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Interesting new ammonites from the Upper Jurassic of Argentina
and their correlation potential: new possibilities

for global correlations at the base of the Upper Tithonian

by ammonites, calpionellids and other fossil groups

by ArnoLp Zeiss and HEcTor A. LEANZAF

with 7 figures

Abstract. Two ammonites from the Vaca Muerta Formation cropping out at the southern slope of
Cerro Lotena (Neuquén Basin, Argentina) are described for the first time: 1) Simplisphinctes (Lote-
nia) newguenensis, n,subgen., n.sp., and 2) a completely preserved adult microconch of Wind-
hauseniceras internispinosum (Krantz). The beds which contained the ammonites bclong to the
lowermost Upper Tithonian Windhauseniceras internispinosum Zone. These new findings, espe-
cially Simplisphinctes (Lotenia) neuguenensis, allow providing further arguments for the correlation
between the W.internispinosum Zone of the Andean Jurassic Province and the Simplisphinctes
[abnormis] Zone of the Mediterranean Jurassic Province. In this context it should be emphasized
that at the base of the Upper Tithonian global biostratigraphical correlations are possible by various
other guide fossil groups, such as calpionellids {chitinoidellids).

For example, in the western part of the Mediterranean area, the Simplisphinctes Zone can be cor-
related with the Chitinoidella boneti Subzone of the Chitinoidella Zone, This Subzone can be iden-
tified also in Cuba in the §. (Paralytohoplites) caribbeanus Zone allowing an improvement of age cal-
ibration of this zone. This Simplisphinctes Zone belongs to the lowermost Upper Tithonian and not
to the upper Middle Tithonian as hitherto assumed. This is in accordance with a morphological
analysis and comparison with Simplisphincies s. sir. and S (Paralytohoplites).

Furthermore, our results allow a refinement of the chronestratigraphic position of the Chit-
noidella boneti-Subzone in Europe and place the zone in the lowermost Upper Tithonian.

Another important fossil group for global correlations at the Middle/Upper Tithonian bound-
ary are radiolarians; in Argentina, radiolarians indicating the youngest radiolarian association with
Vallupus hopsoni and representing the Zone 4, upper Subzone 4 beta of Pessacno have been found
in the Windhauseniceras internispinosum Zone.

Calcareous nannofossils and dinoflagellates can also deliver useful data. The differing strati-
graphic calibration potentials of these fossil groups are discussed.
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Zusammenfassung. Zwei Ammoniten aus der Vaca Muerta Formation vom siidlichen Abhang des
Cerro Lotena (Neuquén Becken, Argentinien) werden erstmals beschrieben: 1) Simplisphinctes
(Lotenia) nenguenensis, n.subgen., n.sp. und 2) ein vollstindig erhaltener adulter Mikroconch von
Windhauseniceras internispinosum (Krantz). Die Fundschicht beider Arten liegt in der Zone des
Windbauseniceras internispinosum des untersten Ober-Tithoniums. Die beiden neuen Funde, ins-
besondere Simplisphinctes (Lotenia) nenquenensis, liefern weitere Argumente fiir die Korrelation der
Zone des W. internispinosum der andinen Jura-Provinz mit der Simplisphinctes [abnormis] Zone der
mcditcrrancn]ura Provinz. In diesem Zusammenhang sei betont, dass an der Basis des Ober-Titho-
niums globale Korrelationen mit verschiedenen Leitfossilgruppen moglich sind — neben Ammoni-
ten — vor allem mit Calpionellen (Chitinoidellen).

Im Westteil des Mediterrangebietes konnte z. B. gezeigt werden, dass die Simplisphinetes Zone
mit der Chitinoidella boneti Subzone der Chitinoidella Zone korreliert werden kann. Diese Subzone
lisst sich in Kuba mit der S. (Paralytoboplites) caribbeanus Zone parallelisieren; damit ist eine bes-
sere Alterseinstufung dieser Zone als bisher moglich: diese Zone gehért in das unterste Ober-Tithon
und nicht in das oberste Mittel-Tithon. Dies Ergebnis ldsst sich auch mittels eines morphologischen
Vergleichs zwischen Simplisphinetes s. str. und S. (Paralytohoplites) nachvollziehen. Auch in Europa
lisst sich somit die Ch. boneti Subzone der Chitinoidella Zone genauer als bisher stratigraphisch ein-
stufen.

Eine andere wichtige Leitfossil-Guppe fiir Korrelationen an der Basis des Ober-Tithoniums stel-
len die Radiolarien dar; in Argentinien wurde in der Zone des Windbauseniceras internispinosum die
jingste Radiolarien-Assoziation mit Vallupus hopsoni gefunden, die in die Zone 4, obere Subzone 4
beta von PEssacno zu stellen ist.

Kalkiges Nannoplankton und Dinoflagellaten kénnen ebenfalls wichtige Anhaltspunkte liefern.
Das im Einzelnen unterschiedliche chronostratigraphische Potential dieser Gruppen wird disku-
tiert.

Resumen. Se describen por primera vez dos ammonites de la Formacién Vaca Muerta aflorante
en el faldeo sur del Cerro Lotena (Cuenca Neuquina, Argentina): 1) Simplisphinctes (Lotenia)
nenquenensis, n. subgen., n.sp. y 2) una microconcha adulta completamente preservada de Wind-
hauseniceras internispinosum (KranTZ). Las capas que contienen los citados ammonites corres-
ponden al mds bajo Tithoniano Superior, Zona de Windhauseniceras internispinosum. Estos nue-
vos hallazgos, especialmente Simplisphinctes (Lotenia) neuquenensis permiten aportar nuevos
argumentos para la correlacion entra la Zona de W, internispinosum de la Provincia Andina Jurd-
sica con la Zona de Simplisphinctes [abnormis] de la Provincia Mediterranea Jurdsica. En este
aspecto, debe enfatizarse que en la base del Tithoniano Superior son posibles correlaciones glo-
bales mediante diferentes grupos de fésiles guias — ademds de ammonites — especialmente calpio-
nélidos (chitinoidélidos).

Ademds, en la parte occidental de la region Mediterrinea, la Zona de Sumplisphinctes puede ser
correlacionada con la Subzona de L:ﬁztmmdcffa boneti de la Zona de Chitinoidella. Esta Subzona
puede ser idenuficada también en Cuba en la Zona de S. (Paralytoboplites) caribbeanus, pudiendo
asi mejorarse la calibracién de su edad. Esta zona, como aqui se demuestra, pertenece al mds bajo
Tithoniano Superior y no al mds alto Tithoniano Medio. Esto concuerda con el andlisis morfolégico
y comparacion entre Simplisphinctes s.str. y 8. (Paralytohoplites). También en Europa la posicién
cronoestratigrafica de la Subzona de Boneti puede ser mas precisamente calibrada como del mas bajo
Tithoniano Superior.

Otros importantes grupos de fosiles para correlaciones globales en las cercanfas del limite Titho-
niano Medio/Superior son los radiolarios; en Argentina fue encontrada en la Zona de Windbhauseni-
ceras internispmosum la mas joven Asociacion de Radiolarios con Vallupus hopsoni, que se ubica en
la Zona 4, alta Subzona 4 beta de Pessagno.

También el nannoplancton caledreo vy los dinoflagelados pueden proporcionar valiosos argu-
mentos. El diferente potencial de calibracion de estos grupos fosiles es discutido.
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1 Introduction

During our research work on Upper Jurassic ammonites in western central Argentina car-
ried out in 1989, we visited the ‘Museo Prof. Dr. J. OrsacHER” in Zapala (Neuquén pro-
vince). In the collections exhibited there we noted two remarkable ammonites: one with
single ribs, recalling the genus Simplisphinctes and the other, a coronate ammonite with
lappets resembling Windhauseniceras.

Because of the known probles concerning global correlations in the Tithonian stage (cf.
ZE158 1979, 1983, 1986), these specimens seemed important, and we decided to come back on
those after having finished our studies on the ammonites of the Middle/Upper Tithonian
boundary beds from the lithographic limestones of the Zapala region. In the meantime, one
of the authors had finished a monograph on an ammonite fauna of similar age of Central
Europe (Zx1ss 2001) and had engaged himself with the possibilities of multidisciplinary cor-
relations at the base of the Upper Tithonian stage (ZE1ss 2003); thus, the chances for a well-
founded global correlation at that time were considerably extended. We present here cor-
relation possibilities by ammonites, calpionellids (chitinoidellids), radiolarians, calcareous
nannofossils and dinoflagellates. A short report with the first results of our investigations
had been published by the authors some years ago (Ze1ss & H. A. Leanza 1999).

2 Geographic and stratigraphic situation

The general stratigraphic position of the Vaca Muerta Formation in the Neuquén Basin is
well shown by LEGarRRETA & ULiana (1991, Fig. 1). The geographic and topographic sit-
uation of Cerro Lotena can be taken from Fig. 1.
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Fig. 1. Topegraphic situation of the ammonite locality at the southern slope of Cerro Lotena hill,
Neuquén Province, Argentina.
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The specimens were collected by J. [. GaraTE Zusitraca, former Director of the above
mentioned “Museo’, at the southern slopc of the Cerro Lotena in beds of the Vaca Muerta
Formartion belonging to the W, inrernispinosum Zone (ef. H. A. Leanza, 1980, Tab. 2). As
shown later in this paper, this zone can now be considered to be of lowermost Upper
Tithonian age. On the museum label it was not indicated from which bed in the section the
two specimens were collected. Therefore, the facies in which the two specimens have been
embedded was studied by onc of us in detail (H. A.L.) who had undertaken much field
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Fig. 2. Middle and Upper Tithonian stratigraphy and ammonite distribution at Cerro Lotena hill,
after PARENT (2003b) and data of H. A. LEanza (1980), modified and supplemented.
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work on the section of Cerro Lotena (see LEanza 1980). He concluded that the two spec-
imens came most probably from bed 12; this location 1s indicated in Fig. 2 by open circles.

The section of Cerro Lotena has been described in detail by H. A. LEanza (1980, p. 8-
9) and later figured partially by Parent (2003b). With some modifications and supple-
ments we refigure the section here.

3 Description of the ammonites

3.1 Introduction

The ammonites described here belong to the South American group of Himalayitidae,
which appeared in the Gulf of Neuquén in the upper Middle Tithonian stage, and devel-
oped a lot of diverging branches during the Upper Tithonian and Berriasian stage. Rep-
resentatives of this group are known since the times of STEUER (1897); later they have been
described mainly by Burcknarpt (1903), Haver (1907), Krantz (1926, 1928) and
WEAVER (1931).

A thorough revision has been undertaken by A. E Leanza (1945), which is the base for
modern ammonite systematics and stratigraphy of the Tithonian/Berriasian boundary
beds in the Neuquén Basin.

The ammonites of the Middle Tithonian were described by one of the authors
(H. A. LEanza 1980); also ParenT (2001, 2003a,b), ParenT & Cocca (2007) and PARENT
et al. (2007) contributed some new observations. The authors will present an interesting
supplement in near future that concerns the ammonite faunas at the Middle/Upper
Tithonian boundary (Zerss & H. A. LEanza 2007 MS). Some preliminary contributions
about these investigations were already published (H. A. LEanza & Zriss 1990, 1992,
1994).

For ammonites of the same age from the neighboring Chile, papers of Corvarin &
Pirez (1958), CORVALAN (1959) and BirO-Bacoczky (1980, 1984) are of interest.

3.2  Abbreviations

3.2.1 Collections

M. O.Z. ‘Museo Prof. Dr. Juan A. Olsacher’, Zapala, Neuquén Province.
S.G. N. Servicio Geoldgico Nacional, Buenos Arres.

3.2.2 Measurements etc.

D = Diameter Er = External (secondary) ribs
H = Whorl height Sr = Single ribs

W = Whorl width M = Macroconch

U = Umbilicus width m = Microconch

Ir = Internal (primary) ribs

All measurements in mm, number of ribs per half whorl.
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3.3 Taxonomy

Order Ammonoidea Z1TTEL, 1884
Suborder Ammonitina HyatT, 1889
Superfamily Perisphinctaceae STEINMANN, 1890
Family Himalayitidae Srath, 1925

Nikorov (1982) considered the family Himalayitidae Seatn, 1925 only as subfamily
and placed it into the family Berriasellidae Sparn, 1922. The latter, however, was later
given also the rank of a subfamily and included in the family Neocomitidae SavLreLp,
1921 (WricHT 1980, WRIGHT et al. 1996). But, the family Himalayitidae generally has
been maintained (DoNovan et al. 1980, Tavera 1985, Enay et al. 1998). A complete
subdivision of this family into subfamilies has not been undertaken hitherto, but secems
necessary; it would, however, need further investigations and discussions, which are
beyond the scope of this paper; in order to gain some advance two exceptions are pre-
sented here.

? Subfamily Suaritinae CANTU-CHAPA, 1998

The genus Sumplisphinctes, together with Pseudosimplisphinctes, has been classified as
Himalayitidae (Tavira 1985) as well as the related genus Toucasiella (Enay et al. 1998).
But these genera are not typical Himalayitidae and cannot be included in a subfamily
Himalayitinae s.str. Therefore, it should be discussed in future and in more detail, if
those genera, which display mostly only simple ribs on the flanks, should be included in
a separate subfamily ‘Simplisphinctinae’, or arranged together with other related genera in
a subfamily ‘Micracanthoceratinae’.

Also another possibility which has been given preference here, should be discussed,
whether those genera could be included in an enlarged subfamily Suaritinae (see below).
This subfamily was introduced by Canti-Crara (1998) for a related group of Upper
Tithonian ammonites with looped ribs. To this new subfamily he attributed the genera
Suarites, Galeanites, Wichmanniceras; and a species of Corongoceras, Co. filicostatum.
This new subfamily was placed into the family Neocomitidae. With respect to the type
material of the genus Suarites published by CANTG-CHara (1968), we consider it more
appropriate to include the subfamily in the family Himalayitidae, in which Suarites had
been originally placed by Cantt-Crara (1968). Apparently, most of these forms have
inner whorls with simple ribs. There are closely related genera which present in the adult
stage simple ribs instead of looped ribs. But, it is beyond the scope of this paper to dis-
cuss whether the definition of the subfamily Suaritinae could be enlarged, so that genera
with single ribs, like Acedevites CanTU-CHAPA, 1968, Simplisphinctes s. str. TAvERa, 1985,
5. (Lotenia) nov.subgen., S. (Paralytohoplites) Myczy§ski, 1996, Pseudosimplisphinctes
Tavera, 1985 and Toucasiella Exay et al., 1998 could be included. Another similar genus,
Butticeras Housa & Nugz, 1973 may also belong to this group; it was classified by
MyczyNskr (1999) as ¢ Himalayitidae.

This group is a special development at the base of Himalayitidae, spreading out in
different parts of the western Tethys and adjacent sea-basins, e.g. Simplisphinctes s.str.
(1) and Toucasiella (2) in Southern Europe and Northern Africa, S. (Paralytohoplites)
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(3) in Central and S. (Lotenia) (4) in Southern America. These genera are most probably
the origin of further developments, e.g. from (1) to Pseudosimplisphinctes, from (2) to
Durangites, from (3) to Acedevites and Suarites, and from (4) to Wichmanniceras.

As we want to avoid the establishment of further subfamilies at the present state of
knowledge, we provisionally place the genus Simplisphinctes into the subtamily Suariti-
nae. But, until the above mentioned discussions on the taxonomic status of Suaritinae take
place, we add the genus Simplisphinctes only with a question mark.

Genus Simplisphinctes TAVERA, 1985

Type species: Simplisphinctes abnormis (Roman, 1936)

As already noted by Imray (1942) his new species ‘Lytoboplites’ caribbeanus (= now Para-
lytohoplites) is very close to *¢Himalayites’ abnormis RoMaN, 1936 (= now Simplisphinc-
tes). Therefore, we consider Paralytohoplites Myczyiski, 1996 as a subgenus of Simpli-
sphinctes. This subgenus can be considered as origin of the mexican branch of Suaritinae.
Another branch is represented in South America by Simplisphinctes (Lotenia) n.subgen.
(see below) and the specialized genus Wichmanniceras A.F. Luanza, 1945.

Subgenus Lotenia n.subgen.

Type species: Simplisphinctes (Lotenia) nenquenensis n.sp.

Derivatio nominis: Derived from Cerro Lotena (Neuquén Province), where the type
species has been found.

Diagnosis: A subgenus of Simplisphinctes which displays nodes only at the endings of the
flank ribs at the external side of the shell. No bipartite and no looped ribs are present.
Nodes and ventral sulcus are well developed.

Description: Same as for the species.

Remarks: Cant0-CHapa (1998) had united some Upper Tithonian taxa with looped ribs
(Suarites, Wichmanniceras, Galeanites and Corongoceras filicostatum) in his new sub-
family Swaritinae. This characteristic prevents at present the unanimous inclusion of the
new subgenus Lotenia in this unit; which could be envisaged by the otherwise similar
habitus of this genus. On the other hand, we suppose that the genus Wichmanniceras more
probably belongs in the vicinity of Simplisphinctes s. str. and related genera, like Touca-
siella. However, members of these genera frequently have a second row of tubercles on
the ribs at the outer third of the flanks, a denser and more retrocostate ribbing and a differ-
ent external side. These characteristics separate these otherwise similar looking genera
from Lotenia and Wichmanniceras (see also below).

Simplisphinctes (Lotenia) neuquenensis n.sp. (Fig.3/1-2 and I'ig. 4)

Holotype: Simplisphinctes (Lotenia) neuquenensis, P 1627 M. O.Z., illustrated in Figs. 3/
1-2, 4.

Derivatio nominis: After the Neuquén Province (Argentina), in which the type locality
of the new species is situated.

Diagnosis: Discoidal and evolute shell, with simple and sharp, radial ribs, each one ending
with an acute node on the external margin, accompanying a well-developed ventral
groove; internal whorls not densely ribbed.
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Differential diagnosis: The differing characters of the new species from otherwise simi-
lar species of related genera are either the external side or the sculpture on the flanks or
both. The flanks, e. g., are looking similar to Wichmanniceras mirum but not the margi-
nal area and the external side; however, W mirumz, if more precisely observed, has flanks
which are decorated with more numerous and marginally looped ribs. 5. (P) caribbearins
shows ribs crossing the ventral side, whereas species of Semplisphinctes s. str. like 5. adnor-
mis and 5. rivasi display not so well developed nodes, which are more like short transverse
ribs ending at a very shallow furrow. In this respect, larger specimens of Towcasiella
gervardi are similar in general, but smaller ones display sharper ribs with more acute nodes.
In addition, many specimens of Simplisphinctes s. str. and Towcasiella are frequently more
densely ribbed and have a second row of small tubercles on the external ribs at the outer
part of the flanks, a characrer completely missing in Lotenia and Wichmanniceras; com-
paring the whorl dimensions the differences are in general not very great (sce table below).
Material: One specimen: P 1627 M. O, Z., well preserved; consisting of the phragmocone
and a part of the body chamber (holotype)

Fig. 3. 1-2 Simplisphinctes (Lotenia) nexqguenensis n.subgen,, n. sp., holotype: 1 = lateral view left,
2 = lateral view right, nat. size, MOZ 1627.

Measurements (in mm):

Specimen M D ] H W W/H U/ H/D W) SR
P1627 M. O 7. 60,6 25,8 18 18 1,00 0,40 0,30 0,30 18

Holotype

Holotype at 48, 16 | 6y 1,00 0,48 Q.33 0,33

o
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For comparisons:

Specimen D u H W W/H U/D H/D W/D SR
W, mirum 48,0 25,0 12.0 13,0 1,08 0,52 0,25 0,27 29
Holotype

S. (P) caribbeanus 48,0 20,0 17,0 ?16,0 20,94 0,42 0,35 20,33 20
Holotype

I gerard: 275 11,5 10,0 9,0 0,90 0,40 0,37 938 20
Holotype

T gerardi 36,7 14,7 13,5 11,9 0,88 040 0,37 0,32 29
Paratype

S. rivasi 59,4 27.5 18,6 18,0 0,97 0,46 0,31 0,31 28
Holotype

S. rivast 46,8 25 14,3 14,0 0,98 0,48 0,30 0,30 26

Holotype at

Description: Shell of small to medium size, rather evolute; body chamber beginning at
H = 22,5 mm, consisting of half a whorl, aperture missing. Cross-section of the whorls
oval, the inner part being broader than high, converging towards the marginal region;
umbilical walls steep, umbilical edges rounded; ribs always simple, sharp and in general
radial (recticostate), sometimes slightly concave. Compared with other species of Sim-
plisphinctes s.str., our specimen is less densely ribbed, and has retrocostate concave ribs
only in a short part of the last whorl (at 44 mm diameter). At the end of the last whorl the
ribs are on the left side recticostate or slightly prorsicostate; on the right side concave to
projected ribs prevail. Ribs ending at the external side with small nodes on each side of a
deep ventral furrow.

Remarks: The main characteristics distinguishing the new species from related forms have
already been discussed above. Here, some additional observations shall be given; while
differences concerning the dimensions are mostly not very great, those of the sculptures
are much more striking.

As already mentioned above (see differential diagnosis) similar species occur in the
related genera (and subgenera) Simplisphinctes s.str, Simplispbinctes (Pavalytohoplites),
Toucasiella and Wichmanniceras.

A closely related species is Simplisphinctes (Paralytoboplites) caribbeanus (Imvay,
1942, PL.7, Fig. 1-2) from the late Jurassic of Cuba. As the measurement table shows, the
closest match regarding shell dimensions and number of ribs is apparently with this
species. Differences at the same size are the wider umbilicus, and on inner whorls, the
smaller number of ribs and the small node-like endings of the ribs not observable in our
specimen. The outer whorl of both species is ornamented with recticostate ribs, but the
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Fig. 4. Simplisphinctes (Lotenia) neuguenensis n.subgen., n. sp., holotype, external view, nat. size,

MOZ 1627.

external side is quite distinct (see differential diagnosis, above). The inclusion of this
species in Lytohoplites was not justified because of its quite different ornamentation.
Theretore, MyczyNski (1996) established for this species the new genus Paralytohoplites,
which we now consider as a subgenus of Simplisphinctes (see above).

As SCHWEIGERT & ZE1ss (1998: 572) noted, there is some similarity of Paralytohoplites
to the older and much smaller Berckhemeria, but apparently no relationship. But they
remarked already that there could be relations to Simplisphinctes and related genera.

The new species 1s distinct from Wichmanniceras mirum trom Argentina, which
displays looped ribs. It is more related to species of Simplisphinctes s. str. and Toucasiella
of Southern Europe and Northern Africa, which do not show such ribs. Although it
appears rather close to Sumplisphinctes s. str., it cannot be classified as a member because
it does not exhibit dominant retroradiate ribs. A rather similar species of this subgenus 1s
Simplisphinctes (S.) rivasi (Tavera, 1985, PL. 29, Fig. 6—8). The ribbing, however, is denser
and the ribs are always bent backwards and bear frequently a further row of tubercles on
the external part of the flanks. Rather similar, but much smaller examples were described
as Toncasiella gerardi (Enay et al. 1998, Figs. 1-21); in contrast to Lotenia they display
occasionally also bifurcate ribs and bear like in Simplisphinctes s. str.,, often an additional
row of tubercles on the ribs at the external parts of the flanks.
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The morphological features of the new species could suggest that it is perhaps a micro-
conch partner of the genus Wichmanniceras A. F. Leanza. A typical macroconch of Wich-
manniceras represents its type species W. mirum A.F. Luanza (1945, P 1, Fig.4-5); but
it is smaller than S. (L.) neuguenensis, more evolute, recticostate, and displays, at the end
of the last whorl, distant ribs; also the nodes are more prominent. In W, mirum the exter-
nal ribs are frequently bundled at the nodes of the external margin, which may be con-
nected by fine ribs across the external furrow. This can also be seen in the much more
densely ribbed Mexican Wichmanniceras hernandense (Canti-CrHara, 1968, P1.7, Fig. 2,
5 and 8). It seems more probably that W, mirum is a further development of the Lotenia
branch of Simplisphinctes.

Occurrence: Vaca Muerta Formation (Weavir 1931) at the southern slope of the Cerro
Lotena, Neuquén Province, Argentina (cf. Fig. 2).
Age: Lowermost Upper Tithonian, Windhauseniceras internispinosum Zone.

Subfamily Windhauseniceratinae H. A. LEANZA & Zeiss, 1992
The subfamily has been established informally by H. A. Leanza & Ziss (1992, p. 1845);

it will be discussed in more detail in our monograph of the Zapala ammonite fauna
(Ze1ss & H. A. Leanza, MS 2007).

Genus Windbauseniceras A.F. LEANZA, 1945
(Type species: Perisphinctes internispinosus Krantz, 1926)

Windbauseniceras internispinosum (KRANTZ, 1926) (Figs.5/1-2 and Fig. 6)

1926 Perisphinctes internispinosus nov.sp. KraNTzZ, p.453, pl. 14 figs. 1-2 (lectotype),
pl. 15 figs. 5-6 syntype).

1980 Windhauseniceras internispinosum (Krantz). — H. A. LEaNzA, p.43, pl.8 fig.4a-b
(mi), pl.9, fig. la~b (ma) - [with complete synonomy].

2003b Windhawuseniceras internispinosum (KRANTZ). — PARENT, p. 354358, tab. 1, figs. 1A
~D (refiguration of the lectotype), fig. LE-F (syntype) and fig. 2.

? 2007 Windhauseniceras internispinosum (KRANTZ, 1926). — PARENT et al. p. 20, Fig. 9-10.
Material: Two microconch specimens: P 1728 M. O.Z., a complete shell (cf. Fig.5/1-2,
6) and 5. G. N. 8940/4, lacking the last part of the body chamber (cf. H. A. LEanza 1980,
Pl 8, Fig. 4a-b).

Measurements (in mm):

Specimen N D U H W AR U, H R o T Er

P1728 M.O.Z. 70,9 33,8 20,8 23,8 1,14 0,48 0,29 0,34 17 34

S.G.N. 8940/4 60,1 30,6 17,8 20,7 1,16 0,51 0,30 0,34 18 32
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Fig.5/1-2. Windbauseniceras mtermspimosum (Krantz), complete microconch, 1 = lateral view
t, 2 = lateral view right, nat. size, MOZ P 1728.

Description: A rather evolute, adult shell, with lappets (microconch); whorl section coro-
nate, with no external furrow. The body chamber occupies less than % of the last whorl.

The ornamentation consists of .~.1'mp||.', recticostate ribs on the innet part of the whorls,

which split off into two secondary ribs. At the branching points small, spiniferous nodes
are developed. These branching points are situated on the inner half of the ultimate whorls
at the marginal edge, whereas they descend on the outer half until two thirds of the flank
|1ci:,,:]:.. The \p[mm; of the ribs is mn\[l}.' l\iplic::u-, but uuu.uiun.l”_\ triplicate; the sec-
:md;ll'_\' ribs of both sides of the .‘ipt’t‘inu‘n are connected 'f’-i,LL Zag, like on the venter, which

1s rounded and shows no furrow or any kind of ribbing interruption. Three constrictions

are present on the last whorl. Simple ribs can be observed, as on the macroconch, only at

the aperture; this is decorated by spoon-like lappets, reaching 1 ¢cm in length.

Remarks: The specimen described here is the first microconch of the species with the
complete aperture. H. A. LEanza (1980, PL 8, Fig. 4a—b) had figured a specimen display
ing almost identical internal whorls; but without lappets at the last quarter of the ultimate
whorl.

It should be menuoned, that the body chamber 1s preserved only parually at the lec
totype of Windhauseniceras mternispimosum (Kranrtz, 1926, Pl 14, Ing. 1-2), but this
specimen apparently represents a macroconch; for, a very similar specimen of this species,
which was tigured by H. A. Leanza (1980, P19, Fig. 1a=b) displays a complete, but sim-

ple margin of the aperture without lappets; thus, it can be interpreted as a complete
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macroconch. The most important difference to the microconch can casily be traced by
observing the ribbing style on the body chamber: there are no spiniferous nodes devel-
oped, but one can recognize on the last whorl the returning to a Perisphinctes-like sculp-
ture: the specimen is variocostate. A still larger macroconch might be the specimen fig
ured as Hemispiticeras aff. H. steinmanni (Steuer) by H. A. LEanza (1980, p.43, PL9Y,
Fig. 2a—b, text fig. 10a).

Recently, PARENT (2003b) published a re-evaluation of Windbauseniceras internispino-
sum and selected the lectotype of the species. When assuming that the lectotype is a large
microconch, he overlooked two facts: (1) that H. A. Leanza (1980, p.43, PL.9 Fig. 1) has
described the aperture of a similar specimen as ‘simple, describing only a somewhat sig-
moidal curve’ — clearly a character of macroconchs, and (2) that variocostate ribbing 1s
significant for macroconchs of Perisphinctidae (see Carromon 1963). Therefore, we
consider the lectotype as an incomplete macroconch; the microconch is different from the
lectotype as described above. Obviously, PARENT et al. (2007) now consider the sexual
dimorphism of this species as explained here. Their specimens of adult microconchs are
different Fig. 9A displays retroverse ribbing on last halt whorl instead of recticostate rib-
bing; Fig. 9B is more involute than W. internispinosum; the bad preservation of the inner
whorls does not allow a specific attribution. Therefore, it may be questioned, if these spec-
imens are true W. internispinosun.

Fig. 6. Windbauseniceras internispinosum (KRANTZ), complete microconch, external view, nat. size,

MOZ P 1728.
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Occurrence: Vaca Muerta Formation (Weaver 1931) at the southern slope of Cerro
Lotena, Neuquén Province, Argentina (cf. Fig. 2).
Age: Lowermost Upper Tithonian. Windbauseniceras internispinosum Zone.

4  Chronology and correlations

Global correlations at the base of the Upper Tithonian were rather limited until the
second half of the last century. Only by the thorough description of a statigraphically
well-collected, new ammonite fauna from the lowermost Upper Tithonian of Southern
Spain by OL6r1z & Tavera (1981) and especially by Tavera (1985) it was possible to pro-
pose more precise correlations (OLOR1Z & Tavera 1981, p.229, Zriss 1983, p.431 and
Tavera 1985, p. 344, Fig.27) between different parts of Mediterrancan Europe and else-
where. Tavera (1985) proposed for the lowermost Upper Tithonian a correlation by three
regional zones; namely the Simplisphinctes Zone of *S Espana’, the Scruposus Zone of
the ‘Submediterranean’ and the Internispinosum Zone of ‘C. y S. America’, apparently
assuming for them the same time range. As shown in this paper the correlation of the
Internispinosum with the Simplisphinctes Zone is obvious. Concerning the Scruposus
Zone, Ze1ss (2001) demonstrated that only the lower part can be considered as equivalent
of the Simplisphinctes Zone. With respect to the Internispinosum Zone it should be
remarked that it is only used in South America (Chile and Argentina); but, as shown in
this paper, a correlation of this zone with that of. S. (P) caribbeanus of Central America
(Cuba) 1s possible.

The best correlation tools at the base of the Upper Tithonian are species of the
ammonite genera Corongoceras, Simplisphinctes s.1., Oloriziceras and of the calpionellid
genus Chitinoidella (cf.Fig. 7). They will be discussed in detail below.

The discovery of further important guide fossils (radiolarians, calcareous nannofossils
and dinoflagellates) and their evaluation give us the possibility to present a revised com-
pilation providing a well-founded base for global correlations at the base of the Upper
Tithonian Substage.

4.1  Ammonites (Fig.7)

The most important correlation possibility between the Simplisphinctes/ Ol magnum and
the Internispinosum Zone is presented by early species of the of the genus Corongoceras
(e.g. Co.lotenoense, Co. mendozanum) which occur in the Simplisphinctes/ Ol magnum
Zone of Europe and Northern Africa as well as in the Internispinosum Zone of South
America (Argentina and Chile), cf. Tavera (1985); similar forms have also been found in
Antarctica (Ross Island, det. A. Zr1ss 1985, unpublished), ¢f. Warriam & Dovyre (1989),
Madagascar (CorrigNoN 1960), the Himalayas (Krisana et al. 1982) and Japan (Sato
1962). A related, but apparently somewhat older species, Co.praecursor, has been
described from Austria (Ze1ss 2001) and seems to be also represented in Argentina, in the
Au. proximus Zone (Zr1ss & Leanza 2007, MS).

Another important correlation possibility can be established by the great similarity
between the related South Spanish species Simplisphinctes (S.) rivasi Tavira and the
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Argcmmnn species S;mphsphmcre (L.) nengenensis n. sp. It can be assumed that the time
intervals in which these two species existed were more or less equivalent. Additionally,
another related species, Simplisphinctes (P) caribbeanus (Im1.ay) from the Tithonian Stage
of Cuba, is similar to Stmplisphinctes (S.) abnormis from South Spain and North Africa
and is apparently of the same age. Therefore, the genus Simplisphinctes and in particular
these four species are very useful correlation tools between Southern Europe and North
Africa and Central and South America.

The genus Simplisphinctes is rather widespread at the base of the Upper Tithonian stage
of Europe and North Africa; it is represented in southern Spain (Tavira 1985), northern
[taly (SarT1 1988, ZEiss 2001), Morocco (BEnzaGcGAaGH & ATrROPS 1995, 1997) and Alge-
ria (RomMaN 1936). Tavera (1985) introduced for this genus the “Zona de Simplisphinctes”

s “Taxon-range zone”. This is the lowermost zone of the Upper Tithonian Stage in
Southern Europe; an equivalent in Central Europe is the Oloriziceras magnum Zone
(ZE1ss & BacHMAYER 1989, ZE1ss 2001). As demonstrated above, equivalents of this zone
can also be recognized in South and Central America in the local zones of Wind-
hauseniceras internispinosum and Simplisphinctes (P.) caribbeanus.

Consequently, we can state that the inclusion of the Internispinosum Zone (with Wich-
manniceras) in the lowermost Upper Tithonian, as it was already stated by A. F. Leanza (1945)
nearly 60 vears ago, was correct. Therefore, the late Middle Tithonian age for the In-
ternispinosum Zone proposed by ARrkeLL (1956) followed by H.A.Leanza (1980)
and later by ParenT (2003b) and ParenT et al. (2007) can not be maintained. As already
Tavera (1985, p.344) had documented, Corongoceras lotenoense and other early micracan-
thoceratids appear in the Simplisphinctes Zone of the lowermost Upper Tithonian age in Spain,
allowing the age calibration of the W. internispinosum Zone in Argentina (see also above).

The same is valid for the S. (P) caribbeanus Zone of Cuba (see below), which has been
erroneously considered as being Middle Tithonian in age (Myczyxski1 1989, 1999, Myc-
7zYNsKI & PszczOrkowskr 1994).

4.2 Calpionellids (Chitinoidellids), cf. Fig.7

Calpionellids (Chitinoidellids) have been found in Mediterranean Europe and Africa as
well as in Central America. They are very important for the correct dating of the S. (P)
cartbbeanus Zone and the upper part of the Chitinoidella Zone in Mexico and Cuba.

The results of the investigations of BEnzacacen & ATrors (1995, 1997) in Morocco
have demonstrated that the Chitinoidella boneti Subzone of the Chitinoidella Zone can
be correlated with the Simplisphinctes Zone as defined by Tavera (1985); this means that
its age 1s Early Late Tithonian.

However, the Chitinoidella boneti Subzone has been considered hitherto mostly as of
late Middle Tithonian age or late Lower Tithonian [sensu gallico] age (cf. Borza 1984,
ReManE 1998, GRUN & Brau 1997, REHAKOVA & MicHALIK 1997, REHAKOVA 2002). The
reason for this may be caused by the fact that no characteristic ammonites have been
found with these chitinoidellids and thus a direct dating by ammonites was not possible.

The new observations of BEnzacacoH & ATroPS (1. ¢.) now offer a better possibility
for an age determination of the Boneti Subzone. This is important because in Central
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America (Cuba, México) this subzone can be identified within the Chitinoidella Zone,
too. Ch. boneti and related forms have been found in many sections of Cuba (Myczy«-
sKI & Pszczorkowskn 1990, 1994) and in one section in México (ApaTTE et al. 1996a).
Ch. boneti existed in Cuba together with S. (Paralytoboplites) caribbeanus. There, the age
interpretation as Late Middle Tithonian or Late Farly Tithonian [sensu gallico] was erro-
neous. The Ch. boneti Subzone can be correlated with the Zone of S. (Paralytoboplites)
caribbeanus. This species has originally been attributed to the “Upper Portlandian”
(Imray 1942), which was later included corrrectly in the lower part of the Upper Tithon-
1an by the same author (Imray 1980).

We regard as necessary to discuss some more details of the new correlation and age
calibration. BEnzacGach & Atrors (1995, 1997) demonstrated that the main occurrence
of Chitinoidella boneti is in the lower and middle part of the M. micracanthum Zone. The
lower part of this zone was treated by these authors as the “Simplisphinctes spp. Subzone”;
in comparision to the original “Zona de Simplisphinctes” of Tavira (1985) this unit is
reduced. But it is more appropriate to maintain the original content corresponding to the
occurrence of the genera Simplisphinctes and Oloriziceras and the main occurrence of
Ch. boneti and related species (Horizons H1 and H2 of Benzacacon & ATrops). The
upper part of the Ch. boneti Subzone (Horizon H3) corresponds approximately to the
upper Simplisphinctes Zone and the lower Transitorius Zone of Tavera (1985). In the new
subdivision of GriUN & Brau (1997) it is approximately equivalent with their Ch. bermu-
dezi Subzone of the Chitinoidella Zone. But, as Ch. boneti and Ch. bermudezi have the
same vertical range in Morocco further studies in other regions seem to be necessary to
clarify whether the different range of these species found in the section studied by
Grin & Brau (1997) is only a local one or can be observed in a wider area. In Cuba the
uppermost part of the Ch. bonet: Zone is included in the basal Himalayites/ Corongoceras
Zone, in which Ch. bermudezi has been found, which is also extending into the Micra-
canthum (Corongoceras) Zone in Morocco (cf. ‘Horizon H3’ in BENZAGGAGH & ATROPS
1995, 1997 and in Italy ‘Bermudezi Subzone’ of Griin & Brau 1997).

As explained above, the Simplisphinctes Zone [= Simplisphinctes (S.) abnormis Zone],
the Windbauseniceras internispinosum Zone and the Simplisphinctes (P) caribbeanus Zone
can be considered as time equivalent. Therefore, the lower and middle part of the Chiti-
noidella boneti Subzone is corresponding to them. This is in good agreement with the
stratigraphic indications of DoseN (1963); when establishing his new species Ch. boneti,
he wrote that it occurs directly below the Calpionella-bearing beds and in their lowest
parts. His opinion that this would be around the Middle/Upper Tithonian boundary can
now be interpreted more precisely. Following the publications of Tavera (1985) and Ben-
ZAGGAGH & ATROPS (1995, 1997) the main occurrence of Ch, boneti has been found in the
early Upper Tithonian Simplisphinctes Zone [or in the lower Micracanthum Zone]. Only
another well-dated occurrence lies in beds of uppermost Middle Tithonian age (Volanense
Zone), as Ka1ser-WEIDICH & ScHAIRER (1990) stated. But it should be kept in mind that
these authors considered all their specimens of the Chitinoidella Zone as belonging to
Ch. boneti. Curiously, the important paper of Borza (1984) escaped their attention. Still
more astonishing is that they claim to have observed cross-sections of Ch. dobeni as carly
as in the Lower Tithonian H. hybonotum Zone. A detailed revision seems necessary to
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clarify the real taxonomic position of these specimens of “Ch. boneti” by using the papers
of Borza (1984), REnARoVA & MicHALIK (1997), OL6RrIZ et al. (1995) and Benzac-
GacH & ATrOPS (1995, 1997); in these it is clearly demonstrated that there are two sub-
zones in the Chitinoidella Zone, a lower Ch. dobeni Subzone and an upper Ch. bonet:
Subzone. Thus, some of the specimens attributed to Ch. boneti by Kaiser-Weinicn &
ScHAIRER (1990) probably belong to Ch. dobeni and/or related species.

Recently, CaAracUEL et al. (2002) published a range chart of calpionellids from west-
ern Sicily showing a joint occurrence of Ch. dobeni and Ch. boneti below the range of
Ch. boneti alone. These authors considered both assemblages as equivalents of the Bur-
ckhardticeras Zone; but, there was no evidence by ammonites for this. Benzaccacn &
Atrops (1997) did not observe a joint occurrence of Ch. dobeni and Ch. boneti. However,
if we consider the Chitinoidella Subzones as interval zones (ReniAkovA & MicHALK
1997, REHAKOVA 2000), the first ocurrence of Ch. boneti would indicate the beginning of
the Boneti Subzone. Even if some specimens of earlier species are surviving; it can be
assumed, that both assemblages correspond to some parts of the lower and middle Sim-
plisphinctes Zone in Morocco, i. e. that they belong to the basal Upper Tithonian.

In Cuba, Simplisphinctes (P) caribbeanus occurs in the sections of the Sierra del Rosa-
rio together with Chitinoidella boneti and Ch. vristobalensis (Myczyisk1 & Pszczorkow-
ski 1994), which are significant for the middle and upper part of the Simplisphinctes Zone
in Morocco (BEnzaceacH & Atrops 1995, 1997). Therefore, the inclusion of the Zone
of Simplisphinctes (Paralytoboplites) caribbeanus in the uppermost Lower Tithonian can-
not be further maintained. After the new data 1t belongs to the lowermost Upper Tithon-
ian as equivalent to the Tethyan Simplisphinctes Zone (Tavera 1985). In the sections of
the Sierra de los Organos, the vertical distribution of Chitinoidella species (cf. MyczyK-
sk1 & Pszczorkowski 1990, Tab. 1-2) shows that the main occurrence (Ch. boneti group)
happened in the upper part of the Chitinotdella Zone (corresponding to the upper part of
the S. (P) caribbeanus Zone); in the lower part only specimens named ‘Chitinoidella sp.”
have been found. The age of this lower part of the Chitinoidella Zone in Cuba is Middle
Tithonian based on the ammonites found (L. c., p. 411, Tab. 2). Presumably it corresponds
to the Ch. dobeni Subzone of the Mediterranean area. This distribution is similar to the
distribution described by Ov6riz & Tavera (1979, 1981) and OLOR1Z et al. 1995) for
Southern Spain and Mallorca. There, the most frequent appearance of chitinoidellids
(Ch. boneti group) has been found in the Simplisphinctes Zone, whereas the occurrence n
the Middle Tithonian is rather restricted and limited to Ch. dobena.

We conclude that at the base of the Upper Tithonian, the Ch. boneti Subzone of the
Standard Chitinoidella Zone is well correlatable from Morocco to Turkey along the
northern Mediterranean arch of the Tethys and also traceable to Cuba and Mexico by
direct evidence of the Calpionellid (Chiunoidellid) guide fossils, and with correspond-
ing ammonites to South America, the Antarctic Peninsula, India and Japan (cf. Zriss
2001,
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4.3 Radiolarians

Global correlation of the lowermost Upper Tithonian ammonite zone is also possible by
radiolarians. In the Neuquén Basin, after the investigations of Pujana (1991, 1996), a radi-
olarian assemblage with abundant Vallupus hopsoni characterizes the Windbauseniceras
internispinosum Zone; this is the youngest occurrence of this assemblage in South Amer-
ica; it has been considered as being significant for the uppermost part of the Radiolarian
Subzone 4 beta of Prssacno et al. (1987). Radiolarian Subzone 4 beta is succeeded by an
association probably belonging to the Corongoceras alternans Zone. This level has deliv-
ered a fauna of the so-called “Vallupus japonicus Event’. Following the investigations on
radiolarian biochronology of the Tethys and Antarctic Peninsula by BAUMGARTNER et al.
(1995) and KiessLing et al. (1999) the Radiolarian Subzone 4 beta of the subdivision of
Pessacno et al. (1987) corresponds approximately with the Unitary Association Zone
(UAZ) 12. Both author groups place the upper limit into the lower part of the Upper
Tithonian.

In Central Europe, the base of Radiolarian Subzone 4 beta of Prssacno et al. (1987)
which 1s characterized by the first appearance of Vallupus hopsoni is situated around the
Upper Kimmeridgian/Lower Tithonian boundary (ZiiGer. 1997), that means much deeper
than previously assumed. In Patagonia the deepest occurrence is at the base of the Middle
Tithonian, and on the Antarctic Peninsula the base of this zone has been found in the
Lower Tithonian. Radiolarian Subzone 4 beta can be followed onto the Japanese Islands,
but until now its base is only well dated in Central Europe and Antarctica. As shown
above, the upper limit of Subzone 4 beta corresponds with that of UAZ 12, whereas the
middle and lower parts are corresponding with UAZ 11 (cf. KirssLing et al. 1999). In the
northern Tethys UAZ 11 and 12 are mainly used, whereas Subzone 4 beta has been rec-
ognized from the Americas (Pessacno et al. 1996) and Antarctica (KiessLING et al. 1999)
to Japan and the Pacific regions (Marsuoka & Yanc 1999). In the light of the new data
from Central Europe and Antarctica, the age calibration for the lower limit of Radiolar-
ian Subzone 4 beta needs probably to be revised in some areas. This is especially impor-
tant for those regions where usually no direct dating by ammonites is possible, e.g. in
Japan and the western Pacific.

4.4  Calcareous nannofossils and dinoflagellates

Calcareous nannofossils were investigated in the Neuquén Basin by Scasso & Con-
CHEYRO (1999), resulting in a correlation of the W. internispinosum Zone with Calcareous
Nannofossil Subzone NJ20b. In the correlation table of ApaTTE et al. (1996a, 1996b) this
subzone is correlated with the lower part of the “Chitinoidella” Zone, corresponding to
the Middle Tithonian Semiformiceras fallanxi and Upper Semiformiceras semiforme
Ammonite Zones (GArRDIN 1997). Considering the above established correlations this
looks like a somewhat too old age; but, as demonstrated above, the lower part of the Chiti-
noidella Zone, the Ch. dobeni Subzone, has been correlated by Benzaceach & ATrors
(1995) with the upper Middle Tithonian (Semiformiceras fallanxi to Djurjuriceras ponti
Zone). Thus, the age difference is not very great. Additionally it should be mentioned that
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one index species mentioned by GARDIN (1997), P. beckmannt, has also been found in the
Zapala sections. The first occurrence of this species lies at the base of the Peroni [or Ponti]
Zone (GarDpIN 1997, Tab. 65). Unfortunately, layers of this age (bed x+a, An. proximus
Zone) have not been investigated by Scasso & CoNcHEYRO (1999); thus, one cannot be
sure, if that species occurs already in these older beds.

Investigations on dinoflagellates by QuarTroccH1O & SarjEaNT (1992) and Quart-
TROCCHIO et al. (1996) resulted in a subdivision of the Tithonian of the Neuquén Basin
into four zones. Of these the zone of Milliondodinium nuciforme (DEFLANDRE 1938) SAR-
JEANT, 1982 is corresponding with the Windbauseniceras internispinosum Zone, meaning
that this zone can be recognized also by dinoflagellates. The dinoflagellate index species
has been described from coeval beds of Europe. The overlying zone of Dichdogonyanlax
culmula (NORRIS 1965) corresponding to the Corongoceras alternans Zone is still more
important as it is also used in NW Europe and thus a very good global correlation tool.

5 Conclusions

To summarize, good global correlation possibilities exist by using ammonites, chiti-
noidellids and radiolarians at the base of the Upper Tithonian. The same is true for cal-
careous nannofossils and dinoflagellates. The base of the Upper Tithonian is the second
important correlation level in the Tithonian stage; a level which allows global correlations
by various guide fossil groups. The first important correlation level lies at the base of the
Tithonian stage (Hybonoticeras hybonotum or Gravesia gigas zones). Correlation at this
level is mainly based on ammonites, but radiolarians may also serve as good correlation
tools in the future.

While correlation to the Boreal realm appears rather easy at this first correlation level,
still some difficulties arise at the second correlation level. However, as KuTek & ZEiss
(1997) demonstrated, the base of the Upper Tithonian can be correlated with high prob-
ability with the base of the Middle Volgian (see also Zriss 2001, Fig. 5).
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