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The comprehensive taxonomic study of fossil brittle stars (Echinodermata: Ophiuroidea) 
requires the plates of the disk and arms to be cleared of matrix as fully as possible to reveal 
significant characters, such as spine articulations, ornament and clear plate boundaries. 
However, this needs to be done delicately, as the plate surfaces and boundaries are 
fragile and easily obliterated when only using air abrasive techniques. Ophiuroid fossils 
are frequently over-prepared, which becomes apparent particularly when examined by 
scanning electron microscopy (SEM), hampering taxonomic studies.

Preparation may be further complicated by the entanglement of the arms of multiple 
individuals. 

In order to facilitate detailed SEM analysis of recently available, undescribed fossil 
ophiuroid material from the Aptian, Lower Cretaceous, Atherfield Clay Formation of 
the Isle of Wight, Hampshire, UK a combination of careful mechanical preparation 
techniques was employed to great effect. Specimens were initially exposed using 
standard air abrasive techniques, but the final few millimetres of matrix were removed 
using pins. To get individual arm pieces exceptionally clear of matrix, they were removed 
from the blocks using a mini pedestalling technique and then further cleaned using an 
ultrasonic pen. This combination of techniques fully exposed all the elements required 
for full taxonomic study without causing severe damage to the plate surfaces and greatly 
improved the overall aesthetic of the specimens. These techniques could be more widely 
applied in fossil preparation.

Graham, M. R. and Ewin, T. A. M. 2020. Preparing detailed morphological features of fossil brit-
tle stars (Ophiuroidea, Echinodermata) for scanning electron microscopy using a combination of 
mechanical preparation techniques. Geological Curator 11 (3): 231-236. 

Introduction

Brittle stars (Echinodermata: Ophiuroidea), like all 
echinoderms, are composed of numerous calcitic 
skeletal plates (Figure 1A). These plates are not solid, 
instead the calcite is arranged in a series of intercon-
necting rods (trabeculae), forming a characteristic 
mesh-like texture, called stereom (Figure 1E). As 
these plates are relatively hard, they have provided 
ophiuroids with a long fossil record. It has recently 
been demonstrated that phylogenies based on de-
tailed characters of certain skeletal parts, particular-
ly the lateral arm plates, are largely congruent with 
those based on robust and detailed molecular studies 
of modern ophiuroids (Thuy and Stöhr 2016). This 
has unlocked the fossil record of crown group ophi-
uroids, as detailed morphological analysis of lateral 

arm plates, in conjunction with other characters, can 
now be used in both recognising species and infer-
ring higher taxonomy. Unfortunately, as stereom 
is not particularly hard and because the mesh-like 
texture fills with fine matrix, it is difficult to pro-
duce a clean, undamaged external surface. The plate 
surface is therefore easily damaged by preparation 
techniques such as air abrasion using dolomite or 
other harder powders when removing the relatively 
harder adherent matrix. Thus, whilst an ophiuroid 
developed by air abrasion may appear superficially 
well-prepared and free of matrix, a detailed exami-
nation, particularly using SEM, often reveals that the 
surfaces of the plates are heavily worn and that the 
boundaries between plates may even be blurred. We 
have even seen some extreme instances where most 
of the external plates of the arm have been complete-
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Lower Cretaceous, Atherfield Clay Formation near 
Atherfield Point on the Isle of Wight, UK by M. 
Simpson and J. Quail (Figures 1A, 2). The fossil ophi-
uroids comprised disarticulated arm fragments and 
more complete individuals comprising discs varying 
in diameter from 2 mm to 10 mm with very nar-
row (1 mm wide) arms up to 20 mm in length. There 
were typically numerous individuals on a single 
block of rock (moderately calcified fine sandstone) 
and their three-dimensional preservation resulted in 
arms that were frequently entangled and positioned 
on top of each other (Figure 2). To expose as many 
individuals as possible while minimising damage to 
the plate surfaces, manual work was carried out with 
a combination of air abrasion and then carbide steel 
pins under a Leica M80 stereoscopic microscope at 
32x magnification with illumination.

The majority of the mechanical preparation was 
done by air abrasion using a Texas Airsonics HPW 
series machine, and the optimal abrading set-up 
was found to be sodium bicarbonate No.4 particle 
size (50 µm) delivered at 2.5 bar (35 p.s.i.) via a 0.75 
mm diameter air abrasive nozzle (Graham & Al-
lington-Jones 2018). The very finest areas requiring 
abrasion (e.g. the boundaries in between plates and 
arm spines) were prepared with a 0.5 mm diameter 
nozzle. Sharpened carbide pins (1 mm, ground to 
0.5 mm at the tips) were used to remove the final 
layer of matrix to expose the plate surface.

The areas surrounding the ophiuroid arms were 
trenched by air abrasion to a depth of approximately 
2 mm to reveal the sides, as well as the dorsal sur-
faces; effectively mini-pedestalling the specimens 
on small supporting blocks of matrix. The central 
discs were air-abraded to expose mouthparts, ossi-
cles, spines and plate boundaries (Figures 1A, C). 
To achieve the necessary level of control of the air 

ly prepared away, resulting in a superficially clearly 
defined arm but with only the central internal arm 
plates (called ‘vertebrae’) remaining (e.g. plate 57, 
figures 1, 3, 5 of Hunter 2010). Such damage is un-
fortunate as it obliterates the very taxonomic char-
acteristics needed to accurately identify and classify 
these fossils. 

In 2013, well preserved fossil ophiuroids collected 
by J. Quail from Aptian rocks of the Isle of Wight, 
Hampshire, UK were identified as Eozonella sp. nov. 
(Ewin and Thuy 2015). However, assessment of the 
taxonomically important features using SEM was 
hampered as the available material, although well 
preserved and carefully cleaned of matrix, was pre-
pared exclusively by air abrasive techniques and had 
lost much of the surface detail (Figures 1B, D). 

Subsequently, eight blocks of unprepared material 
from the same locality and containing multiple artic-
ulated and disarticulated ophiuroids were generous-
ly donated to the Natural History Museum (NHM) 
by M. Simpson in 2018. This provided the perfect 
opportunity to attempt to prepare the material with-
out losing the detailed morphology of various parts 
necessary for thorough taxonomic description and 
comparison. This was successfully achieved using 
various different mechanical techniques to first re-
move the overlying matrix and then that surround-
ing the tangle of arms and disarticulated parts. The 
results of our method are compared to approaches 
using solely air abrasive techniques to demonstrate 
that important delicate structures can be exposed 
without excessive abrasion of the plate surfaces.

Methods and Materials 

The material used in this study was collected at var-
ious times over a 40-year period from the Aptian, 

Figure 1 (previous page). Eozonella sp. nov., Aptian, Lower Cretaceous, Atherfield Clay Formation, Atherfield Point, 
Isle of Wight, Hampshire, UK:  A. Showing the exquisite preservation of an exposed disk and arm plates with clear 
boundaries, as well as spines (borne on lateral arm plates) still in articulation along the arm. NHMUK PI EE 17208. 
Scale bar 10 mm.  B, D. SEM images of the surface of material prepared using traditional air abrasion. Note the loss of 
surface detail, particularly the stereom cavities and spines, as well as a loss of definition of the spine articulations and 
softening of the plate boundaries. IWCMS: 1994.78. Scale bar 1 mm.  C. SEM image of material prepared using some of 
the methods outlined in this paper but not ultrasonic cleaning. Note the clear plate boundaries and articulated spines; 
however, the stereom is not completely free of matrix, especially when compared with Fig. 1E. NHMUK PI EE 17208. 
Scale bar 1 mm.  E. SEM image of lateral arm plates of an isolated disarticulated arm fragment removed using the new 
methods including ultrasonic cleaning. Note stereom cavities free of matrix, clear plate boundaries and the small cir-
cular ridges (highlighted by the line) where the spines would have articulated. Note that these features are lost in Figs. 
1B and 1D. NHMUK IP EE 17212. Scale bar 1 mm.  F. Ophiozonella nivia, Gulf of Mexico, modern. Lateral arm plate 
showing the stereom trabeculae and lobed spine articulations (highlighted with black line). Note the similarity with the 
fossil plates prepared using the ultrasonic technique in Fig. 1E. Scale bar 1 mm.
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abrasive setup, the machine was set to manual (rath-
er than automatic) flow, and a foot pedal was used 
to deliver the powder in short bursts. Because of the 
need for unhindered microscopy and good illumi-
nation, it was impractical to undertake the work in a 
blast cabinet; instead, a ventilation hose was located 
next to the microscope and behind the specimen, 
and protective Perspex barriers were placed around 
the workstation to further contain dust and powder. 
A face mask was also necessary because particulates 
bounce off surfaces and can be ingested even when 
compressed air is delivered at low PSI. 

The small colour variation between the specimens 
and matrix made it difficult to discern when the 
matrix had been fully removed without over-abrad-
ing the plate surfaces and risking loss of detail. To 
overcome this, areas being worked upon were wet-
ted frequently with industrial methylated spirit 
(IMS). This greatly increased the contrast between 
the fossils and the matrix, enabling finer details to 
be developed (Figure 2B). The IMS evaporated after 
a couple of minutes and left no residue on the spec-
imens but lasted sufficiently long to enable a signifi-
cant amount of work to be undertaken. Acetone can 
be used, but evaporates too quickly to permit much 
time working on the specimens with the aforemen-
tioned techniques. 

So that arm plates might be thoroughly examined by 
SEM after mechanical preparation, individual arms 
were selected for removal from the blocks (by un-
dercutting the matrix pedestals with a fine scalpel) 
and placed in small, sealable plastic bags containing 

Figure 2. NHMUK PI EE 17212 Aptian, Lower Cretaceous, Atherfield Clay Formation, Atherfield Point, Isle of Wight, 
Hampshire, UK containing Eozonella sp. nov. A. Block dry. B The same block wetted with IMS demonstrating greatly 
increased contrast between the ophiuroid fossils and matrix. Also note the tangled nature of the ophiuroid arms. Scale 
bar 10 mm. 

a few drops of distilled water. The exterior of the bag, 
immediately adjacent to the arm plates, was then 
touched with the 2-mm-wide chisel tip of a Sonotec 
Split V model ultrasonic pen (Figure 3) (see Doyle 
et al. 2004), and the frequency adjusted until the 
specimen could be seen to agitate gently in the water 
droplets and the remaining matrix began to dislodge 
(Figure 3B). When the water became discoloured by 
the suspended matrix residue, it was changed and 
the process repeated until it remained clear on treat-
ment with the ultrasonic pen, indicating no further 
matrix could be removed. The specimens were un-
damaged by this process as the bag and water pre-
vented the tool from coming into direct contact with 
their fragile surfaces. Once completely cleaned, the 
specimens were left to air-dry. 

The plates of these isolated fragments were then 
scanned on a Leo LV1455VP low-pressure environ-
mental SEM without coating. The resultant images 
were used to establish how effective the matrix re-
moval had been and the amount of damage (if any) 
sustained by the ossicles. The newly prepared speci-
mens were also compared to material previously do-
nated by J. Quail and to lateral arm plates of a mod-
ern ophiuroid to establish how effectively the matrix 
had been removed and the amount of damage sus-
tained (Figures 1B-F). 

Repositories and institutional abbreviations: The 
specimens used in this study prefixed NHMUK PI 
EE are housed in the Echinoderm collections of the 
Invertebrate and Plant Division, Earth Sciences De-
partment, The Natural History Museum London, 
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UK. That prefixed IWCMS is housed at Dinosaur 
Isle Museum, Isle of Wight, Hampshire, UK.

Results

Figures 1B-E show a comparison under SEM of the 
specimens prepared using the aforementioned tech-
niques with those prepared using solely air abrasion. 
The spine articulations on the lateral arm plates can 
be clearly seen as two bent lobes, open distally but 
proximally connected by small knobs in Figure 1E, 
which compares well to those of modern ophiuroids 
(Figure 1F). These spine articulations are clearly 
missing in the material prepared using solely an air 
abrasive (Figures 1B and 1D). Note also that the ster-
eome cavities (or the mesh-like nature of the ster-
eom) are completely obliterated in the specimens 
prepared solely using an air abrasive (Figures 1B 
and 1D) and are obscured by matrix in material that 
could not be subjected to ultrasonic cleaning (Figure 
1C). In those specimens prepared with an ultrasonic 
treatment (Figure 1E), the stereom is clear of matrix, 
well-defined with a suggestion of ornamentation and 
comparable with that seen in modern ophiuroids 
(Figure 1E). Figure 1A further demonstrates that 
with careful preparation even the spines, articulated 
and in life position, can be exposed providing useful 
additional information about spine length variation 
along the margin of the lateral arm plates.

The contrast of the fossil ophiuroid skeleton with the 
matrix is greatly improved by wetting with IMS, as 
can be seen in Figure 2. 

Discussion and recommendation

The combination of techniques described above 
(controlled air abrasion, pin and ultrasonic pen) 

Figure 3. A. The Sonotec Split V ultrasonic pen. B. The 
application of the ultrasonic pen to bagged specimens, 
one of which is shown in detail in Fig. 1E.

fully exposed all the elements required for full tax-
onomic study without causing severe damage and 
loss of significant surface detail. The technique is so 
effective that we were able to clearly compare the de-
tailed surface structures of the fossil material with 
modern and disarticulated material to facilitate a 
more complete comparison (Figure 1E-F and work 
in preparation). 

The use of the ultrasonic pen was particularly effec-
tive in removing adherent matrix within the stere-
ome cavities and other depressions, such as within 
the spine articulations on the arms (Figure 1E). This 
technique has advantages over the use of ultrasonic 
baths, which frequently damages the surface of the 
stereom as it repeatedly comes into contact with the 
vibrating metal wall or floor of the bath. The tech-
nique also enables easier and closer examination of 
the fragments to assess that they are clean to ensure 
minimal treatment. This ultrasonic pen technique 
was not so suitable for use on material still embed-
ded within the matrix as it tended to chip off parts of 
the stereom when the tip made direct contact with 
the specimen. Thus, the plate surfaces could not be 
completely cleared of matrix if they remained within 
the block (compare the lack of clear stereom cavities 
in Figure 1C with 1E).

Frequent dousing in IMS throughout the prepara-
tion process greatly improved contrast between the 
specimens and the matrix, enabling a more accurate 
assessment of when the matrix was fully removed 
from the surface of the plates (Figure 2). Without 
this it is very difficult to judge when the fossil is ma-
trix-free owing to the similarity in colour between 
the fossil ophiuroid and matrix. This is perhaps a 
contributory factor in the previous over-preparation 
of specimens from this locality. 

The pedestalling of the specimens was effective as 
a means of demarcating the delicate elements from 
one another and allowing for a scalpel tip to be in-
serted laterally into the trenched areas, enabling in-
dividual arms to be cut out and lifted with minimal 
matrix attached. This facilitated the effective use of 
the ultrasonic tool to remove the small amounts of 
remaining matrix from the isolated elements.

The authors recommend that this approach should 
be more widely adopted in the preparation of other 
small, delicate fossils, particularly echinoderms, in 
order to retain and reveal as much taxonomic infor-
mation as possible.



236

Acknowledgements

We thank Martin Simpson and John Quail for do-
nating the fossil ophiuroids to the NHM London, 
Martin Munt and Alex Peaker of Dinosaur Isle Mu-
seum, Isle of Wight, for making a specimen avail-
able for study, Matthew Porter (NHM London) for 
providing some of the SEM images used in this pub-
lication, Ben Thuy for helpful advice and supplying 
the image used in Figure 1D and the reviewers for 
their thorough reviews and constructive comments, 
which have greatly improved the manuscript. T.E. 
would also like to thank the administrators of the 
NHM London Specimen Acquisition Budget, which 
funded fieldwork to the locality and the collection of 
much of the material used in this study.

This paper is based upon a presentation to the 28th 
Symposium of Palaeontological Preparation and 
Conservation (SPPC) held on 11 September 2019 in 
the Isle of Wight, UK.

References

DOYLE, A. M., FLETCHER, J. and RATCLIFFE, P. 
R. 2004. A new tool for palaeontological prepara-
tion: the Split V pen. Geological Curator 8, 37–42.

EWIN, T. A. M., and THUY, B. 2015. Two new Brit-
ish Mesozoic ophiuroid localities, preliminary 
observations and determinations. In S. ZAMORA 
and I. RABANO (eds.), Progress in Echinoderm 
Palaeobiology. Madrid, Spain: Publicaciones del 
instituto geológico y minero. Serie: Cuadernos 
del Museo Geominero 19, 53–57.

GRAHAM, M. R. and ALLINGTON-JONES, L. 
2018. The air-abrasive technique: A re-evalu-
ation of its use in fossil preparation. Palaeon-
tologia Electronica 21.2.2T, 1–15. https://doi.
org/10.26879/815.

HUNTER, A. W. 2010. Lower Lias ophiuroids of the 
Dorset coast. In A. R. LORD and P. G. DAVIS 
(eds.) Palaeontological Association Field Guide to 
Fossils: Number 13, Fossils from the Lower Lias of 
the Dorset Coast. London, UK: The Palaeontolog-
ical Association. 

THUY, B. and STÖHR, S. 2016. A new morphologi-
cal phylogeny of the Ophiuroidea (Echinoderma-
ta) accords with molecular evidence and renders 
microfossils accessible for cladistics: PLOS ONE 

11 (5), e0156140. https://doi.org/10.1371/jour-
nal.pone.0156140.

https://doi.org/10.26879/815
https://doi.org/10.26879/815
https://doi.org/10.1371/journal.pone.0156140
https://doi.org/10.1371/journal.pone.0156140



