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Involutinidae Biitschli (Foraminiferida) in the
Carnian of the northeastern
Dolomites (Italy)

Donato di Barr and Gian Franco Lacrr
Istituto di Paleontologia, Universita di Modena, Via Universita 4 - I-41100 Mopena (Italy).

ABSTRACT - Thirteen species of foraminifers of the family Involutinidae Biitschli are described; seven of these are
new, belonging to the genera Aulotortus, Lamelliconus, Triadodiscus, and Prorakusia. The latter genus is proposed
here as new. The studied association comes from some Triassic outcrops in the Eastern Dolomites. These outcrops
are stratigraphically situated at the boundary between S.Cassiano and Diirrenstein Formations (Austriacum Zone).
The specimens are preserved in aragonite, and usually poorly affected by diagenesis. These are perforated foramini- -
fers, with a wall architecture, made up of second order laminae not in phase chronologically and consisting of first
order laminae. The laminar form of the test wall shows two main constructive models that, together with the enroll-
ing modalities, are taken as the basis of the involutinid classification at genus level. The Triadodiscus model charac-
terizes species of the genera Triadodiscus, Lamelliconus and Prorakusia that show planispiral enrolling, trochoidal en-
rolling and two stage ordering (planispiral + streptospiral) respectively. The Aulotortus model characterizes the ge-
nus Aulotortus, that is represented here by the species A. sinuosus with enrolling that varies from planispiral to high-
ly oscillating. The umbilical thickenings, hardly perforated, consist of the superposition of both the second order lam-
inae in the Aulotortus; whereas, in the Triadodiscus, they are made up of only the superpositon of the outer lamina’s
various whorls that show the tendency to form bosses in correspondence to the umbilicus. The group’s phylogene-
sis, based on the features of lamination, enrolling and umbilical structures, can be summarized in two parallel lines
of evolution. One starting from the eatly Triassic form Tréiadodiscus eomesozoicus, from which a group of forms radi-
ates during the Carnian, with a characteristic Triadodiscus structural model. From this group, the Involutina species
and their successive Norian radiation then originates. Aulotortus sinuosus is the initial form of a slower, but larger
ranging, evolutionary line, that during the Norian is represented, in addition to Aulotortus, by genera such as Auloc-
onus and Angulodiscus.

Key words: Involutinidae, Systematics, Upper Triassic, Dolomites.

RIASSUNTO - Vengono descritte 13 specie di Foraminiferi della famiglia Involutinidae Biitschli, di cui 7 proposte
come nuove, appartenenti ai generi Aulotortus, Lamelliconus, Triadodiscus ed al gen. Prorakusia proposto qui come
nuovo. L’associazione studiata proviene da alcuni giacimenti triassici delle Dolomiti orientali, stratigraficamente po-
sti al passaggio fra le Formazioni di S. Cassiano e di Diirrenstein (zona ad Austriacum).Questi esemplari sono con-
servati in aragonite e, generalmente, sono poco diagenizzati. Si tratta di foraminiferi perforati, con architettura della
parete del guscio bilaminare, data da lamine di 2° ordine sfasate nel tempo e costituite, a loro volta, da lamine di 1°
ordine. La costituzione laminare del guscio presenta due principali modelli costruttivi che, insieme con le modalita
di avvolgimento, vengono presi come base della classificazione degli involutinidi a livello di genere. Il modello Tria-
dodiscus caratterizza le specie dei generi Triadodiscus, Lamelliconus e Prorakusia che presentano rispettivamente av-
volgimento planispirale, trocoide e a due stadi (planispirale + streptospirale). Il modello Aulotortus caratterizza il ge-
nere Aulotortus, qui rappresentato dalla specie A. sinuosus con avvolgimento che va da planispirale a molto oscillan-
te. Gli ispessimenti ombelicali, quasi imperforati, sono costituiti in Aulotortus dalla sovrapposizione di ambedue le
lamine di 2° ordine; nel modello Triadodiscus, essi sono invece determinati soltanto dalla sovrapposizione dei vari
giri della lamina esterna che mostrano, in corrispondenza dell’ombelico, la tendenza a formare papille. La filogenesi
del gruppo, basata sui caratteri della laminazione, dell’avvolgimento e delle strutture ombelicali, & schematizzabile in
due linee evolutive parallele. Una che inizia da Triadodiscus eomesozoicus del Trias inf., da cui si irradiano un grup-
po di forme caratteristiche del Carnico, aventi il modello strutturale di Triadodiscus. Da questo, poi, prender ori-
gine Involutina spp. e la successiva radiazione norica. Awlotortus sinuosus, invece, & il capostipite di una linea evolu-
tiva pitt lenta, ma piti longeva, che, nel Norico, & rappresentata, oltre che da Aulotortus, anche da generi come Aulo-
conus ed Angulodiscus.

Parole chiave: Involutinidae, sistematica, Triassico superiore, Dolomits.

INTRODUCTION

Essay suBjECcT

In this paper we have considered the foraminifers of the
family Involutinidae Biitschli which are present among

the rich fauna of the Carnian sequence of the Dolomites.
New studies have defined the taxonomic scheme of this
group. However, in order to clarify the situation, we have
referred to Loeblich & Tappan (1988) and Zaninetti
(1984), who defined the family Involutinidae as follows:
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1) spheric proloculus followed by enrolled, undivided,
tubular deuteroloculus; 2) planispiral, oscillating, strep-
tospiral and trochospiral coiling; 3) terminal, simple aper-
ture; 4) calcareous wall, radial structure, originally arag-
onitic, but commonly recrystallized; 5) perforate wall; 6)
symmetric or non-symmetric umbilical thickenings, boss-
es or nodes or pillarlike structures.

In Zaninetti’s opinion (1984) the following genera are
included in the family:

Involutina Terquem,1862
Auloconus Piller,1978
Aulotortus Weynschenk, 1956
Coronipora Kristan,1958
Hottingerella Piller,1983
Lamelliconus Piller,1978
Planispirillina Bermudez,1952
Semiinvoluta Kristan,1957
Triadodiscus Piller, 1983
Triasina Majzon,1954
Trocholina Paalzow, 1922
Trocholinopsis Piller, 1983

STUDIED MATERIAL

For many years, beautiful invertebrate fossil faunas
from the S.Cassiano Fm. auctorum have been known and
collected. Dr.Rinaldo Zardini was a major collector and
expert of these faunas from Cortina, Misurina and the
Braies areas. He provided the incoherent samples from
which the majority of the foraminifers studied here were
extracted, by washing. They are therefore free from in-
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globing sediment. This is important as the majority of the
Triassic Involutinids are only known from sections ran-
domly oriented within microfacies.

The studied material is deposited in the collections of
the Paleontological Institute of Modena University (Ita-
ly).

Involutinids from the Alpe di Specie (Braies, South
Tirol) have been studied by Oberhauser (1957) and are
mentioned by other Austrian authors.

(GEOLOGICAL SETTING AND COLLECTING SITES

The Ladinian-Carnian deposits of the Dolomites main-
ly represent carbonate platforms and coeval basinal sed-
iments.

The Carnian platforms - Cassian Dolomite - consist
mainly of steeply clinostratified, strongly dolomitized,
megabreccias deposited as talus beds prograding on the
basinal sediments of the S.Cassiano Fm.

The Cassian platforms and their coeval S.Cassiano de-
posits are organized in two depositional sequences (Fig.
1, based on Russo ez 2/, 1991).

The first sequence includes the Lower Cassian Dolo-
mite and S.Cassiano of Cordevolian age; the second one,
the Upper Cassian Dolomite and S.Cassiano of Julian age
(Fig. 1).

Above the S.Cassiano Fm., we find the Diirrenstein
Fm., made up of well stratified white dolomite. Russo e#
al. (1991) have described in the Alpe di Specie area a new
“member a” in the lower part of Diirrenstein Fm. This
member is made up of autochthonous carbonatic sedi-
mentation that was deposited in shallow waters, at the
maximum level of the carbonatic platform’s prograda-
tion during the second cycle. Thus, Russo et a/. (1991)
consider “member a”, which had been traditionally in-
cluded in the S.Cassiano Fm., as the initial part of the
Diirrenstein cycle.

The majority of the foraminiferids studied here main-

ly come from Alpe di Specie where “member a” crops out,
and from Campo (Cortina d’Ampezzo) and Misurina
where the presence of this member is assumed (Fig. 2).
Some are also studied from Falzarego Pass (“Tra i sass”
locality) (Fig. 2). In other localities, where the basinal fa-
cies of the S.Cassiano Fm. outcrops, some rare specimens
of these foraminiferids have also been found (Vettorel,
1988).

RESULTS AND DISCUSSION

T AXONOMIC RESULTS

The following systematic scheme results from this
study:

Order =~ FORAMINIFERIDA D’Orbigny, 1826
Suborder INVOLUTININA  Hohenegger & Piller,
1977
Family INVOLUTINIDAE  Biitschli, 1880
Genus  Aulotortus Weynschenk, 1956
A. sinuosus Weynschenk, 1956
Genus  Lamelliconus Piller, 1978
L. artiskomorphos  n. sp.
L. cordevolicus (Oberhauser, 1964)

L. cucullatus n. sp.

L. biconvexus (Oberhauser, 1957)

L. depressus n. sp.

L. minor (Oberhauser, 1957)

L. ventroplanus (Oberhauser, 1957)
Genus  Prorakusia n.gen.

P. primigenia n. sp.

P. salat n. sp.

Genus  Triadodiscus Piller, 1983
T. eomesozoicus (Oberhauser, 1957)
T. incrustans n. sp.
T. inceptus n. sp.

This work refers to the suprageneric systematic scheme
of Piller (1978), Zaninetti (1984) and Loeblich & Tappan
(1988).

We have purposely neglected the suprafamilial taxo-
nomic levels (Piller,1978) as well as the subfamilial rank
because phylogenetic connections between genera have
not yet been completely clarified.

In fact, several genera are at the moment still under dis-
cussion, because of homeomorphism between the Involu-
tinidae and the families Archaediscidae, Lasiodiscidae
and Hemigordiopsidae which belong to different subor-
ders.

For definition of the genera we adopted the characters
of the test’s lamination, as suggested by Piller (1978) and
Altiner & Zaninetti (1981), but also the morphological
characters, particularly the deuteroloculus coiling.

In this study we have not taken into account Pragso-
conulus robustus Oberhauser, classified by Loeblich &
Tappan within the Involutinidae, even though it is fre-
quently found in the Austriacum Zone and in the studied
outcrops, because we have doubts as to whether it belongs
to this group and to the order Foraminiferida.
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MINERALOGIC AND CHEMICAL OBSERVATIONS

The species that represent the Carnian genera of invol-
utinids, have been analyzed by A. Loschi-Ghittoni, of the
“Istituto di Mineralogia e Petrografia dellUniversita di
Modena”, with X-ray powder methods. The diffraction
patterns (Fig. 3) show an aragonitic composition and the
well preserved state of the studied samples. Except for the
presence of the quartz peak, these diffraction patterns
are similar to these published by Piller (1978), of Involu-
tina turgida. It is thus confirmed that the calcite peak can
be referred to secondary filling of the lumen of the cham-
bers. This peak is not present in the diffraction pattern of
the Lamelliconus biconvexus test (Fig. 3d), the samples of
which have been selected carefully to exclude those with
filling. This was possible for the peculiar shape of the
tests (Fig. 4). They are trochoidal in shape with the pro-
loculus at the top of the cone and the second chamber dis-
posed as a coil just under the dorsal surface of the cone,
on top of the massive “umbilical thickening”. The simple
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Fig. 3 - X-ray diffraction patterns of : a) Triadodiscus eomeso-
zoicus, b) Prorakusia salaji, c) Aulotortus sinuosus, d) Lamelli-
conus bicom;exus.
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The range and form of the L2 laminae concur to de-
fine the genera and to determine the feature of the um-
bilical thickenings. It is accettable as a phylogenetic char-
acter, In particular, for species of the genus Triadodiscus,
the L.2b laminae forming the umbilical thickenings prove
to be discontinous in axial section and they form small
crystal plates. We interpret these plates as sections of
bosses made of L1 lamellae undulations. These should
constitute the beginning of a process, with phylogenetic
character, that transmits the imperceptible undulations of
the L1 lamina to the L2b laminae, in post-Carnian forms
showing bosses and pillar-like structures in the umbilical
region. Deuteroloculus enrolling concurs with the lami-
nation of the test in defining the genera. It appears to be
a phylogenetic character that follows inherent logic in the
spectrum of forms seen in figure 6; these are completely

theoretical and hypotetical, in which the observed enrol-

lings are arranged in order of possible morphological
changes.

HyYPOTHESIS ON INVOLUTINID PHYLOGENY

The family Involutinidae sensu Loeblich & Tappan,
1988, spans from the Permian to the middle Cretaceous.
The genus Triadodiscus, derived from a planispiral form
(probably of the genus Permodiscus according to those
who support a derivation from Archaediscidae, 7.e. Gazd-
zicki, 1983), may also be considered synonymous with
Permodiscus (Salaj et al.,1983). In the Authors’ opinion
the subsequent phyletic lines would have originated lat-
er, Triadodiscus — Aulotortus, Triadodiscus — Lamelli-
conus, and successively the other phyletic lines.

However if we consider the phylogenetic characters
empbhasized in the previous chapter -7.e. lamination, test
enrolling, boss formation and the pillar-like structures of
the umbilical regions - we may then reconstruct the invol-
utinid phylogeny as in figure 7. Triadodiscus eomesozor-
cus and Aulotortus sinuosus, that are already present in the
lower-middle Trias, having two different lamination they
seem to have given the origin to different and parallel
evolutive lines. We might suppose that, during the Upper
Anisian-Ladinian, the Lamelliconus trochoidal coil forms
derived from Triadodiscus eomesozoicus, through the ac-
centuation of the tendency of the deuteroloculus whorls’
translation. But, in the Dolomitic area the first represen-
tatives of Lamelliconus are located in the S.Cassiano Fm.
samples that may be ascribed to the middle-upper part of
the Aon Zone (Cordevolian) in the basinal facies. The La-
melliconus species seems to be the only ones present with-
in this facies.

In the genus Prorakusia the forms with composed en-
rolling (planispiral + streptospiral) may still derive from
Triadodiscus eomesozoicus. We hypothesize the lines Trza-
dodiscus eomesozoicus — Prorakusia primigenia — P. sa-
laji. A form with along primary planispiral stage and with
a very short streptospiral secondaty stage first derives
from a planispiral ancestor; afterwards a form with a short
planispiral stage at the beginning and a well-developed
streptospiral secondary stage would be derived from this.
It should have been possible to hypothesize a derivation

Forms with
1st streptospiral stage and
2nd planispiral stage

] Forms with
whole streptospiral 1st oscillating stage and
forms 2nd planispiral stage

| Forms with
1st planispiral stage and

Whaole oscillating forms 2na streptospiral stage

@

1
Planispiral forms
with pillar-like stuctures
dividing deuteroloculus

Co ¢y

Forms with
1st planispiral stage and
2nd oscillating stage

Planispiral a;ad involute
or hemiinuolute forms
with undivided deuteroloculus

Trochospiral forms

Planispiral and evolute

orinuciute or hemievolute
ANCESTOR

with undivided deuteroloculus

Fig. 6 - Diagram illustrating the different coiling tests in axial
section and hypothesized mechanical derivation relationships of
the coiling forms.

of Prorakusia from a phenotype of Aulotortus sinuosus
with an initial planispiral part and an oscillating adult
part ( called Rakusia Salaj) but the microarchitecture of
Prorakusia does not indicate this derivation. As far as we
know the stratigraphic distribution of Prorakusia is that
of Angulodiscus gaschei praegaschei given by Salaj et al.
(1983) because we think that A. gascher praegaschei sensu
Salaj is synonymous with Prorakusia salaji.

During the Norian-Raethian, there is a general substitu-
tion of species according to an iterative model of evolution
(Norris,1991). The forms with bosses and pillars of the gen.
Involutina may have originated from Triadodiscus inceptus,
that could be defined as an Involutina species without pil-
lar-like structures. From the Involutina spp. branch origi-
nated the forms with trochoid coiling (Trocholina spp.) and
other planispiral forms. Trzasina also probably comes from
the same branch, because the deuteroloculus segmentation
is given by pillars and not by true septa (Loeblich & Tap-
pan, 1988). For Aulotortus sinuosus it should, in theory,
have forms with a coil that become gradually more oscilla-
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Fig. 7 - Stratigraphic distribution and suggested evolutionary trends of the involutinids, based on wall structure and on the mechanical derivation relationships of coiling. For the Norian-Rhe-

tian, only the genera are indicated.
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1983  Lamelliconus ventroplanus (Oberhauser) - Salaj
et al., p. 148, pl. 96, Fig. 2.

Material - 70 specimens from Campo; 10 specimens from

Alpe di Specie.

Description - Conic shape, with a flat umbilical surface. D
=1mm.; H=0.75 mm.

Remarks - Zaninetti (1976) also points out that this spe-
cies is similar to L.biconvexus, and it can be distinguished
from the latter by the flat instead of convex umbilical sur-
face.

Stratigraphic and geographic range - Ladinian?, Carnian of
Italy, Austria, Slovakia, Turkey and probably China.

Genus Prorakusia n. gen.

Origin of the generic name - The name consists of Pro =
“in place of” and Rakusia, that is the name of a genus
erected by Salaj, which we are regarding has junior syno-
nym of Aulotortus.

Type species - Provakusia salafi n. sp.

Diagnosis - Perforated aragonitic test, almost completely
involute, ranging from flat to globular. Outer surface
smooth or with bosses, or with keels. Spherical prolocu-
lus and deuteroloculus with two coiling stages. Planispi-
ral juvenile stage or slightly helicoidal with circular section
of small diameter. Streptospiral adult stage. In this stage
the tube has a subtriangular section with a lumen much
larger than that of the first stage. In the last turns, the form
. often tends to become evolved and breakage of the pro-
truding part of the tube construct the keels, that can be
seen on the outer surface of many specimens. The type of
test microstructure is very close to that of Triadodiscus.

Remarks - We agree with Zaninetti & Rettori (pers.

comm.) who consider the illustrations of Rakusia oberbau-
seri in Salaj et al. (1983, pl. CIII, Fig. 4; pl. CIV, Fig. 4)
as lateral, not axial, sections of a specimen of Aulotortus
sinuosus. This makes inconsistent the type species of the
genus (R. oberbauseri) and leads us to consider Rakusia
as synonymous with Awulotortus. The investigations on
rock thin-sections can have caused this problem. In fact,
in unoriented rock cuts, oblique sections are seldom in an
optimal axial position. Moreover, normally test costruc-
tion is not completely regular. Thus, in border-line cases,
the section pictures are different and difficult to explain.
In this case, Salaj ef al. (1983) recognized a different en-
rolling modality from a specimen section with a turn, in
the oscillating stage, casually normal to the juvenile enroll-
ing. The diagnosis of Rakusia Salaj describes well the ar-
chitectural features of a group of our specimens that do
not belong to any of the involutinid genera described to
date. We think suitable to institute 2 new genus with a di-
agnosis and a name similar to that of Rakusia Salaj.

Moreover, we point out that Salaj ez al. (1983) de-
scribed the specimens - which we consider to belong to
the genus Prorakusia - in the genus Angulodiscus Kristan.
This seems strange, because Angulodiscus Kristan emend-
ed by Salaj is described as having a streptospiral juvenile
coiling followed by a planispiral stage. That is exactly the
opposite of the composite enrolling that we can observe
in the Salaj’s specimens. These have been called by the
same author Angulodiscus gascher praegaschei Zaninetti.
We instead erect for the samples studied by Salaj and for
ours, a new species dedicate to Dr. J. Salaj and we desig-
nate it as type species of the genus. The above discussion
is schematically summarized in figure 10.

For Aulotortus, the difference exists in the enrolling
modalities in addition to the microstructural features. The
conformation of the test layers in Prorakusia (Pl. IX, Fig.
3) is more similar to that of Trizdodiscus (Pl. IV, Fig. 2)
rather than that of Aulotortus (PL. 11, Fig. 1).
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Fig. 10 - Comparison between two different evolutionary models: Salaj ez 4/, 1983 - this paper.

Different forms of Prorakusia have been recognized in
the studied localities. The outer shape of the Prorakusia
specimen shows several specific characters; but unfortu-
nately they are not visible in the axial sections, and there-
fore, they would not be detected in unoriented thin sec-
tions. These characters include the presence or absence of
the keeled surfaces or zones with bosses. Therefore, we are
able to distinguish, among the studied material, only two
characteristic species: Prorakusia salasi n. sp. and P. priwmi-
genia n. sp. The distinction between these two species is
based upon the characters in the axial section. P. salaji
shows a short juvenile planispiral stage (5 turns) and a
well developed streptospiral stage (about 5-6 turns).
Whereas, P. primigenia has a well developed planispiral
stage and a very short streptospiral stage (1 or 2 turns or
slightly more).

Stratigraphic range - Tt is quoted here for the first time
from the upper Carnian (Julian) of the Dolomites. How-
ever, illustration by various authors depicts a wider strat-
igraphic and paleobiogeographic range (Gazdzicki &
Stanley, 1983; Salaj ez al,, 1983; He Yan & Zhi-lan, 1987).

Prorakusia primigenia n. sp.
Pl. VIII, Figs 4, 5, 7

Origin of the specific name - From the latin primigenia =
“first in temporal order”, because we believe it is the first
form with Prorakusia characteristics that descended di-
rectly from Triadodiscus.

Holotype - Polished axial section of the specimen illustrat-
ed in PI. VIII, Fig. 5.(MPUM Cat. n. 24305).

Type locality - Campo (Cortina d’Ampezzo).
Type level - Upper Julian, Austriacum Zone.
Material - 10 specimens from Campo.

Description - Perforated, aragonitic test. Flat shape. Out-
er surface with carinae. Spheric proloculus and undivid-
ed tubular deuteroloculus, enrolled in two ways. At first
planispiral for ten turns, then streptospiral for approxi-
mately 1-2 turns. The deuteroloculus sections in the pla-
nispiral part are similar to those of Triadodiscus.

Remarks - Because of the similarity in axial section (PL
VIII, Figs 4, 5, 7) with Triadodiscus eomesozoicus (P. 111,
Fig. 4), it could be confused with the latter if the periph-
eral streptospiral turns had been destroyed. For the sim-
ilarities cited above, that are also apparent at a microstruc-
tural level, we think that it is a species directly linked phy-
logenetically to Triadodiscus eomesozoicus on one side
and with Prorakusia salaji on the other.

Stratigraphic range - It is cited here for the first time from
the upper Carnian.

Prorakusia salafi n. sp.
Pl. VIII, Figs 1-3, 6, 8; PL. IX

1983 Angulodiscus gaschei praegaschei Koehn-
Zaninetti - Salaj ef al, pl. 117 and pl. 119,
figs 1, 3, 4.
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? 1983 Aulotortus praegaschei (Koehn-Zaninetti)
- Gazdzicki & Stanley, p. 86, Fig. 5.

? 1987 Aulotortus cf.bulbus Hc - He Yan & Yue
Zhi-lan, p. 217, pl. 7, Fig. 9.

Origin of the specific name - It is dedicated to Dr. Jozef
Salaj who described this species (under the name Angu-
lodiscus gaschei praegaschei Koehn-Zaninetti) and the ge-
nus Rakusia replaced here by Prorakusia.

Holotype - Polished axial section of the specimen illustrat-
ed in PL VII, Fig. 1, PL IX, Figs 1, 2 (MPUM Cat. n.
24306).

Type locality - Alpe di Specie.
Type level - Upper Julian, Austriacum Zone.

Material - 250 specimens from Misurina, 115 from Cam-
po, 40 from Alpe di Specie, 3 from Falzarego Pass.

Description - Perforated aragonitic test. Shape biconvex
to subspheric. In the globular shape, the outer surface
shows keels enrolled as a ball of wool with bosses.
Sphaeric proloculus and undivided tubular deuterolocu-
lus, enrolled in two different ways (Fig. 11). At first pla-
nispiral or nearly planispiral for 4-6 turns, then strepto-
spiral for as many turns. The deuteroloculus section
strongly increases passing from the enrolling stage to the
next one.
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Fig. 11 - Prorakusia salaji n. sp. axial sections and one (i) equa-
torial.
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covered by white bosses. Spherical proloculus and undi-
vided tubular deuteroloculus, nearly planispiral. The deu-
teroloculus sections look like those of Triadodiscus eo-
mesozoicus. We find the A form, very small, with a large
proloculus and with deuteroloculus forming 3-4 whorls.

Remarks - Externally this form looks like Involutina sp.
However, it does not have pillars in the umbilical zone but
only bosses.

Stratigraphic range - It is cited here for the first time from
the Upper Carnian (Julian, Austriacum Zone).
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