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The study of cuticular and epidermal features in
fossil plant impressions using silicone replicas
for scanning electron microscopy

Philippe Moisan

ABSTRACT

The study of epidermal and cuticular features is crucial in palaeobotanical
investigations. In fossil plant impressions organic material is not preserved and
cuticular data is commonly believed to be missing. This work describes a redefined
version of the silicone cast technique for SEM examination known since almost 40
years, but unfortunately rarely used in routine palaeobotanical studies. The use of
silicone (vinylpolysiloxane) instead latex casts offers significant advantages such as
easier handling, higher reproduction of surface details, and elimination of electrostatic
charge accumulation. The results indicate that silicone represents an improvement
over latex. With this technique excellent results can be achieved, possibly making
visible several plant surface structures, including epidermal cells, stomata, papillae,
trichomes and striations on the rachis. Moreover, this technique demonstrates that
impression fossils can provide similar useful data like those seen in compressed
fossils. The effectiveness of this technique is demonstrated with several examples of
fossil plants from the Triassic Madygen Lagerstatte. The application of this simple,
non-destructive and extremely effective technique provides significant biological
information on the cuticular and epidermal features in fossil plant impressions despite
the absence of cuticles, to resolve taxonomic problems as well as to infer diverse
ecological adaptations.

Philippe Moisan. Forschungsstelle fiir Palaobotanik am Institut fiir Geologie und Palaontologie,
Westfalische Wilhelms-Universitat Mlnster, Hindenburgplatz 57, 48143 Miinster, Germany,
f_mois01@uni-muenster.de

Keywords: silicone replicas; fossil plant impressions; SEM; epidermal and cuticular features;
palaeobotany

INTRODUCTION microfossils (Hill, 1990; Collinson, 1999). In palae-
obotany the first studies using the SEM were car-
ried out in palynology (e.g., Hibbert, 1967;
Chaloner, 1968; Taylor, 1968; Drew and Tschudy,

The use of scanning electron microscopy
(SEM) is a valuable tool in palaeontology for pro-
viding three-dimensional images of macro- and
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1968; Heywood, 1969; Muir, 1970), in turn the first
SEM studies of plant macrofossils focused on trac-
heids, lignites and cuticles (e.g., Taylor, 1968; Alvin
and Muir, 1969; Taylor and Millay, 1969; Alvin,
1970). Since then, the SEM has become a stan-
dard method for studying fossil plant cuticles. Fos-
sil plants are preserved in a variety of forms,
compression and impression fossils being the most
common types of preservation. Fossil plant com-
pressions occur in sediments that were not
exposed to high temperatures, thermal alteration or
oxidation, and as a consequence a highly com-
pressed coalified layer with cuticle can be retained.
Cuticles are of special interest in palaeobotanical
studies, providing valuable information for identify-
ing plant remains as well as for plant taxonomy,
correlation of dispersed organs, whole plant recon-
structions, and ecological and palaeoclimatic inter-
pretations (see Kerp, 1990; McElwain and
Chaloner, 1996; Kerp and Krings, 1999; Barclay et
al., 2007). The cuticular morphology and anatomy
of fossil plants has been commonly studied with
the complementary use of light and electron micro-
scopes (SEM/TEM), thus providing the most
detailed information on the structure of fossil cuti-
cles (e.g., Niklas et al., 1978; Archangelsky and
Taylor, 1986; Archangelsky et al., 1986; Archangel-
sky, 1991; Guignard et al., 1998). Standard proce-
dures for extracting cuticles from compression
fossils include chemical methods known as bulk
acid maceration, and transfer methods coupled
with cellulose acetate films, nail polish films, collo-
dion films and polyester resins (see Dilcher, 1974;
Kouwenberg et al., 2007; Escapa et al., 2010).
However, none of these techniques can be
applied to fossil plant impressions, because
organic matter (i.e., the proper cuticle) is not pre-
served, and therefore valuable information that
cuticles can offer is commonly believed to be miss-
ing. Although no organic material is preserved in
impression fossils, features of the cuticles and epi-
dermis may be preserved as imprints when the
plant remains are embedded in a very fine-grained
sediment matrix. In this case, replicas of the plant
surfaces can be made and successfully examined
with the SEM. Despite the technique having a great
potential in palaeobotany, surprisingly little atten-
tion has been given to the application of silicone
and latex casts for detailed studies in fossil plant
impressions. The use of silicone replicas instead of
latex has proven to be extremely helpful for the
study of the Middle to Late Triassic flora from the
Madygen Formation of Kyrgyzstan, considered one
of the most spectacular early Mesozoic Lagerstatte

worldwide because of the abundance and diversity
of animal and plant fossils (see Dobruskina, 1995;
Voigt et al., 2006, 2009; Shcherbakov, 2008; Sues
and Fraser, 2010; Moisan et al., 2011).

In this paper, a redefined version of the sili-
cone cast technique for SEM analysis is presented,
and illustrated with examples from the Madygen
fossil flora. SEM images of latex were also
obtained and compared with silicone replicas in
order to identify differences between both materi-
als. The technique using silicone is simple, not
time-consuming, offering excellent results and high
quality SEM images to study the cuticular and epi-
dermal features, despite the absence of cuticle in
fossil plant impressions. A main goal of this paper
is to encourage a more widely use of this easy but
very effective technique to palaeontologists work-
ing with impression fossils.

PREVIOUS INVESTIGATIONS USING
REPLICAS AND SEM

The SEM generates surface images by
detecting secondary electrons emitted from electri-
cally conductive specimens, offering several
advantages such as a large depth of field, high res-
olution and magnification. The SEM has been
widely used for studying cuticular features in fossil
plant compressions in which cuticles have been
preserved. Although, impression fossils lack of the
proper cuticle, the use of replicas coupled with
SEM have a considerable potential for revealing
cuticular and epidermal features as was earlier
pointed out by Dilcher (1974). Chaloner and Gay
(1973) were the first who published a method for
the examination of the plant impression surfaces
under high magnification. They used latex replicas
for SEM studies of Palaeozoic lycopod stems
showing leaf scars and cushions as well as sto-
mata and cells. Chaloner and Collinson (1975) first
removed the organic remains of compression
specimens by burning before making latex casts of
the clean sediment matrix surface. Removing the
coaly material in a stove for making fine details vis-
ible was already practised by Stur (1883). Using
this method was possible to observe leaf trace
cicatricules, parichnos scars, striated cortical sur-
faces and stomata that could not be seen in the
coaly compressions. Chaloner et al. (1979) pre-
pared latex replicas of a Permian lycopsid for SEM
examination revealing stomatal bands and cells.
Rigby (1978) used latex replicas to obtain SEM
images of the micropyle and cells of a glossopterid
fructification. Kerp (1984) also obtained SEM
images by preparing latex replicas of a Permian
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FIGURE 1. Flow chart showing the fundamental steps in the preparation of VPS replicas for SEM examination and
the trapezium-shaped pieces of VPS mounted on geological microscope slides.

sphenopsid, recognizing cell patterns and stomata.
Edwards et al. (1989) made latex replicas of a zos-
terophyll plant showing bases of spines, cells,
papillae and probable stomata.

The use of silicone replicas for SEM studies in
palaeobotany was introduced by Watson and Alvin
(1976). They obtained images of tracheids, sto-
mata, hairs and papillae in silicified conifer
remains. Reihman and Schabilion (1976) used sili-
cone in Pennsylvanian fern-like foliage allowing the
examination of papillate surfaces and stomata sur-
rounded by papillae. Tavares and Rohn (2009)
made silicone replicas of a petrified Permian
pecopterid showing cells and probable trichome
scars on the pinnules. Moisan et al. (2011) pre-
pared silicone replicas of cycadophytes for SEM
examination, obtaining detailed images of epider-
mal cells and papillae of the plant surfaces. These
papers are the only attempts made so far to study
cuticular and epidermal features by SEM examina-
tion using silicone replicas. Additionally, silicone
replicas of complete specimens can be photo-
graphed and have been used to discern details not
seen in the original material (e.g., Manchester,
1992; Van der Ham and Van Konijnenburg-van Cit-
tert, 2003, 2004; Van der Ham et al., 2001, 2003,
2004; Van der Ham and Dortangs, 2005). A useful
overview on the use of casting and moulding in
palaeontology is summarized by Rigby and Clark
(1965).

MATERIAL AND METHODS

The fossil plant impressions used in this study
were collected from the Middle to Late Triassic
Madygen Formation situated in northern foothills of
the Turkestan Mountains of Central Asia in south-
western Kyrgyzstan. Plant fossils from the Mady-
gen fossil localities lack of cuticles, however, they
occur in very fine-grained sediment matrix, result-

ing in an exceptional preservation and perfect nat-
ural casts of the plant surfaces, showing cell
pattern, stomata, striations, papillae and trichome
bases. In order to compare directly the differences
between silicone and latex replicas, both materials
were tested in the same specimens. See Chaloner
and Gay (1973) for technical details of the use of
latex to fossil plants.

Casts of plant surfaces were made using
vinylpolysiloxane (VPS) (Provil® novo light, 1ISO
4823, Heraeus Kulzer, Wehrheim, Germany), a
high-quality impression material based on low-vis-
cosity silicone, conventionally used in dental labo-
ratories. The VPS is supplied in double cartridges
(base paste and matching catalyst paste). A dis-
pensing gun and a mixing tip attached to the outlet
of the cartridge are required for an automatic and
homogenous mixing. The base/catalyst mixing
ratio of VPS is 1:1. Prior to the preparation of VPS
casts, an accurate examination of the specimens
under stereomicroscope is recommended to select
the most appropriate areas of the plant surface to
replicate and examine with the SEM. Trapezium-
shaped pieces of VPS casts (Figure 1) were cut
out using a single-edged razor blade or scalpel and
mounted with conductive thermoplastic adhesive
(Tempfix®, Wetzlar, Germany) on geological micro-
scope slides (48 x 28 mm) using a hot plate at
about 40°C. Subsequently, the VPS casts were
sputter-coated with gold for 3—4 minutes with a
sputter current of 20 mA using a Balzers Union
SCD 040. The VPS casts were examined and pho-
tographed with a JEOL 840 scanning electron
microscope at the Interdisciplinary Centre for Elec-
tron Microscopy and Analysis (ICEM), Westfalische
Wilhelms-Universitat Mulnster, using the image-
analysis software analySIS 3.2 (Soft Imaging Sys-
tem, Minster, Germany).



MoISAN: REPLICAS FOR SEM EXAMINATION

FIGURE 2. 1. VPS replica of the lycopsid Mesenteriophyllum kotschnevii showing isodiametric to transversely elon-
gated epidermal cells. Scale bar equals 100 um. 2. VPS replica of the bryophyte Muscites brickiae showing longitudi-
nally elongated epidermal cells. Scale bar equals 50 pym. 3. Detail of elongated epidermal cells in the sphenopsid
Equisetites obtained with VPS. Scale bar equals 50 um. 4. Latex replica of the pteridosperm Ptilozamites showing a
fissure on the surface. Scale bar equals 200 um. 5. VPS replica of Ptilozamites showing longitudinal striations on the
rachis. Scale bar equals 100 pm. 6—7. Details of stomata in Ptilozamites showing ring-like structure of the subsidiary

cells. Scale bars equals 5 pm.

RESULTS AND DISCUSSION

In the course of a systematic revision of the
diverse Madygen fossil flora this effective and sim-
ple technique described above was successfully
applied to several groups of plants. Several fea-
tures of the plant surfaces were made visible using
the VPS such as epidermal cells, papillae, stomata,
venation pattern and striations. About 400 VPS
replicas of the plant surfaces were made and stud-
ied.

The results obtained demonstrate that silicone
replicas (VPS) for SEM examination are very use-
ful for the study of epidermal and cuticular features
in fossil plant impressions despite the absence of
cuticles, providing data about the morphology of
plant surface structures that cannot be readily rec-
ognized with the stereomicroscope, which is usu-
ally the only way to examine impression fossils.
This study also confirms that the use of VPS offers
important advantages and improvements over the
conventionally used latex replicas. A good example
of this situation is the occurrence in the pteri-
dosperm Ptilozamites of longitudinal striations (Fig-
ure 2.5) and stomata with subsidiary cells forming
a ring-like structure (Figures 2.6-7) considered as a

4

diagnostic character of this genus (Popa and McEl-
wain, 2009). These structures were only recog-
nized using the VPS replicas, and attempts with
latex to observe such structures were unsuccess-
ful. The identification of stomata from VPS replicas
is important due to their effective application to
identify and classify fossil plants. Chaloner and
Collinson (1975) pointed out the difficulty to identify
stomata from latex replicas; however this example
in Ptilozamites shows that using VPS replicas,
detailed information can be obtained from the plant
surfaces, while with latex some microscopic details
cannot be replicated adequately. In this study, in
contrast to previous works in which this technique
was applied to a limited number of taxa, it was
used successfully in several different groups of
plants including bryophytes (Figure 2.2), lycopsids
(Figures 2.1, 3.2, 3.4), sphenopsids (Figure 2.3)
and gymnosperms (Figures 2.5-7, 3.6, 3.8) making
visible epidermal and cuticular structures, even of
organisms of very delicate nature like bryophyte
that normally have a very poor and low preserva-
tion potential and its fossil record is at best very
fragmentary. Therefore, applying this technique to
impression fossils preserved in fine grained sedi-



PALAEO-ELECTRONICA.ORG

FIGURE 3. 1. SEM image of latex replica of the herbaceous lycopsid /soetites. Scale bar equals 250 ym. 2. SEM
image of VPS replica of the same specimen at the same magnification as shown in Figure 2.1., showing excellent
well-preserved epidermal cells. Scale bar equals 250 pm. 3. Detail of the Figure 2.1. Note that details of epidermal
cells are indistinguishable, and air bubbles are present over the surface. Scale bar equals 50 ym. 4. Detail of the Fig-
ure 2.2. Scale bar equals 50 ym. 5. SEM image of latex replica of the bennettitalean Pterophyllum pinnatifidum.
Deformation on the latex surface and air bubbles are present. Scale bar equals 100 um. 6. SEM image of VPS rep-
lica of the same specimen at the same magnification as shown in Figure 2.5., showing intercostal field densely cov-
ered with papillae. Scale bar equals 100 pm. 7. Detail of Figure 2.5. Scale bar equals 25 ym. 8. Detail of Figure 2.6.,
showing a papillate surface. Scale bar equals 25 pm.



MoISAN: REPLICAS FOR SEM EXAMINATION

FIGURE 4. Sporophylls
examination. Scale bar equals 1 cm.

ments can offers similar results to those reported
for cuticles in compressed floras.

In this study was observed that latex replicas
produce significant electrostatic charge of the sur-
faces making it difficult to distinguish biological
structures of the fossil plants (Figures 3.5, 3.7),
while using the VPS, electrostatic charge was com-
pletely eliminated (Figures 3.6, 3.8). In this sense,
the shape of VPS casts and, moreover, sputter-
coating with gold instead of carbon are important to
prevent accumulation of electrostatic charge and to
enhance electron emission from the surface. The
VPS also offers markedly better resolution, making
it possible to capture sharp and clear SEM images
with minute details. An example of the resolution
made possible by this method was observed in the
herbaceous lycopsid Isoetites in which epidermal
cells using latex replicas were not distinguishable
(Figures 3.1, 3.3), but with VPS the pattern, size
and shape of the cells were clearly visible (Figures
3.2, 3.4). Reihman and Schabilion (1976) pointed
out that silicone replicas were superior to latex in
reproducing lower epidermal features of Alethop-
teris sullivanti, and they found that silicone repli-
cas, at higher magnifications above 250x, show
textural artifacts resulting in unsatisfactory images.
This problem has not been observed with VPS,
where observations of the replicas with magnifica-

tions up to 1000x are possible. Other favourable
properties of VPS, include easy handling, cures
quickly within 3—4 minutes at room temperature,
and it is completely free of air bubbles. A critical
point of the use of latex is the presence of air bub-
bles, occurring in almost all of the latex replicas
(see Figures 3.1, 3.3, 3.5). Deformation and fis-
sures of the latex replica surfaces were also found
in this study (Figures 2.4, 3.5, 3.7). Watson and
Alvin (1976) mentioned problems with replicas hav-
ing finely wrinkled surfaces that could not be elimi-
nated. The VPS replicas do not shrink, and
wrinkles are not evident at high magnifications,
even after examining the replicas one year later.

Another important difference found between
these two compounds is shown in Figure 4. Latex
replicas leave a considerable quantity of residues
on the fossils, and even more in some cases, par-
tially destroying the original material (Figure 4.1).
In contrast to silicone replicas that are non-destruc-
tive, they do not leave residues on the original
material (Figure 4.2). To conclude, the use of VPS
for the replication of plant surfaces in fossil impres-
sions is a non-destructive, quick and easy tech-
nique that can be applied without risk of destruction
or damage to museum material and unique type
specimens.
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