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Abstract: The microfossils taxonomy, apart from the recently and thoroughly studied molecular data is
mostly based on the morphology of their external shape. Classical microfossil studies involve the usage of
an optic microscope in order to identify the external morphological characters, followed by detailed
examination using Scanning Electron Microscopy (SEM). In many cases, for an accurate determination of
the specimen, correlation of the characters from its opposite sides is necessary. Using 2D images in the
determination process is quite hard and often could lead to poor and insufficient information gathering.
This study presents a new method for the microfossil representation. The method allows a more accurate
measurement of the morphology of the specimens. The “Structure-from-Motion” Photogrammetry
technique makes use of a very accessible methodology: SEM photos and photogrammetry software. The
3D models have been made for nine specimens of foraminifera, ostracods, radiolarians, ascidian spicules,
and a dinoflagellate cysts. The variability of the studied specimens proves that this method can be

successfully applied to almost all groups of microorganisms.
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1. INTRODUCTION

The 3-D “digitization” for the surface of a
fossil has become a standard method in the last
decade in paleontological studies. This type of virtual
reconstruction has enhanced fossils studies by
providing the 3-D models which offer to
palaeontologists a better flexibility and accuracy in
observing the characters of the specimen. Moreover,
using this method, online databases have been
created, offering the possibility for archiving and
distributing processed data (Smith & Strait, 2008;
Belvedere et al., 2011).

One good example of using this method is the
3-D “digitization” of some extinct vertebrate
skeletons, which allowed to the researchers the study
of the biomechanical aspects such as locomotion and
feeding habits. Moreover, the researchers also used
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the method to calculate the volume of the soft tissue
for some extinct animals and other details like the size
and location of the muscles (Hutchinson et al., 2005;
Rybczynski et al., 2008; Gatesy et al., 2009; Sellers
et al., 2009).

A well-known method for 3-D digitization of a
studied specimen is the laser scanning. Laser scanners
have many types and sizes depending on the level of
detail and size of the studied object. Moreover, the
laser scanners imply very high costs (Falkingham,
2012). An alternative for this type of 3-D digitization
method can be the photogrammetry, namely
“Structure-from-Motion” photogrammetry (Westoby
et al., 2012; Iglhaut et al., 2019). This method uses
photos obtained with any type of digital camera.
Next, by calculating the camera position it generates
a 3-D point cloud from which a 3-D model can be
reconstructed. In palaeontology this method has been
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successfully used in the study of dinosaurs and other
large footprints (Bates et al., 2009).

Regarding the microfossil study, a digitization
process was accomplished using computer
tomography (Gorég et al., 2012). Although this
method provides good results, it implies very high
costs, as well as laser scanning.

An alternative to computer tomography is the
“Structure from Motion” photogrammetry method
with SEM photos. Gontard et al., (2016) used this
method to study a particle of LiTi(POa4)s. The authors
tried an open source software known as VisualSFM
and a freeware software known as 123D Catch. Eulitz
& Reiss (2015) managed to reconstruct a section of
about 5 X 5 X 5 mm of a rabbit’s kidney in 3-D using
the same software.

This method was also used by Wynn et al.,
(2015), who modelled one foraminifera using
Autodesk’s 123DCatch. The model showed the
topography of only a part of the specimen, with low
guality textures and without a possibility to execute
measurements.

The accuracy of the 3-D reconstruction differs
very much from one software to another and the
resulting 3-D models can have a low quality due to
software restrictions (Dumitriu, 2013).

2. MATERIALS AND METHODS

The present paper uses a series of techniques
that allow the modelling of the entire fossil specimen,
with high quality textures and measurement
possibilities.

The method used to create the 3-D models for the
microfossils specimens was the “Structure from
Motion” Photogrammetry. Although several software
applications can create 3-D models from photographs,
only few of them allow a high accuracy and even fewer
have the functions that enable the creation of a complete
3-D model. A trial version of Agisoft’s Photoscan, was
used on a computer with a software that enabled us to
have full control of the 3-D reconstruction at high
resolution and any number of photos.

Before proceeding with the 3-D reconstruction
we focused our attention on the accuracy of the
Photoscan software. As it is shown by Sutton et al.,
(2017) in their overview on virtual palaeontology,
photogrammetry is the only 3-D reconstruction
technique that can be applied in a large variety of
situations for subjects with very different sizes. For
large scenes Juad et al., (2016) demonstrated that
Photoscan has an accuracy of 3 to 4 cm for a 3-D
reconstructed perimeter of about 13 km2 A study
done by Koppel Engineering, shows that Photoscan
has an accuracy of 1.3 mm for a 3-D reconstructed

metal cone with a diameter of 10 m. Both studies
show that Photoscan has a very high accuracy in 3-D
reconstruction and its calculation algorithms provide
comparable result with laser scanning. Due to the fact
that the Photoscan algorithm, and other “Structure
from Motion” software algorithm, works by detecting
and other “Structure from Motion” software
algorithm, works by detecting and matching features
from overlapping photos it can also be used with SEM
photos. To test the accuracy of Photoscan
reconstruction using SEM photos, 60 pictures of a
pyrite sample have been taken and used to generate a
3-D model using the software functions (Plate 1).
From the resulting 3-D model we have separated 2
regular geometric shapes: 1 tetrahedron and 1
parallelepiped (Fig. 1) and extracted the volumes for
each one.

Figure 1. Pyrite sample reconstructed 3-D using SEM
photos and Photoscan. Top images represent the whole
sample, bottom images are separated regular geometric

shapes.

Using the measurements taken directly from
the SEM photos we reconstructed the same shapes in
Sketchup (Fig. 2) and obtained another two volumes.
The Photoscan volumes were almost identical to the
ones created from direct measurements. The small
difference between the two methods comes due to the
fact that the 3-D reconstructed models have imperfect
surfaces with complex irregular convex micro shapes,
while the 3-D Sketchup models have no irregularities,
their shape being mathematically created (Fig. 3).

The comparison between the volumes from the
3-D reconstruction and the ones from the 3-D Sketcup
models shows a difference of about 10.61 % in
volume for the tetrahedron and 11.7% for the
parallelepiped shape (Table 1).

After testing the accuracy of the method
several microfossils encompassing two foraminifers,
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two ostracods, three radiolarians, one ascidian spicule
and one dinoflagellate cyst (see plates 1 — 6) were
prepared and photographed for the 3-D reconstruction
process.

Figure 2. Pyrite sample reconstructed in 3-D using SEM
photos and Photoscan in the top images and Sketchup in
the bottom images.

In order to create a 3-D model for an entire
microfossil, one set of overlapping 360° photos (Fig.
4) had to be created for each part of the specimen
using a SEM microscope. The images where taken at
an roughly 7° angle or a 14° angle depending on the
characteristics of each modelled microfossil.

Table 1. Volume comparison between the 3-D models
reconstructed with Photoscan ant the models
reconstructed with Sketchup

Tetrahedron Parallelepiped
Sket\c/ltl)[l;jg] (epms) 14,556,130.00 96,985,000.00
phot\olfclglin (eums) 16,101,254.00 108,334,501.00
diffe\r/;lllcjgn (euma) 1,545,124.00 11,349,501.00
Diffve?!ﬁ?ee(%) 10.61 11.70

The resulting number of photos are 52 for each
side for Cycloforina karreri karreri, 26 (each side) for
Quinqgueloculina minakovae ukrainica, 26 (each side)
for Cyprideis pannonica, 52 (one side only) for
Loxoconcha minima, two specimens Amphisphaera
coronata with 26 photos for each side of the
specimen, 52 photos (for one side only) Podocyrtis
(Podocyrtis) papalis, 52 photos (one side only)
Spiniferites bentorii pannonicus and 26 photos (one
side only) for Didemnum-like spicule.

Ty - \
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Figure 3. A corner of the tetrahedron (a-3-D model from

Photoscan; b-3-D model from Sketchup) showing the
difference in the surface shape.

The number of photos was decided
depending on the morphology of the specimen
surface. If the specimens had many ornamental
features (ribs, spines, large and complicated pores)
we have made sets of 52 pictures each side in order to
create an accurate 3-D model of the fossil specimen.

Figure 4. Eight overlapping photos from one set of
Amphisphaera coronata (SEM photo).

To be able to turn the specimens on each side
to be photographed we first mounted the fossil onto
stand and glued it with carbon conductive tape (Fig.
5). For the other side of the specimen (another 360°
set of photos) we had to dissolve the tape with
acetone, detach the specimen, turn it on the other side
and re-attach it on another carbon conductive tape.
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Figure 5. Loxoconcha minima glued with carbon
conductive tape onto a stand (SEM photo).

The next step in obtaining the 3-D model for
the microfossils was to process the photos and
prepare them for the 3-D reconstruction by cropping
them and readjusting the brightness, contrast and
sharpness, depending on the Photoscan software
returned results. Inside Photoscan the 3-D
reconstruction process implies 4 main steps: photo
alignment, dense cloud generation, mesh generation
and texture generation.

Photo alignment is achieved by matching
common points between each photo and finding the
position of each photo in the 3-D space, which will
generate a sparse point cloud that will be used in the
dense point cloud generation process. Although in
this first step the photos can be aligned automatically
by the software, in some cases we had to assign some
of the reference points manually. The manually
introduced points, called markers (Fig. 6), helped the
software to recognize common features between each
photo and to generate the sparse point cloud.

The settings used for this step differ from
specimen to specimen because they were used
according to the results that the software generated.
In general the “Accuracy” was set to “Medium” or
higher, the “Pair preselection” was set to “Disabled”
and “Key point” and “Tie point” limit set to zero.

The dense point cloud (Fig. 7) generation
process has been achieved with the “Quality” setting
set to “Medium” and “Depth filtering” set to “Mild”.

The next step involved the mesh generation

process (Fig. 8). We set the “Surface type” to
“Arbitrary”, the “Source data” to “Dense cloud”, the
“Face count” to 0 and “Interpolation” to “Enable
(default)”.

Figure 6. Markers used for reference in one photo from
Cyprideis pannonica photo set (inside Photoscan).

Figure 7. Dense point cloud of Amphisphaera coronata
(inside Photoscan).

For the fourth step (texture generation — Fig.
9) we set the “Mapping mode” to “Generic”, the
“Blending mode” to “Mosaic (default)” and the
“Texture size/count” to 16384/1.
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Figure 8. 3-D Mesh of Amphisphaera coronata (inside
Photoscan).

All these four steps generated a rough
textured 3-D model for the photographed part of the
specimen.

Figure 9. 3-D Mesh with textures of Amphisphaera
coronata (inside Photoscan).

If the specimen was photographed only for one
side, the model was cleaned by removing unwanted
artefacts.

If the microfossil had 360° photos taken for
both parts, then the process presented before had to
be repeated for the second part and the two resulted
3-D models had to be stitched together using a few
more steps. The first two steps implied manually
assigning of corresponding makers for each half (Fig.
10) (named chunk in Photoscan) and aligning them
using “Align chunks” function. In the next process the
two aligned chunks, are glued together using “Merge
chunks” function. After that the resulting chunk
which contains the 3-D model for each side of the

specimen had to be reprocessed using once more the
“Build dense point cloud”, “Build mesh” and “Build
texture” functions.

Figure 10. 3-D Mesh of one chunk with markers of
Amphisphaera coronata (inside Photoscan).

3. RESULTS

After performing all these steps we obtained
high quality textured 3-D models for each
microfossil: plates 1-5 contain the 3-D models and
therefore will be introduced only in the electronic
version of the paper (see supplementary material).

3.1. Foraminifera

The taxonomy of the foraminifera is mostly
based on the test morphology (Loeblich & Tappan,
1984, 1987), including the number and shape of the
chambers, the chambers arrangement, the shape and
position of the aperture and also the type of the
ornamentation (Haynes, 1981). Moreover, each
species may possess very distinctive test morphology.
In this case the 3-D model provided very useful
information for the foraminifera, which lead to a
better determination of the species. The precise
measurements of the length and width of the test,
aperture, and tooth is very helpful in the species
determination. Furthermore, based on the results
obtained, several morphological variations have been
also observed. Additionally, the width/length ratio
was easily calculated, offering important information
in the morphological study. The 3-D model also
provide the possibility of a better comparison
between fossils and recent specimens.

The 3-D modeled foraminifers are:
Genus Cycloforina Luczkowska, 1972
Species Cycloforina karreri karreri (Reuss, 1869)
Description. The test is oval, elongated with
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rounded periphery; tubular chambers, of almost
uniform width; the surface of all chambers is covered
with longitudinal ribs (Plates 2, 4), the number of
which oscillates from seven to eight on the last
chambers; sutures lines are distinct and deeply
depressed. The aperture is circular with a thick rim,
flush with the surface of the test and presents a short
tooth, slightly visible. The length of the test is 360 pm
while the width is 210 pm. The length/width ratio is
1.71.

The specimen (Fig. 11) was identified in a
sample from the FH3P; Radauti borehole, north-east
Romania and it belongs to middle Miocene deposits
(Dumiﬂj etal., 2018).

100,pum

Figure 11. Cycloforina karreri karreri (SEM photo).

Despite the fact that there is no real
replacement for an authentic fossil, there is still an
incredibly important need to realize their digital
preservation for a sustainable future development.

The reason is represented by the high
importance and relevance of the holotypes, through
which the digitization will facilitate the access of
specialists for research purpose without the specimen
to be affected by the constant handling. In other cases,
i.e., museum collections the digitization process will
allow the creation of the interactive database,
available online, which will allow the access to
different collections not only to the scientific
personnel, but also to the public by free access to the
virtual exhibition and for educational purposes.

Genus Quinqueloculina d'Orbigny, 1846, emend

Fuczkowska, 1972
Species Quinqueloculina minakovae ukrainica
(Didkowski, 1961)
Description. The test shape is oval to elongate, with
the surface partially covered with poorly visible
longitudinal slanting ribs at the periphery (Fig. 12).
The middle chamber is slightly inflated. The aperture
is elongated, medium sized, oval-elongated, with a
short quadrate tooth, somewhat bifurcated, and a
thick rim (Plates 2, 4). The length and the width of the
test is 280 um and 220 um respectively. The ratio
between the length and the width of the test is 1.27.

100 pm
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Figure 12. Quinqueloculina minakovae ukrainica (SEM
photo).

3.2. Ostracods

The use of 3-D modelling for ostracods was very
useful for the recognition of the characteristics of the
species. Using the 3-D models of the ostracods
specimens allowed us to observe the length/height ratio,
the sexual dimorphism and also the precise position of
some ornamentation elements (spines, tubercles, and
hinge) on the surface of the carapace. The specimens of
ostracods used for 3-D modelling are:

Genus Cyprideis Jones, 1857
Species Cyprideis pannonica (Méhes, 1908)

Description. The lateral outline has an oval
form. The maximum height is slightly greater than the
half of the length (Fig. 13). The dorsal margin is
somewhat convex and the ventral margin is slightly
concave in the anterior half. The anterior margin is
well rounded, while the posterior end is obtusely
rounded (see plates 2, 4). The maximum width is
encountered in the posterior part. The surface of the
valve is almost smooth, except for the normal pores
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depressions and the almost concentrically pitted
anterior, ventral and posterior ventral areas. The
specimen presents 5 visible developed spines in the
anterior margin and one spine placed in the posterior
ventral. It also has four rows well pronounced muscle
scars, with the fulchral point visible and a V shaped
scar trough the anterior margin.

Figure 13. Cyprideis pannonica (SEM photo).

Figure 14. Loxoconcha minima (SM photo).

This specimen has been collected from the
Middle Miocene sediments outcroping in north-east

Romania. The cytheracean ostracods (as Cyprideis
genera) are indicatig a shallow, well oxygenated
environment and water salinity varying from brackish
to normal (van Morkoven 1963; Whatley, 1995).
Genus Loxoconcha Sars, 1866
Species Loxoconcha minima (Muller, 1894)
Description. The lateral outline of the
carapace is rhomboidal-elongate. The anterior end is
well rounded and the posterior end is upward
rounded. The dorsal margin is straight, the ventral
margin is slightly upper orientated trough the
posterior area and rounded. The surface of the valve
is almost smooth except for the concentrically
arranged rows of pore depressions (Fig. 14). The
muscle scars are disposed in a row of four adductor
muscles and a V-shaped muscle towards the anterior
margin (Plates 2, 5).

3.3. Radiolarians

The advantage of the 3-D reconstruction of the
radiolarians (microorganisms) is that their study was
easier and more accurate. This new imaging
technique helped us understand the real shape of the
species and therefore determine it much easier.

The species of radiolarians that we 3-D
modelled are:

Genus Podocyrtis Ehrenberg, 1847
Species Podocyrtis (Podocyrtis) papalis Ehrenberg:
Ling etal., 1991

Description. The cephalis is sub-
hemispherical, with many small pores, bearing a horn
of variable length, which is usually three-bladed and
sometimes conical. The collar structure is marked by
a change in contour. The thorax is inflated-conical,
with circular pores in longitudinal rows separated by
ribs. The lumbar structure is not (or only very
slightly) expressed externally. The abdomen is
inverted and truncate-conical, with pores and ribs
similar to those of the thorax. The part of abdomen
with pores is generally shorter than the thorax and this
it is followed by a part with no pores from which arise
three large, shovel-shaped, feet (Riedel & Sanfilippo,
1970).

This specimen (Fig. 15, Plates 3, 6) was
identified in the in the Palaeocene deposits, from
Frasin area, Eastern Carpathians, Romania.

Genus Amphisphaera Haeckel 1881, emend.
Petrushevskaya 1975
Species Amphisphaera coronata Ehrenberg, 1873

Description.

This species has a small, subspherical outer
shell with circular pores set in hexagonal frames. Two
polar outer spines of different lengths. The largest
spine is about the same length as the main axis of the
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outer shell and is conical rather than cylindrical
proximally and tapering abruptly distally. The spine
is rarely more than a third the length of the main axis
of the outer shell and is simply conical rather than
cylindrical proximally and tapering abruptly distally

(Bak, & Barwicz-Piskorz., 2005et al., 2005).
— -0 -
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Figure 15. Podocyrtis (Podocyrtis) papalis (SEM photo).

The specimen (Fig. 16, Plates 3, 5) was
identified in an outcrop from Frasin area, Eastern
Carpathians, Romania. This species is distinguished
from "Stylosphaera™ coronata coronata by the length
and shape of its shorter polar spine.
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Figure 16. Amphisphaera coronata (SEM photo.

Ascidian Spicule
For the didemnid

3-D
reconstruction also helped in the determination
process. We could precisely measure the rays on the
both sides of its body, as well as the distance between
them. We were also able to measure the diameter of
the spicule body.

Family Didemnidae Giard, 1872

spicules, the

Description: The spherical spicule is 120 pm
in diameter and it has conical to slightly rounded
thirteen short rays, which seem to be symmetrically
arranged. The transitional zone between the rays is
slightly rough and the ratio between ray length and
spicule diameter is 0.16.

Due to the lack of specific characteristics in
these spicules, as well as the presence of similar
sclerites in many different groups, it is difficult to
assign these spicules to specific didemnid genera. The
spicule (Fig. 17, Plates 3, 6) has been identified in the
same middle Miocene deposits from Costesti area,
Republic of Moldova.

Figure 18. Spiniferites bentorii pannonicus (SEM photo).

Dinoflagellate cyst
In the case of the dinoflagellate cyst, the 3-D
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reconstruction helped us to do a better determination.
Using the 3-D models the processes were precisely
measured on the both sides of the body of the cyst, as
well as the distance between them. Also the diameter
of the spicule body can be very easy calculated using
this method.
Genus Spiniferites Mantell, 1850
Species Spiniferites bentorii pannonicus (Siiténé
Szentai 1986)

Description. The  specimen is a
dinoflagellate cyst, with an oval shape, with the
paratabulation clearly expressed by low ridges
between the processes. The processes are hollow,
relatively short, distally trifurcate or bifurcate. The
periphragm is smooth to finely granulate.

The specimen (Fig. 18, Plates 3, 6) has been
identified in the Middle Miocene deposits from
Republic of Moldova.

4. CONCLUSIONS

Using the “Structure-from-Motion” method we
managed to obtain a high quality 3-D model for
different types of microfossils. Until now, for a better
representation of the microfossils, SEM photos were
used, from which we could only observe the elements
from the angle that the specimen was photographed.
In the best case scenario we would use stereo photos
which would be viewed with 3-D glasses.

Following this study we consider that by using
the  “Structure-from-Motion”  photogrammetry
method high resolution 3-D models can be obtained
for any microfossil, which later can be included in a
common digital format such as a 3-D PDF.

This method can be successfully used on
holotypes of the microfossils by orienting the
specimen in advance, so that the 3-D reconstruction
would capture the most important parts without the
need to reorient it, as in the examples presented on the
Methods chapter.

These 3-D models obtained through this method
have other advantages as well. They have the same
high resolution as the SEM photographs used in the
reconstruction process, the amount of the detail being
limited just by the performance of the electronic
microscope and the number of photos taken.

High resolution 3-D models offer a realistic
representation of the studied specimen. By adding
textures to these models even more realism is
achieved and the digital microfossil will help the
observer in his study.

The size of the morphological elements, which
are important for different types of species (the size
of the spines, apertures, the distances between ribs or
pores, the dimension of the pores, etc.), can be

precisely measured directly on the model using any
3-D modelling software (in case of the original format
of the 3-D models) or directly in the PDF interface
(using the attached PDF plates). Using the same tools,
the angles of different morphological elements
(apical angle) as well as different morphological
elements of the specimens (the angle between the
dorsal margin and the posterior margin at the
ostracods, the angle between the spine and the surface
of a spicule, etc.) can also be easily measured.

Furthermore, using the 3-D model the surface
of the specimen can be calculated. Using this
calculations the roughness degree can be determined,
by comparing the specimen with an ideal geometric
body (sphere, cylinder, ellipsoid, cone, etc.)

Due to the fact that any point from the 3-D
model is defined by a xyz coordinates system, any
morphological element can be highlighted making it
easier to identify it, thus adding precision to the
morphometric method used in the microfossil study.
By using all the information extracted with the
“Structure-from-Motion” method, we consider that
any 3-D microfossil can be fully described in an
accessible way.

Furthermore, a 3-D reconstruction using
photogrammetry for the outer part of the fossil it is
better in most of the cases than micro-computer
tomography not only because of its cost, but also
because it can create models for any type of
microfossil, with  sizes smaller than the
microcomputer tomography limit of 50 pum.

Moreover, the resulting 3-D models can be
shared between collaborating researchers (who may
choose to 3-D print the specimen at a larger scale),
therefore helping them to visualize in detail any
specimen with its morphological features and texture,
and allow anyone to perform any measurement at a
distance, without the need to physically send any
sample.

In addition, the reconstruction of the fossils in
3-D allows students to do individual study from their
own computer and it offers them the possibility to
examinate in detail a holotype without the risk of
deteriorating the specimen.
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PLATE 1

The pyrite 3-D reconstructed model

The separated tetrahedron from the pyrite model

The 3-D tetrahedron created in sckethup
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PLATE2  Cycloforina karreri karreri
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PLATE 4
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PLATE 5

TEXTURED MESH

Loxoconcha minima

SIMPLE MESH

Amphisphaera coronate (a)

TEXTURED MESH

SIMPLE MESH

Amphisphaera coronata (b)

TEXTURED MESH

112

SIMPLE MESH

\.\:':f‘“f‘\
"‘\. '! ‘}
éw’p 4 d
\4‘, S

S 2



TEXTURED MESH

PLATE 6 Podocyrtis (Podocyrﬁs) papalis
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