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Abstract The recent recognition of the earliest Andean

Tithonian ammonite fauna (Picunleufuense Zone) has

allowed a balanced classification of the ataxioceratid

ammonites, reflecting their phylogenetic relationships. The

Picunleufuense Zone fauna, first recognized in the Neu-

quén Basin at the base of the Vaca Muerta Formation, is

represented by numerous records of sparse ammonite fau-

nas from Antarctica, the Austral Basin and the Tarapacá

Basin (N. Chile and S. Peru). These Southeastern Pacific

faunas include the Tithonian genera Indansites, Choicen-

sisphinctes, Zapalia, Krantziceras (Tithonian–lower Ber-

riasian) and Platydiscus. These five genera are grouped in a

new subfamily established in this paper: Zapaliinae

subfam. nov. (type genus: Zapalia). The origin of Indan-

sites and Choicensisphinctes (possibly via Indanistes) from

Lithacoceras is discussed. Zapalia must have been origi-

nated from Indanistes in the upper Proximus Zone. Platy-

discus could have been originated from Krantziceras. The

Tithonian Southeastern Pacific ataxioceratids (Zapaliinae

subfam. nov.) form a group well separated from the

Tithonian Indo-Madagascan Virgatosphinctinae.

Keywords Southeastern Pacific � Ammonoidea �
Choicensisphinctes � Indansites � Zapalia � Krantziceras �
Platydiscus

Kurzfassung Die kürzlich entdeckte älteste andine

Tithonium-Ammonitenfauna (Picunleufuense-Zone) ermög-

lichte eine ausgewogene Klassifikation der ataxioceratiden

Ammoniten unter Berücksichtigung ihrer stammesge-

schichtlichen Verwandtschaftsverhältnisse. Die Fauna der

Picunleufuense-Zone, die als erstes an der Basis der Vaca

Muerta-Formation des Neuquén-Beckens entdeckt wurde,

setzt sich aus vielen seltenen Ammoniten aus der Antarktis,

dem Australischen Becken sowie dem Tarapacá-Becken

(Nord-Chile und Süd-Peru) zusammen. Diese südostpazi-

fischen Faunen beinhalten die tithonischen Gattungen

Indansites, Choicensisphinctes, Zapalia, Krantziceras (Ti-

thonium–unteres Berriasium) und Platydiscus. Diese fünf

Gattungen werden in einer hier neu eingeführten Unterfa-

milie zusammengefasst: Zapaliinae subfam. nov. (Typus-

gattung: Zapalia). Der Ursprung von Indansites und

Choicensisphinctes (möglicherweise via Indansites) in der

Gattung Lithacoceras wird diskutiert. Zapalia muss sich

in der oberen Proximus-Zone aus Indansites entwickelt

haben. Platydiscus könnte von Krantziceras abstammen.

Die tithonischen südostpazifischen Ataxioceratiden (Zapa-

liinae subfam. nov.) bilden eine von den tithonischen indo-
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madegassischen Virgatosphinctinae gut abgegrenzte

Gruppe.

Schlüsselwörter Südöstlicher Pazifik � Ammonoidea �
Choicensisphinctes � Indansites � Zapalia � Krantziceras �
Platydiscus

Introduction

The earliest Andean Tithonian ammonite fauna, recorded

from the base of the Vaca Muerta Formation of the Neuquén

Basin (Fig. 1A), has been recognized and differentiated only

in the last years (Parent et al. 2006, 2011a, b). The recogni-

tion of this fauna has allowed important advances:

Fig. 1 A Approximate emplacement of the Neuquén (or Neuquén–

Mendoza) Basin (light green) in a recent geography with indication of

the localities cited in text. Adapted from Parent et al. (2011a).

B Reference Andean chronostratigraphic ammonite zonation (based

on Leanza 1945, 1981; Aguirre-Urreta and Rawson 1999; Parent et al.

2015), correlated with the Tethyan Primary Standard Scale (Geyssant

in Cariou and Hantzpergue 1997; Reboulet et al. 2014). Dotted lines

indicate approximate correlation with the standard scale
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1. The introduction of the Picunleufuense (Standard

Chronostratigraphic) Zone (Fig. 1B) as the base of

the Andean Tithonian (‘‘Andean Tithonian’’ is used to

denote that its base probably does not correspond

exactly to that of the Tethyan standard);

2. The possibility of a balanced classification of the

ataxioceratid ammonites through the Tithonian of the

Neuquén Basin which reflects the phylogenetic rela-

tionships of local lineages;

3. A reasonable classification of many records of sparse

ammonite faunas from Antarctica and the Austral

Basin, as well as from Chile (cf. Salazar and Stinnes-

beck 2015), the Tarapacá Basin, N. Chile and Peru

(Fig. 1A) which allow the study of their palaeobio-

geography and ages.

The fauna of the Picunleufuense Zone consists mainly

of ataxioceratids, among which occur abundantly the

index species Indansites picunleufuense (Parent, Garrido,

Scherzinger and Schweigert, 2011a), formerly included

in Lithacoceras Hyatt, 1900 (Fig. 2A–C). The strong

resemblance of this species to Early Tithonian (two-fold

division) Lithacoceras, e.g. L. eigeltingense (Ohmert and

Zeiss, 1980), is probably due to the phyletic origin of

Indansites in such forms of Lithacoceras. In the last

years, as the species was recorded through different

horizons within the Picunleufuense Zone in virtually all

parts of the basin, some differences from Lithacoceras

have appeared, especially in the evolutionary trends

shown by representatives of Indansites in the Zitteli

[‘‘Mendozanus’’] and Proximus zones (Parent et al.

2011b, 2015). Vennari (2016) introduced the genus In-

dansites including its type species Subplanites

malarguensis Spath, 1931 (Fig. 2D) and Lithacoceras

picunleufuense (Fig. 2A–C). Indansites malarguensis has

a well-established stratigraphic position as part of the

ammonite assemblage of the malarguensis Hz. (Parent

et al. 2011a: 95) in the lower (or lowermost) part of the

Zitteli [‘‘Mendozanus’’] Zone. Vennari (2016) considered

I. picunleufuense as a synonym of I. malarguensis.

However, this comparison was based on poor material,

so that the significant morphological differences between

these two species, which occur at different horizons,

were not noted.

The Proximus Zone representatives of Indansites

(Fig. 2E, F), recorded from Arroyo Cieneguita and Cerro

Lotena (Parent et al. 2011b), are thought to be the ances-

tors of Zapalia Leanza and Zeiss, 1990 (Fig. 2G), which

seems to be confined to the Internispinosum Zone (Leanza

and Zeiss 1990; Zeiss and Leanza 2010).

Based on the records of these lineages which have

been constructed from abundant material found at several

localities (Parent 2001, 2003; Parent et al.

2006, 2011a, b, 2013a, b, 2015; Vennari et al. 2012;

Vennari 2016), a rather homogeneous group of South-

eastern Pacific ataxioceratids is evidenced. These lin-

eages must be classified in a suprageneric ranking

denoting especially their distinction from the Lithaco-

ceratinae and their palaeobiogeographic setting in the

marine basins of the Southeastern Pacific region.

The purpose of this note is to establish a new subfamily,

grouping together these and other closely related

ataxioceratids.

Systematic Palaeontology

Suborder Ammonitina Fischer, 1882

Superfamily Perisphinctoidea Steinmann, 1890

Family Ataxioceratidae Buckman, 1921

Remarks. The composition of the family adopted herein

follows Donovan et al. (1981) updated: Ataxioceratinae

Buckman, 1921 (Late Oxfordian–Late Kimmeridgian),

Lithacoceratinae Zeiss, 1968 (Late Kimmeridgian–Late

Tithonian), Virgatosphinctinae Spath, 1923 (late Early–

early Late Tithonian), Torquatisphinctinae Tavera, 1985

(Early Kimmeridgian–Late Tithonian) and the new sub-

family introduced below.

Subfamily Zapaliinae nov.

Type genus. Zapalia Leanza and Zeiss, 1990; Tithonian.

Diagnosis. Southeastern Pacific homoeomorphs of the

Lithacoceratinae; evolute platycones to more or less

involute and inflated suboxycones; ribbing with frequent

more or less short virgatotome stages, polyschizotome ribs,

or branching as fascipartite secondaries.

Genera included. Indansites Vennari, 2016 (Lower Titho-

nian); Zapalia (upper Lower Tithonian); Choicensis-

phinctes Leanza, 1980 (Lower–Upper Tithonian);

Krantziceras Parent, Scherzinger and Schweigert, 2011

(Lower Tithonian–Lower Berriasian); Platydiscus Parent,

Scherzinger and Schweigert, 2011 (Lower–Upper

Tithonian).

Remarks. This new subfamily includes a group of South-

eastern Pacific ataxioceratid lineages, mostly described from

the Neuquén Basin, regarded here as homoeomorphs of the

Tithonian Lithacoceratinae (sensu Zeiss et al. 1996).

The adult size of the macroconchs is broadly variable,

ranging from some 150 to more than 1000 mm in diameter.

The morphotypes range from inflate, more or less involute

suboxycones to platycones (Choicensisphinctes, see

Fig. 3), to more or less compressed, evolute platycones

(Indansites, Fig. 2A–F; Zapalia, Fig. 2G; Krantziceras,

Fig. 4A–C; Platydiscus, Fig. 4D, E). Primary ribs may be

unchanged or may strengthen through the ontogeny,
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bifurcating on inner whorls passing to polyfurcate in fas-

ciculate or virgatotome style; polyschizotome ribs may

occur at subadult or adult stages.

The microconchs are lappeted; one-tenth to one-third of

the size of the corresponding macroconch; serpenticonic to

suboxyconic, moderately evolute to involute; ribbing as in

juvenile macroconchs, with bifurcating to polyfurcating

primary ribs in the adult body chamber.

In terms of sculpture ontogeny, the new subfamily

includes two main groups: (1) Choicensisphinctes, Indan-

sites and Zapalia are more or less strongly variocostate

with relatively fine ribs in the phragmocone, becoming

stronger, sometimes bold and blade-like in the adult body

chamber; (2) Krantziceras and Platydiscus with isocostate

ribbing, composed of wiry ribs simply bifurcating from the

inner whorls up to the adult body chamber, with undivided

primaries frequently intercalated.

Choicensisphinctes and Indansites bear almost identical

aptychi of the Praestriaptychus type (Fig. 3B, Parent et al.

2013b: Fig. 4C, Vennari 2016: pl. 2: 3).

Leanza and Zeiss (1992) and later Zeiss and Leanza

(2010) have proposed a subfamily ‘‘Windhausenicerati-

nae’’ (name invalid: see Klein 2005; Parent et al. 2013a) in

which they included both the himalayitid Wind-

hauseniceras and the ataxioceratid Zapalia.

Origin and evolution. In Fig. 5 we present a summary of

the composition and phyletic relationships of the main

lineages of Zapaliinae subfam. nov. This diagram is a

summary of hypotheses already proposed, based on the

studies of the representatives of each genus as discussed in

detail in Parent et al. (2011a, b, 2013a, 2015).

The genus Indansites most likely originated from Litha-

coceras Hyatt, 1900. The palaeobiogeographic arguments

are that (1) we can exclude an autochthonous origin in the

area, because the Andean basins were unfavourable for

ammonites before the Picunleufuense Zone, during the

Kimmeridgian, and (2) there are no similar forms in the Indo-

Madagascan domain, which was mainly inhabited by

torquatisphinctids. Boreal areas were inhabited by Aula-

costephaninae. There are no lithacoceratid-like forms in

New Zealand, Indonesia or Nepal as well. The only similar

forms in the present-day ‘‘Circum-Pacific’’ area are in Japan

(Fig. 6), but Japan consists of numerous microplates with

poorly known geographic position in the Jurassic. So the

only similar forms are Submediterranean and Mediterranean

Lithacoceratinae. The forms from Southern Germany must

have originated in the Tethys as well, because there are no

ancestors in the older parts of the Beckeri Zone.

The best arguments for the origin of the Indansites lin-

eage from Lithacoceras are the strong morphological and

sculptural similarity, and that their microconchs look like

Silicisphinctes Schweigert and Zeiss, 1999 (type species:

Subplanitoides hoelderi Sapunov, 1979), the microconch of

Lithacoceras; furthermore, the size ratio between these

microconchs and the corresponding macroconchs is the

same (Fig. 2A, C). What still remains unknown is the exact

ancestor and exact time.

Even in Southern Germany within Lithacoceras,

homoeomorphic (but phyletically related) forms occur,

which have produced many problems in the past regarding

the correlation between Swabia and Franconia (discussion in

Scherzinger et al. 2015); For example, lithacoceratids from

the Ulmense Subzone and lithacoceratids from the Moern-

sheimensis Subzone are rather similar. Therefore, we must of

course take into account iterative immigrations from a

Tethyan pool, and some migrants reached the Andean basins

by the opening Caribbean seaway (Fig. 6). There is evidence

of related ammonites in Mexico described by Burckhardt

(1906) and Olóriz et al. (1993), discussed by Callomon

(1992), Parent (2003) and Parent et al. (2006, 2011a).

The origin of Choicensisphinctes and Indansites from

Lithacoceras (or Choicensisphinctes via Indansites in

Parent et al. 2011a) is further supported by their praestri-

aptychi, which are indistinguishable from that of Lithaco-

ceras (Fig. 3B; see Parent et al. 2013b).

Zapalia is thought to have originated from Indansites in

the upper Proximus or lower Internispinosum Zone via

Indansites sp. nov. aff. picunleufuense (Fig. 2E, F). Under

this hypothesis, Indansites and Zapalia conform to a con-

servative lineage still retaining great similarity with

Lithacoceras.

Platydiscus could have been originated from Krantz-

iceras considering their general resemblance, but the

records of these genera are still too scarce for a closer

examination.

bFig. 2 Typical representatives of Indansites and Zapalia in the

Tithonian of the Neuquén Basin (Vaca Muerta Fm). A–C: Indansites

picunleufuense (Parent, Garrido, Schweigert and Scherzinger, 2011),

Picunleufuense Zone. A: Holotype, [M] of transient alfa, complete

view of the right face, Picún Leufú, picunleufuense alfa Hz. (modified

from Parent et al. 2011a). B: [M] of transient beta, Estancia Marı́a

Juana, picunleufuense beta Hz.; inner whorls (MOZ-PI-2410/2)

showing the style of furcation with the anterior secondary tending

to twist backwards. C: Paratype 2, complete adult [m], Picún Leufú,

picunleufuense alfa Hz. (modified from Parent et al. 2011a). D:

Indansites malarguensis (Spath, 1931), holotype, complete? adult

phragmocone (D1: modified from Burckhardt 1900: pl. 24: 4; D2:

modified from Burckhardt 1903: pl. 4: 2), Casa Pincheira, lower

Zitteli [‘‘Mendozanus’’] Zone, malarguensis Hz. E–F: Indansites sp.

nov. aff. picunleufuense. E: complete adult [M] (refigured from Parent

et al. 2011b), Arroyo Cieneguita, Proximus Zone, falculatum Hz. F:

adult [m], Cerro Lotena, upper Proximus Zone. G: Zapalia fascipar-

tita Leanza and Zeiss, 1990, almost complete adult [M] (MOZ-PI-

1763) from Los Catutos, Internispinosum Zone. All 90.5. Asterisk

marks last septum
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Palaeobiogeographic distribution (Fig. 6). Representatives

of Zapaliinae subfam. nov. are known through the western

margin of South America, from Antarctica up to Peru. The

records from Antarctica consist of Indansites and Choicen-

sisphinctes (Howlett 1989; Thomson 1979, see Parent et al.

2015). In the Austral Basin (southern Patagonia, Argentina),

Indansites and Choicensisphinctes occur (Blasco et al. 1979;

Kraemer and Riccardi 1997, see Parent 2003). The best

record is known from the Neuquén Basin, where the five

genera included in the new subfamily are well represented

(Fig. 5). In the Tarapacá Basin (N. Chile and Peru), the

records, although poor, indicate the probable occurrence of

Indansites (data from Rüegg 1957; Cecioni 1961) and

Choicensisphinctes as well (data from Welter 1913 and

Knetchel et al. 1947, discussed in Parent et al. 2015).

To our knowledge, there are only two ammonite records

from outside the Southeastern Pacific region which have

been assigned to genera included in Zapaliinae subfam.

nov.: (1) a possible record (unfigured) of Choicensis-

phinctes cf. choicensis (Burckhardt, 1903) from south-

western Turkey (Enay et al. 1971: 408); (2) poorly

preserved specimens from the uppermost Tithonian–Lower

bFig. 3 Typical representatives of Choicensisphinctes in the Tithonian of

the Neuquén Basin (Vaca Muerta Fm). A–C: Choicensisphinctes

platyconus Parent, Garrido, Schweigert and Scherzinger, 2011, Picun-

leufuense Zone, picunleufuense alfa Hz., Picún Leufú. A: holotype, adult

[M], Picún Leufú. B: juvenile [M] with in situ Praestriaptychus in body

chamber (specimen from Los Catutos figured in Parent et al. 2013a:

Fig. 5B, showing herein the opposite face with additional preparation to

uncover the aptychus). C: paratype 2, complete adult [m], Picún Leufú.

D–H: Choicensisphinctes erinoides (Burckhardt, 1903), Zitteli [‘‘Men-

dozanus’’] Zone. D: adult [m], lectotype of Virgatites mendozanus

Burckhardt, 1911 (modified from Burckhardt 1900: pl. 25: 7), Cajón del

Burro–Rı́o Choicas. E: complete adult [m] of early transient from Cerro

Granito (MOZ-PI-8420). F: holotype of Perisphinctes erinoides Burck-

hardt, 1903 (modified from Burckhardt 1900: pl. 25: 1), adult?

[M] phragmocone, Cajón del Burro–Rı́o Choicas. G: portion of adult

[M] with body chamber of the morph limits, showing the characteristic

fascipartite branching (palm-like bundles of secondary ribs branching

from a wide primary; compare with C, D, E and G), modified from

Parent et al. (2011b), Arroyo Cieneguita. H: adult [M] phragmocone of

the morph limits (modified from Parent et al. 2015), Pampa Tril. I-J:

Choicensisphinctes sp. A (in Parent et al. 2011b), Pampa Tril. I:

[M] phragmocone from the Internispinosum Zone, internispinosum alfa

Hz., Pampa Tril (modified from Parent et al. 2015). J: complete adult

[m] from Arroyo Cieneguita, Proximus Zone, falculatum Hz. K:

Choicensisphinctes striolatus (Steuer, 1897), adult macroconch with

incomplete body chamber, Pampa Tril, Alternans Zone, azulense Hz.;

K1: ventral view of the last whorl of phragmocone; modified from Parent

et al. (2015). All 90.5. Asterisk marks last septum

Fig. 4 Typical representatives of Krantziceras (Tithonian–Berri-

asian) and Platydiscus (Tithonian) in the Neuquén Basin (Vaca

Muerta Fm). All modified from Parent et al. (2011b, 2015). A:

Krantziceras? sp. nov. A, adult? [M?] phragmocone from Pampa Tril,

Picunleufuense Zone, picunleufuense alfa Hz. B: Krantziceras

azulense (Leanza, 1945), adult [M] with part of body chamber, from

Pampa Tril, Alternans Zone, azulense Hz. C: Krantziceras

compressum Parent, Scherzinger and Schweigert, 2011 from Arroyo

Cieneguita, Noduliferum Zone, compressum Hz. D–E: Platydiscus

beresii Parent, Scherzinger and Schweigert, 2011 from Arroyo

Cieneguita, Proximus Zone, falculatum Hz. D: holotype, almost

complete adult [M]. E: paratype 4, complete adult [m]. All 90.5.

Asterisk marks last septum
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Berriasian of southern Yemen described by Howarth

(1998) as Choicensisphinctes limits (Burckhardt, 1930).

These specimens have a stratigraphic position higher than

any other species of the genus, thus they could represent

late excursion or geographic expansion of the genus.

Zapaliinae subfam. nov. and Virgatosphinctinae Spath,

1923 (as reviewed by Enay 2009) have their own palaeo-

biogeographic distributions (Fig. 6). The Indo-Madagascan

Virgatosphinctinae (upper Lower–Upper Tithonian, two-

fold division) seem to derive from Choicensisphinctes as

suspected already by Enay and Cariou (1997), and in the last

years, evidence in support of this hypothesis has emerged

(Parent et al. 2013a, 2015). The Trans-Gondwanan Seaway

(Fig. 6) should have allowed faunal exchanges during the

Tithonian (cf. Cecca 1999), as well as from the Oxfordian

(see Enay and Cariou 1997; Parent 2006).

Conclusions

Lineages of ammonites evolving independently but sharing

significant combinations of morpho-ornamental features

which indicate a common origin within a palaeobiogeo-

graphic domain are conveniently grouped in a subfamily.

Fig. 5 Composition of Zapaliinae subfam. nov. showing the strati-

graphic range currently known of the lineages and their main

evolutionary steps indicated by representative species (see Figs. 2, 3,

4). Most of the data come from the Neuquén Basin as explained in

text. [1] Krantziceras? sp. nov. A (see Fig. 4A herein). [2] Krantz-

iceras cf. disputabile (Leanza, 1945) in Parent et al. (2015: Figs. 3,

4B). [3] Krantziceras azulense (see Fig. 4B herein). [4] Krantziceras

planulatum (Vennari et al. 2012). [5] Krantziceras compressum (see

Fig. 4C herein). [6] Platydiscus beresii (see Fig. 4D, E herein). [7]

Platydiscus sp. nov. aff. beresii [as Aulacosphinctes mangaensis

(Steuer, 1897) in Leanza 1945: pl. 3: 1-2]. Solid lines at the base of

the zones standardized
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The Southeastern Pacific genera Indansites, Zapalia,

Choicensisphinctes, Krantziceras and Platydiscus are

grouped in the new subfamily Zapaliinae. These genera

represent lineages mainly developed in the Tithonian,

with Krantziceras ranging up to the Andean Berriasian

Noduliferum Zone. These genera are best recorded in

the Andean successions, especially in the Neuquén

Basin.

The ammonites grouped in Zapaliinae subfam. nov.

(Andean Lower Tithonian–Lower Berriasian) show

unique phylogenetic trends which, on the one hand,

give coherence to the subfamily and, on the other,

indicate a clear differentiation from those of the Vir-

gatosphinctinae (upper Lower–Upper Tithonian), which

are characteristic and mostly restricted to the Indo-

Madagascan domain.
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Zapaliinae, a new subfamily of Tithonian–Berriasian ataxioceratid ammonites 515

123



Blasco, G., F. Nullo, and C. Proserpio. 1979. Aspidoceras en Cuenca

Austral, Lago Argentino, Prov. de Santa Cruz. Revista de la

Asociación Geológica Argentina 34: 282–293.

Burckhardt, C. 1900. Profils Géologiques transversaux de la
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