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ABSTRACT
The past preparation processes carried out on the holotype of the species Sinohippus sampelayoi (Villalta and Crusafont,
1945) (Equidae, Anchitheriinae) have been analyzed. This singular piece, a right hemimandible housed in the Museo
Geominero since 1940’s decade, has undergone an unusual number of treatments such as adhesion, consolidation or even
partial removing of bone to expose unerupted teeth. The different procedures have been identified and are presented in
this paper in a chronological succession. Besides, some materials as mortars, which have been historically employed to
preserve or to cast this fossil, have been analyzed using X-ray diffraction. Due to the importance of this fossil, a high
quality copy has been made based on the patent Nº ES 2 273 577 A1 (Nº 200.501.432), which combines the use of
different materials in the same replica thus obtaining more realistic results.
Keywords: fossil preparation; high quality copy; holotype; patent; vertebrates

RESUMO [in Portuguese]
Os últimos processos de preparação realizados no holótipo da espécie Sinohippus sampelayoi (Villalta e Crusafont, 1945)
(equídeos, Anchitheriinae) foram analisadas. Esta peça singular, uma hemimandíbula localiçada no Museo Geominero
desde a década dos 40, foi submetida a um número incomum de tratamentos como a adesão, a consolidação ou a parcial
remoção de osso para expor dentes não irrompidos. Os diferentes procedimentos foram identificados e são apresentados
neste documento em uma sucessão cronológica. Além disso, alguns materiais como morteiros, que têm sido
historicamente utilizadas na preservação deste fóssil, foram analisados por meio de difração de raios-X. Devido à
importância do fóssil, uma cópia de alta qualidade tem sido feita com base na patente ES 2 273 577 A1 (Nº
200.501.432), que combina o uso de materiais diferentes na mesma réplica obtendo-se resultados mais realistas.
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INTRODUCTION

“A holotype is the single specimen upon which a
new nominal species-group taxon is based in
the original publication” (ICZN, 2012; art. 73).
Therefore, one of the most important tasks of
every museum is the preservation of these
bearers of the scientific names of all animal
taxa stored in them. According to Brunton et al.
(1985), each museum or institution should
achieve the following requirements in order to
preserve holotypes: 1) ensure that all are
clearly
marked
so
that
they
will
be
unmistakably recognized as holotype; 2) take
all necessary steps for their safe preservation;
3) make them accessible for study and 4)
publish lists or catalogues of holotypes in its
possession or custody.
The Museo Geominero (Instituto Geológico y
Minero de España) holds a significant collection
of fossil holotypes which comprise nearly
hundred specimens, many of them incorporated
in the museum collection during the first half of
the 20th century. The holotype of the species
Sinohippus sampelayoi (Villalta and Crusafont,
1945) (Equidae, Anchitheriinae) from the
locality of Nombrevilla (Zaragoza province,
Spain) is housed in the Museo Geominero since
the 1940’s decade (Figure 1). The specimen

(MGM-1175M) consists of a right hemimandible
with dentition (Villalta and Crusafont, 1945;
Salesa et al., 2004), and was part of the
permanent exhibition. In order to ensure the
adequate preservation of this holotype, it was
removed from the exhibition and stored in a
secure cabinet together with other holotypes of
the paleontological collections. The environment
conditions here are very stable, the changes of
the temperature, relative humidity (RH), and
the quantity and quality of light to which
specimens are exposed are minimal. This is the
main
premise
to
preserve
satisfactorily
paleontological materials as this mandible.
A high quality replica has been prepared to
replace the specimen preceded by an analysis
of its state of preservation. This evaluation has
shown that the specimen has undergone a
relative high number of different treatments
over the years. In order to preserve effectively
the sample, it was necessary to know which
treatments and materials were used to restore
it and how were the procedures employed for
each one (Brandi, 1977). The procedures
applied on the holotype have been identified,
documented and chronologically ordered and
are here presented. Besides, a detailed
description of the methods followed to prepare
the high quality replica is provided.

Figure 1 - MGM-1175M. Right hemimandible of the species Sinohippus sampelayoi (Villalta and Crusafont, 1945). A) Lingual
view. B) Buccal view. Scale bar 10 cm.
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Figure 2 -

A) holotype under longwave UV lamp filter and B) holotype under shortwave UV lamp filter.

MATERIALS AND METHODS
Initially the specimen was macroscopically
examined and high resolution photographs were
taken under different light sources (shortwave
and longwave UV lamps; Figure 2). Detailed
examination of the specimen was carried out
under binocular (Olympus SZX9) in order to
assess the presence of different materials and
their spatial arrangement.
X-ray powder diffraction (XRD; PANalytical
X’pert ProMPD) has been employed to
determine the composition of the mortars used
in previous procedures. Identifications were
made using HighScore version 3.0.4 software
(PANalytical) and the ICDD (PDF-2) and COD
(January 2012) databases.
After assessment of the specimen preservation
and the description of the procedures previously
used for its restoration, a high quality replica
has been made following the methodology of
patent ES 2 273 577 A1 (Nº 200.501.432). All
materials used in this process are listed in Table
1.
PREPARATION PROCESS
The specimen (MGM-1175M) has undergone
successive preparation procedures which can be
sequentially ordered as different materials
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appear superimposed. Ordering the sequence of
materials and events has allowed the
differentiation
of
two
main
groups
of
procedures: the ones carried out probably
during excavation and those carried out in the
laboratory. All of these procedures took place
during 40’s to 80’s decades of the last century,
most of which were frequently applied to
prepare and preserve fossils at that time
(Borselli, 1978).

Treatments during excavation
a) Shellac. Probably used as consolidant. Thin
dark layer, covering some areas on both sides
of the hemimandible (Figure 3A), which
includes small particles and besides is ethanolsoluble, so that an original patina is excluded.
Scattered patches can be found on the surface
mixed with natural iron oxides spots, which
appear interstratified with bone tissue layers.
b) Adhesive 1. Dark colored, cohesive and with
bubbles. It has high adhesive capacity (Figure
3B; orange lines).
c) Plaster. Probably used in situ to piece
together bone fragments as they appeared
poorly preserved (Villalta and Crusafont, 1945;
pp. 57; Figure 3C).
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Table 1 - Materials used in moldmaking procedures and production of Sinohippus sampelayoi replica.

Molding:
DENOMINATION
Paraloid B-72
Silicone RTV-2: Silastic 3481
(room temperature vulcanizing
two components)

COMPOSITION
acrilic polymer resin
(ethyl methacrylate
and methyl acrylate)

FACTORY OWNER/Store acquisitions
Rhoom & Haas / Manuel
Riesgo:www.manuelriesgo.com/

Polyxiloxane (SI)

Dow corning / Feroca: www.feroca.com/

Catalyzer Silastic 81 F

Tetraethyl silicate

Dow corning / Feroca: www.feroca.com/

Thixotropic additive Silastic.

No facilited

Dow corning / Feroca www.feroca.com/

Plasticine, sulphur free

No facilited

Feroca: www.feroca.com/ Obtainable in a
art store

Carboxymethylcellulose
(Demolding)

(Na CMC)

CTS: www.ctseurope.com/es/ Obtainable in
a Chemical store

Casting:
DENOMINATION

COMPOSITION

FACTORY OWNER/Store acquisitions

FETADIT 55
(Epoxy resin)

No facilited

Fetasa: www.fetasa.es/ Obtainable in a
chemical store

FETADIT 56
(catalyst)

No facilited

Fetasa: www.fetasa.es/ Obtainable in a
chemical store

Quartz powder

Silical

www.manuelriesgo.com/ Obtainable in a
chemical store

Latex rubber

natural rubber

Riesgo: www.manuelriesgo.com/
Obtainable in a art store

Matt and gloss varnish

Inorganic resins

Riesgo: www.manuelriesgo.com/
Obtainable in a art store

Shellac

Organic natural
compound

Primal SF 016 ER

acrilic polimer (water
emulsion)

Hebodour, Arquero, Exaduro
(Dental Stone plaster)

Calcium sulfate
hemihidrate modified

Alamo 70 (Plaster of Paris)

Calcium sulfate
hemihidrate modified

Color pigment powder

Fe Oxihidroxids, sílical
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Riesgo: www.manuelriesgo.com/
Obtainable in a art store
Rhoom & Haas / Riesgo:
www.manuelriesgo.com/ Obtainable in a
chemical store
Hërbor España/ Marphil:
tienda.marphil.com / obtainable at
aceramics supplier or chemical store
Hërbor España/ Marphil:
tienda.marphil.com / obtainable at
aceramics supplier or chemical store
Obtainable in a chemical store
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Figure 3 – A) Areas covered with shellac. B) Lines showing rest of adhesives (orange: adhesive-1; blue: adhesive-2). C) Blue
areas show the plaster.

Laboratory procedures
a) Coating paint. Greenish layer covering the
plaster. It appears mixed with small sized, dark
particles (Figure 4A; yellow areas).
b) Coating paint. Yellowish layer covering the
greenish coat (Figure 4A; orange areas).
c) Bone removal on the lingual side of the right
hemimandible. XR analysis was performed
before this procedure (Villalta and Crusafont,
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1945; p. 58). Tool marks can be observed
(Figure 4B).
d) Adhesive 2. Transparent, with bubbles, poor
adhesive capacity (Figure 3B; blue lines),
greenish coat (Figure 4A; orange areas).
e) Catalogue number. Handwritten with a
waterproof ink pen, probably in the 80’s
decade. Presently almost faded. Covered with a
transparent layer (probably acrylic resin, such
as the Paraloid range; Figure 4C).
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Figure 4 – A) Coating paints on the plaster. B) Bone removed area (inset) and detail of tool marks. C) Colored lines showing the
distribution of extraneous materials (red: silicone rubber; orange: plasticene/wax; blue: blu-tack).

f) Coating varnish. It covers the entire
specimen surface, probably as a protection
before previous casting and molding processes.
Rests of white silicone are found in many
original cracks of the specimen. This silicone
had low viscosity and was mixed with a slow
catalyst (Figure 4C; red areas). Besides, a
bluish material (Plasticene TM or wax) is widely
distributed over sides of the specimen (Figure
4C; orange areas).
g) Blu-tack. Reusable adhesive putty used for
holding the specimen in the exhibition (Figure
4C; blue areas).
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XRD-Analysis
Some mortars have been analyzed using X-ray
diffraction to determine its composition. They
are the most vulnerable (due to their own
features) to changes in relative humidity of all
different materials employed to preserve the
fossil. Gypsum is the main mineral identified by
XRD although traces of Bassanyte are also
present (Figure 5). Bassanyte is a hemihydrate
(CaSO4~0.5H2O),
while
the
dihydrate
(CaSO4·2H2O) occurs naturally as gypsum.
However Bassanyte, better known as plaster of
Paris, occurs exceptionally in nature. It is
equivalent to plaster used in many preparation
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procedures. In the case of the analyzed
holotype, the presence of Bassanyte is
unexpected
because
plaster
of
Paris
(Bassanyte) was mixed with water to made
plaster. During hardening of this plaster, the
Bassanyte must recover the two initial
molecules of water (Gypsum). The presence of
Bassanyte could be related to an occasional
heating of the sample, but this hypothesis can
be rejected due to the good preservation
condition
of
the
sample.
Although
a
considerable amount of literature has been
devoted to the crystallography of hemihydrate,
there are still a number of unresolved problems
(Lager et al., 1984). The plaster used on the
holotype was probably added with an animal
glue solution because of the high tenacity

observed in these parts of the sample. Mixing
plaster of Paris with an animal glue solution, as
a most used material for mortars, was a very
frequent procedure during 19th century.
Further analyses should be necessary for
accurate identification of the materials utilized
in these historical procedures. Adhesives, wax
and lacquers could be analyzed using gas
chromatography mass and x-ray diffraction
(crystalline compound).
REPLICATION PROCESS
After the identification of the different materials
which cover the specimen and the assessment
of its preservation condition, a replica has been
created following four phases:

Figure 5 - X-ray powder diffraction (XRD) diagram of material analyzed.
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Phase A: Pre-treatment
a) The specimen was completely coated with a
thin protecting layer of consolidant. Small
superficial holes and fissures were filled using
Paraloid B-72 (15% in acetone). This step is of
main importance for avoiding damage of the
specimen and improving the quality of the final
cast.
b) Given the nature of materials and
waterproofing of the original piece it was
decided to apply Carboxymethylcellulose (2% in
water) as a layer to make easier to remove the
mold. Then, two-part thin-walled poured mold
and two jackets were made following the
morphology and size of the specimen.

final casting in Epoxy resin.
polychrome layer was applied.

Finally

a

b) Next, the dentition and the bone structure of
the specimen were molded independently.
b.1 Dentition: Casting in Epoxy resin.
A mixture of a resin basis (Fetadit 55) and a
catalyst (Fetadit 63) plus quartz powder (ratio
2:1:2) was used in order to achieve a similar
appearance to the original piece. Then, small
attachments were inserted in the resin when it
was still in a mordant state. Thus both parts
(resin and dental plaster) were connected to
each other and afterward the resin dentition
was coated by a thin layer of latex rubber like a
layer protector.

Phase B: Molding
a) A two part poured mold with openings for
entrance of fluid silicone rubber was made.
Then, a PlasticineTM layer was prepared for
coating the holotype which was previously
protected with Polyethylene film. Besides, a
security PlasticineTM cord to avoid losses of
silicone rubber and connect the first side of the
mold was applied.
It is important to point out that, the PlasticineTM
seam line should be placed in a way that covers
the least amount of information on hidden parts
of the specimen as this line should be.
However, in this case the seam line was placed
around the teeth.
b) Both silicone rubber molds were overlaid by
a middle hardness stone plaster (Alamo 70).
The first part of the jacket was made, after the
first part of the mold has set, in the same
manner as for a one part mold.
Phase C: Casting
This phase follows the method described in
Licence “Proceso de reproducción de fósiles,
rocas y minerales y producto obtenido”, ES
2273 577 A1 (Nº 200.501.432).
a) In a first phase, a master of the dentition in
a first casting was obtained. In this case, it was
used a dental quality plaster material which was
poured on a silicone rubber mold in order to
achieve a sub mold what was used to obtain a
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b.2 Bone structure: Casting in dental plaster
(Arquero; Figure 6C).
First, the fluid dental plaster was subjected to
air extraction in order to remove air bubbles.
The previously prepared wall silicone rubber
mold was completely coated with a thin layer of
this plaster and then a second thicker layer was
applied.
Finally, once the copy of the specimen was
separated from the silicone rubber mold, it was
cleaned and the latex rubber removed
Phase D: Casts coloring
a) Both parts of the replica were colored
following next steps:
a.1 Dentition: Color working of Epoxy resin.
The chromatic range of pigments used
consisted of: brown, white, black, reddish
pigments. A varnish mixture was used as
medium: matt varnish and gloss varnish plus
shellac, the latter offering optimum results.
Brown pigment diluted in ethanol was applied
using a soft bristle brush (Figure 6A). Then a
piece of cotton was used to remove the excess
of paint and to highlight the textures across
dentition.
Varnish layers plus white and yellow pigments
were also applied (Figure 6B).
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Figure 6 – A) Master on dental plaster and sub mold corresponding to the teeth. B) Detail of teeth and polychromed process. C)
Appearance of the replica that is composed of two different materials.

Finally, a dry mixture (Talc plus brown and
white pigments) was applied after the varnish
layers dried.
a.2 Bone structure: Color working of dental
plaster.
A thin color layer was applied over the plaster
using Primal (5% in water) plus grey pigment in
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order to get a waterproof surface. Next more
color layers were applied (Figure 7A).
To color other zones, we used a mixture based
on Primal plus grey pigments (Figure 7A).
In order to obtain a color similar to the original
specimen, fine details were applied using a
mixture of shellac and brown pigments (Figure
7B).
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Figure 7 - A) detail of process of patination, B) finished replica in lingual and buccal view.

CONCLUSIONS

The detailed analysis of the holotype MGM1175M before molding has allowed the
identification
of
previous
preparation
procedures, which have been presented
chronologically ordered. All the methods
employed have modified the specimen structure
(bone removal, fragments assembling with
plaster and adhesives), the coloration (shellac,
paints) and have added extraneous material
(silicone, wax, PlasticineTM).
The record of the observed modifications on the
sample and the identification of the materials
are of main importance for: 1) assessing the
state of preservation of the specimen before
molding and 2) for monitoring the stability of
the material employed. This is an essential
point
considering
that
plaster
(with
contaminants but not detected by XRD) is
hygroscopic, thus the stability of relative
humidity conditions is indispensable. To avoid
142 ● Journal of Paleontological Techniques

this possible damage, an impermeable layer
(acrylic pigments and shellac) is protecting the
holotype, and a Paraloid B-72 layer was
employed to protect the part where the
analyzed sample was extracted.
A high quality replica of the holotype MGM1175M has been made using the patent Nº ES 2
273 577 A1 (Nº 200.501.432), which combines
the use of different materials in the same copy.
This replica will be useful for different purposes
(exhibition,
education,
loans)
and
simultaneously will permit the preservation of
the holotype under appropriate environmental
conditions.
To preserve original specimens is a main task
for specialists and of main interest for the
society. The demand for protection of this kind
of unique and valuable pieces is increasing
(Baeza et al., 2013). In this context, the
implementation of the Patent is of main
interest. In the same manner, diversity of
products and their modifications in global
market in order to produce replicas and
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facsimiles is huge, as are new surfaces finish
quality and polychrome works possibilities too.
Products used in paleontological restoration
have evolved from low quality, instability,
highly fragile plasters, going through polyester
resins reinforced with glass-fiber to modern
materials:
acrylic
resins,
high
density
polyurethane with sensitive UV filters, among
others. All of them have been categorized as
long-lasting materials with stable charging
elements which have been added becoming
indistinguishable pieces from original specimens
at first visual exam as in the case of facsimiles
(Pereira Prado, 1999 a, b). Above all, replicas
represent an excellent way to guarantee the

preservation of an unique natural heritage as
fossil holotypes are (Baeza and Lozano, 2009).
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