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ZUSAMMENFASSUNG 

Typische Arten der Gattungen Pfenderina, Meyendorffina und Pseudomarsonella (alle Oberjura), sowie der Gattungen 
Orbitolina, Orbignyna und Ataxophragmium (Kreide) wurden mit polierten und angeätzten Schnitten im Raster-Elektro­
nenmikroskop untersucht. 

Aufgrund der Struikturnachweise wird angenommen, daß nur die Gattungen Orbignyna und Ataxophragmium eine 
Wandstruktur haben, die auf eine ursprünglich sekretiv gebildete Karbonatmatrix hinweist. Die anderen Gattun­
gen sind aus kleineren und größeren Karbonatpartikeln, zusammen mit Fossilbruchstücken agglutiniert. 

A B S T R A C T 

Representative species of the genera Pfenderina, Kurnubia, Meyendorffina and Pseudomarssonella (all Late 
Jurassic) Orbitolina, Orbignyna and Ataxophragmium (Cretaceous) have been studied in polished and 
etched sections in SEM. 

It is suggested from structural evidence that only the genera Orbignyna and Ataxophragmium contain a 
structure which can be interpreted as representing a former secreted carbonate matrix. 

The other genera are agglutinated with a carbonate shell built of larger and smaller carbonate particles 
along with fragments of fossils. 

INTRODUCTION 

At t h e occas ion of t h e F i r s t W o r k s h o p on 
Arenaceous Fo ramin i f e r a , A m s t e r d a m , 1981 , 
Toksvad and Hansen (1983) presented a study of 
pr imary calcitic matr ix in Recent a g g l u t i n a t e d 
foramini fera . T h e s e a u t h o r s conc luded from 
structural evidence that a primary secreted calcitic 
matrix in addition to agglutinated part icles does 
exist in Recent agg lu t ina t ed gene ra (see also 
Murray 1973). 

In the fossil forms, the question of presence of a 
primary secreted matrix is much more doubtful, as 

documented by numerous studies indicating either a 
microgranular or a finely agglut inated shel l in 
many fossil genera. 

With the work of Green et al. (1980), it was 
convincingly documented by high voltage electron 
microscopy of i o n - t h i n n e d s p e c i m e n s t h a t a 
microgranular form had preserved organic material 
within the single blocks of calcite in the wall, which 
precludes the possibility of recrystal l izat ion, by 
which process such o rgan i c m a t e r i a l would 
normally be expelled. Therefore the existence of the 
microgranular wall structure now rests on a firm 
basis (see also Hansen 1979). 
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J0rgensen (1977) suggested that primary secreted 
c a l c i t i c m a t r i x m i g h t e x i s t in s o m e L a t e 
Maastrichtian agglut inated forms. However, the 
author expressed doubts as to the origin of such 
s t ruc tu re s since at t h a t t ime no suff ic ient ly 
documented Recent examples were known with 
which an analogue could be made, and s ince 
diagenetic phenomena in the Danish White Chalk 
are common. 

The present study deals with selected forms from 
different time periods, forms which have been 
regarded by some a u t h o r s as having e i ther a 
microgranular or an agglut inated wall s t ructure 
(but with reservations). 

Representative species of the following genera have 
been studied: Pfenderina, Kurnubia, Meyendorffina, 
Orbitolina, Ataxophragmium and Orbignyna. 

METHODS 

Specimens were embedded, sectioned, polished and 
etched according to s tandard techniques such as 
those described in Hansen and Lykke-Andersen 
(1976). The sectioned specimens were coated with 
pure gold and examined in a Cambridge Mark IIa or 
180 scanning electron microscope housed in the 
Geological Central Ins t i tu te of the Universi ty of 
Copenhagen. The l a t t e r microscope is fur ther 
equipped with a Link EDX system. 

OBSERVATIONS 

Pfenderina, Kurnubia and Meyendorffina 
Plate 1, figures 1-6; plate 2, figure 1. 

Our material of Pfenderina, namely specimens of 
the species Pfenderina trochoidea Smou t and 
S u g d e n , 1962 a n d of t h e g e n u s Kurnubia 
represented by the species Kurnubia jurassica 
(Henson, 1948) o r ig ina t e from the C a l l o v i a n 
Kurnubia jurassica Zone in the Betty well no. 1 
drilled in the Qattara Depression in the Western 
Desert in Egypt. 

In 1962, Smout and Sugden in their diagnosis of the 
foraminiferal family Pfenderinidae described the 
wall material as microgranular without detectable 
agglut ina ted m a t e r i a l . La ter , Redmond (1964) 
quoted this and added in his descriptions of new 
genera and species of this family, many interesting 
observations regarding chamber morphology, but 
added nothing new concerning the wall s t ructure 
itself. Since well preserved material was at hand, we 
undertook an electron microscopical study of the 
wall structures. 

The r e p r e s e n t a t i v e s of the t h r e e g e n e r a a r e 
essentially identical from a structural point of view. 
The chamber cavities are filled with sparry calcite. 
From these filled-in cavities and from the shell 
surface, one could expect recrystallization fronts. 
Such phenomena are not found and, coupled with 
the r a t h e r v a r y i n g g r a i n s izes of the u n i t s 
constituting the walls along with fragments of fossil 
coccoliths incorporated into the shells, s trongly 
indicate that the original wall was agglutinated and 
that very minor diagenetic alterations have taken 
place. 

Only in one specimen of Meyendorffina did we 
observe an obviously recrys ta l l i zed a rea with 
interlocking and mosaic grains. This convinced us 
t ha t the s t r u c t u r e genera l ly obse rved in our 
specimens as very little affected diagenetically. 

The s t ructures a re different from t h a t of t rue 
microgranular forms such as fusulinids (Hansen 
1979). In the latter forms the grain size of the single 
crystallites varies very little and has a cube-like 
a p p e a r a n c e w h e n s e e n u n d e r t h e e l e c t r o n 
microscope. 

In spite of the ra ther deep etching applied, the 
vary ing g r a i n s izes a l o n g wi th r ecogn izab le 
incorporated fossil fragments and coccoliths lead us 
to the conclusion that the genera in question are 
agg lu t ina ted c a l c a r e o u s forms . We h a v e not 
observed any non-carbonate materials in the walls. 

Pseudomarssonella 
Plate 2, figures 2-3. 

Our material of this genus consists of specimens of 
the species Pseudomarssonella inflata Redmond, 
1965 from the Callovian Kurnubia jurassica Zone in 
the Betty well no. 1, Qattara Depression, Western 
Desert in Egypt. 

Although the specimens had suffered a s l ight 
surface abrasion, they did not show obvious signs of 
diagenesis. 

Like in Pfenderina, Kurnubia and Meyendorffina 
the chamber cavities are filled by sparry calcite. The 
walls are built of a wide size range of particles, of 
which some of the l a r g e r ones a p p e a r to be 
incorporated fragments of fossils. Among these, 
coccolith-shaped bodies were recognized. 

Like in the other forms from the deposits described 
above, we interpret the structures observed as being 
very little affected by diagenesis. We did not find 
any non-carbonate grains in the walls. Accordingly, 
we b e l i e v e t h a t Pseudomarssonella is a n 
agglutinated foraminifer which uses carbona te 
particles for wall construction and see no indication 
that secreted calcitic matrix is or has been present. 
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Orbitolina 
Plate 2, figures 4-6. 

Some characters of the Orbitolina group suggest 
that these forms might be candidates for possessing 
a primary secreted calcitic matrix. The large flat, 
some t imes concavo-convex she l l s w i th t h e i r 
subepidermal cellules or microcompartments are in 
some r e s p e c t s , such as p l a c e m e n t and s ize , 
reminiscent of the alveolae of fusulinacean walls. 
This would suggest that the shells of the living 
animals were equipped with symbiotic algae. In 
larger foraminifera, it is well established that many 
forms are dependent upon algal symbiosis and have 
b e e n d e m o n s t r a t e d to h a v e m o r p h o l o g i c a l 
adaptations towards this goal. Some of the forms 
have been demonstrated to show changes in the 
stable isotope composition of the shell carbonate 
material in accordance with the light gradient in the 
sea (Buchardt and Hansen 1977), indicating tha t 
calcification is enhanced through the relationship 
between the photosynthetic activity of the algae and 
up take of re leased metabol ic products by t he 
animal. For this reason, the orbitolina is an obvious 
candidate in the search for aprimary calcitic matrix 
among fossil foraminifera. 

We studied specimens of Orbitolina texana (Roemer, 
1849) from the Cretaceous Glen Rose Limestone in 
Texas. 

The outer wall of subepidermal cellules is in many 
cases less than 5pm thick. This is in the order of size 
of the thin outer walls of many symbiont-bearing 
porce l laneous forms . Such t h i n wa l l s in t he 
porcellaneous forms were shown to be permeable for 
diffusion of labelled C0 2 in connection with activity 
of algal symbionts (Hansen and Dalberg 1979) and 
would constitute an obvious analogue to Orbitolina. 

In a few cases, however, the material forming the 
outer walls of the cellules was observed to contain 
coccoliths. 

The cellules are lined on their interior surface by 
drusy calcite which may fill almost the entire cavity. 
Some areas close to the surface of the shells showed 
early crystallization leading to grain enlargement 
and an almost interlocking mosaic. However, even 
in such areas the grains are of rather different sizes, 
indicating that many of them would have retained 
their original size and shape. 

In other areas, recognizable fragments with their 
o r i g ina l s t r u c t u r e p r e s e r v e d occu r r ed . T h a t 
coccoliths are preserved is not surprising, since some 
of them are known to be s t rongly d issolut ion 
resistant. In contrast, the preservation of molluscan 
c r o s s - l a m e l l a r s t r u c t u r e a long wi th s m a l l e r 
particles indicates that diagenesis in such areas has 
not advanced very far. 

It therefore seems likely, due to the varying grain 
sizes and agg lu t i na t ed fossil f r a g m e n t s , t h a t 
Orbitolina was originally an agglutinated form. It is 
constructed of much larger building elements than 
would be expected if it had a secreted calcitic matrix 
as seen in Recent forms (Toksvad and Hansen 1983). 

Specimens of the type species of Orbitolina, namely 
Orbitolina lenticulata (Lamarck, 1816) from Le 
Mans were rather deeply recrystallized and are not 
illustrated here. The specimens did, however, show 
agglutinated rounded particles of glauconite on the 
ventral region of the shell. 

Orbignyna and Ataxophragmium 
Plate 3, figures 1-4. 

In the White Chalk of Late Maastrichtian age in the 
Danish Basin, is a clay-rich layer about 25 cm thick 
which can be followed across Denmark . It was 
originally described by Troelsen (1955) as the Kj0lby 
Gaard Marl and was named after one of the outcrops 
in northwestern Denmark. It is positioned 6-15 m 
below the Cretaceous-Tertiary boundary and thus 
represents an upper Late Maast r icht ian deposit. 
Preservation of calcareous fossils in this horizon is 
exceptionally good in comparison with that of the 
white chalk. 

From the Kj0lby Gaard Marl, different species of 
agglutinated foraminifera were sampled. Among 
the different genera, representatives of Orbignyna 
a n d Ataxophragmium s h o w e d r e m a r k a b l e 
structures. The preservation is good, without drusy 
calcite in the empty chambers. 

The surface of Orbignyna is equipped with quartz 
g ra ins nea t ly l in ing the exposed and e a r l i e r 
unexposed faces. J0rgensen (1977) commented upon 
this phenomenon in detail and related it to the 
strong selectivity of this form as he was able to 
demonstrate that the main part of the quartz grains 
of the relevant size fract ion was picked up by 
agglutinated foraminifera. Other forms from the 
same layer use sponge spicules for surface covering 
and incorporation into the shell. 

In sections examined in the SEM, one observed a 
curious s t ruc ture where the wall is bui l t of a 
mix tu re of fossil f r a g m e n t s (of which m a n y 
apparently are p lanktonic foraminifera l shel l s 
judging from their shape and structure) and almost 
structureless enveloping mater ia l . The la t ter in 
many cases envelops the fossil fragments and makes 
them appear to "float" in structureless material. 

The s t ructureless enveloping m a t e r i a l is more 
massive than the fossil fragments and is therefore 
left in a slightly higher level in the polished and 
etched sections. The e n v e l o p i n g m a t e r i a l i s , 
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however, affected by etching and therefore is built of 
ca rbona te which was s u b s t a n t i a t e d by EDX 
analysis. J0rgensen (op. cit.) demons t r a t ed the 
presence of prominent organic enveloping material 
by applying very deep etching. Such material does, 
however, appear different from the enveloping 
carbonate material shown here, not withstanding 
tha t it is present in addi t ion to the ca rbona te 
material. 

By analogy with the Recent forms with a secreted 
carbonate matr ix demonstrated by Toksvad and 
Hansen (1983), we suggest that what is seen as the 
enveloping massive-looking matr ix is a secreted 
calcareous wall material produced by the once living 
animal. 

The reasoning behind this suggestion is as follows: 
(1) Agglutinated forms of other genera from the 
same samples, also having empty chambers with no 
diagenetic growth of drusy calcite, do not show this 
structure. If it was a purely diagenetic phenomenon, 
it would be expected in other agglutinated forms, 
u n l e s s t h e r e was a p r o m i n e n t dif ference in 
"structural permeability" which we are unable to 
see with the technique applied. 
(2) The g r o s s c o n f i g u r a t i o n of " f l o a t i n g " 
agglut inated particles in the matr ix is strongly 
reminiscent of the structure in living forms with 
secreted calcitic matrix. 
(3) There is little doubt that the massive-looking 
matrix is recrystallized. In no area of the sections 
did we observe any fine s t ructure reminiscent of 
that of the matrix in the living forms. We therefore 
have to speculate in terms of resistance against 
recrystallization. There, the very small units found 
by Toksvad and Hansen (op. cit.) in the living forms 
would render a secreted matrix more likely to suffer 
recrystall ization than the fossil fragments with 
their surrounding organic membranes. 

CONCLUSIONS AND DISCUSSION 

From a study of fossil representatives of different 
genera i.e. Pfenderina, Kurnubia, Meyendorffina 
and Pseudomarssonella (a l l La te J u r a s s i c ) , 
Orbitolina, Orbignyna a n d Ataxophragmium 
(Cretaceous), it can be concluded that with the 
exception of the two last named genera, the others 
do not possess a secreted calcareous m a t r i x in 
additon to their agglutinated particles. 

In m o s t c a s e s , t h e a r g u m e n t a g a i n s t 
recrystallization, and thereby to a large extent for 
the preservation of original structures rests upon 
the observation that the size range of the particles of 
the walls, as seen in polished and etched sections, is 
very wide, including also very small particles, which 

most l ikely would have d i s a p p e a r e d t h r o u g h 
diagenetic grain growth. 

Only in cases of Orbignyna and Ataxophragmium do 
the authors feel convinced tha t the enveloping 
matrix was originally secreted by the animal. This 
is based on the massive appearance, "floating" fossil 
fragments incorporated into the shell, the lack of 
such s t r u c t u r e s in o t h e r a g g l u t i n a t e d forms 
occurring together with the forms in question, and 
the very small size of crystallites in Recent cement-
secre t ing agg lu t ina t ed forms, m a k i n g such a 
structure easily recrystallized. 
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PLATE 1 

Figures 1-3 Pfenderina trochoidea Smout and Sugden 
Details of polished and etched sections showing large variation in 
grain size of particles of the wall. Note in figure 1 (in the lower 
right hand corner of the micrograph) sparry infilling calcite in a 
chamber lumen. Various unidentified fragments of fossils occur 
among the grains. 
Scalebars: figures 1-2: 20pm, figure 3: 10pm. 

Figures 4-5 Kurnubia (Henson) 
Details of polished and etched sections showing wide range of 
grain diameters. Chamber interiors with sparry calcite. 
Scalebars: figure 4: 20pm, figure 5: 10pm. 

Figure 6 Meyendorffina sp. 
Detail of pol ished and etched section d e m o n s t r a t i n g wall 
structure identical to that of Kurnubia. 
Scalebar: 4pm. 
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PLATE 2 

Figure 1 Meyendorffina sp. 
Detail of polished and etched section from an area close to the 
shell surface where recrystallization is evident. An interlocking 
grain mosaic is developed. 
Scalebar: 10pm. 

Figure 2-3 Pseudomarssonella inflata Redmond 
Detail of polished and etched sections showing wide range of 
grain sizes along with agglutinated fragments of fossils. 
Scalebars: figure 2: 10pm, figure 3: 4pm. 

Figure 4-6 Orbitolina texana (Roemer) 
Figure 4: Detail of vertical, polished and etched section showing 
dorsal surface with th in outer wall of subepidermic cellule. 
Chamber cavity partly filled by drusy calcite. The chamber wall 
is par t ly recrystal l ized lead ing to an in te r lock ing mosaic 
structure. 
Scalebar: 10pm. 
Figure 5: Detail of slightly recrystallized area with wide size 
range of particles among which are coccoliths. 
Scalebar: 10pm. 
Figure 6: Par t ly recrystall ized walls showing r e m n a n t s of 
fragments of fossils with cross-lamellar structure. 
Scalebar: 10pm. 
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PLATE 3 

Figures 1-2 Ataxophragmium sp. 
Detail of polished and etched sect ions showing "f loat ing" 
fragments of fossils embedded in an almost structureless calcitic 
matrix which is interpreted as the recrystallized remains of an 
originally secreted calcitic matrix. 
Scalebar: lOum. 

Figures 3-4 Orbignyna sp. 
Detail of polished and etched sections showing accumulations of 
quartz grains along earlier surfaces. The interior of the walls 
show "floating" fragments of fossils in an almost structureless 
matrix. The latter is interpreted as the recrystallized remains of 
an originally secreted calcareous matrix. 
Scalebar: 20um. 

Figure 5 Ataxophragmium sp. Upper Maastrichtian, Jylland, Denmark. 
Specimen diameter: 600pm. 

Figure 6 Orbignyna sp. Upper Maastrichtian, Jylland, Denmark. 
Specimen diameter: 800pm. 
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