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OBSERVATIONS OF ULTRASTRUCTURE OF THE UPPER JURASSIC
AND LOWER CRETACEOUS CALPIONELLID TESTS
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Abstract: SEM study of test ultrastructure of Chitinoidella, as well as Crassicollaria and the phylogenetically more pro-
gressive calpionellids indicates different calcification and diagenetic recrystallization, related to different original test
structure. The walls of Chitinoidella loricas were thicker, composed of micritic substance with dispersed calcite rhombs.
On the other hand, the lorica wall of other studied calpionellids was thinner, the calcite content in it was originally higher.
In early diagenesis, the superficial calcite rhombohedrons grew, forming a continuous rim composed of scalenohedral
crystals. This rim prevented further test destruction during later phases of diagenesis when the original organic substance

had already been destroyed.
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Introduction

Calpionellids formed an important component of Late Juras-
sic/Early Cretaceous plankton in the tropical belt between east-
ern Mexico and East India (Remane in Haq & Boersma 1978;
Remane in Bolli, Saunders & Perch-Nielsen 1985). Their re-
mains (along with the ammonites) support the Jurassic and
Lower Cretaceous biostratigraphical division (Le Hegarat
& Remane 1968; Remane et al. 1986; Allemann et al. 1971,
1980; Pop 1976, 1980; Trejo 1975 and others). Jurassic and
Lower Cretaceous pelagic carbonates in the Western Carpa-
thians are very poor in macrofaunal remnants (ammonite shells,
belemnite rostra and rhyncholites). Their stratigraphic subdivi-
sion is therefore supported by the parastratigraphic scale based
on the distribution of calpionellids, fibrosphaeras, stomios-
phaerids and cadosinids (Borza 1984; Borza & Michalfk 1986).

Methods of study

Fresh surfaces of limestone fragments and thin sections were
etched by 10 % HCI during 5 - 10 sec. Etching by organic acids
(EDTA) was unsuitable. Clay admixture (mainly in Lower Cre-
taceous limestones) was removed by HE Etched samples were
cleaned by an ultra-sonic generator. Microstructure of tintinnid
tests was studied by SEM BS 600 (Geological Institute of SAS,
Dr. 1. Holicky).

Discussion of calpionellid test construction

Pokorny (1954) characterized Infusoria of the suborder Tin-
tinnina as protozoans forming the hard test (lorica) of organic
substance (tectine), sometimes covered by agglutinated grains.
Organic substance of the lorica of fossil Infusoria was sup-
posedly substituted by calcite. Deflandre (1936) considered
them as agglutinated forms. Colom (1948) found fine structures

in the calpionellid lorica wall, on the basis of which he assumed
rapid substitution of the original fine organic wall by calcite. An-
drusov (1950), had a similar opinion, whereas Bonet (1956)
thought that the loricae were primarily calcitic.

The lorica is usually spherical, bell-shaped, or cylindrical, de-
pending on the life style (the lorica length of actively moving
forms is supposed to be larger). The aboral pole is rounded,
pointed or ended by a caudal appendage (sometimes there are
several caudal appendages). The function of this element has
not beenyet discussed in the literature. We assume that it could
help to stabilize the floating forms or improve the moving
ability of swimming forms. The opened (oral) zone of lorica
often passes into the collar. According to Brandt (in Pokorny
1954) widening the collar made the floating of tests of passively
drifting forms easier. Some collars (Remaniella, Calpionel-
lopsis, Calpionellites) are clearly separated from their loricas. It
is unusual for tests secreted by surface of a unicellular micro-
organism. It is possible that these structures could have been
mobile and they could play a role in hydrostatic navigation of
the organism during the daily migration to the surface of the
sea and into the depths.

The size of tests is variable. According to Pokorny (1.c.) the length
(measured without the protuberance) attains 50 to 200 #m. Housa
(1987) considered test size to be the reflection of specific niche
within the planktonic association. Nagy (1986) used it as one of the
taxonomical signs. Pokorny (l.c.) pointed out that the test size is an
uncertain taxonomic mark, since it changes with the temperature
of water (thermophile forms are smaller). It is possible that detailed
morphometricstudies of tests would indicate cold seasons or places
of penetration of cold marine currents.

Microstructure study of chitinoidella tests

Chitinoidellas attained a dominant position in the plankton dur-
ing the Middle Tithonian. According to earlier authors, their tests
were composed of organic substance. Borza (1969) described the
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Flg. 1. A sketch of the pricipal differences between the chitinoidellid A -and calpionellid B- type of structure, based on SEM observations.

structure of his new species Ch. slovenica as composed of fine
calcite grains with brownish organic cement. According to the
same author, Ch. boneti Doben has a similar character.

SEM study of Ch. dobeni Borza and Ch. boneti Doben tests
confirmed Borza’s hypothesis. The test (1 - 2 um thick) is com-
posed of tiny (0.5 - 1 um) rhombohedral transversaly oriented
calcite crystallites ( P1. 1, Fig. 1A). They are mostly separated,
sometimes they touch each other, or they can grow together.
The dark colour of this layer in optic microscope is caused by
fine-grained crystals and by remains of the original organic sub-
stance filling the spaces between them.

From both sides, the microgranular layer is rimmed by scale-
nohedral calcite crystallites (4 - 6 um), perpendicular to the
wall of the test (PI. 1, 5). This layer (the same case as the Dome-
rian schizosphaeras in Noél & Busson 1990) represents a post-
mortal superstructure, formed by oriented growth of tiny
rhombohedral crystals at the test surface. Tiny fragments of
tests in the surrounding sediment, especially nannoplankton
(Loeblich & Tappan 1968) served as the source of newly-
formed calcite. The base of scalenohedrons forms a nearly
straight surface which originally might have been limited by an
organic lamina. The length of these crystallites depended on the
rate of burial processes, lithification and permeability of the
sediment. The scalenohedral layer did not originate in rapidly
lithified micrites. After the organic substance had been de-
stroyed, the test is difficult to recognize in the light microscope
(P1. 1, 10). This could be the reason of many problems with the
identification of the Mid-Tithonian Chitinoidella Zone not only
in the Western Carpathians, but also in the Alps and Mecsek
Mts. (Rehdkovd & Michalfk 1992; Blau & Gritn - oral informa-
tion, Nagy 1986).

The test of Praetintinnopsella is composed of hyaline (inner)
and microgranular (outer) layers (Borza 1969). Their micro-
structures were not studied in detail (by SEM) because of ab-
sence of suitable samples.

Comparision of Tithonian and Lower Cretaceous
calpionellid test ultrastructure

According to Aubrey et al. (1975) the wall of calpionellid test
consists of a single layer of small polyhedric, helicoidically ar-
ranged crystallites 0.3 - 5 um in size. The symmetry of arrange-
ment has been disturbed during the diagenetic growth of crys-
tallites.

Loricas of Upper Tithonian and Lower Cretaceous calpionellids
(westudied them in limestones with argillaceous admixture) is com-
posed of hyaline compact substance (Fig. 1B, PL. 2), consisting of
radially oriented, large, irregularly restricted calcite crystals (4 -
7 um). Their surface is corroded, sometimes covered by newly-
formed calcite. In more marly beds, remains of thin organic mem-
brane ooccur locally inside the wall of the test, rimmed from both
sides by tiny (1.5 - 2um) calcite crystals (Fig. 1 B, P1. 2, 9). It scems
that loricas of Crassicollaria and Lower Cretaceous calpionellids
were thinner and originally they contained more abundant calcite
elements. They were more intensively affected by diagenesis, if
compared with the Chifinoidella tests.

Plate 1: Fig. 1 - Structure of the lorica wall of chitinoidellas. SEM
photo No. 3858; Fig. 2 - Detail (part of Fig. 4) of caudal appendage of
Ch. boneti Doben, No. 3859; Fig. 3 - Detail (part of Fig. 4) structure
of collar of Chitinoidella boneti Doben, No. 3860; Fig. 4 - Transversal
section of Chitinoidella test, No. 3856; Fig. 5 - Detail of Fig 4. No.
3857; Fig. 6 - Chitinoidella boneti Doben, No. 3866; Fig. 7 - Ch. dobeni
Borza, No. 3902; Fig. 8 - Ch. boneti Doben, No. 3891; Fig. 9 - Ch.
dobeni Borza, No. 3898; Fig. 10 - Destruction of chitinoidellid test,
No. 3899; Fig. 11 - Ch. boneti Doben, No. 3866. All the specimens
were derived from the HIbo& section, beds No.31 - 37. (The bar
denotes distance of 10 xm).
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