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Methodology of the micro-computer tomography
on foraminifera
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ABSTRACT 

Research focused on the methodology of the micro-CT device in the foraminifera
studies reviewing its advantages and limits. First, the procedure of stable, oriented and
removable fixing of foraminifera, washing residue and cuttings in the device was devel-
oped, which is fast, cheap, non-destructive and the sample remains re-usable for fur-
ther investigation. Moreover, a process was developed for foraminifera investigation
(e.g., content, amount, identification, description, illustration) in the shortest and sim-
plest way. In the identification of foraminifera as well as in other microfossils group
(e.g., radiolaria) the external and internal characteristics together identified the genera,
even the species. Additionally, there are several foraminifera species, which are known
only from the rock thin sections. The micro-CT was found to be a unique tool for real
3D microscopy and to be able to present the characteristic morphological features
when the free movement, rotation or sectioning of the models of the specimens can be
performed by interpretation software. However, the biggest advantage of this method is
its non-destructive property, which makes it also capable of measuring valuable materi-
als such as holotypes. The relatively small volume analysed and the lack of specific
software developed for different micropalaeontological groups are the limits of this
method. This visualization technique gives new perspectives in taxonomical studies
and in applied micropalaeontology. 
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INTRODUCTION

Identification of foraminifera is based on the
identification of external as well as internal mor-
phological characteristics. Since Schmidt (1952)
and Hay and Sandberg (1967) used an X-ray
device and scanning electron microscope (SEM) in
micropalaeontological study for the first time, no
new methods or technological innovations for
observation and illustration of microfossils have
been introduced. The scanning electron micro-
scope images provide information only about the
external morphology. With an SEM device, further
study of the specimens is limited due to the sample
preparation, normally due to the gluing on and
coating with Au/C. It is also very difficult to get an
acceptable quality of the SEM. For the observation
of internal morphological features, the conventional
method used is the transmitted light microscopic
investigation of thin sections of rocks or isolated
specimens. There are several disadvantages of
this method: it destroys the sample, is time con-
suming, and demands extensive technical and pro-
fessional skills. 

Study of the internal structure is essential in
several micropalaeontological studies:

1. when the extraction of the microfossils from
the rock is impossible,

2. for the systematic classification of some
groups, e.g., larger foraminifera, radiolaria
(entactinarians), Dasycladacea and Rhodo-
phycea, and

3. for ontogenetical studies e.g., the size of the
proloculus and the shape of the arrangement
of the juvenile chambers of the planktonic and
larger foraminifera.

To circumvent the limits of existing tech-
niques, we tested a new method, which is non-
destructive and simultaneously allows the study of
internal and external morphologies of foraminifera.
Theoretically, an appropriate method for these pur-
poses is the Computer Tomograph, which is used
worldwide in medical applications. As a result of
the technological advances of this device, the
micro-Computer Tomograph (micro-CT) was devel-
oped at the end of the 1980s. During a micro-CT
measurement – similarly to the conventional CT –
the sample is irradiated with X-rays, which can pro-
vide section images in any spatial direction. From
these images it is possible to create 3D models
having 1–10 µm spatial resolution, which is the
most suitable for the study of microfossils.

The micro-CT has been successfully used in
petrography and in some cases in vertebrate pal-

aeontology (e.g., Mees et al., 2003; Rossi et al.,
2004; Burrow et al., 2005; Claessens et al., 2009).
In fact, the micro-CT can prove its applicability in
invertebrate palaeontology, as well as ichnology. It
was tested, for example, on brachiopods, echino-
derms (Stock et al., 2003a, 2003b), ammonites,
insects (e.g., Dierick et al., 2007; Heethoff et al.,
2009; Penney et al., 2007; Pakhnevich and Bryant-
seva, 2007), mollusc shells (Monnet et al., 2009)
and microborings (e.g., Tapanila, 2008; Schönberg
and Shields, 2008). There are only a few short
papers on surface and volumetric quantifications of
several foraminifera specimens (e.g., Speijer et al.,
2008; Briguglio, 2010). Following our research
since 2007 (Szinger et al., 2007), the aim of this
work is to develop a general methodology for the
use of the micro-CT in foraminifera taxonomy as
well as in applied micropalaeontology (e.g., core
and cuttings) reflecting both the advantages and
the limits. 

MATERIAL AND METHODS

In our study isolated specimens of foramin-
ifera, rock fragments, washing residues of the rock,
cuttings with mud, washed cuttings and resin-fixed
cuttings were measured. Foraminifera are a suit-
able group for testing the micro-computed tomog-
raphy. Their average size (50–300 µm), diversity of
their external morphology (chamber shape and
arrangement), of the internal structure (e.g., septa,
beams, rafters, canal and cavity systems), of the
material (calcite, aragonite or arenaceous) and of
the texture (e.g., perforated, non-perforated, agglu-
tinated, one or more layered) of their skeleton
made them promising subjects for these prelimi-
nary studies. The specimens originated from differ-
ent ages and have different states of preservation
(empty or filled with matrix of the rock; with original
wall texture or with a recrystallised one).

The studies were performed on a SkyScan-
1172 system, which is a high-resolution desktop X-
ray microfocus computerized tomography system,
and consists of an X-ray microfocus tube (20–
100kV, 10W, <5µm spot size, target material of the
tube: tungsten), a rotating specimen stage and a
two-dimensional X-ray detector. The detector com-
prises a scintillator screen (gadolinium oxysulphide
phosphor, dimension: 25 x 25 mm surface and 25
μm thickness), fibre optics and a CCD sensor (1.3
Mp cooled CCD, 12 bit gray levels). The maximum
object size is 20 mm in diameter for a standard
scan, and the low-contrast resolution is 5 μm.

The micro-focus X-ray source illuminates the
sample, and the X-rays interact with the matter and
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attenuate. This attenuation is dependent on the
density and atomic number of the object radiated
and on the X-ray energies used (Figure 1). The
planer X-ray detector collects the magnified projec-
tion images. Hundreds of angular shadow images
are acquired while the object rotates, thereafter, a
computer program synthesizes these images into
virtual slices through the X-ray absorbent object.
The reconstruction program uses a modified Feld-
kamp algorithm allowing the simultaneous collec-
tion of data throughout the full 3D volume of small
specimens. The reconstruction includes alignment
optimization, beam-hardening and ring artifact cor-
rections. A detailed description of the basic princi-
ple of micro-CT, data acquisition and image
reconstruction can be found in the literature (e.g.,
SkyScan 2005).

The numerical and visual rendering of the
acquired datasets were performed and tested in
steps by using different commercially available
software (TView, NRecon, DataViewer, DICOM-CT,
CTAn-CTVol, Osiris4, MVE, MicroView, Amira)
(Figure 2).

During the rendering, the setting of the filter-
ing (e.g., density thresholds, ROI, gray scale) was
adjusted to obtain the best images.

As a result of software rendering, 2D and 3D
images, moreover 3D animations of foraminifera
can be generated, or cross-sections can be cut in
any directions. 

RESULTS OF WORKFLOW OPTIMIZATION

Preparation and Measurement Techniques

During the measuring process, the rock frag-
ments were fixed in a conventional way using X-ray
transparent plasticine.

However, the majority of the micropalaeonto-
logical samples are small-sized (up to 300 µm) or
consist of small pieces like washings residue and
cuttings. We did not find any published method as
to how to place such samples in a suitable position
in the rotation-axis of the micro-CT holder, to fix
them stably for hours of measurements and to
remove them without destruction. Another practical
question was how to measure the largest volume
at the best (or the most suitable) resolution during
the shortest time with the simplest preparation for
the isolated specimens, for the rock sample or for
the cuttings.

Based on our experiments, a strip (about 0.5 x
2.5 cm) of X-ray celluloid film was found as the
most suitable for holding the isolated microfossils
and an organic water-soluble glue (gomme adra-
gante applied by wet ultrathin paintbrush) for fixing
them. Depending on the required resolution and
the size of the samples, three to four specimens
can simultaneously be measured. Since the micro-
CT device is suitable for serial measurements, by
applying the same settings of the measuring
parameters, up to 10 to 12 specimens can be fixed
on the celluloid film and scanned without any
human intervention (Figure 3). Using this prepara-
tion technique one isolated specimen requires only
about half an hour of measuring time.

FIGURE 1. Sketch of the measurement techniques in micro-CT device.
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For the study of larger amounts of material,
like rock fragments and cuttings, a volume of 1–2
cm3 with a cylindrical shape is ideal. To hold the
cuttings and to minimize the X-ray attenuation, a
thin-walled plastic tube (approximately about d=5
mm and h=30 mm) closed with plasticine is found
to be the best solution. At the measuring of cut-
tings, the drilling mud has no disturbing influence
on the quality of the shadow image, although it
decreases the substantial volume. To avoid the
movement of smaller fragments during the rotation
of the holder, the cuttings were strongly com-
pacted. A two-component resin was used for fixing,
too, but the glue required about 12 hours to bond.
Depending on the volume, type of sample and the
mode of investigation, the time-span of a measure-
ment is 1–15 hours, the average being 4 hours.

Visualization 

The high-resolution X-ray shadow image can
be seen on the monitor of the micro-CT device,
which turns around with the adjusted angles in real
time, and this series of images can be captured
and saved in TIFF format. The screen images are
suitable for fast analyses of isolated foraminifera
as well as rock fragments or cuttings. The resolu-
tion depends on the volume, but for the isolated
microfossils, we could get high-quality images. The
chamber arrangement, which is essential for the
identification of foraminifers in several cases, (e.g.,
arenaceous forms), is invisible when using a tradi-

tional light or a scanning electron microscope. This
feature, however, can easily be studied with micro-
CT, especially when a convenient orientation is
used (Figure 4). Due to the easily removable glu-
ing, the observation of the same specimen in differ-
ent views is also possible.

Another advantage of the method is the ability
for the preliminary investigation of small quantities
(~1–2 cm3) of rock fragments or of cuttings without
any preparation. Due to the ability to measure very
quickly, these preliminary results can help to
decide the further treatment or investigation of the
material. Information can easily be acquired on
quantity and quality of the microfossil, along with
the dimensions, volume and shape of the grains,
referring also the sedimentological features. How-
ever, in these cases the spatial resolution is not
good enough for the exact identification. With the
help of washing the valuable sample volume can
be increased. This way, micro-CT is an ideal tool
for preselection (Figure 5).

Opportunities for the volumetric rendering
using micro-CT are illustrated with case studies on
isolated microfossils and cuttings.

First, we chose a group of foraminifera, the
miliolids (studied genera are Triloculina and Spiro-
loculina) where both the external and internal char-
acteristics are required for the identification of
species, and even the genera. Traditionally, these
characteristics could be observed with two different
processes: using a light microscope on isolated

FIGURE 2. Workflow diagram of acquisition and numerical and visual rendering with proposed software packages
(modified after SkyScan 2005).
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specimens on the one hand and on oriented thin
sections on the other. The latter preparation tech-
nique is delicate, time consuming and destructive
for the sample.

Miliolids have an imperforate calcite wall and
their main diagnostic characteristics on the generic
level are the chamber arrangement and the shape
and restricted (or auxiliary) elements (e.g., tooth) of
the aperture (Łuczkowska, 1972; 1974; Loeblich
and Tappan, 1988). There are two diagnostic sec-
tions of the miliolids, one which penetrates the
embryonic chamber (it is in the innermost part of
the test) in the coiling axis, across the aperture and
the other is perpendicular to it (Figures 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, and 18). 

The micro-CT provides an easy option to fix
the coiling axis and adds the position of the virtual
section, thus the characteristic sections can easily
be produced. For example, in Figure 8 applying
angle metering or any graphic program it is easy to
measure that by each chamber on the last whorl
the coiling plane rotates by 120, which is the triloc-
uline chamber arrangement. It is possible to make
the last, outermost chambers translucent. In this
way, the inner chambers, and hence the early quin-
queloculine stage, can be observed (Figure 7).
Another diagnostic characteristic, the tooth, can

also be studied by using the 3D rendering pro-
grams (Figures 9, 12). Measuring the size or the
volume of the proloculus and the first chambers
can give information about the ontogeny or distin-
guish the microsphaeric and macrosphaeric gener-
ations. 

FIGURE 4. X-ray shadow images of (4.1) hyaline
Elphidium macellum (von Fichtel and Moll, 1798) (Sar-
matian, Zsámbék Basin, North Hungary) (the largest
diameter is 400 μm) and (4.2) agglutinated Tritaxia tri-
carinata (Reuss, 1844) (Cretaceous, Magyarpolány,
Transdanubian Range) test (the largest diameter is 250
μm) of foraminifera.

FIGURE 3. Specimens with different wall material fixed
with gomme adragante (water-soluble glue) on celluloid
films. Bottom to top: Spirillina infima (Strickland, 1846)
(Jurassic, Som Hill, Transdanubian Range, Hungary),
Paalzowella scalariformis Paalzow, 1917 (Jurassic,
Som Hill, Transdanubian Range, Hungary), Bolivina
dilatata Reuss, 1850 (Badenian, North Hungarian
Range). The largest diameter is 300 μm.

FIGURE 5. X-ray shadow image of the Badenian
(Székkutas, SE-Hungary) cuttings in plastic tube
holder. Red circles indicate the foraminifera. The larg-
est diameter of the foraminifera is 300 μm.
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In the case of planktonic foraminifers (studied
specimens are Globigerina sp.), the small size and
the fragility of the skeleton make it very difficult to
produce thin sections from isolated specimens.
This problem could also be solved by using micro-
CT (Figures 19, 20).

The sectioning is especially important in some
unique planktonic forms like orbulinids (Figures 21,
22) having the last large, spherical chamber, which
covers all the former diagnostic ones. It is a time-
consuming and very delicate task to remove

mechanically the wall of the last chamber under
microscope. This work can be avoided applying
micro-CT.

For the taxonomical study of trochospiral fora-
minifera, three views (spiral, umbilical and side)
are necessary. Due to the small-sized planktonic
foraminifers, the diagnostic characteristics (e.g.,
the orientation of the coiling axis, the position and
the shape of the aperture, and the surface orna-
mentation) are usually difficult to observe under the

FIGURE 6. 3D model of Triloculina schreiberiana
d'Orbigny, 1839 (Recent, Zadar, Adriatic Sea), side
view (Amira software). The largest diameter is 350 μm.

FIGURE 7. 3D model of Triloculina schreiberiana
d'Orbigny, 1839 figured on Figure 6, with translucent
last chambers, side view. (Amira software). The largest
diameter is 350 μm.

FIGURE 8. Section across the embryonic chamber of
the 3D models of Triloculina schreiberiana d'Orbigny,
1839 illustrated on Figure 6 (Amira software). The
largest diameter is 350 μm.

FIGURE 9. 3D model of of Triloculina schreiberiana
d'Orbigny, 1839 illustrated on Figure 6, apertural view
(Amira software). The largest diameter is 350 μm.
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light microscope. It is also problematic to fix the
small-sized (50-150μ) benthic specimens in the
suitable position for the SEM pictures. Even if suc-
cessful, it is also questionable whether the three
specimens, from which the three views are
obtained, belong to the same species. With the

help of volumetric rendering, these characteristic
views of the same specimen can be better studied. 

In the investigation of cuttings, washing resi-
dues and rock fragments, the visualisation tech-
nique allows the making of virtual sections in any
direction, similarly to the isolated forms as dis-
cussed above. These sections provide useful infor-

FIGURE 10. Apertural section penetrating the embryonic chamber (large image) of Spiroloculina cymbium
d'Orbigny, 1839 (Recent, Zadar, Adriatic Sea) and three perpendicular views (right side) (MicroView software). The
largest diameter is 350 μm.

FIGURE 11. Section across the embryonic chamber of
the 3D models of Spiroloculina cymbium d'Orbigny,
1839 figured on Figure 10 (Amira software). The larg-
est diameter is 350 μm.

FIGURE 12. 3D model of of Spiroloculina cymbium
d'Orbigny, 1839  illustrated on Figure 10, apertural view
(Amira software). The largest diameter is 350 μm.
7
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mation about the bio- and lithoclasts composition
of the studied material, as demonstrated in the
washing residue of selected Carpathian (Lower
Miocene) and Sarmatian (Middle Miocene) beds
(Figures 23, 24). 

DISCUSSION

Based on our research, we could not find any
technical drawbacks for the application of the
micro-CT in micropalaeontology. Its advantages

and limitations are summarized in the following
paragraphs.

Advantages 

The sample preparation proposed in this
study is fast, cheap, non-destructive and re-usable
for further investigation. 

One of the main advantages of this visualiza-
tion technique in the classical micropalaeontologi-
cal studies is to save the valuable and

FIGURE 13. Sectioning in three perpendicular planes of
Triloculina schreiberiana d'Orbigny, 1839 illustrated on
Figue 6 (MicroView software).
PE note: all animations are available online at palaeo-
electronica.org

FIGURE 14. Animation of the 3D model of Triloculina
schreiberiana d'Orbigny, 1839 illustrated on Figure 6
(Amira software).

FIGURE 15. Arbitrary sectioning of the 3D model of
Triloculina schreiberiana d'Orbigny, 1839 illustrated on
Figure 6 (Amira software).

FIGURE 16. 3D animation of Triloculina schreiberiana
d'Orbigny, 1839 illustrated on Figure 6, with translu-
cent last chambers (Amira software).
8
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irreplaceable specimens from destruction during
preparation or measurement. Thus, it is possible to
study the structural details of precious type speci-
mens/holotypes. 

According to the aim of the foraminifera inves-
tigation (e.g., content, amount, identification,
description, illustration) the process can be
stopped at the required point of the workflow (Fig-
ure 2). Dimensions and volume calculations are
the basic function of all programs which we used.

In real time the investigation of the samples
(position, identification of Region of Interest (ROI),
along with the quality of the final results) can be
checked, the first analyses of the microfossils can
be done on the monitor of the device.

In a short time, high-resolution 2D X-ray
shadow images could give important information
about the inner structure of the microfossils and the
sedimentological characteristics of the rocks and
cuttings due to the short and easy preparation pro-
cedures and the high speed of measurement.

Even the less advanced software packages
make it possible to cut the investigated specimen
in three perpendicular planes at the beginning of
the workflow. Since both the cutting points and
planes can be optionally positioned, it is easy to
get any desired section of the foraminifera.

An advanced way to present the characteristic
morphological features is the 3D reconstruction.
Free movement, rotation, zooming, cutting-off or
sectioning of the models of the specimens can be
performed on the rendered object. This method
obviously makes it possible to receive more
detailed information on both the external and inter-
nal characteristics of the test. It can facilitate the
taxonomical studies (identification and classifica-
tion of the taxa) of some microfossil groups
because it is possible to make 3D rendering and
sectional images of the skeleton in any direction
with the help of different software. By obtaining
these spatial slices, the external and internal mor-
phological features could be observed together. In

FIGURE 17. Sectioning of Spiroloculina cymbium d'Orbigny, 1839 illustrated on Figure 10 and three perpendicular
views (right side) (MicroView software).

FIGURE 18. 3D animation of Spiroloculina cymbium
d'Orbigny, 1839 illustrated on Figure 10, with translu-
cent last chambers (Amira software).
9
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addition, as a proof for the high quality of these
rendered 3D models, it is possible to measure any
quantitative parameters of the skeleton with high
precision. Moreover, this method allows the 3D
reconstruction of the species described only from
thin sections and unknown as isolated form. Vice
versa, to help the identification from thin sections, a

rendered microfossil section atlas would be suit-
able for both scientific and educational purposes.
The technique facilitates the ontogenetic studies
and thus it helps in the investigation of phyloge-
netic relationships.

In applied micropalaeontology, the X-ray
images of the cuttings permit the fast pre-selection

FIGURE 19. Axial section of Globigerinoides trilobus (Reuss, 1850) (Badenian, North Hungarian Range) and three
perpendicular views (right side) (MicroView software). The largest diameter is 200 μm.

FIGURE 20. Sectioning of Globigerinoides trilobus (Reuss, 1850) illustrated on Figure 19 and three perpendicular
views (right side) (MicroView software).
10
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of the faunal bearing samples for further investiga-
tion. A portable micro-CT device would be suitable
for the continuous observation of the cuttings dur-
ing well drilling. The results of the measurements
can be stored in digital format, which are easy to
handle with computers and can be sent over the
Internet to a specialist anywhere in the world.

The measured numerical data can be pro-
cessed using different software packages to get
the best results or they can be re-processed as

new software appears on the market. It is possible
to transform the data into different formats (images,
movies) for publication or presentation.

Limitations 

Since the image construction is based on the
scanning of areas with different average density
and atomic number (Z), if the carbonate skeleton is
recrystallised and filled with sparrycalcite, it is not
suited to micro-CT investigation (Figure 25).

Depending on the resolution, it is difficult to
measure very small-sized (<50 µm) foraminifers
with some micro-CT devices. In this case, to
achieve the required resolution, it is necessary to
reduce the distance between the detector and the
sample. This modification can cause contact
between the detector and the sample holder, such
that the rotation of the sample is hindered.

Because of the attenuation of the different fre-
quency X-ray waves, smaller samples yield better
resolution. Smaller samples yield better resolution,
which is why the measurement of rocks, cuttings or
core samples with larger volume can provide only
indicative information about the amount of micro-
fossils. 

The resolution of the 3D reconstruction is not
enough for the study of the surface ultra-structure.

Historically, the CT devices and visualization
software were developed for medical uses and
their related specific requirements. Similar devel-
opment of software or modules (e.g., settings of
the filters for the material of different skeletons)

FIGURE 21. Section across the juvenile chambers of
the 3D models of Orbulina universa d'Orbigny, 1839
(Badenian, North Hungarian Range) (Amira software).
The largest diameter is 150 μm.

FIGURE 22. Sectioning of Orbulina universa d'Orbigny, 1839 illustrated on Figure 21 and three perpendicular
views (right side) (MicroView software).
11
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would be helpful to assist its widespread applica-
tion in micropalaeontology. 

CONCLUSIONS

Our study demonstrates the usability of micro-
CT in micropalaeontology on isolated foraminifera
tests as well as on the microfossil content of small-
sized rock fragments and cuttings. First, a method

of stable, oriented and removable fixing of the
microfossils and cuttings in the device were devel-
oped.

A workflow is proposed for foraminiferologists
as well as other micropalaeontologists, which can
be finished at any step in the procedure when the
aim of the study is reached.

FIGURE 23. Cross section images of Carpathian (North Hungarian Range) (23.1) and Sarmatian (Zsámbék Basin,
Hungary) (23.2) washing residue in plastic tube holder (DataViewer software). Diameter of the plastic tube is 3.5 mm.

FIGURE 24. Sectioning in three perpendicular views of Sarmatian cuttings (DataViewer software).
12
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The high-resolution X-ray image series is well
suited to the study of cuttings, and for the pre-
selection of samples for further micropalaeontolog-
ical investigations. Additionally, these types of
images show more deterministic characteristics
about foraminifera than those from the light micro-
scope and even those from SEM pictures (e.g., at
the specimens with invisible suture because of the
smooth or roughly agglutinated surface).

Compared to conventional methods, the volu-
metric rendering offers opportunities to make any
number of arbitrary oriented sections from isolated,
as well as, rock-embedded microfossils without
destruction. Furthermore, only this method is capa-
ble of creating 3D models of the latter kind of sam-
ple, also showing the ornamentation of the
skeleton surface, which is essential for species
identification.

Our results proved that the application of
micro-CT device in palaeontological research can
replace some of those investigations which require
difficult professional aptitudes (skill, routine and
time). 

This visualization technique gives new per-
spectives in taxonomical studies of unique speci-
mens, species bearing characteristic internal
structure or which are known only from thin sec-
tions. In addition, it increases the efficiency of the
cuttings studies in drilling geology.

ACKNOWLEDGMENTS

The authors would like to sincerely thank M.
Kovács and Cs. Dobó Nagy (Semmelweis Univer-
sity, Budapest) for their help in using the micro-CT
device, T. Földes (Tomo Geo Kft., Szolnok) for the
consultations on CT technology and to J. Pálfy
(MTA-ELTE, Budapest) and R. Wernli (University of
Geneva) for their helpful advices. Thanks to R. Pitt
and J.-M. Jaquet, who greatly improved the Eng-
lish. J. Fábián-Lukács (Praxis pro Aqua, INNO-5-
2006-0022, OMFB-0147/2006), OTKA (68791) and
Hantken Foundation are acknowledged for the
financial support. 

E. Tóth is thankful for the contribution of HAS-
HNHM Research Group for Paleontology (Paleo-
contribution No. 147.).

REFERENCES

Briguglio, A. 2010. Hydrodynamic behaviour of nummu-
litids. Unpublished PhD Thesis, Universität Wien,
Austria. http://othes.univie.ac.at/12131/1/2010-11-
08_0749105.pdf

Burrow, C.J., Jones, A.S., and Young, G.C. 2005. X-ray
microtomography of 410 million-year-old optic cap-
sules from placoderm fishes. Micron, 36:551-557.

Claessens, L.P.A.M., O'Connor, P.M., and Unwin, D.M.
2009. Respiratory evolution facilitated the origin of
pterosaur flight and aerial gigantism. PLoS ONE,
4(2):e4497. doi:10.1371/journal.pone.0004497.

FIGURE 25. Sectioning in three perpendicular planes of recrystallized test and infilled by sparrycalcite of Eoguttulina
sp. (Cretaceous, Calvaria Hill, Transdanubian Range) (DataViewer software). The height of the test is 310 μm.
13



GÖRÖG ET AL.: METHODOLOGY OF µCT ON FORAMS
Dierick, M., Cnudde, V., Masschaele, B., Vlassenbroeck,
J., Van Hoorebeke, L., and Jacobs, P. 2007. Micro-
CT of fossils preserved in amber. Nuclear Instru-
ments and Methods in Physics Research Section A:
Accelerators, Spectrometers, Detectors and Associ-
ated Equipment, Proceedings of the 10 th Interna-
tional Symposium on Radiation Physics - ISRP 10,
580(1):641-643.

d’Orbigny, A. 1839. Foraminifères, p. 1-224. In de la
Sagra, R. (ed.), Histoire physique, politique et
naturelle de l’île de Cuba. Arthus Bertrand, Paris, 8.

Hay, W.W. and Sandberg, P.A. 1967. The scanning elec-
tron microscope, a major break-through for micropal-
eontology. Micropaleontology, 13:407-418.

Heethoff, M., Helfen, L., and Norton, R.A. 2009. Descrip-
tion of Neoliodes dominicus n. sp. (Acari, Oribatida)
from Dominican Amber, aided by synchrotron x-ray
microtomography. Journal of Paleontology, 83:153-
159.

Loeblich, A.R. and Tappan, H. 1988. Foraminiferal Gen-
era and Their Classification. Van Nostrand Reinhold,
New York, 2 vols.

Łuczkowska, E. 1972. Miliolidae (Foraminiferida) from
Miocene of Poland, part I. Revision of the classifica-
tion. Acta Palaeontologica Polonica, 17:341-377.

Łuczkowska, E. 1974. Miliolidae (Foraminiferida) from
Miocene of Poland, part II. Biostratigraphy, Palae-
oecolgy and Systematics. Acta Palaeontologica
Polonica, 19:1-176.

Mees, F., Swennen, R., Van Geet, M., and Jacobs, P.
2003. Applications of x-ray computed tomography in
the geosciences. Geological Society, London, Spe-
cial Publication 215.

Monnet, C., Zollikofer, C., Bucher, H., and Goudemand,
N. 2009. Three dimensional morphometric ontogeny
of mollusc shells by micro-computed tomography
and geometric analysis. Palaeontologia Electronica,
12(3), 12A:1-13.

Paalzow, R. 1917. Beiträge zur Kenntnis der Foramin-
iferen fauna der Schwammergel des Unteren Weis-
sen Jura in Süddeutschland. Abhandlungen der
Naturhistorischen Gesellschaft zu Nürnberg, 17:201-
249.

Pakhnevich, A.V. and Bryantseva, A. 2007. Studying of
fossil invertebrates for example brachiopods by using
of the X-ray micro-CT SkyScan 1172. SkyScan User
Meeting 2007, Abstract, http://www.skyscan.be/com-
pany/usersmeeting2007.htm (2010-03-21)

Penney, D., Dierick, M., Cnudde, V., Masschaele, B.,
Vlassenbroeck, J., Van Hoorebeke, L., and Jacobs,
P. 2007. First fossil Micropholcommatidae (Araneae),
imaged in Eocene Paris amber using x-ray computed
tomography. Zootaxa, 1623:47-53.

Reuss, A.E. 1844. Geognostische Skizzen aus Böhmen.
II. Theil- Die Kreidegebilde des westlichen Böhmens.
C.W. Medau & Comp, Prag.

Reuss, A.E. 1850. Neue Foraminiferen aus den Schich-
ten des Österreichischen Tertiärbeckens. Denk-
schriften der Akademie der Wissenschaften, Wien,
Mathematisch-Naturwissenschaftliche Klasse, 1:365-
390.

Rossi, M., Casali, F., Romani, D., Bondioli, L., Macchi-
arelli, R., and Rook, L. 2004. MicroCT Scan in paleo-
biology: application to the study of dental tissues.
Nuclear Instruments and Methods in Physics
Research B, 213:747-750.

Schönberg, C.H.L. and Shields, G. 2008. Micro-com-
puted tomography for studies on Entobia: transpar-
ent substrate versus modern technology, p.147-164.
In Wisshak, M. and Tapanila, L. (eds.), Current
Developments in Bioerosion. Erlangen Earth Confer-
ence Series, Springer-Verlag, Berlin, Heidelberg.

Schmidt, R.A.M. 1952. Microradiography of microfossils
with X-ray diffraction equipment, Science, 115
(1952):94-95.

SkyScan 2005. SkyScan 1172. Desktop X-ray Microtom-
ograph. Instruction Manual. http://www.itg.uiuc.edu/
help/microct/1172_Manual.pdf (2010-03-21)

Speijer, R.P., Van Loo, D., Masschaele, B., Vlassen-
broeck, J., Cnudde, V., and Jacobs P. 2008. Quanti-
fying foraminiferal growth with high-resolution x-ray
computed tomography: New opportunities in foramin-
iferal ontogeny, phylogeny, and paleoceanographic
applications. Geosphere; 4:760-763.

Stock, S.R., Ignatiev, K.I., Dahl, T., Veis, A., and De
Carlo, F. 2003a. Three-dimensional microarchitec-
ture of the plates (primary, secondary, and carinar
process) in the developing tooth of Lytechinus varie-
gatus revealed by synchrotron x-ray absorption
microtomography (microCT). Journal of Structural
Biology, 144:282-300.

Stock, S.R., Nagaraja, S., Barss, J., Dahl, T., and Veis,
A. 2003b. X-ray microCT study of pyramids of the
sea urchin Lytechinus variegatus. Journal of Struc-
tural Biology, 141:9-21.

Strickland, H. E. 1846. On two species of microscopic
shells found in the Lias. Quarterly Journal of the Geo-
logical Society, 2:30-31.

Szinger B., Görög Á., Tóth, E., and Viszkok, J. 2007.
Mikro-CT alkalmazása, mint új lehetőség az
őslénytani kutatásban, p. 34-35. In Pálfy, J., Bosna-
koff, M., and Pazonyi, P. (eds.), 10. Program,
előadáskivonatok, kirándulásvezető. Magyar
Őslénytani Vándorgyűlés, 2007. május 24-26. Buda-
pest (In Hungarian)

Tapanila, L. 2008. The medium is the message: imaging
a complex microboring (Pyrodendrina cupra igen. n.,
isp. n.) from the early Paleozoic of Anticosti Island,
Canada, p. 123-145. In Wisshak, M. and Tapanila, L.
(eds.), Current Developments in Bioerosion. Erlan-
gen Earth Conference Series, Springer-Verlag, Ber-
lin, Heidelberg.
14

http://www.sciencedirect.com/science/journal/10478477
http://www.sciencedirect.com/science/journal/10478477


PALAEO-ELECTRONICA.ORG
von Fichtel, L. and von Moll, J.P.C. 1798. Testacea
microscopica, aliaque minuta ex generibus Argo-
nauta et Nautilus, ad naturam picta et descripta (Mik-
roskopische und andere kleine Schalthiere aus den
Geschlechtern Argonaute und Schiffer nach der
Natur gemahlet und beschrieben). Gedruckt bei
Anton Pichler, Wien.
15


	Methodology of the micro-computer tomography on foraminifera
	Ágnes Görög, Balázs Szinger, Emőke Tóth, János Viszkok
	Introduction
	Material and Methods
	Results of workflow optimization
	Preparation and Measurement Techniques
	Visualization

	Discussion
	Advantages
	Limitations

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


