 
Cretaceous specimen and so the species would be 
invalid; chat author suggested char ir would have been 
better co select the Oumorcier & Fonrannes (1876) 
figures. All the authors. char successively srudied or 
reported the species. accepted as author Oppel. lf we 
consider char Dumorrier & Fonrannes (1876) 
described and figured nrsrly the species, rhe correct 
name group might be Duvalia dumortieri Oumorcier 
& Foncannes, I 876. This quesrion is scill open and 
requires a specific scudy although rhe taxon is clearly 
recognizable. 

Duvali,1 monsalvensis is rhe species closest co D.
dumortieri. D. dumortieri differs clearly in a shorter, 
stout and davare rostrum, in a longer groove and in a 
larger alveolar opening. 
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Ocmrrence- Upper Callovian - Middle Oxfordian 
beds ac Monce Kumera (Sicily, southern lraly). lr has 
also been recorded from rhe Gregorycerns tmnsversari­
um Zone ar Crussol (Ardeche), (Oppel, 1865), from 
Oxfordian sediments of rbe "Terebratuln impressa 
Zone" at Crussol. Bouchard (Ardeche) and les Penes 
(Ain) (Dumorrier & Fontannes, 1876). 

DUVAUA MONSALVENSIS (Gillieron, I 873) 
Pl. 3, figs. 3-4, 6-7 

1873 Belemmm monsalve,ms G111 IFROf\, p. 202, pl. 8. ligs. 
5-7.

1873 Belemnite.f cf. D1dn_ynn111 G11 Lll:RO:-S, p. 198, pl. 8, figs. 
3-4.

1875 Brlmmi�es 11oiro11rmis G_illie_ro.� - FWR�, p. 15. pl. I. fig. 4.
1876 Belmmues monsnlvenm G1lltcron - F·\\ RI, p. 22, pl. I, 

fig. 1 I. 
1876 Belmmites Dio11ysii F\\ Rf·, p. 24, pl. IV, fags. 1-3. 
1876 Belemnites D11mort1eri Oppel - Dl �IOlffll R & Fn:s.­

lA'\JNI�. p. 31. pl. IV, fig. 9. 
no 1902 Belemnires cf. mo11S11!11msis Gillic!ron - de LnRIOI, p. 14, 

pl. I, fig. 13. 
1981 Prod11111rli11 (Produvnlin) mom,dvmw (Gillicron) -

RIH,R,\f·, p. 112, text-figs. 241-243: pl. 8, figs. 82-84.
J 981 Produvnlin (f'roduvnlin) d1m1omeri (Oppel) - R11 t,RM, 

p. 114. text-Ilg�. 244-245; pl. 8, fig. 85.

Material - One almosr complere rosrrum of an 
adult specimen (NS 20/ l 218); fourreen sub-adult 
specimens (NS 20/1219, /1220. /1222-27, /1234, 
/1235, /1238-4 l ); seventeen juvenile specimens (NS 
20/122], /1228-33. /1236, /1237. /1242-48, /1265), 
eleven adult specimens lacking rhe alveolar region 
(NS 20/1249-59) and five fragments of apical region 
of adult specimens (NS 20/1260-64). 

Description - The medium-sized rostrum is 
robust, clearly compressed rhroughour its length. The 
oucline is symmetrical and weakly hasrare, rhe maxi­
mum lateral diameter (Di

m
) occurs at a little more 

rhan one third of rhe coca! lengrh from the apex. The 
profile is asymmetrical and hastate. The asymmetry is 
due to an almost straight dorsum in conrrasr ro the 
more convex veneer, overall in the apical region. ln 
rhe juvenile specimens the profile is more asymmerric 
and clavate. A narrow, dorsal, alveolar groove usually 
extends jusr up co rhe mid-point of rhe rostrum. The 
flanks are flattened, sometimes marked by a slight 

depression. In the juvenile specimens a depression, 
more accentuated in rhe apical region, is present on 
each flank, rh is depression changes in a flattened area 
in rhe apical region in the sub-adulr specimens. The 
transverse section is elliprical anteriorly and rectangu­
lar with rounded angles posteriorly. The phragmo­
cone penetrates approximately for one quarter inro 
the rosrrum. The alveolar angle is about 18°. The api­
cal line is almost cencral. 

Dimensions 

NS 20/ L DI Dv DI Ov x 

1218 106.7 11.0 15.8 8.1 10.8 23.5 0.70 0.75 
1220 89.3 8.8 12.0 5.4 6.4 24.0 0.73 0.84 
1228 53.0 6.2 7.1 J.7 4.6 15.0 0.87 0.80
1229 58.0 6.J 9.3 5.5 63 16.0 0.68 0.87 
1234 60.7 7.1 8.1 .t9 5.2 17.2 0.84 0.75 
1236 44.4 7.8 9.1 7.1 7.9 16.2 0.86 0.90 
1237 37.1 5.0 6.8 .3.4 4.5 11.4 0.73 0.75 
1239 69.0 7.2 9.8 6.0 7.9 18.6 0.73 0.76 

Remarks- This is rhe mosr common species in rhe 
outcrop srudied and all it5 growth srages are presenr. 
The majority of che specimens figured in literature 
are juvenile forms. Lissajous (1925. p.81) affirmed 
char the specimens described and figured for the first 
time by Favre ( 1876) as Belemnites Dionysii are a "var­
iece grelc" of Duvalia momalvensis. The only figured 
adult specimen is in Favre ( 1876, pl. IV, fig. 1) and ir 
is very similar ro the specimens invescigaced here. The 
closesr related species are D11v11fit1 aumortieri, D. 
neyrivensis and D. voironemis. As already scared by 
Lissajous (1925) D. dionysii and D. voironensis are 
forms rhar may be ascribed ro Duva/in monsnlvensis. 
D. durnortieri differs in having a markedly shorter
and scourer rostrum and in a clearly shorrer groove.
D. neyrivensis possesses a longer slender clavate ros­
trum and a shorter groove.

Occurrmce - Upper Callovian - Middle Oxfordian 
beds at Monce Kumeta (Sicily, southern Italy). It is 
also recorded from beds of rhe Gregoryceras trt111sver­
sarius Zone in Monsalvens (Alps of Fribourg, 
Gillieron, 1873; Favre, 1876) and in Plagnere, 
Prayouds, Riondanaire, vie de Neyrive (Swit7.erland, 
Favre, 1876), from rhe Oxfordian sediments ar 

EXPLANATION OF PLATE 3 

Figs. 1-2. 5 

Figs. 3- 4. 6-7 

Fig. 8 

- Duva/in dumomeri (Oppel. 1865). 1) Adule specimen. NS 20/1309: la) dorsal view, (X I), lb) right side. (x I): 2)
juvenile specimen, NS 20/1 J 11: 2a) dorsal view. (x 1 ), 2b) righ1 side, (x 1 ), 2c) longirndinal sCClion of the alveolar
region, (X 1.5); 5) sub-adult specimen, NS 20/1315: 5a) dorsal view, (x I), Sh) righ1 side, (x 1 ).

- Duvnl,n monsnlvensi;' (Gillicron, 1873). 3) juvenile specimen, NS 20/1221: 3a) dorsal view. (x I), 3b) right side, (X I);
4) sub-adlLlr specimen, NS 20/ I 220: 4a) dorsal view. (X 1 ), 4b) left side. (x 1 ): 6) sub-adult terarologic specimen, NS
20/1222: 6a) dorsal view, (x I), Gb) right side, (X 1): 7) adulc specimen, NS 20/1218: 7a) dorsJI view, (X 0.9), 7b)
right side. (x 0.9), 7c) longicudinal section of che alveolar region. (X 1.5).

- Duva/in neyrivensis (Favre. 1876). 8a) dorsal view, (x 0.9). Sb) right side, (X 0.9), N� 20/1354.
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Voirons (Savoie, Favre, 1875), from Crussol, 
Bouchard (Ardeche), les Penes (Ain) (Dumorcier & 
Fontannes, 1876), from rhe middle pare of Lower 
Oxfordian ar Scoberg near Blumberg/Wucach and 
Lower Oxfordian of Reichenbach near Nusplingen 
(wesc-souchern Germany; Riegraf, 1981 ). Some spec­
imens of che Lissajous collection are presendy housed 
at the Museum of rhe Claude-Bernard Universirv in 
Lyon; rhey come from Oxfordian marls of Cr�ssol 
(Ardeche, south-eascern France). 

0UVAIIA NEYRlVl::NSIS (Favre, 1876) 
Pl. 3, fig. 8; Pl. 4, fig. 1 

1876 Belnnmres Neym,enm F·\\ Kl, pp. 23-24, pl. I, fig. 15. 

Material - Four adulr almosr complete specimens 
(NS 20/1354-57), one juvenile complete specimen 
(NS 20/1381) and rwenry-six specimens lacking the 
alveolar region (NS 20/1358-80, /1382-84). 

Description - The large sized rostrum is slender 
and compressed (I.,11 0.63 co 0.81, 1

0 
0.63 to 0.86). 

The oucline is symmetrical and hastate. The maxi­
mum laceral diameter (DI,,._,.) is placed ac one quarcer 
of rhe rocal length from che apex. The Aanks converge 
from rhe alveolar opening co the cip of the alveolus, 
and then they diverge moderacely as far as the begin­
ning of the apical region. The profile is hastate and 
asymmetrical. The more inflated venrral side causes 
chis asymmecry. The flanks are flattened more in the 
posterior half of the roscrum and in this portion are 
rnn by a broad and weak depression. A dorsal alveo­
lar groove extends from the alveolar opening co half 
of d,e length of the rostrum. The apical region is 
shore and ends with a mucronace point. The phrag­
mocone penetraces for abouc one f 1fch of che length. 
The rransverse section is compressed with rounded 
edges. The alveolar angle is abour 20°. 

Dimensions 

NS 20/ L DI. Dv .. DI Dv x 

1354 99.0 7.0 11.0 5.2 "'.3 27.0 0.63 0.71 
U55 124.0 9.1 12.1 7.7 8.9 27.2 0.75 0.86 
1356 105.0 7.7 10.8 - 24.:! 0.71
1357 101.6 8.6 12.2 6.3 9.5 27.5 0.70 0.66 
1358 94.o· <), 5 12.4 -- 25.0 0.77 
1359 89.o· 8.2 11.3 -- 29.8 0.72 
1,81 76.0 5.9 7.3 4.1 6.5 20.5 0.81 0.6.3 

Remarks - The only species co which ic is possible 
co confuse Duvalia neyrivensis is Duva/in didayana. 
The latcer is very similar bur has a markedly more 
slender rostrum and a very much longer groove dis­
cinguishes it from D. neyrivensis. 

Occurrence - Upper Callovian-Middle Oxfordian 
beds ac Monce Kumcca (Sicily, southern Icaly). fr was 

also recorded from Oxfordian sedimencs ar Neyrive 
(Favre, 1976). In che collection of che Museum of the 
Earch Department of che University Claude-Bernard 
of Lyon is scored a specimen coming from Upper 
Oxfordian beds of che base of the Epipeltocmrs 
bimmnmatum Zone ac Chassagnes (Ardeche, souch­
eascern France). 

Genus RI IOf>ALOTEUTHJS Lissajous. I 915 

Type species - Belen-mites sauvana11s11s d'Orbigny, 
1842. 

Diagnosis - Small sized hascate rostrum. Symmc­
crical and hastate outline. Symmecrical co very slight­
ly asymmecrical hascace profile. Circular co sub-qua­
drace transverse section. Dorsal alveolar groove. Api­
cal line slightly eccentric, alveolus penecracing one 
quarter co one half of che coral lengch. Weak lateral 
lines on each Aank. 

Stratigl'llphical range and geographical distribution -
Bathonian co Tirhonian of rhe Mediterranean area 
and southern Europe. 

RI IOPALOTEUTI IIS ARGOVIANA (Mayer, 1863) 
Pl. 4, figs. 2-3 

1849 Brlm1111tl'J hnsttttus r111press11e QLt "' 11 !>I, p. 447, figs. 36-
37. not figs. 38-39.

1863 Brlmmues nrgovi,111m MAHR. p. 193. 
1875 Bele11111ires nrgo11u111111 Mayer - FA\ Rt., p. 14. pl. VI, figs. 2-

3. 
1876 Brlmmites m-govrrmm Mayer - FWRF, p. 18. pl. I. fig. 7. 
1902 Brlem111res (Hiho/ires) ,1rgo11i,m11s Mayer - de LORIO!. p. I 0, 

pl. I. figs. 16-17. 
192'5 Rhop11/otmthis ,rrgo1•in11m {Mayer) - LI\\Alnt"\, pp. 55-56. 
1961 Rhopnlote11tl11s argov1t11111S {Mayer) - PLC, \l/F\\''-KA, p. 193. 

pl. 6. figs. 1-3. 
1981 Prod1w11/i11 (Pnchyduvnli11) nrgo11imlfl (Mayer) - RIH,RAI.

pp. I 07-108, cexi-figs. 235-236; pl. 8, fig. 77. 

Material - Five complece specimens (NS 
20/ 1388-92) and some fragments of alveolar and api­
cal regions. 

Description - The small-sized rostrum has a sym­
metrical, cylindrical or very slighcly hascate outline 
and a symmetrical co very slightly asymmetrical and 
hascace profile. The transverse section maintains a 
sub-circular shape for all rhe lengrh of rhe rostrum. 
The flanks are incised by laceral lines and are not 
always discernible. From che alveolar opening rhc 
flanks run parallel for rwo chirds of the lengch; they 
successively caper rapidly ending in a mucronate dor­
sally eccencric poinc. The alveolus penetraces one 
third of rhe coral lengch. 
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Dimensions 

NS 20/ L DI Dv, rn Ov x 

1388 35.0 7.7 8.4 8.0 8.1 15.3 0.92 0.99 
1.389 36.5 9.0 9.3 9.2 9.1 15.8 0.97 1.01 
1.?90 36.0 8.6 8.6 8.0 7.8 14.0 1.00 1.02 
1391 30.2 6.6 6.9 5.9 6.0 13.7 0.98 0.98 
1392 43.4 6.1 6.6 6.0 6.2 15 7 0.92 0.97 

Rernarks - Rhopaloteuthis s1111va11a11sa is rhe closesr 
species co Rhop11Lotmthis 111goviru111. The main charac­
teristics char allow distincrion of R. argovi11nfl from 
che above mentioned species is a shoner and less has­
rare rostrum. 

Ocmrrence- Upper Callovian - Middle Oxfordian 
beds at Monce Kwneca (Sicily, southern lcaJy). Jc is 
recorded also from beds of the Epipeltocems bimmn­
mntum Zone a1 Birminsdorf and Voirons, from beds 
of che Streblites tenuilobatus Zone at Lemenc and 
Monsalvens. from Oxfor<lian limesronc ar rhe 
Hongrin Valley (Favre. 1875, 1876). de Lorio! ( l 902) 
found it in the "Ammonites" nrolicus Zone beds ac St. 
Sorlin. Puoaczewska (1961) recorded ir in Lower 
Oxfordian horizons in Poland and Riegraf ( 1981) in 
the Lower Oxfordian, ("crwtisnigme-Zone, tmnsver­
s11ri11m-Schichten", p. 108), in southern Germany. 
Some specimens of che Lissajous' collection, stored ar 
the Museum of the Earth Department of the Claude­
Bernard University in Lyon, come from Lower 
Oxfordian beds at Crussol (Ardeche) and from 
Oxfordian beds at Authoison (Haute Saone). 

RHOPALOTEUTHIS SAUVANAVSA (d'Orbigny, 1842) 
Pl. 4, figs. 4. 7 

1842 Bell'mnJtes st11w,111,11tS11S d'ORKI(,'\:\, pp.128-130. pl. XXI. 
figs. 1-10. 

I 925 Belemn,w s1mv11111111s11S d'Orb1gny - l 1,,,,1m ,. pp. 41-43. 
131. rcxr-fig .• B.

I 961 Rhopn!oteuthis StllJL'f111tlllSIIS (d'Orbigny) - rt < ,.\( ZI \\'\Iv\, 
pp. 194-195, pl. VI. fig�. 7-9. 

1988 Rhopnlotmthis s111w,mausu.r (d'Orbigny) - Cll\11\� \IORJ I. 
pp. 140- I 4 I. pl. 23, fig. 12. 

I 994 Rhopnlouuthis st111vn11n11sn (d'Orbi�ny) - Cn,m1 \1llRII & 
FIS< flllt in Fl\C Ill R, p. 20. pl. j, Jig. 4. 

Materifll - Two adult (NS 20/1.385. / 1387) and 
one juvenile specimen (NS 20/ 1386). 

Description - The small-sized roscrum is scouc and 
clearly hastare. The outline is symmetrical and has­
cate; rhe maximum lateral dian1ecer (01..,J is ac one 
chird of che rocal lengch from the apex. The profile is 
slighcly asymmecricaJ and hastate. The maximum 
diameter (Dv..,J ar one rhird of the coral length from 
rhe apex. The asymmetry is due ro a more inflated 
ventral side ac che apical region. The transverse sec­
tion is circular, at che alveolar region. co sub-quadrace 
in che seem and apical regions. A dorsal deep alveolar 
groove runs as far as che maximum diameter of the 

rostrum. The apical line is very slighcly eccencric. The 
aJveolus penetrates one rhird of rhe coral lengch. 
Weak laceral Jines are presenr on each flank. The apex 
is mucronace and dorsally eccentric. 

Dimensions 

NS 20/ I. DI 

138'5 
1386 
1387 

'51.7 
37.1 
56.5 

7.4 
-.2 
8.0 

Dv DI Dv x 

8.3 7.1 
8.0 6.3 
').0 8 . .3 

-.3 15.3 0.89 1.00 
6.5 14.0 0.90 0.97 
8.4 16.2 0 88 0.99 

Remflrks - This is cerrainly the most common 
species of rhe genus Rhopaloteuthis in the Oxfordian 
T'ethyan sediments. R. nrgovi(lflfl is che closesc species 
co R. s1111vann11sn. but the larcer has a characrerisricaJ­
ly longer rostrum and a less hascate outline an<l pro­
file. Some juvenile forms of Duvttlin monsalvensis can 
be similar, bur cheir compressed transverse secrion 
distinguishes chem clearly. 

Occurrence - Upper CaJlovian - Middle Oxfordian 
beds at Monte Kumeta (Sicily, southern lraly). 
Additionally it is known from Lower Oxfordian sed­
iments of Germany, France, Swirzerland, PonugaJ, 
Algeria, India, Madagascar and Upper Callovian­
Lower Oxfordian of Poland (Pugaczewska, 1961 ). 
Combemorel ( 1988) recorded rhis species from 
Lower Oxfordian beds in Madagascar with 
Putealicera.s corresponding ro the Early Mariae Zone 
of Tethyan Europe. Doyle & Mariotti ( 1991) record­
ed this species in OxforcLlan beds of norch-wescern 
Anatolia (Turkey). 

RHOrALOTEUTH!S sp. I 
Pl. 4, fig. 5

Mflterial - One complete, well preserved speci­
men (NS 20/1393). 

Description - The small-sized rostrum is srout. 
The outline is symmetrical and cylindrical; it is pos­
sible ro observe only an impercepcible narrowing ac 
che level of rhe protoconch. The maximum laceral 
diameter (DI ... ") is at che mid point of the rostrum. 
The profile is asymmecricaJ and very little hastate 
with a very slighc narrowing ar che alveolar opening. 
The asymmetry is caused by a more evident inflation 
of che veneer wich respect co rhe almost straight dor­
sum. The maximwn dorso-ventral diamecer (Dv

m
.J 

is ac che haJf of lengch of che rostrum. The apex is 
obtuse wirh a mucronace dorsally-eccentric poinc. 
The transverse seccion is circular co sub-quadrace 
because of the lateral Aartening. A moderately deep 
and narrow dorsaJ groove extends along halt of the 
rostrum. Lateral lines in the form of a very slight 
depression are presenr on each flank. 
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Dimensions 

NS 20/ L DI, Ov,".. DI Dv I., '� 

1393 58.0 12.8 13.1 12.8 12.7 26.0 0.98 1.01 

Remarks - The almost circular rransverse section, 
the asymmetry of rhe profile, the obtuse and 
mucronare apex and rhe lateral depressions allow this 
specimen co be ascribed co Rhopaloteuthis. The minor 
hasracion in outline and profile is a character char does 
not seem to be presenr in any previously described 
taxon of this genus. The only closely relared species is 
Rhopaloteuthis conophom, present in rhe Lower 
Tichonian beds of the western Techys, bur ic differs in 
having a longer groove, rounded flanks and a shorter 
apical region. Only one specimen was collected so it 
has not been possible co erect a new species. 

Occurrence - Upper Callovian - Middle Oxfordian 
beds at Monte Kumera (Sicily, sourhern Italy). 

Genus PSEUDOBELUS de Blainville, 1827 

7ype species - Pseudobelus bipartitus de Blainville, 
1827 

Diagnosis - Small-sized rostrum, outline symmetri­
cal and hascare, profile asymmeuical and hasrace, a well 
marked lateral groove on each flank, transverse section 
compressed, sub-quadrace to pyriform (8-shaped), 
acute and eccentric. sometime mucronare apex. 

Stratigraphical mnge and geographical distribution -
From the Bachonian co Haucerivian of south-western 
Germany, France, Switzerland, Italy, Balkans, Poland, 
Caucasus, North Africa, Madagascar. 

PSEUDOBELUS COQUANDUS (d'Orbigny, 1842) 
Pl. 4, fig. 6 

1842 Bek111111m Coqumulusd'ORBJ(;NY, p. 130, pl. 21, figs. 11-18. 
1871 Belemnites Coq11m1d11s d'Orbigny - Dll.\10RTl!'R, p. 23. pl. 

2, figs. 25-26, not figs. 21-24. 

1920 Hibolires Coq111111d11s d'Orbigny - Bui ow-TRL MMER, p. 138. 
1961 Pm,dobelw coq11r111d11s (d'Orbigny) - PU<,A< /EWSI-.A, p. 

199. Pl. IV, figs. 1-5.
1977 Ouasihnstites roqwmdus (d'Orbigny) - GL'\ 10,\l�\O\', 115, 

pl. I. fig. 6. 
1994 Pse11dob�lm roq111111d11s (d'Orbigny) - CO.\IBEMORFI & 

Fl�HER m Fl�lllR, p. 20, pl. 4, figs. 2-3. 

Materinl - One specimen lacking the alveolar 
region (NS 20/ 1394). 

Description - The small-sized rostrum has a sym­
metrical and slightly hastate outline and a markedly 
asymmerrical and hasrace profile. The maximum 
diameters (Dim,. and Dv

111 .,J are both near rhe apex 
giving such a characteristic clavace shape ro che ros­
trum. The asymmetry is caused by a stronger convex­
ity of the veneer. A well incised groove extends on 
each flank. The transverse section is sub-quadrate 
with a larger veneer; the incisions of che lateral 
grooves give a characteristic 8-shaped oucl i ne. The 
apical �egio� is shore ending with a mucronace and 
eccencnc point. 

Dimensions 

NS 20/ L DI •. 

1394 29.0' 7.4 

Ov 

8.3 

DI Dv I" 

- 14.0 0.89

Remarks - Belemnites coqunndus d'Orbigny was 
ascribed by Blilow-Trummer ( l 920) co the genus 
Hibolithes; successively Naef ( 1922), Lissajous ( 1925) 
and Pugaczewska ( 196 l )  ascribed it to rhe genus 
Pseudohelus of che family Duvaliidae Pavlow. 1914. 
Guscomesov ( 1977) established che new genus 
Quasihastites, of rhe family Belemnopseidae Naef. 
1922, establishing as rype species BeLemnites coquan­
dus d'Orbigny. Tnstead Combemorel & Fischer (in 
Fischer, 1994) confirm che attribution of Belemnites 
coquandus co rhe family Duvaliidae both for the com­
pressed rostrum and for the presence of deep lateral 
grooves. The arrribution of chis species co Pseudobelus 
is here accepted borh for the general shape of oudine 

EXPLANATION OF PLATE 4 

Fig. I - Duva/in 11eyrivemis (Favre, 1876). I) Adult specimen, NS 20/1355: la) dorsal view. (X 0.9), lb) right side, (X 0.9). 
Figs. 2-3 Rhop11!ore111his nrgo11i1111n (Mayer, 1863). 2a) dorsal view, (X I). 2b) right side, (X 1 ), NS 20/ 1388: Ja) dorsal view. (x l }, 3b} 

right side. (X l). NS 20/1390. 
Figs. 4, 7 - Rhopnloteuthis sr111v1111mu11 (d'Orbigny. 1842). 4) adult specimen, NS 20/1385: 4a) dorsal view, (X 1 ). 4b) righr side, (X 1 ); 

7) juvenile specimen, NS 20/1386: 7a) dorsal view, (x I), 7b) right side, (X 1 ).
Fig. 5 
Fig. 6 
Fig. 8 

Fig. 9 
Fig. 10 
Fig. 11 

Rhopa/01e11rhis sp. 1, Sa) dorsal view, (X I), Sb) right side, (X l). NS 20/1393.
- Pse11dabe/11scoq111111d1u (d'Orbigny, 1842). 6a) dorsal view, (X 1). 6b) right side, (x 1), NS 20/1394.

A �mall rostrum colonized by a coral of rhc discoidal morphological type. Notice che coral diameter clearly larger than che
belemnite width (X 2).

- The conical morphological type of coral (x 2).
A black coated roscrum colonized by a coral. this last one is not interested by the black cover (X 2).

- Enlargement of fig. I O (x 2).
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and profile and for che presence of the laleral grooves, 
in face ir is known char no Hibolithes species possess­
es such deeply incised lateral grooves, compressed 
transverse secrion and asymmetric proltle caused by a 
more marked convexity of the veneer. 

Occurrence- Upper Callovian - Middle Oxfordian 
heds ac Monte Kumeca (Sicily, sourhern lcaJy). It is 
recorded in Callovian and Oxfordian beds of Poland 
Pugaczewska (1961) and Oxfordian horizons in 
France (d'Orbigny, 1842-49). 

IAPHONOMY 

An enormous number (many hundreds) of belem­
nire rosrra, often well preserved, were collecred in a 
rrue belemnice "ne c", from a lens-shaped densely 
laminated shale, nearly 80 cm chick bed. The bclcm­
nile assemblage is the same in every level of che shale 
and does not show mixing phenomena although ic 
has been evidencly reworked in situ (see below). All 
rhc roscra are parallel co the surface of rhe beds and 
frequently also iso-orienred (Texc-r1g. 5). Some cen­
timetre rhick laminae are characterized ac places by an 
cxceprional mass of roscra. It 1s also worth of note rhac 
rhe same sediment includes a very diversified and rich 
assemblage including foraminifers, rhyncholices 
(many forms of che genera Hndroclm/us, Leprorheilus 
:ind Gon,ttocheilus), aprychi (Lamell11ptychus and 
l11ev11ptyrhus), echinoderm sand sized debris, crinoids 
(roocs, columnar places and Phyllocrinicid calyces), 
fragmentary irregular echinoids (large places) and 
shark reed,. 

These local enrichments were probably caused by 
a sediment seleccion originaced from a slump char 
also caused rhe packing of several roscra char closely 
packed against each OLher, presencing pressure-solu-

rion phenomena. Mose of the belemnices are cracked 
buc frequently ir has been possible co assemble che 
fragmented rosrra, although very long and slender. le 
is thus evident chac che slump causea rhe slide of che 
belemnice bearing layers for a shore distance, proba­
bly a few metres, and wichour strong energ)'. 

Several rosrra have been colonised by corals, and 
three (and in few cases four) corals are often present 
on a single rostrum, demonstrating the presence of an 
environment suitable for these organisms. The coral 
assemblage consists of several specimens and is how­
ever oligorypic, only solitary forms being present and 
probably ascribable co two caxa. The morphological 
characreriscics can be summarized inro t\VO rypes: 
conic-shaped and discoid (Pl. 4, figs. 8-9). 

Serrling behaviour can be evaluated considering 
char frequencl}' larger corals grew beyond the belem­
nire diameter and char corals on che same rostrum 
show different growth srage with che same orienta­
tion. AJI thac considered we can draw a scenario in 
which belemnires were Aar lying on a muddy surface 
along the non-depositional escarpmenr. These were 
very probably che only hard surfaces emerging from 
che mud and rhus were selected for an active colo­
nization by coral larvae present in a presumably large 
number in che sea water. These rosrra remained stable 
for a quite long Lime; a<ldiciooally rhe period of 
starved sedimentation must have lasted a rime long 
enough to allow che growth of the corals. 

Up ro now no invesrigarion has been made on che 
coral assemblage and obviously ir is nor possible co 
attempt any refined palaeoecological analysis. lr is, 
however, useful co remember that sequences typical of 
srrucrurnl highs characterized by cheJresence of soli­
rarv and colonial corals are recorde in che Central 
Ap�nnines (Nico ia & Pallini, 1977; Mariotti et al, 
1979; Sancanconio , GaJlu1.zo & Gill, I 996). 

Tcxc-fig. 5 - Bclcmmtc nest, nonce 
chc rosrra accumula­
tion (x 0.85). 
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lr is also worch nocing char the same conditions 
were ascribed co che sedimentary environment from 
which were found che roscra, heavily bored by 
Acrororacic cirripedes, coming from sequences typi­
cal of scrucrural highs in che CencraJ Apennines 
(Mariocci & Macceucci, 1989; Mariocci in press) 
while, in che scudied material the rostra were never 
bioeroded. These apparently conrrasting dara cannot 
yer be interpreted, nevertheless rhey allow an impor­
tant consideration, char is char some srill indecipher­
able environmental or early diageneric reasons, char 
are nor recorded inro the sedimenrs {or nor more rec­
ognizable), concrolied che presence and rhe alcerna­
rive acciviry of corals and cirripedes. 

Many specimens were covered by a black film, prob­
ably relaced ro che Mn-coated horizons of the underly­
ing unit, and subsequemly by an argillaceous cover. 
When chese "black" roma are colonized by corals (Pl. 4, 
figs. I 0-11) the corals are never covered. This could be 
inrerprered as providing evidence char when corals 
colonised d1e rostra the larcer had co be already coated 
and chus had crossed various stratinomic phases, name­
ly burial, early Lithificacion, coating and reexhumarion. 

BIOSTRATlGRAPHICAL REMARKS 

The examined belemnires were collecced from beds 
of che "Red/grey nodular marls (RA1d)" lichofacies of 
che Rosso Ammonitico Inferiore. These sediments lie 
on a reddish calcilucice whose top is parcicularly rich 
in ammonites and invested by a series of Mn-coated 
condensation horizons. The ammonites collected 
from chis surface indicate che Middle Callovian 
(Anceps Zone) (Di Stefano et nl., in press). ln parallel 
co rhe systematic belemnire srudy other researches 
began on radiolarians and calcareous nannoplankcon 
present borh in rhe belemnire beds and in che suc­
ceeding "Membro lnrermedio Radiolaricico" unit 
(Mariotti et al., 2001). The resulting daca fir well with 
bioscracigraphical dara relared co the belemnices char 
range from Lace Callovian ro Middle Oxfordian. 

Hibolithes hastatus is recorded from Bachonian­
Oxfordian beds, but ics most significant presence is in 
Early Oxfordian. Duva/in didayann and D. neyrivensis 
occur ar various Oxfordian levels so chey are less scrari­
graphically meaningful. D. dumortieri was found 
respectively in beds of the Lower and Middle 
Oxfordian. Rhopaloteuthis sauvn.nasa is a characcerisric 
form of Lare Callovian--Early Oxfordian; however, R.

argoviana is recorded almost exclusively from che 
Lower Oxfordian beds. Lastly Belemnopsis latesulcatus 
is present principally in Upper Callovian sediments, 
only once has ic been found in Lower Oxfordian scra­
ra. 1n conclusion the mosc significant forms are 
Belemnopsis latesulcatus, Rhopaloteuthis sa.uvanausa and 
R. argoviana char permit ro dace rhe belemnice bearing
levels as of Lare Callovian-MiddJe Oxfordian age.

These daca can be joined wich che ocher [caJian 
findings ro evidence their stratigraphical meaning, 

che following list includes all che Jurassic and 
Cretaceous outcrops with rhe related belemnire 
assemblage known in central and southern Italy 
(Combemorel & Mariocci, J 986a, b, 1990; Combe­
morel, Mariocri & Spaeth, 1994; Combemorel et al., 
1994; Mariotti, 1994, in press). 

CENTRAL lTALY 

l - Valdorbia (Perugia), basinal sequence, Acrocoefites 
{ Odontobefus) subtricissus Lare Toarcian (Pseudoradiosa 
Zone); Passaloteuthis sp. Pliensbachian/Toarcian boun­
dary; Acrocoefites (Acrocefites) subtenuis, Early Toarcian; 
2 - Gualdo Tadino (Perugia), Passaloteuthis cf. milleri, 
Lare Pliensbachian-Early Toarcian, Passaloteuthis sp., 
Lare Pliensbachian/Toarcian, Acrocoelites, Simpsonibe­
lus, Toarcian; 
3 - Tivoli (Roma), olisrromal deposits, slumpings and 
resedimenced marerial coming from a near slope, 
Acrocoelites (Praepachyteuthis) ilminsterensis, Simpsoni­
belus expansus and Acrocoelites (Odantobelus) sp., Early 
Toarcian (Serpencinus Zone); 
4 - Sasso di Pale (Perugia), Belemnopsis, Early Bajo­
cian (Humphriesianum Zone); 
5 - Campo al Bello {Pesaro), Hibolithes semisulcntus, 
H. pignattii, Acutibelus sp. cf. acunriformis,
BeLemnopsis neronensis, Duvnlin matteuccii, D. nicosi­
ai, D. pn.flinii, D. raymondi and Rhopaloteuthis massi­
moi, Early Kimmeridgian;
6 - Serra San Quirico {Ancona), Du11ali11. ensifer, D.
apenninicn, D. nesinensis, Pseudobelus zeuschneri, P.
dntensis, Pseudobelus sp., Rhopafoteuthis conophoms, R.
stmngulatus, R. siciliensis, Quiricobelus italicus, Hibo­
lithes cf. semisuicaws, Early Tirhonian (Ponti Zone);
7 - Pieia (Pesaro), Hibolithes sp .• Duvnlia sp., Early
Tichonian;
8- Porcarella (Ancona), Duvalia tithonica, Late Tirho­
man.

SOUTHERN lTALY 

I - Cozza di Masrro Pasquale (Cosenza), Megateuthis 
sp., Holcobefus trauthi, Befernnopsis sp., Lare Aalenian­
Early Bajocian; 
2 - Magaggiaro Mc. (Agrigenro), Hibofithes semisuf­
c�tt:s, Early Tirhonian; DuvaLia lata fata, Early Valan­
g1man; 
3 - Monce Kumeca (Palermo), Hibolithes hnstatus, 
Hibofithes sp. aff. H. beyrichi, Belemnopsis fotesulcatus, 
Belemnopsis sp. I, Duva/in didaynna, D. dumortieri, 
D. monsal11ensis, D. neyrivensis, Rhopaloteuthis nrgo­
viana, R. sauvanausa, Rhopaloteuthis sp. 1, Pseudobelus
coqunndus, Lare Callovian - Middle Oxfordian;
4 - Guidaloca (Trapani), Duvnlia dilatata dilatata,
Duvalia sp. cf Duvalia difatata binervioides and
Duvalia sp., Upper Valanginian-Haurerivian.
5 - Palazzo Adriano (Palermo) and S. Stefano di
Quisquina (Agrigenco), Duvalia conicn, Lower Ticho­
nian-Yalanginian;
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From chese stratigraphical data it is possible co 
make some conclusions. 

The Early Jurassic belemnices show the greatest 
affinity ro the European forms and can be directly 
correlated with chem. 

At the Aalenian-Bajocian boundary Belemnopsis,
Megateuthis and Hofcobefus are useful markers. che 
lase marks rhe passage from a uniform Europe-wide 
belemnire fauna in rhe Early Jurassic cowards che 
developmem of endemism and che escablishmenr of a 
Terhyan fauna. This apparent biogeographical datum 
presents major problems in biostracigraphy. 

The Upper CaUovian - Middle Oxfordian belem­
nice assemblage studied herein confirms the presence 
of genera and species up co now only known in 
Mediterranean Techys such as Hibolithes, Belemnopsis,
Duvalia, Rhopafoteuthis and Pseudobelus. Probably 
some new caxa are present. 

The Early Kimmeridgian assemblage charac­
terised by Belemnopsis, Hibolithes, R�opaloteuth�s and 
Duvafia shows che lase occurrence of Belmmopsts chat 
had just migrated cowards the east in che Tethyan 
area. All the species are differenc from rhe Upper 
Callovian-Middle Oxfordian ones. 

The Early Tichonian assemblages are dominated 
by Duvalia, Pseudobelus, Rhopnloreuthis and Hiboli­
rlm. Some of the species ascribed ro these genera are 
new and all the previously present species disap­
peared. 

The Lace Tichonian findings show char the genus 
Rhopaloteuthis disappears, while Duvnlia is still pre­
senc wirh the species D. tithonica and D. conica.

The Early Cretaceous is characcerised by Duvalia
lata fnta, D. difatata dilatata, Duva/in sp. cf. D.

dilatata binervioides, weU known and reliable forms 
calibrated co che Valanginian and Haucerivian. 

CONCLUSIONS 

Belemnices can be considered good biosrraci­
graphical fossils because they are widespread, fasc 
evolving, largely facies independent, simple co identi­
fy and abundanr. They are common fossils in 
Mesozoic sequences and have been used for biozona­
cions overall for rhe Upper Cretaceous of northern 
Europe. As regards Jurassic belemnice biozonacion of 
rhe Mediterranean Tethys only rhe Toarcian belem­
nites have been used as bioscracigraphical tools for 
zonal schemes (Scoyanova-Yergilova, I 977; Doyle, 
1990, 1992). But as regards Middle and Upper 
Jurassic of the western Terhys, with the only excep­
cion of che papers of Riegraf (1980, 1981) about 
Jurassic belemnices of south-wescern Germany, no 
tentative zonal scheme was rroposed.

As for regards the cenrra and southern lraly three 
main outcrops were recently investigated (Combe­
morel & Mariotti, 1986a; Combemorel et al., 1994; 
Marioni in press) although rhey are strongly biased 
by depositional peculiarities. 

In che Umbria-Marche Apennines the richest fos­
sil-bearing layers are unfortunately located on struc­
tural highs, and characceriz.ed by discontinuous and 
chin sequences, so the vertical evolution of taxa can­
not be completely examined. Almost all the 
sequences of chis type are inrerrupred by a hiatus 
ranging from Middle Bajocian co Early Kimmer­
idgian (Farinacci et al, 198 l; Farinacci, 1988; Cecca 
et al., 1990; Sancanconio, 1993; Bartolini & Cecca, 
1999; Mariotti in press). Only rwo belemnice assem­
blages coming respectively from che Lower 
Kimmeridgian of Campo al Bello (Mariotti, in press) 
and che Lower Tichonian of Serra San Quirico 
(Combemorel & Mariocri, l 986a) are very rich and 
well cali braced scracigraph ically. 

In Calabria, ar Cozzo di Mastro Pasquale (south­
ern Ttaly) only a very condensed sequence, deposited 
on a basemenr high, has given a belemnice assemblage 
of Early Aalenian to Middle Bajocian age 
(Combemorel et al., 1994). 

The belemnice assemblage collecced from che out­
crop of Monce Kumeta is of rhe same importance, 
from a stratigraphical point of view, as chose of Serra 
San Quirico, Campo al Bello and Cozzo di Mastro 
Pasquale. 

le is now possible co affirm chat all the belemnice 
assemblages coming from central and southern lcaly 
are che only records with exceptional characceriscics, 
both for the numbers of che forms, and for they were 
collected from single outcrops well established from 
the stratigraphical poinr of view. 

Although it is impossible co arcempt a zonal 
scheme basing only on these sporadic dara, [hese 
records can certainly give useful indicacions char 
belemnire biosrratigraphy may be acrainable. 
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