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ABSTRACT
The Bristol Dinosaur Project involved extensive preparation and conservation of a large collection of macro- and
microvertebrate fossils. The starting point was some four tonnes of fossiliferous cave-fill breccia, and the
laboratory procedures involved a broad range of physical and chemical approaches to reduce this matrix and
extract, conserve, and curate the dinosaur bones and microvertebrate remains. The initial state of the remains,
and the laboratory procedures followed provide a good case study of historical collections found in many
institutions that are in urgent need of care and dedicated work. The program also provided examples of good and
bad practice, while training students in laboratory skills.
Keywords: Cave deposits, Fissures, Triassic, Bristol Dinosaur, Thecodontosaurus, Fossil preparation, Laboratory
techniques, Conservation

RESUMO [in Portuguese]
O Bristol Dinosaur Project envolve um amplo programa de preparação e conservação de uma colecção de
macro e microvertebrados fósseis. O ponto de partida foram cerca de quatro toneladas de brecha cársica
fossilífera, e os procedimentos de laboratório envolvem um amplo espectro de técnicas químicas e físicas
para reduzir a matriz, extrair, conservar e curar os ossos de dinossauros e vestígios de microvertebrados. O
estado inicial dos vestígios e os procedimentos laboratoriais usados forneceram um bom caso de estudo
sobre como proceder em colecções históricas encontradas em muitas instituições e que requerem uma
necessidade urgente de cuidados e trabalho dedicado. Também se dão exemplos de boas e más práticas
enquanto se treinam estudantes em técnicas laboratoriais.
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INTRODUCTION
“Dinosaurs have always been an excellent
means of engaging people of all ages,
especially children” (Benton et al., 2012:210),
but much work by fossil preparators and
curators is needed before a dinosaur specimen
is ready for research or display. Europe´s
museums and universities hold valuable natural
history collections, but unfortunately, many of
them are in great need of attention from
curators, conservators and preparators. This
problem can be attributed to a lack of
personnel, financial support, and in some cases
the lack of institutional interest in undertaking
such daunting tasks with older collections.
The Bristol Dinosaur Project (BDP; Benton et
al., 2012) demonstrates how funding from a
heritage conservation agency, such as the UK
Heritage Lottery Fund (HLF), can be vital for
rehabilitating
unique
scientific
resources,
bringing them to the highest curatorial
standards and making them available for
research and education. Here we outline the
nature of the collections as they arrived from
the field, the steps involved in extracting,
conserving, and curating the bones, and the
many ways in which students were involved.
THE APPARENT CHALLENGE
The Bristol dinosaur collections date back to the
1830s. The first remains of Thecodontosaurus
antiquus were discovered in 1834, and named
in 1836. Through the 1830s and 1840s,
hundreds of bones were extracted from the
Durdham Downs quarries in the Clifton area of
Bristol, and these were largely acquired by the
precursor of the current Bristol City Museum
and Art Gallery (Benton 2012). The remains
were described and illustrated in several
scientific publications, but most of the betterquality display material was lost during a bomb
attack on the Museum in 1940. The remaining
parts of the collection were re-assessed and
described in detail later (Benton et al., 1990).
In 1975, a fresh collection of bones, presumed
to belong to the same dinosaurian species, was
found at Tytherington Quarry, near Bristol, and
these were delivered to the University. Initial
studies were carried out as part of his PhD by
Whiteside (1983), but he was only able to
prepare a small portion of the bones. Later,
funding was obtained from the Leverhulme
Trust for a further project, in the 2000s, in
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which more progress was made in extracting
bones from the large rock pile. However, it was
only with funding from the HLF, from 20102013, that substantial progress in the
laboratory work was made.
Initially we were faced with what seemed to be
a rather straightforward project. The 1975
Tytherington material fell into two main
categories.
(1) The first consignment consisted of
approximately four tons of Triassic fissure fill
deposits, mostly breccias and conglomerates of
different sizes, ranging from small hand-held
cobbles to large, heavy boulders. These rocks
had not been processed and they would be the
target of chemical and mechanical preparation
and the recovered bones curated into a new
research collection.
(2) The second consignment comprised parts of
the Tytherington collection that had been
prepared at different times since 1975, and
housed partly in the University’s museum and
in the old laboratory space. Some specimens
had been removed cleanly from the rock,
whereas others were partially prepared or
variously incomplete.
THE REAL CHALLENGE
On examining the four tons of rock from the
1975 collection, the first issue was the physical
state of the specimens, especially those that
had been prepared in the last 30 years. These
specimens were partly exposed and had been
semi-prepared, semi-consolidated or glued with
a variety of materials. There was a myriad of
crates and boxes with loose, broken bones,
tossed in with no order or much care for the
physical integrity of the specimens (Figure 1).
This mixture of boxes of broken bones, shards
and rock dust included in some cases
specimens with old collection numbers glued to
them, sharing the same box with unidentified
specimens, or in other cases loose collection
identification numbers lay around in boxes,
which were in turn shared by multiple, loose,
broken specimens, making it impossible to
know which specimen was associated with
which number (Figure 2). The storage
difficulties had arisen partly because the
collection had been moved several times, and
had had to be stored in cellars while the
Palaeontology Laboratory was reconstructed
and refurbished in 2010.
There were also chemical-related problems with
many specimens. Some prepared specimens
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Figure 1: Crate with jumbled up prepared, half prepared and unprepared bones and rocks.

a

b

Figure 2: Collection problems; a) Boxes with unpadded mixed id and unidentified specimens; b) boxes with identified but
missing specimens.
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had been glued and/or consolidated using
diverse materials. Some of those materials
were now very visible and turning some
specimens dark in color, or in other cases
showing a thin, semi-opaque layer of an
unidentified product coating the surface. In
other cases, specimens showed a greenish
rubbery layer that attached bits of rock or even
bone together. To make matters worse, some of
these specimens had also been subjected to
acid preparation, but had either been immersed
without any buffer and/or had not been rinsed
properly after the acid bath, resulting in pitted,
extremely fragile, brittle specimens.
There were further problems with the
University´s registered collection. The first
problem was that the existing collection catalog
had
numerous
specimens
missing
or
unidentified (Figures 3a, b). Further, some
specimens with accession numbers were
housed loose in communal boxes, with no
padding or any kind of separation from other
accessioned or un-accessioned specimens,
causing various degrees of damage by rattling
and vibrations against each other or the box
walls (Figure 4). Even specimens that had been
housed and padded at some point presented
problems of their own. Cartons used to house
the specimens were broken, torn and had
suffered from water damage. Contents varied
from non-padded to cotton, wool, paper, plastic
bags or too rigid Plastazote®, resulting in badly
fitting, loose specimens hovering in the padding
material. In some boxes with wool or cotton
padding, these materials were saturated with
soot, animal droppings and even pests (Figure
5). Specimens inside plastic bags had suffered
from rattling and crushing, and in most cases
original bags were deteriorating fast, mixing
chunks of old plastic and plastic dust with the
specimens.
All these unexpected issues created a larger
task than expected and that required a whole
new conservation and curation plan. Everything
had to be redone from scratch, from the
cleaning
of
specimens
to
their
(re)consolidation, (re)gluing and re-housing,
and then a new revised database had to be
created.
MAKING IT GOOD – THE SECRET IS IN THE
NUMBERS
The very active phase of the BDP, from 20102013, was enabled by a combination of three
factors: refurbished laboratory, funding, and
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volunteers. The Bristol group had acquired a
new paleontology laboratory in 1993, converted
from space in the so-called Inner Court
Building, behind the Wills Memorial Building,
wich had been occupied by the Department of
Biochemistry before. By 2010, this laboratory
space had become tired, was over-filled with
junk, and was not fully accessible. The
University of Bristol invested some £800,000 in
entirely rebuilding the paleontology laboratory,
enclosing specialized spaces (there used to be
a single, open laboratory space), and providing
improved services. This refurbishment included
contributions from the HLF for laboratory
equipment and especially for improving
disabled
accessibility.
The
HLF
funding
(£295,000 in all) paid for two staff, Pedro
Viegas, as laboratory technician and Ed Drewitt
as learning officer, over three years and nine
months, as well as the costs of running events
and activities, and all laboratory supplies. The
third component, required by the HLF funding,
and enabled by a constant supply of
enthusiastic students, was volunteering.
A new volunteering program was developed
and implemented among the University
students – in return for their work hours and
dedication, students were given access to the
newly built laboratory and received a thorough
training in handling and preparing micro and
macro fossils. Every year, a welcoming session
for new students (undergraduates, Masters and
PhDs) was arranged, giving an overview of
what the project was, what were the aims,
goals, the work done so far and how they could
contribute and benefit from it. Students were
encouraged to enrol in the program and a rota
was made based on their time availability. The
volunteering program took place from 20102013, with hundreds of students and external
volunteers working for the project, accounting
for more than 6000 work hours per year in
mechanical preparation work alone, making it
possible to have four tons of rock prepared in
just over two years (Figure 6).
At the same time, the new BDP web page was
launched (http://www.thebristoldinosaurproject
.org.uk/), also created with the knowledge and
dedication of an external volunteer, as well as
Facebook and Twitter pages. These internet
resources were vital to spread the word about
the project and give a chance to others, not
necessarily from a University background, to
join and work with us, something required by
HLF, our funding agency.
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Figure 3: Rows of missing unknown specimens populated the original files.

Figure 4: Accessioned and unaccessioned specimens sharing the
same box with no padding
between them. Damage due to
rattling, bashing and grinding
against each other and walls of the
box are evident.
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Figure 5: Packing problems: a) and b) boxes showing cotton wool padding presenting signs of rat droppings and pests; a), b)
and c) boxes showing signs of water damage; d), e) and f) boxes presenting signs of poor packing methods and wrong choice
of Plastazote® density.
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Figure 6: Volunteers working on numerous tasks in the Bristol paleolabs.
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THE EXISTING COLLECTION
In order to resolve the mix of crates and
cabinets with boxed, unboxed, cataloged,
uncataloged, and half prepared, unprepared
and prepared pieces of bone and rock,
everything had to be taken out of the
containers, laid out on big tables and sorted
(Figure 7a). This sorting had to be done in
several sessions since there was not enough
table space to accommodate the huge amount
of existing material. At the same time, a hugely
demanding task began, puzzling bone by bone,
shard by shard to figuring out which one would
fit with the next bone and in what order (Figure
7b). Bones and shards were glued using
Paraloid™ B-72 (B-72) in up to 40% by volume
in acetone, and consolidation was made using a
5 to 15% dilution by volume.
Specimens were then sorted into groups of
anatomically similar elements, including initially
a categorization as vertebrae, ribs, and long
bones. These were then sub-divided further
into more specialized categories such as tail
vertebrae and claws, as readily identifiable
anatomical categories (Figure 8).
This collection included several specimens that
had been subject to some preparation work in
the past. Dull, dark, coated specimens were
washed with a soft wide brush soaked with
either ethanol or acetone (if the ethanol rinse
did not affect this dark coating specimens were
successfully cleaned with acetone). The
difference between the cleaned and uncleaned
specimens was impressive (Figure 9). In other
cases, specimens had been glued together at
the wrong angle or with the wrong bone; these
specimens had to have their bonding material
removed by diluting it with acetone or softening
it with a hot-air gun, and gently pulling the
bonding material with tweezers or a pin vice.
After sorting, consolidating, washing and
gluing, specimens were housed in plastic
Styron™ 678E series (Styron) boxes and
padded with Plastazote® foams. Three foam
thicknesses and two different densities were
used. Plastazote® LD45 (LD45) was used in 5
and 4 mm, the density most commonly used
for storage of museum specimens, while a
much softer Plastazote® LD15 (LD15), 3 mm
thick, was used to pad all cabinet drawers and
box bottoms, providing a non-slip, padding
layer (Figure 10).
New accession numbers were given to
specimens that had not been cataloged yet or
had lost their numbers over the years. None of
these specimens had been published, and re-
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numbering happened only after every effort
had been made to match broken pieces
together, and specimens with numbers.
MICROVERTEBRATE STUDY
The approximately four tons of rock consisted
of several dozen blocks, of different sizes, from
cobble size to large boulders, and these were in
different conservation stages. Some showed
various degrees of preparation work that had
been done in the past, anything from chisels
and air scribe scratch marks to different
degrees of previous acid immersions, or in
fewer cases presenting no signs of any work
besides the quarry extraction and later moves.
Since the dinosaur has been known for almost
200 years, but not many studies had
considered details of its ecological setting, it
was decided to give first priority to investigate
the sedimentary characters of the rocks and
the associated microvertebrate fauna.
Blocks that could easily be handled by one
person and that presented diverse matrix and
grain compositions were made the priority.
These were placed in buckets, ranging in
volume from five to 25 liters, depending on
their size, and acid digested using a 5% acetic
acid
solution
buffered
with
tricalcium
orthophosphate. Visible specimens on these
rocks were assessed for their condition and
capability of withstanding acid digestion cycles
prior to any acid immersion. If too fragile, they
were removed or cut with the surrounding
matrix from the block and mechanically
prepared. Specimens that could withstand acid
preparation were consolidated if necessary and
a thin coating of either Mowital® B60 HH (MB60) in a 5 to 10% solution in ethanol or B-72
in a 5 to 10% solution in acetone applied to
them in order to act as a supplemental acid
barrier and prevent any total or partial loss in
case a break occurred; the choice of coating
agent was determined by numerous factors
inherent in the specimens themselves such as
conservation state, brittleness, size and
anatomy of the specimen. While large, robust,
smooth specimens received a coating of B-72,
smaller, more delicate, ornamented specimens
were generally coated with M-B60.
Acid preparation took over 2 years of daily
routines such as solution changes, rinsing,
sieving, picking, identification and packing, and
produced thousands of microfossils and the
creation of a new, Triassic, microfossil research
collection at the University. The new laboratory
space has great extraction capabilities and all
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a

b

Figure 7: Restoring the older collections; a) sorting all the collections processed and unprocessed materials; b) puzzling all
the broken pieces together.

Figure 8: Organising specimens by their
anatomical categories.

Figure 9: Comparison of a dark, dull,
unclean specimen next to a bone-white
washed one.
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a

b

Figure 10: Packing the fossils; a) selection of housing boxes; b) different thicknesses and densities of Plastazote were used for
housing and padding specimens as well as for box and shelves lining.

a

b

Figure 11: Micro specimen boxes; a) single, 2cm diameter specimen box with foam sandwich; b) rows of square boxes housing
the specimen boxes in groups of 18.

acid digestion was made inside fume cupboards
and using the appropriate personal protective
equipment (PPE), so health and safety concerns
were minimized. Still, it is important to point
out that only trained or supervised personnel
handled acid, especially in its pure form before
it was diluted, and a mandatory requirement
for acid preparation was the use of a lab coat
and acid-resistant gloves at all times. Goggles
were not used, as all operations involving acid
were carried out within the laboratory fume
hoods.
Microfossils were abundant and in general were
smaller than 10 mm. Two years of acid
preparation
produced
a
collection
with
thousands of cataloged specimens that were
the subject of Masters degree projects, based
on the Tytherington (Van den Berg et al. 2012)
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and Durdham Down (Foffa et al. 2014)
materials, and later of numerous summer
research projects all with peer-reviewed
publications in mind. Adding to this extensive
research work done during the project, a nonbiased, ready-to-be-picked microfossil subcollection was created for future research.

BREAKING ROCK
Blocks that were too big for the existing fume
cupboards had to be broken down into smaller,
more manageable pieces. This was done by
resorting to a variety of tools, such as mediumto large-sized (125 to 400 mm) diamond rock
cutters, long (1 m) carbide drill bits such as the
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c

e

Figure 12: A selection of different tools used for mechanical preparation. a) Some of the airscribes used, secured on their
holders inside the prep cabinets; b) power drills with tri-fluted carbide tipped drill bits; c) 300mm angle grinder with segmented
diamond disk and sledge hammer for plug & feathers finish; d) large rock saw for reducing larger boulders; e) trimming excess
matrix from exposed bones, allowing to leave a certain amount of neatly cut rock surrounding the bone “natural padding”.

Figure 13: Students working in closed and open prep cabinets.
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Heller Trijet SDS Plus Hammer or Bosch SDS®
Max SpeedX™ and different-sized sledge
hammers and chisels to break the cut lines –
when operating abrasive wheel machinery it
was imperative that the proper PPE equipment
was used, and, depending on the situation, the
minimum safety equipment required for
abrasive wheel handling were goggles and level
P3 dust masks.
Size reduction of the bone-bearing boulders
required the use of specialized tools. Several
air scribes were used, equipped with different
makes and styluses of the Aro model, differentsized Paleo Tools® Micro-Jack (Micro-Jack), Ken
Mannion´s Model TT, also with different
styluses, plus refurbished, custom-modified PV
pens and Dessouters. All these tools served two
main purposes,
first to give students
experience with a wide range of air scribes with
different power, precision, vibration and
handling styles in order for them to learn that
each tool has its own place when preparing,
and secondly to break away from the “one tool
for all jobs” attitude, which can lead to
irreparable
mistakes.
Other
mechanical
preparation equipment such as different-sized
grinders, rotary “Dremmel®” type multi-tools,
different pin vices, and hammers and chisels
were all used during preparation work, which
allowed students to understand which tools
would work best on each occasion, from heavy,
bulk matrix removal to fine stereo-microscope
aided, pin-vice preparation (Figure 12).
Mechanical preparation work using percussion
or rotary tools was predominantly carried out
inside custom-made preparation cabinets with
attached dust extraction systems. When it was
not possible to work inside closed cabinets,
because specimens were too large or too small,
fragile or intricate, work was done in some
cases with one or more dust extraction arms,
used as close as possible to the dust source in
order to prevent dust and chips from
surrounding the preparator. If working with
open cabinets, all students and volunteers had
to wear safety goggles, ear muffs and level-P3
dust masks (Figure 13) – even though the
authors
have
extensive
experience
of
mechanical preparation work, one event
changed the PPE standards. Safety glasses are
often used in laboratory spaces, especially
when handling smaller micro air scribes and
other low-impact tools, due to their lightness
and comfortable wear during prolonged working
hours. Yet, during the project, a student
managed to get a small rock fragment
projected at her face, which ricocheted off her
glasses and hit her eye. Luckily the situation
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was not serious, but showed how important it
is to use the right equipment and not to
underestimate even the smallest, less powerful
tools. Glasses are now not allowed and full
goggles are mandatory for all laboratory users
while doing any mechanical preparation work.
When work was carried out with heavier
percussion tools that transmit large amounts of
vibrations to the user, a sponge was wrapped
around the tool and gel-padded bicycle gloves
were worn in order to reduce vibration-related
injuries. Vibration injuries are a controversial
matter in fossil preparation. During the project,
a wide, ongoing, study on this type of injury,
and the vibrating tools and equipment to
dampen them was started. Numerous gels,
gloves and different padding systems are being
tested against different tools, used with
different matrixes and users in order to
understand
this
poorly
studied
and
incapacitating
problem.
Vibration-related
injuries are a “silent killer” and all care must be
taken when handling such equipment. Students
and volunteers at the BDP were allowed only
half days of air scribing, with pauses during
work encouraged, thus minimizing the risk of
prolonged injuries. During the entire project
only one student showed signs of possible
complications with vibration-induced injuries,
during his initial induction and training with air
scribes, which demonstrates the importance of
constant guidance and surveillance with new
volunteers, after this he was allocated different
tasks for the duration of his volunteering.
For micro-preparation using smaller air scribes
and pin vices, different stereo microscopes
were used. Wild Heerbrugg M5´s with boom
stands were used for cleaner, low dust
emission, localized, Micro-Jack or pin-vice
preparation, while older Carl Zeiss and a “bullet
proof” non-identified “Z.L.U.B. 571” microscope
were used inside the preparation cabinets for
heavy dust and debris emission jobs. Both
microscope types worked very well for teaching
labs, but in general the older microscopes
proved to be preparation and student proof,
which is a dream to know when setting up
preparation teaching facilities that will house
numerous students and external volunteers
such as this one.

CURATION
While macro preparation took place, numerous
dinosaur bones were extracted from the rock
daily. These had to be curated into the new
macrofossil research collection.
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Figure 14: The results: new, fully curated, micro and macro-fossil Triassic research collections.

As was the case for the historical collection, the
new macro collection was also housed and
packed using differently sized, square Styron
boxes, lined with a layer of thin LD15 with top,
thicker 5 mm layer of LD45 used to sculpt each
specimen’s shape, encasing them in a strong
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and snug plastic and foam shell. These boxes
were placed in existing metal cabinets with
sliding shelves, which were in turn lined with
LD15 as well, giving extra vibration and slidingresistant properties to the cabinets.
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Microvertebrate specimens were packed using a
newly developed micro-storage system, where
two layers of 3 mm LD15 would “sandwich” a
single microfossil housed in a circular, 2 cm
diameter, Styron box. These boxes would then
fit into larger square Styron boxes which house
18 of the smaller circular boxes at a time,
creating a simple, space saving, very secure
system to house microfossils (Figure 11); the
production of this system is described in
greater detail in Viegas and Clapham (2012).
During the specimen packing process, with
dozens of students and volunteers, huge
numbers of scalpel blades were used to cut the
Plastazote; a vast amount of blades were
necessary during this process as were equal
amounts of paper for risk assessments. Cutting
mats, metal rulers and non-permanent pens
are all necessary for the custom foam cutting
process – permanent pens should be avoided
as they can leave a difficult to remove mark on
the specimen by ink transfer from the foam´s
micro-pores.
B-72 in consolidant or glue dilution was used
during preparation and curation work, while
Evo-stik contact adhesive was used to glue
layers of B15 and B45 together when a thicker
padding was necessary. When using contact
adhesives, it is imperative that glued layers are
left to dry outside plastic boxes and without
specimens inside - good air ventilation and/or
adequate PPE are necessary while working with
it. Water-based contact adhesives are available
nowadays and are better to work with in health
and safety terms, but bonds tend not to be as
strong and glues are less available and more
expensive than solvent-based ones.
Four larger blocks were left almost without
reduction, because we wanted to retain a few
rock samples in the collection and these were
the only ones that had a big bone association,
rare on these Triassic fissure fills mostly caused
by high energy events. These blocks had the
visible bones prepared to a certain extent,
about 30 to 60%, making them identifiable to
researchers, but keeping them in their
protective natural encasing. These blocks were
placed in large plastic containers with their
collection identification numbers.

The macro- and micro-collections from the BDP
are housed in the central storage room of the
Geology Department (now, School of Earth
Sciences) collection, under BRSUG numbers.
The catalog is currently available from the
curator as an orderly Excel spread sheet, easily
searchable and with unique registration
numbers, also keyed to the drawers, for rapid
retrieval. The catalog information will shortly be
made available on the online BRSUG Museum
web site (http://www.bristol.ac.uk/earthscien
ces/about/facilities/museum.html).
THE RESULT
After 3.5 years of the Heritage Lottery Fund
project (2010-2013), the University now has a
new, fully equipped, preparation laboratory.
Two new research collections were created, and
both are fully curated, with thousands of
specimens identified, packed, cataloged and
put on to new databases. A microfossil
collection was also created, with already
prepared, acid digested residue ready to be
picked on future research projects. A handsized sample of each type of rock prepared
during the project was kept as a reference and
making them available for future research if
necessary.
The collection changed considerably since we
first started, and the differences are easily
seen, with a transition from dusty, water and
pest damaged carton boxes, filled with broken,
mixed, loose bones to a fully packed, wellpadded, cataloged fossil collection (Figure 14).
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