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A bstract
This paper describes architecture, mineralogy and tex
ture of the test of the Late Triassic foraminiferPragso- 
conulus robustus OBERHAUSER, 1963 from the San 
Cassiano Formation (Northeastern Dolomites, Italy). 
X-ray investigation of tests of Pragsoconulus robustus 
has shown an aragonitic composition. The cone-shaped 
test, with highly morphological variability, has a spheri
cal proloculus followed by few, small, trochospirally 
arranged chambers becoming pipe branched in the suc
cessive whorls. They are trochospirally arranged around 
an axial cavity. The latter ends as aperture opening in 
the centre of the test base. The wall of Pragsoconulus 
is perforate, finely laminated and built by aragonitic 
needles arranged in a “water-jet” pattern. The lamellae 
make up the pipe chambers through the development 
of complex folds.

Zusam m enfassung

Von der obertriadischen Foraminifere Pragsoconulus 
robustus OBERHAUSER, 1963, werden aus der San 
Cassian-Formation (nordöstliche Dolomiten, Italien) 
erstmals detailliert Gehäusearchitektur, Mineralogie 
und Wandstruktur an sehr gut erhaltenen Exemplaren 
beschrieben.
Röntgendiffraktometrische Untersuchungen belegen 
die aragonitische Gehäusezusammensetzung. Das 
morphologisch sehr variable, konische Gehäuse besteht 
aus einem kugeligen Proloculus, der von wenigen, 
kleinen, trochospiral angeordneten Kammern gefolgt 
wird. Diese Kammern werden in nachfolgenden 
Umgängen röhrenförmig verzweigt und sind trocho-
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Figure 1: Map showing localities of the sampled areas.

spiral um einen achsialen Hohlraum angeordnet. Dieser 
achsiale Hohlraum mündet als Apertur im Zentrum der 
Gehäusebasis. Die Gehäusewand von Pragsoconulus 
ist perforiert, fein laminiert und besteht aus Aragonit
nadeln, die in einem „water-jet“ Muster angeordnet 
sind. Die röhrenförmigen Kammern werden durch 
komplexe Faltenbildung der Lamellen gebildet.

1. Introduction

la . Earlier work and Scope of Present Study

The first attempts to classify Pragsoconulus robustus 
in a group of plants or animals were unsatisfactory. 
FLÜGEL (in OBERHAUSER, 1963:29), for instance, 
on the base of the literature discarded the hypothesis 
this organism could belong to calcareous algae. In the 
same way the attempt of OBERHAUSER (1963) to 
include it in the cnidarian group was unsatisfying.
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Finally, Pragsoconulus was considered a foraminifer. 
Pragsoconulus robustus was described for the first 
time by OBERHÄUSER (1963) as a strange looking 
labyrinthic foraminifer developed from a Tetrataxis- 
like ancestry and having a doubtful suprageneric posi
tion. Oberhäuser’s material is from Alpe di Specie 
(Seelandalpe).
LOEBLICH & TAPPAN (1981,1987) ascribedPrag- 
soconulus doubtfully to the family Involutinidae 
BÜTSCHLI, 1880, subfamily Aulotortinae ZANINET- 
TI, 1984, based only on the original description under
lining the necessity of detailed investigation for inter
pretation of many as yet unknown characteristics of the 
test.
According to PILLER (1983) the systematic position 
of Pragsoconulus is not quite clear. He supposed it 
could belong either to the Textulariina or to the Fu- 
sulinina, but not to the Involutinina. 
di BARI & LAGHI (1994) questioned the position of 
Pragsoconulus in the order Foraminiferida. 
Pragsoconulus robustus also was found in the Carnian 
of West Carpathian (SALAJ et al., 1983) and in the 
Ladinian-Carnian of China (Sichuan) (HE YAN & 
YUE ZHI-LAN, 1987; HE YAN & H. NORLING, 
1991).
This paper improves the knowledge of Pragsoconulus 
by providing new data on mineralogy, test-architecture 
and test-wall texture.

lb . Materials and methods

The material investigated consists of more than 6000 
specimens collected by R. Zardini from the typical 
fossiliferous San Cassian localities (Fig. 1).
The sediments of the San Cassiano Formation were 
deposited in basin areas and interfinger with the coeval 
prograding Cassian platforms (BOSELLINI, 1984, 
1988, 1989; BOSELLINI & DOGLIONI, 1988; De 
ZANCHE et al., 1993; NERI et al., 1994). They are 
largely volcanoclastic and turbiditic and record a pro
gressive shallowing of the San Cassiano basin (WENDT 
& FÜRSICH, 1980). The overlying Dürrenstein Dolo
mite fills the final San Cassiano basins and onlaps the 
flanks of the Cassian platforms partly covering them 
(BOSELLINI, 1991).
The Tamarin and Milieres outcrops belong to the basinal 
facies of the San Cassiano Formation, while Alpe di 
Specie belongs to the lower-most part of the Dürren
stein Dolomite (RUSSO et al., 1991).
The material studied consists of isolated tests of Prag
soconulus robustus washed out from marls and clays. 
They were cleaned by ultrasonic before being investi
gated with light and Scanning Electron Microscopy 
(SEM). Test structure and test wall texture were stud
ied by SEM on fresh surfaces as well as on polished 
and etched sections.

2. R esults and D iscussion

2a. Architectural features of the test

Test free, cone-shaped with high morphological vari
ability, from low to high cone (Pl.l, figs. 3-8). The 
height of the tests ranges from 1.3-3.5 millimetres; the 
largest diameter from 1-2 millimetres; the apical angle 
from 22.5-75.5 degrees. Some of Oberhäuser’s speci
mens are lower than the analysed.
The studied specimens clearly show a multi-cham
bered architecture (PI. 1, figs. 9, 10; PI. 2, figs. 4, 5). 
The spherical, finely perforate proloculus is at the top 
of the cone (PI. 1, figs. 5-10). It has 30 microns in 
diameter and is followed by at least a whorl of small 
trochospirally enrolled chambers (PI. 1, figs. 5-10). 
They are ovoid-shaped and have a perforate wall. The 
chambers change their morphology in the successive 
whorls. They become pipe chambers bifurcating or 
irregularly branching toward the lateral surface (PI. 2, 
figs. 1, 3). The pipe chambers are trochospirally ar
ranged around an axial cavity starting under the 
proloculus and ending as aperture in the centre of the 
base of the cone (PI. 1, figs. 1, 2). The pipe chambers 
extend from the axial cavity, in which they are opened, 
to the lateral surface and incline gently toward the base 
of the cone. During the enrollment their length in
creases constantly. The pipe chambers are about 150 
microns in diameter before the branching, while 
branches range from 40-60 microns each.
The base of the cone is flat or slightly concave. It is 
characterised by grooves (furrows) and raises (ribs) 
surrounding the central aperture (PI. 1, figs. 1, 2, 4). 
The trochospiral arrangement of the pipe chambers

Figure 2-2a: Schematic drawing of Pragsoconulus robustus 
longitudinally cut showing the axial cavity, the pipe chamber 
and the “water jet” pattern that forms the figure-of-conic shapes. 
2b. Enlarged detail showing the complex folds of the laminae 
forming the pipe branched chamber.
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around the axial cavity can be compared to a spiral 
staircase (PL 2, figs. 1, 3, 4). OBERHAUSER (1963) 
compared Pragsoconulus to a cone having a christmas- 
tree-like ramificated cavity in axial position.

2b. Test-composition and test-wall texture

An x-ray investigation was done to clarify the minera- 
logical composition of Pragsoconulus robustus. It was 
analysed with x-ray powder methods and showed clearly 
an aragonitic composition.
As pointed out by OBERHAUSER (1963) and 
LOEBLICH & TAPPAN (1987) the wall-texture of 
Pragsoconulus is finely laminated with lamellae 
roughly parallel to the test base (PI. 3, fig. 3). Each 
lamella, of about 10 microns in thickness, consists of 
aragonite needles with their long axis (c-axis) oblique 
to the axis of enrolment. The arrangement of aragonite 
needles is very similar to the “water-jet” pattern de
scribed by DIECI et al. (1974) from sponge and is well 
visible on fresh broken surfaces as well as on polished 
and etched sections (PI. 4). This arrangement is accen
tuated by the folds characterising the lamellae (PI. 3, 
figs. 3, 4). Therefore, because of the “water-jet” pat
tern of aragonite needles and the folds of lamellae, 
many close figure-of-conic shapes are recognisable in 
sections parallel or oblique to axis of enrolment. The 
figure-of-conic shapes have their circular base toward 
the base of the test on which they appear as many rings 
without a clear arrangement (Fig. 2a; PI. 3, fig. 1). 
Perforations of 8-10 microns in diameter cross roughly 
perpendicular the lamellae (PI. 3, fig. 2; PI. 4, figs. 2, 3).

2c. Morphogenetic considerations on the chambers 
growth

The process of construction of the above described 
pipe chambers depends completely on the folds of 
lamellae. These lamellae are parallel to the test base 
and grow trochospirally, around the axis of enrollment, 
leaving a cavity in axial position (Fig. 2).
During their growth the lamellae form many folds well 
observed on specimens with a cut-away surface and on 
the base of the test (PI. 1, figs. 1,2,4, 8; Fig. 2 a, b) on 
which they form many papillae and furrows, like an 
“ornamentation”
It is possible to recognise two different kinds of folds:
a) one of greater size (about 150 microns), developed 
from the centre to the periphery of the test base, that are 
responsible for the formation of the pipe chamber;
b) one of smaller size (about 50 microns), developed 
especially toward the lateral surface, that are responsi
ble for the bifurcations and the ramification of the pipe 
chambers.
The main part of the pipe chambers is formed when a 
fold concavity covers a fold convexity of a previous 
whorl. The bifurcations and the ramification derive 
from a similar process of construction.

3. C oncluding R em arks

The test of Pragsoconulus consists of a globular 
proloculus followed by at least a whorl of small cham
bers that becomes pipe branched in the successive 
whorls. The test is cone-shaped and trochospiral 
throughout. The pipe chambers are open into an axial 
cavity that ends as aperture in the centre of the test 
base. The calcareous wall is made up of aragonite 
needles arranged in a “water-jet” pattern.
Based on the above description new problems arise in 
the suprageneric systematic position of Pragsoconu
lus. PILLER’s hypothesis (1983) that this genus could 
belong either to the Fusulinina or to the Textulariina 
has to be discarded particularly because of a different 
test composition and wall-texture. In fact, the forami- 
nifers belonging to the Fusulinina have a wall of homo
geneously microgranular calcite, of tightly packed equi- 
dimensional subangular crystals, or are differentiated 
into two or more layers; the Textulariina have an ag
glutinated test.
Pragsoconulus was grouped among the Involutinina 
by LOEBLICH & TAPPAN (1981, 1987) and the ara
gonitic composition agrees with this hypothesis. Nev
ertheless, the multi-chambered architecture of Pragso
conulus excludes the genus from the Involutinina.
At present we prefer to leave the suprageneric system
atic position of Pragsoconulus open.
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PLATE 1

Pragsoconulus robustusy OBERHÄUSER, 1960

Fig. 1.

Fig. 2.

Figs. 3, 5. 

Fig. 4.

Fig. 6.

Figs. 7, 8.

Figs. 9, 10.

SEM picture showing the test base with grooves and raises around the central aperture; x 46.

Base of the cone showing the folds of the laminae forming the pipe branched chambers; SEM picture; 
x 66.

Exterior edge view; SEM picture; Fig. 3, x 36; Fig. 5, x 46.

Exterior edge view of a specimen with a cut-away surface. SEM picture; x 37.

Apical view of a specimen showing the globular proloculus. SEM picture; x 45.

Exterior edge view of a specimens showing the globular proloculus and the first stage of the enrolment. 
SEM picture; Fig. 7, x 36; Fig. 8, x 36.

Enlarged details showing the globular proloculus and the first stage of the enrolment. SEM picture; 
Fig. 9, x 300; Fig. 10, x 365.
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PLATE 1
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PLATE 2

Pragsoconulus robustus, OBERHÄUSER, 1960 

Fig. l.-la . Axial fresh fracture showing the outline of Fig. lb. SEM picture; x 25.

Fig. 2.

Fig. lb. Fresh fracture detail of the filling of the chamber lumina showing the trochospiral arrangement of 
the pipe chambers around the axial cavity and their branch; SEM picture; x 100.

Polished axial section showing the axial cavity. Optical microscope photograph; x 25.

Fig. 3-3a. Axial fresh fracture showing the outline of Fig. 3b. SEM picture; x 25.

Fig. 3 b. Detail of the filling of the chamber lumina showing the branch of the pipe chamber; SEM picture; 
x 120.

Fig. 4. Broken specimen showing the trochospiral arrangement of the pipe chamber by means of the filling of the 
chamber lumina; SEM picture; x 30.

Fig. 5. Fresh fracture showing the pipe chambers; SEM picture; x 53.
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PLATE 2
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PLATE 3

Pragsoconulus robustus, OBERHAUSER, 1960

Fig. 1-la. Polished section vertical to axis showing the outline of Fig.lb detail. SEM picture; x 26.

Fig. lb. Equatorial section detail showing the lamellar structure and the rings derived from the “water jet” 
pattern; SEM picture; x 190.

Fig. 2. SEM picture showing perforations close to a pipe chamber; x 900.

Fig. 3-3a. Polished axial section showing the outlines of Figs. 3b, 3c details. SEM picture; x 27.

Figs. 3b, 3c. Axial section details showing the lamellar structure and the “water jet” pattern forming 
figures-of-conic shape; SEM picture Fig. lb, x 260; Fig.lc, x 185.

Fig. 4 -4a. Polished axial section showing the outline of Fig. 4b detail. 4b. Axial section detail showing the “water jet” 
pattern forming figures-of-conic shape; Optical microscope photograph; x 250.
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PLATE 3
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Figs. 1, 4,

Fig. 2.

Fig. 3a. 

Fig. 3b.

PLATE 4

Pragsoconulus robustus, OBERHAUSER, 1960

5. Enlarged details of a fresh broken surfaces showing aragonite needles with the “water-jet” pattern. SEM 
pictures; Fig. 1 x 300, Fig. 4 x 1000, Fig. 5 x 250.

Enlarged detail of a fresh broken surfaces showing the “water-jet” pattern of the aragonite needles and 
the perforations perpendicular to the pipe chambers. SEM picture; x 350.

Fresh broken surfaces showing the outlines of Fig. 3b detail. SEM picture; x 130.

Fresh broken surfaces detail showing perforations perpendicular to the pipe chambers. 
SEM picture; x 485.
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PLATE 4
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