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PREFACE TO SECOND EDITION

The Handbook of Paleo-Preparation Techniques, when it was published in 1984 by Howard
H. Converse, Jr., satisfied a long-standing need in the field of fossil preparation for a technical
manual that was comprehensive and, at the same time, clear and concise enough to be used by .
the professional and amateur alike.
The purpose of this edition remains the same as the first: to provide a manual that deals
with the collection, recovery, preparation, restoration, and casting of fossils. It also gives sound
advice for setting up a preparation laboratory, as well as a valuable list of materials and suppliers.
The first edition, although published in 1984, was written in 1983. In six years, a number of
changes have occurred in the fields of paleontology and preparation that the editors feel warrant
an update of the first edition. These changes primarily concern the new methods, materials, and
tools now being used in paleo-preparation. New casting and molding materials are being
introduced to science and industry each year. These new materials normally are not designed
specifically for fossil replication; however, their potential for such use is discovered frequently by
preparators around the country. Hopefully, a few of these new discoveries will find their way into
this second edition.
As with casting materials, paleo-preparation borrows and modifies techniques from many
disciplines of science and numerous industries. Heavy liquid separation is one of those borrowed
techniques which will be discussed in the second edition. A number of new tools also will be
introduced in this edition, such as the Starlite Rotary Grinder and the Airscribe, both pneumatic
tools borrowed from industry. In fact, the advantages of a pneumatic-based prep laboratory will
be examined.
A few materials and tools will be deleted from the second edition, because time has shown
them to be ill-adapted to preparation and casting, especially in the case of tools that have been
replaced by newer tools whose effectiveness far exceeds the old.
The bibliography will be expanded and the list of materials and suppliers will be changed to
include new tools, materials, and suppliers, and also suppliers whose prices are significantly lower
than those in the first edition.
The author of the book, Howard H. Converse, Jr., realized shortly after the first printing,
that a revision would be necessary if there was to be a second printing. Indeed, he was working
on that revision when he died untimely in the Fall of 1987. Having worked with Mr. Converse
for six years and helped with the production of the first edition, I am sure he would approve of
the revisions I introduce into this Second Edition of his fine work.

Russell W McCarty
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Chapter 1
INTRODUCTION

In the last several decades many texts and articles describing preparation procedures have
appeared, but they completely fail to explain how these procedures are performed. Many of the
techniques mentioned in this text are not new, while many others are. Extensive research and
development work have been conducted in the Vertebrate Paleo-preparation Laboratory at the
Florida Museum of Natural History during the past three years. Major breakthroughs have come
about in the realm of casting techniques. The use of silicone rubber filler blocks and light weight
plaster bandages used in the manufacture of overmolds has revolutionized the latex and silicone
moldmaking techniques. New and less expensive methods of applying top quality silicone
compounds have been developed and are covered in detail within this text.
Paleontological research is expanding greatly throughout the country. With this expansion, a
shortage of trained paleo-preparators has occurred. It is the purpose of this book to provide an aid
to those people wanting to learn the basic skills of the trade. This text is not meant to cover every
aspect of preparation and will attempt just the basics needed to safely prepare fossils in one's
laboratory.
Preparators often are asked to leave their laboratories and conduct fieldwork at important
research sites. This topic is covered lightly and should give an idea of what is to be expected while
in the field.
Record keeping is a very important part of any fossil collection. Without accurate detailed
data, a specimen loses all of its scientific importance. The Florida Museum of Natural History has
allowed me to use all of their paleontological record forms in this text. They show the differences
between handwritten records and computer-generated data and an explanation of their use is
outlined.
Some museums or institutions are creating scientific displays and exhibits to educate the public
in our prehistoric faunal past. An attempt has been made to explain how specimens are restored
and reconstructed to make a natural appearing skeleton mount.
Sources for supplies have been very scarce over the years. Institutions locate their most
desirable products and continue year after year to procure these items. This information seldom
leaves their walls. Only through the visiting scientist are exchanges of new procedures and
materials transmitted. The last chapter gives a complete breakdown of supplies and equipment
that can be used to set up a preparation laboratory.
The use of actual photographs has been avoided. Simple line drawings are used for a clearer
picture of the many procedures.
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Chapter 2
THE ROLE OF THE LABORATORY AND THE PREPARATOR

The role of the preparator often begins in the field during recovery of the fossil. The
preparator must insure that the specimen suffers no further damage during its transit to the
preparation laboratory. This entails making a protective jacket of plaster or any other suitable
material, and sometimes performing minor repairs and consolidation on the specimen while it is
still in the field. Once in the lab, the preparator begins the task of removing matrix from the fossil
and further repairing and consolidating the specimen so that it may be safely added to the
collection or placed on display. At times the preparator will be required to model missing portions
of a specimen, and even articulate and mount partial or complete skeletons.
In museums and university preparation laboratories, the preparator also will be called on to
perform general problem-solving and aid in research by devising new methods, materials, or
techniques to solve a particular research problem. Most preparators will be asked to replicate
fossil specimens, thus necessitating a thorough knowledge of moldmaking and casting.
The preparation laboratory is the facility that enables preparators to perform their functions.
Here will be found all the tools, adhesives, consolidants, chemicals, and lab equipment necessary
for completing a job of preparation. Most preparation laboratories also will have equipment and
materials to make molds and casts of fossil specimens.
The preparation laboratory must be located in a space separate from the collection storage,
designated for the preparation, conservation, and possible exhibit construction of fossil material. It
should be adequately equipped to handle all materials involved with its scientific research. It must
meet all the needs of the research scientists.
The location of the laboratory is not critical, but should be in the general area of the
collection storage (Figure 2-1).
Lighting is very important. With the massive energy cutbacks over the past several years, the
lighting in many work areas has been reduced to the minimum tolerable levels. The preparation
laboratories must be exempted from this cutback. Good eyesight is demanded and without proper
lighting, many tasks may suffer. A good balanced daylight fluorescent system should be
considered.
Each worker or preparator should have their own work station; many times this consists of
only a small section of a work table. This individual is responsible for keeping track of all his tools
and for keeping the work area clean. These work stations should provide comfortable working
conditions and, above all, a safe working environment.
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An adequate water supply must be present. A large sink with a chemical resistant drain
should be furnished. Chemicals, such as acids and solvents, must be periodically disposed of in
diluted forms. Water soluble mixtures, ranging from Plaster of Paris, latex, and water soluble
plastics (polyvinyl alcohol) frequently are prepared. The sink should be equipped with a sediment
trap to prevent clogging because plaster or small amounts of sediments often are washed down the
drain.
No preparation laboratory should be without a fume hood. Another item that must be
considered along with the.fume hood is adequate ventilation. There should always be an adequate
air supply coming into the work area so that the toxic hazards from the various chemicals required
in the performance of the different preparation operations can be avoided. A large number of
resins (epoxy and polyester) gives off fumes that over long periods of exposure can be quite
hazardous. All large epoxy or polyester castings must be made outside in an open air situation or
within a fume hood when mixed inside the building. All acid removal of matrix is to be performed
within this fume hood due to toxic vapors.
Because many of the tools used by the preparator operate pneumatically, it is important to
have a source of compressed air. A 2 HP compressor capable of supplying 90-100 psi can be piped
to as many as six work stations. Modern preparation tools, such as Airscribe, high-speed rotary
grinders, and air-abrasive units, operate on compressed air, and, in general, these air-driven tools
are less expensive and have a much longer operational life span due to their simplicity and fewer
numbers of moving parts. Compressed air also is used to operate air brushes which are used for
painting and latex moldmaking. An air line used solely for blowing dust off specimens and drying
is a valuable asset to any preparation lab.
Ample storage space should -be provided for the many supplies required to run an efficient
laboratory. Plaster of Paris must be stored in an area capable of handling very heavy loads. At
approximately 100 pounds per bag, this load can build up fairly fast. Other consumables, such as
latex, cheesecloth, and various chemicals, should be stored in upright steel cabinets within the
laboratory or a short distance from the laboratory for easy access. Silicones, when purchased in
large quantities, should be refrigerated to extend the shelf life of the compounds. A standard
home-size refrigerator should be present. Shelving should be available in adjacent rooms or within
a major storage area to house the many field supplies and plaster jackets brought in after a field
season. These shelves should not be in the preparation laboratory.
The chief preparator of most large preparation laboratories must perform many tasks other
than just preparing fossils. This individual is charged with the job of overseeing all aspects of the
laboratory operations. These duties can range from maintaining aud ordering all of the necessary
equipment and supplies for both the laboratory and field work, handling all technical
correspondence, properly overseeing the flow of specimens coming into and leaving the laboratory,
assigning the work to other members of the staff, and supervising all of their work to insure the
highest efficiency output. The individual in such a position should have an office separate from the
laboratory to be able to conduct these many tasks. A continual check must be made to insure that
overloading of the laboratory with excess work does not occur and that the laboratory is kept
relatively clean at all times. ·
As a preparator, many disciplines must be mastered. An individual must have a knowledge
of anatomy and chemistry, be part artist, and be capable of working with a variety of materials
from metals to plastics. Each individual working in a preparation laboratory must be aware of
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their limitations. When in doubt about a procedure or a problem in preparing a specimen, this
individual should consult an expert or search the literature for a possible solution. It could be
har_Jllful to,the individual and the fossil if one attempts to work beyond their limitations.
Safety in the preparation laboratory should be the first order of business. Given the nature
of the tools and chemicals used in the lab, common sense rules of safety must be followed always.
When working with hammers and chisels or mechanical devices that remove matrix,
protective goggles should be used to protect the preparator's eyes. Also, it is wise to wear goggles
when using acids, bases, or any other chemicals that may cause eye damage.
Many tools in the preparation lab generate high noise levels that can, with long term use,
damage hearing. It is wise to have a good supply of ear plugs or, better yet, the head-phone style
sound mufflers. Certain aspects of preparation generate large amounts of dust which can be
harmful if breathed. Air abrasive units, even with dust collectors, produce airborne particulates
that can cause silicosis of the lungs if dust effective respirators are not worn. Dust of any kind can
be harmful if breathed in large quantities. It is not unusual for the preparator in older museums to
encounter specimens containing asbestos in the filler material used for repairs. Asbestos was used
widely in preparation until about 1970. When preparing or grinding out filler material from older
specimens, it is wise to wear a respirator.
Solvents, adhesives, epoxy casting resins, and heavy liquid separation chemicals are only a few
of the many chemicals that produce harmful vapors. Chemical respirators must be used when
dealing with such compounds. A dust respirator will not filter out harmful vapors. Although the
preparator may be protected by a mask, other personnel in close proximity may be affected. If the
air handling system of the preparation lab is directly connected to other rooms or to a central
system, it is advisable to perform certain operations outside the building or in a rated fume hood.
Most manufacturers will, on demand, supply the purchaser with a Material Safety Data Sheet
(MSDS) which details the hazards of the chemical or compound purchased.
Because chemical spills are always possible, it is advisable to have on hand kitty litter or an
approved chemical absorbent. Disposable diapers can be used for small spills. Eye wash stations
and chemical showers, if not in the preparation lab, should be close enough to be easily accessible
should an emergency occur.
Solvents and other chemicals used in the preparation lab are flammable. Care must be taken
when using them. Safety cans are advisable for storing such liquids, and flame proof chemical
cabinets should be used if possible to store all flammable chemicals. Fire extinguishers should be
strategically located and their locations made known to all persons using the preparation
laboratory.
Safety is common sense. Do not take unnecessary risks or expose others to risks. Do take a
little more time--use your goggles, or ear plugs, or the proper respirator for the job.
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FIGURE 2-1.
A basic floor plan of the vertebrate fossil preparation laboratory
showing relationship to main collection and storage areas at the Florida Museum of
Natural History.

Chapter 3
RECORD KEEPING IN THE FIELD, COLLECTION, AND LABORATORY

If fossils, or indeed any scientific collection is to have scientific validity, each specimen must
be accompanied by records that will document its history. From field data that describe the
discoverer and location of discovery, to the record of repairs made on the specimen and what
materials were used, and finally to identification of the specimen and taxonomic classification,
record keeping of various kinds maintains and enhances the scientific value of a specimen.

The collecting of data begins in the field. It is made simple if all material is from one site.
The geographic location will remain the same, although grid measurements and vertical
stratigraphic level may need to be recorded for each specimen. Most paleontologists record
collecting information in a field notebook. In addition, a small piece of paper (waterproof ledger
paper is preferred) should be placed in each collecting container (Figure 3-1). Each should have
the basic information such as state, county, locality name (or as detailed information about the
locality as possible), the date, and the collector's name (example: Florida, Alachua County, 10 mi
south of US 441 on Seaboard Coastline Railroad, spoils near trestle, 24 October 1981, John Doe).
Grid coordinates and stratigraphic data must also be placed on the field label when used at a site.
It is very important to have a field label with each specimen or specimen lot, when one visits
more than one site. Specimens can be transferred to plastic or cloth collecting bags with the labels
sealed inside.

A 7½ minute topographic map of the collecting areas will help pinpoint the sites and assist in
obtaining accurate location data. Topo maps are available through each State Geological Survey or
the United States Geological Survey.
Along with individual specimen collecting, it sometimes becomes necessary to prepare one or
more plaster jackets in the field. A field label can be placed within the plaster jacket. There are
times that this label may be overlooked by the person preparing the jacket in the laboratory, so
external identification on the outside of the jacket is a must. A waterproof black marking pen is
needed for this operation. Red ink and pencils fade and are not recommended. Record all
scientific data possible on the outside of the jacket. A simple sketch showing the bone location
within the jacket should be outlined along with this data (Figure 3-1). This preserves the location
on the outside of the jackets and provides an instant reference to the sites while the jackets are
stored on shelves prior to preparation.
The specimens and plaster jackets are brought into the collection and stored with the field
labels until each has been properly cleaned and preserved. Many collections maintain an accession
file to record how each lot of specimens reaches the museum. At the Florida Museum of Natural
History an accession record system is used at this point only if the specimens are contributed by
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non-museum personnel. The museum then acknowledges the collector, source, and locality. This
serves as a record of the contribution. The field tag information is transferred to a catalogue,
which consists of a ledger-type book or a numerical card file and lists each specimen that is worth
keeping (Figure 3-2). This file should contain the specimen number, identification of specimen
(n'ame), complete locality data, nature of specimen (tooth, vertebra, partial mandible, etc.),
collector's name, date collected, and any other data that is important to the specimen. If the
identification is unknown, it is not critical; some descriptive phrase ("flat brown fish [?] tooth")
would do just as well until proper identification can be obtained.
The catalogue becomes a permanent record and part of the collection itself. The catalogue
number recorded in the catalogue ledger or card file must be written on or attached to the
specimen. This is the important link from the specimen to the catalogue. Other information, often
abbreviated, may also be written on the specimen. A dark specimen must have a small stripe of
flat white enamel painted on a spot that will not cover up diagnostic characters (e.g. along the side
of a tooth or a long bone, etc.; Converse, 1976). The number can be written directly on the
specimen if the bone is light in color (Figure 3-3). The ink used in numbering the fossils should be
a waterproof black-carbon writing ink, which can be used in most fountain pens. A fine-pointed
drawing pen is preferred and is available at most office or art supply stores. One coat of hardener
such as Butvar B-76 or a thinned Duco cement should be placed over the catalogue number. This
helps prevent the identity from being rubbed off during handling.
An individual specimen label should be prepared and placed with each specimen stored in a
collection. The specimen label should be small, but usually should convey all of the information
found in the catalogue record (Figure 3-4). The label is kept with the fossil at all times.
Computers are currently revolutionizing the scientific world. Programs are now available that
can create a specimen catalogue and are capable of holding more precise, detailed data than can
be written in ledgers. Data in any form can be recalled from these catalogues. Data regarding all
the specimens from one site or locality can be grouped together and a printout received. One can
retrieve printout lists of all fossils of a certain species or from a particular region from the
catalogue in a very short period of time. With conventional handwritten catalogues, it would take
many man-hours to perform this task. The entire process of entering and documenting specimen
data is greatly speeded up.
Another great time saver that can be generated through the computer catalogue is the
specimen label. Small enough type is available to print labels with much more data than found on
handwritten forms and with much less effort.
The computer will not totally replace the human element of record keeping. Records must
still be compiled, processed, and proofed, but the computer allows more time for specimen
preparation by the individual.
Specimens occasionally have to be removed from collections for purposes at one's own
institution or as loans to other individuals or institutions. A small label should be placed in the
storage box or cabinet showing the withdrawal of the specimen (Figure 3-4), including its
disposition, and should be removed once the specimen is returned to the collection. This record
aids in accountability and inventory control of a collection.
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Another important record for outgoing specimens is the loan invoice or shipping invoice
(Figure 3-5). This form gives a complete record of transactions and also acts as a signed receipt
for the material. The invoice should be used even for intra- and interdepartmental loans and
transfers. Accountability of large collections would be impossible to maintain without this invoice
record.
Specimens being routed from collections or the field into a preparation laboratory should
have a "Work Request" form filled out and processed through the laboratory (Figure 3-6) (Rixon,
1976). This form is a necessity in maintaining a laboratory record of specimen processing and the
techniques employed during preparation or casting. It covers all types of work entering the
laboratory. The form is filled out in detail when a scientist requires a specimen to be prepared or
cast and is sent with the specimen into the preparation laboratory. The preparator, or whoever is
assigned to the work, receives the card and keeps it with the specimen until the job is completed.
A record is placed on the back of the card showing all treatment the specimen has received, the
date on which the work was started, and to whom and the date it was returned.
In controlling the flow of jobs into the preparation laboratory, this system has an advantage.
Should the specimen ever be processed back into the laboratory, the card can be retrieved from
the files and checked to see what previous treatment was performed. This record provides useful
information on the longevity of consolidants or adhesives and, should it ever become necessary to
remove any filler material, the preparator knows what material to deal with.
Progress reports can be processed at year's end from the data generated by this file. The
volume and the type of work performed are readily available.

REFERENCES
Converse, H.H. 1976. Techniques in paleontology. The Plaster Jacket 26:1-18.
Rixon, A.E. 1976. Fossil animal remains--their preparation and conservation. The Athlore Press,
London. 304 pp.
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Chapter 4
FIELD COLLECTING TECHNIQUES

It is important to remember that before entering a collecting area, be it private or public, the
collector must obtain permission. Most states, as well as the federal government, have passed laws
to protect their fossil resources and require the collector to have a permit before collecting on
public lands. Many privately owned fossil collecting areas have been closed to collectors because
of littering and other abuses. Privately owned mines and quarries, which are often rich in fossils,
usually have "NO TRESPASSING" signs posted for the protection of the owner and the collector.
Cave-ins, drownings, quicksand entrapment, and snakebite are but a few of the hazardd found in
mines and quarries. If the land is posted, you can be taken to court for trespassing.
Get
permission first!
Because of the great variety of physical environments in which fossils occur and the resulting
field conditions, this chapter can only cover basic field techniques and highlight those procedures
that are common to most field situations. Every state in this country has areas in which fossils may
be found, and each of these areas will present unique problems, not only in collection methods, but
also in field preservation techniques. This chapter will introduce methods and materials, but
common sense will have to be the collector's guide.

Spoil Bank Collecting

Most mining and dredging operations have overburden spoil banks. Fossil remains can be
found in many of these spoils, especially after they have had time to weather. Complete specimens
are found very rarely, as skulls or large bones usually break when the overburden is dumped onto
the large spoil mounds. Even so, important finds can be made at such sites, if the collector is
diligent (Figure 4-1).
Beach collecting is very similar to spoil collecting. Wave action cuts into fossil deposits below
the tide line and washes them back onto the beach. Beach collecting, like spoil bank collecting,
requires very little in the way of equipment--a good pair of walking shoes, a pail, some small plastic
bags or vials with labels (for fragile specimens), and good eyesight.
Badland collecting is restricted to the drier regions of the world. Badlands develop in soft
sediments that readily erode into numerous steep hills and deep canyons cut down though the
surface layers by rapidly eroding rains (Russell, 1977). Over many years various strata are widely
exposed revealing the rich fossil evidence of the past. The classic examples of this terrain are the
"mauvaises terres" of Big Badland National Park in South Dakota and the Grand Canyon, where
the action ofa river has cut a mile-deep gorge through largely fossiliferous sediments of the past.
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Collecting in this type of country is not without risk. Loose gravel and knife-edge ridge crests
greatly increase the likelihood of falling. During summer field seasons heat is another special
concern, and adequate water must be supplied. Once the appropriate area has been selected by
consulting previous studies, air photos, geologic maps, and other sources of information, an
expedition usually begins prospecting on foot. Preliminary prospecting is simple and involves
covering great distances and checking each eroded slope, gully, or mound. Normally only broken
fragments are visible coming down the sediments. Occasionally a complete or nearly complete
specimen can be found in place.
When a valuable specimen is found, the collector should scout around it for other possible
pieces or associations. The next step includes preparing out and applying a plaster jacket to the
specimen. The location of specimens should be noted on a map and referenced to known
landmarks. Once jacketed, the hard job of carrying it out must be solved. Normally collecting is
done exactly the same as spoil bank collecting. Specimens are placed in either pails or plastic bags
with field labels. Smaller specimens are protected by placing in plastic vials.

Site Preparation and Layout

When a major concentration of fossils (a site) is discovered, a special strategy for its
excavation must be developed. A systematic approach will help preserve the maximum amount of
valuable scientific data hidden there with a minimum of effort. Planning the site and sketching the
disposition of the fossil bearing sediments are to be undertaken before significant digging
commences.
A field foreman should be selected to supervise the working operation of a site. There is
often an advantage in having this individual be someone other than the scientist involved with the
site. The field foreman insures that all tools are available at the beginning of a day's work and all
accounted for at the end of the day. The foreman must know all field procedures and be able to
assist or supervise individuals having problems during the day's operation. Often the handling of
large heavy equipment is also a prerequisite. Either the foreman or the scientist must maintain
detailed records in a field notebook for the site. Map data, important stratigraphic data, and bone
orientations are compiled in this book. Long bone dipping angles or planes are measured using a
Brunton-type compass, and the data with coordinates are written in the field notebook.
The first step to be taken at the site is to determine boundaries or total extent of the fossil
bearing sediments, if possible. This is usually done by digging test trenches or exploratory pockets
in the area of the expected site. Once these boundaries have been established, steps are to be
taken to remove the top layers of sediments commonly called overburden. When the site is small
enough and manpower is available, a shovel brigade is all that is necessary. Larger and more
complex sites require the use of heavy equipment in the form of front-end loaders or bulldozers.
Sometimes draglines must be used. The overburden is removed to approximately a foot above the
fossil bearing sediments. This level is adjustable depending upon the site itself.
Once the boundaries have been determined for the site, it is prudent to construct a map of
the site. A rough sketched map with directions, approximate distances, and representation of the
more obvious features is better than none. The best way, in the interest of scientific accuracy, is to
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map the site with an alidade and plane table. The collector will find numerous books on the
subject, such as J.W. Low's Plane Table Mapping.
After mapping the site, a grid system can be set up (Figure 4-2). Standard grids are 1 to 3
meter squares. The grid is started at an arbitrary zero point, usually on a corner boundary of the
site. A Brunton-type handheld compass may be used to set up the grid, or for greater precision a
surveyor's transit. R.F. Spier describes the use of transit and basic surveying skills in his book,
Surveying and Mapping: A Manual of Simplified Techniques.
Laying out a grid system and mapping a site are time consuming endeavors, but they are
essential components of a scientific excavation that allow for the systematic recovery of fossils and
make the interpretation of distribution and frequency of fossil remains much easier. Once a zero,
or starting point, for the grid has been chosen, the grid can be laid out in the required intervals.
Heavy duty stakes can be driven into the ground to mark at least one corner of the grid. String or
wire stretched between the stakes serves to further delineate the individual grid squares that have
unique numbers. All material collected within one grid square is assigned the grid number. By
convention, a worker assigned to a specific grid location usually stays there until the grid is worked
down to sterile matrix.
Proceed with extreme caution--until the preservation of the bones is known, all work must be
executed carefully. In friable sands or clays, trowels and awls usually accomplish the slow process
of working down to the bone layer. More consolidated matrixes, such as cemented sandstone,
consolidated tuff, or limestone, may require the use of small picks, chisels, and dental picks.
Chisels should never be used as levers, but for cutting only. Jack hammers are standard field
equipment in certain terrains. Safety must be considered when using any of these tools. Protective
glasses should be worn to prevent matrix chips from striking the eyes, and in certain situations hard
hats and even steel-toed boots may be advisable (Figure 4-3).
Once the bone layer is reached and the fossils begin to appear, the matrix must be removed
more carefully. Fossil preservation varies. Some bones remain punky and soft and will
disintegrate easily, whereas others have been mineralized to a silicon or limerock hard material.
Usually dental picks and brushes are all that is required to work around the fossil layers.
Additional picking with a geology pick may be required. Some cemented or concretionary layers
may be best left for laboratory preparation. A consolidant material is needed during the field
excavation to seal and glue broken specimens before removal from the ground (Converse, 1976).
The type of consolidant will depend on the site itself. In very humid conditions most materials with
either an acetone or alcohol base will not work. The consolidant will not harden and will turn
milky white over the specimen. A form of water base sealant must be employed. Several forms
are available, such as polyvinyl alcohol, polyethylene glycol 4000, or white glue. The latter should
be used as a last resort. It is very difficult to soften and remove once it has dried. A molten wax
could be used to encapsulate a fragile specimen. Beeswax is a hard form and can be flowed over
the specimen with either a small electric soldering iron or gas torch.
Since the 1950s major advances in vertebrate paleontology have stemmed from special
techniques for recovering certain pockets such as point-bar deposits, or certain layers that have
rich concentrations of small bones and teeth. This matrix material should be carefully collected
and placed in burlap or cloth bags with proper site coordinates and carried to a stream, water hole,
or back to the laboratory for careful screen washing. Except for prospecting by the "hands and
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knees" or the "anthill" methods, it is not efficient to devote much time to searching for micromaterial at the site (McKenna, 1962).
At the end of each day's work all the collected specimens and plaster jackets are transported
back to the museum or to a storage area near the work site or campground. It is very important to
keep the work site clean at all times, and the removal of collected specimens is one phase of this
process. Another very important procedure in keeping the site clear is the removal of the
overburden from the site as soon as it is dug from the ground. Starting this practice early
eliminates the need for moving of this material over and over again as the site expands.
During the excavation of a grid locality the r~moval of matrix should be a uniform digging
operation, with large sections of the square being taken down and the remaining area brought
down shortly to the same level. Tunnelling must never be done. This may cause many problems
and possibly destroy valuable scientific data if cave-ins occur. Remove each level entirely over the
square grid before going deeper.

Field Equipment and Safety

A simplified listing of basic field equipment follows. Each excavation site differs, so that this
compilation is only a general one. Matrix removal is usually performed by using geology picks,
shovels, chisels, trowels, or screwdrivers. Once the fossil-bearing layer has been reached, more
careful excavation work must be done by using smaller tools, such as dental picks and brushes for
the harder matrixes and awls, trowels, and brushes for softer ones. All removed fossil material
should be placed in pails or plastic bags, but must have a field label in each. Smaller specimens
may need to be wrapped in tissue and put in a plastic vial before being placed with other specimens
of the same coordinates.
Plaster jacketing material in the form of burlap and bulk plaster of Paris or the simpler
plaster bandage form must be planned into each excavation.
Depending upon the environment of the site, a hardening solution consolidant should be
included in a water soluble form for wet conditions and an acetone or alcohol-based consolidant
for dry surroundings.
Accurate records must be maintained. A waterproof field notebook is required to record
more accurate data on specimens as they are located and removed from the site. A Brunton-type
compass should be used for correct orientation of bone specimens, giving direction and angles of
dip within the site. This information must be recorded in the field notebook.
Field safety must be taken into consideration at all times. Safety glasses should always be
used when chipping away at the harder matrixes. When using a chisel with a hammer, gloves
should be worn to prevent severe injury to the hands. When the site is located in high country or
any area where there is a chance of rocks or other objects falling from above, hard hats should be
worn. The use of mechanical devices, such as blocks and tackles, winches, or hoists, prevents the
chances of back injuries due to improper lifting.
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Plaster Jackets

Collecting fossils from spoil banks or working a quarry sometimes turns up specimens that
are too fragile to remove from the matrix. Immediate removal would create an impossible jig-saw
puzzle to piece back together. In such cases it is well worth devoting a little time to properly
preparing a plaster jacket. A plaster jacket is one of the paleontologist's most important field tools
(Auffenberg, 1967). It provides the same first-aid for a broken fossil as a plaster cast does for a
broken arm or leg. It holds everything in place and stabilizes the surrounding matrix until proper
repairs can be made back in the laboratory.
Plaster jackets can be prepared for quite small specimens, or even for very large ones that
require heavy equipment for removal from the site. Three forms of jacketing material currently
exist for the paleontologist. The oldest form consists of strips of burlap cloth material saturated
with a mixed solution of plaster of Paris and applied over the specimen. A faster and more
convenient form is the plaster impregnated gauze bandage, commercially available for medical
purposes. This form just requires a short dip in a pail of water and is ready to be applied to the
job. Its size, however, makes it inappropriate for large specimens. The third and newest form is
manufactured by the Surgical Products Division of 3M and listed under the trademark of
Scotchcast Casting Tape. Scotchcast is a knitted fiberglass fabric impregnated with polyurethane
resin. Its primary use is making casts for broken limbs. To start the chemical hardening reaction,
simply dip in water for 10-15 seconds. After approximately six minutes the tape becomes rigid. In
paleontology, Scotchcast is especially useful as a jacketing material when working under water.
When a plaster jacket is needed, the first step required is to prepare the specimen to receive
the jacket. The matrix sediments must be carefully removed from the top of the specimen. This
allows the complete outline of the fossil to become visible. A protective layer of sediment must be
left surrounding the specimen. Enough should be allowed so there will not be any shifting of the
fossil once jacketed. A trench must be dug down around the outer perimeter deeply enough to
insure that the complete fossil will be safely held within the jacket. If the matrix consists of
cemented sandstone or consolidated volcanic tuff, geology picks and chisels are required, and it
will take a much longer time to prepare the jacket (Figure 4-4).
Once safely below the specimen, a deeper undercutting must be performed, giving the
prospective jacket a "mushroom profile." This will allow the jacketing material to be tucked far
enough under the specimen so the jacket will not shift or slip off when breaking loose from the
ground. Allow a wide enough trench during the above operations so one can work comfortably
around the fossil and still have a space into which it can be turned.
After the specimen has been generously undercut, the fossil needs a protective layer. Paper
toweling or toilet tissue works very well for this job. All exposed bone must be covered with at
least 1/4-inch of paper to prevent it from sticking to the plaster. Any very low pockets can be filled
with loose sand or clay. Dampen the paper so that it will conform to the bone contours more
easily--sprinkling water over the paper with a brush usually does a fine job.
Plaster bandage, or whatever material is preferred, is applied over the entire pedestalled
section of matrix. Wrap the jacketing material in all directions over the specimen and matrix,
making sure to cover the undercut portions with a generous supply of the material. Depending on
the size of the plaster jacket, thickness should range from 1/4-inch thick on smaller jackets up to
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several inches for larger ones. The thickness of the jacket is very important in providing the
necessary strength to prevent its collapse. For jackets larger than a foot or two in diameter,
reinforcement is required. This can be accomplished by using tree limbs that may be found near
the site, reinforcing rods, or pieces of lumber (Whitaker, 1965). The wood is incorporated within
the manufacture of the jacket with several layers of jacketing material applied over them. Simple
carrying handles can be included with this reinforcement. Just allow the wooden pieces to
protrude out of each end of the jacket far enough to get a good grip on them (Figure 4-5).
Once an appropriate thickness of the jacketing material has dried, the specimen is ready for
removal from the ground. In softer soils or clays a spade or shovel is all that is needed to separate
the base from the ground. Carefully push the shovel under the jacket until it breaks free. On
harder matrix, a chisel and pick are usually required to loosen the base of the pedestal. On very
large jacketed specimens it is convenient to construct some form of skid under the specimen. This
can be done while the jacket is still resting on a thinned-down pedestal and makes removal easier if
heavy equipment is required to drag the jacket out of the site. The skid can also be used as a
platform to transport the specimen back to the laboratory (Figure 4-6).
Once the jacket is turned, additional plaster material should be applied around the base.
This will completely seal the specimen and sediments tightly within the jacket for safe removal to
the laboratory. Sealing the plaster jacket also will insure its security during long term storage
should its final preparation be delayed.
The final label on the outside of the jacket should be applied with a broad-tipped marking
pen, giving all the data and the orientation of the specimen. The label should be visible when the
jacket is stored on the shelf.
Besides the plaster jacket, there are a few alternatives for removing fragile specimens. Heavy
duty aluminum foil, in multiple layers, can be molded around smaller specimens. This simple
jacket is sufficient to protect the specimen from further deterioration until it can be removed to the
lab.
A new material, available at most hardware stores, is foam sealant. This styrofoam-like
material comes in a handy spray can which is easily portable. Cover the specimen with a clear
plastic food wrap (like Saran Wrap) and mold it to the contours of the specimen. Then spray the
foam sealant around the specimen, smoothing it with a spatula or by hand ( a rubber glove should
be worn). The foam jacket dries in about 45 minutes and forms a protective shell that is strong
and lightweight.
When collecting fossils from a moist clay matrix, it is often possible to use the clay itself as a
jacket. The stickiness of the clay will hold broken specimens together if they are not too large.
They need to be wrapped in toilet paper or foil to prevent drying out.
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FIGURE 4-1. Tuo forms of spoil bank collecting. Top, mining operations;
bottom, badlands.
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FIGURE 4-2.
Site layout showing fossil location within a grid system. Data
recorded in field notebook could show sketch like this. Coordinates would be
western half tract 17, Block 1, Plat 9 of Palm Beach Farms, Sec. 28, T. 43S, R. 42E,
Palm Beach County, Florida (Converse, 1973).
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FIGURE 4-3.

Some of the tools used to excavate a site.
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FIGURE 4-4.
Top, specimen as discovered in the ground. Bottom, excavation
work is done leaving ample matrix around the specimen and a generous undercut.
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FIGURE 4-5.
Making a plaster jacket. Top, a generous supply of wet paper is
applied over all exposed bone material. This prevents the plaster from sticking to
the specimen. Bottom, plaster saturated burlap or plaster bandage is wrapped
around the pedestaled matrix and specimen.
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FIGURE 4-6.
Removing the plaster jacket from the site. Top, the pedestal is
broken from the ground with a shovel or pick. Bottom, after removal from the
ground, the base is sealed with jacketing material, and the jacket is labeled and
removed to the laboratory

Chapter 5
LABORATORY PREPARATION OF SPECIMENS

In paleontology the word "preparation" has been used to describe various operations, from
the consolidation and repair of fossils to their extraction from the matrix, or finally their mounting
for museum displays. A "preparator" is one who prepares fossil specimens.

Most material coming into a collection from the field requires work to some degree in the
preparation laboratory. These operations can range from just washing away the sediments to a
major three-dimensional restoration of a flattened specimen. Thus the preparatory operation
plays an important role in any fossil collection.

Specimen Removal from the Plaster Jacket

As mentioned in Chapter 4, the plaster jacket serves as a protection for a fragile specimen
within its own matrix, until the preparator can slowly clean away the sediments or rock, then repair
the specimen as the jacket is worked down.
When a jacket has been selected to be prepared in the laboratory, the task of opening the
bandages must be performed. There are two common methods of cutting the jacket open. The
most common form is using a small hand saw--a keyhole saw works well for this operation. Simply
cut a thin straight line around the top of the jacket. As the saw penetrates the plaster and begins
to enter the soft paper protection, one must avoid going any deeper. One can feel around the
jacket and know when the lip will come free. A more modern tool for jacket opening is an electric
cast cutter (made by Stryker Company in the U. S.). The 2-inch diameter blade of this saw does
not rotate. It rocks back and forth a short distance, making its use safer than rotary saws. In fact,
its major advantage is safety. One can place a hand on the blade while it is operating and not be
cut. It is specifically designed for cutting casts from live humans. Its blade dulls less rapidly from
hard sediments or sandy plaster. Here again one can feel the blade break into the inside of the
jacketing material (Figure 5-1). In a matter of seconds a jacket can be opened with this cast cutter.
Not atl plaster jackets are small or thin enough to be easily opened with hand saws or electric
cast cutters. Jackets containing the bones of large animals--such as sloths, elephants, or dinosaurs,
for example--are often two or three inches thick. In such cases, other methods of opening them
may be necessary. One method is to use a masonry blade on a skill saw. If the preparation area
has an air compressor, pneumatic saws, such as those used in auto body shops, are very effective as
cast cutters. These are small hand-held tools that use abrasive rather than sawtoothed blades.
With both the skill saw and the pneumatic saw, protective goggles, gloves, and dust masks are
advised for operator safety. Also, extra care must be taken not to damage the fossil with these
high-powered tools.
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Care and good judgment is required when opening plaster jackets with any type of cutting
tool. Depths of cuts must be guaged so they only penetrate the plaster shell. If a careless collector
applied the plastering material right next to the bone, the cast sawing is very risky indeed. This is
one reason that labels on jackets should indicate the orientation of the specimen inside.
Once the jacket has been opened, the careful process of matrix removal begins. On softer
sediments, dental picks and soft brushes can be used. Dental picks are used to scrape thin layers
of matrix, while the brush sweeps away the loosened debris. Harder matrix will require more
stringent measures. Small chisels can be lightly tapped with a leather mallet. The hard matrix is
taken down a couple millimeters at a time to the specimen. The remaining matrix is flaked and
chipped away using dental picks. A small vibrating air-hammer can be employed in this operation.
It is faster, but care must be taken not to create sci much vibration that the specimen shatters or
cracks. Rotary grinding tools can also be used to remove the hardened sediments.
During the entire matrix removal process, careful observation must be made of the specimen
itself. When cracks are noticed, a thinned solution of consolidant must be applied immediately. A
watered-down (acetone solvent) solution of Butvar B-76 has proven to be the most satisfactory
consolidant at the Florida Museum of Natural History. Apply only to the bone surface areas,
avoiding contact with the matrix (Figure 5-2). This thinned solution will penetrate deep into the
cracks, sealing and hardening the specimen for safe removal.
There are times when compact clays can be softened by applying water to the clay. But this
increases the danger that expansion might crack the specimen. If there is a chance of the specimen
cracking or other possible damage, an application of acetone or alcohol will do the same softening.
Butvar B-76 cannot be applied over a water soaked specimen. It will not bond and will turn milky
white in the areas where applied. If this situation occurs, simply stop all work on the jacket and
allow it to dry out. The Butvar can be removed by brushing with a solution of acetone until the
milky color disappears.
As one works down into the jacket, the high walls left behind can be trimmed in the same
manner as the jacket was opened. Vibrations should be kept to a minimum with the bone material
exposed.
If the specimen was properly hardened as it was excavated from the jacket and all matrix has
been removed, the specimen can be carefully lifted from the jacket and the opposite side cleared of
sediments.

Specimens that are unearthed in a fragmented state require very careful attention. As the
sediments are removed and the specimen has been cleaned of as much debris as possible, a thin
coating of consolidant must be applied. Do not try to reassemble the specimen while it is still in
the matrix. Keep all bone fragments in their broken alignment. The specimen is consolidated and
all sediments are removed prior to its removal from the jacket.
If the specimen being prepared is fragmented into many pieces, it is helpful to record the
fragments and their position before removing them from the plaster jacket. A photograph will
suffice, or the specimen may be traced by laying a sheet of clear plastic material (a plastic bag or
piece of VizQueen) over it. The fragments may even be numbered if desired.
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When removing the fragments from the jacket, be sure to remove only one or two at a time.
They may be superimposed on traced outline on the plastic sheet. These fragments should be
cleaned and glued before removing the next few pieces. By removing and repairing a few pieces at
a time, the preparator has more control over the reconstruction and is less likely to lose track of
where the pieces fit (Figure 5-3).

Consolidation and Repair of Specimens

Few fossil sites produce specimens that are in perfect condition. It is much more common to find
fossils that are crushed or broken into many pieces. Even if a bone looks perfect when first
discovered, it can deteriorate rapidly once removed from its protective matrix. This is especially
true of bones found in aquatic environments. It is safe to say that virtually every fossil will require
some degree of consolidation and repair (Figure 5-6A).
Before the advent of modern consolidating agents and adhesives, fossil preparation was done
with natural substances. such as animal glues, gelatines, shellac, and waxes (Rixon, 1976). An old
favorite for large specimens, such as the elephant group, was beeswax. This substance can be
melted down in large vats and the bones immersed into the wax until all trapped air has been
released. The bone usually boils or foams as the air is released into the wax solution. The wax
penetrates into all the cracks and pores replacing the air. Remove the bone from the wax and
allow to drip dry. Any excess buildup in the drip areas can be trimmed or melted off. Beeswax
seals and hardens a specimen making the bones suitable for a museum mount. Many of the great
mammoth skeletons assembled in the nineteenth or early twentieth centuries were preserved in
this manner.
Today most of these natural substances have been replaced with plastics. As mentioned
earlier in this chapter, Butvar B-76 is the preferred consolidant at the Florida Museum of Natural
History. Butvar is manufactured by Monsanto Chemical and is a tradename for the generic
product called polyvinyl butyral. There are several formulas of Butvar currently being marketed,
but Butvar B-76 seems to be superior because it can be dissolved in either acetone or alcohol.
Faster drying occurs when acetone is used. All other forms can only be prepared with alcohol.
Butvar B-76 can be thinned to a very thin solution and makes an excellent material for sealing a
specimen. Its low viscosity allows it to penetrate into all cracks to great depths. The acetone
quickly evaporates leaving the hardened resin behind. Thicker solutions make excellent glue.
A number of people who first tried Butvar B-76 made a major mistake in mixing this
material. As mentioned previously, it is manufactured in a crystal form, and when acetone is
poured over the crystals, the surface coats over with a gel and the remaining crystals are difficult to
get into solution. The crystals must be slowly allowed to fall into a predetermined amount of
acetone. As the crystals float down into the acetone, they begin to gel. A heavy concentrated stock
solution can be prepared in this manner. A heavy-duty laboratory mixing device must be used to
prepare the concentrated solutions.
To date Butvar B-76 has been used in the trade for approximately twenty years. Its durability
over this period has proven superior to other comparable products. There has been no noticeable
discoloration or brittleness. Alvar and Glyptol products do become brittle and usually turn amber
or yellow in color in a decade or two.
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There are several other plastics that are worth mentioning. Polyvinyl acetate has been around
for more than forty years. For consolidation, it should be mixed with toluene. When made into a
solution using acetone, a good adhesive is produced that will dry quickly. A water soluble form is
currently being sold by department stores, construction suppliers, and hardware stores under such
trademarks as Elmer's Glue All, Flexbond, and Wilhold White Glue. This commonly used form of
white glue will bond to nearly all solid materials and dries leaving a colorless bond. The polyvinyl
glue is shock resistant and is not affected by extremes in humidity.
The water solubleness of the white polyvinyl glue makes it very useful in preparing fossil
material (Wilson, 1965). It is especially valuable where laboratory or field preparation demands
work in high humidity, or where specimens cannot be allowed to dry before preparation (as in
many underwater specimens). This glue dries very slowly and allows for greater penetration and
bond. The polyvinyl acetate adhesive can be thinned according to its use. A normal laboratory
dilution is about one part water to two parts white glue.
Many preparators have avoided using white glue in the laboratory because it is difficult to
remove. Soaking in water sometimes softens the bond enough for safe separation, but the safest
removal method is applying heat to the previously set glue. This softens the glue enough to permit
rearrangement or resetting of the various fragments. Softening with heat is useful for inserting
additional pieces into previously glued sections. After cooling, the glue returns to its original
adhesive properties. A butane torch works well for isolated application of heat. A laboratory oven
can also be used. The oven temperature should be set at approximately 150° F. When using the
torch method, the flame should be passed over the bonded area quickly, then removed to allow the
heat to diffuse. Repeat this procedure until the glue softens enough for dislodgement and/or
rearrangement of the section.
In acid development of specimens, polybutylmethacrylate has proven to be the most widely
used plastic to strengthen bones. This material is normally dissolved in a solution of methyl ethyl
ketone. Toluene can be used if the above is not available, but will take longer to dry.
Another plastic used for acid development of fossils is polymethylmethacrylate, an almost
universally obtainable plastic. In the United States it is listed under the tradename of "lucite." A
quick drying solution can be obtained by mixing with ethyl acetate or chloroform.
A more widely used plastic is polyvinyl alcohol, the advantage of which is that it is soluble in
almost nothing but water. A thick paste is made by mixing the powder with a small amount of
water. This lump-free paste can be thinned to be used as a glue or as a mold release agent during
casting operations.
Polyethylene Glycol 4000 is a wax-like substance that has been used for a number of years,
especially by archaeologists. It has served as a primary preservative for waterlogged wood. The
main advantage of this wax is its low melting point and ease of dissolution in water. The latter
makes it a valuable field consolidant for wet specimens. It can be easily poured over a collection of
fragmented bones in the field, then removed to the laboratory for careful removal and repairs. It
can be used safely in the development process of fragile thin specimens. One side of the specimen
can be poured into a block of PEG 4000. The opposite side can be delicately worked and
hardened. The process is reversed for working on the opposite side. Excess wax can be removed
by rinsing off in warm water.
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Epoxy resins and plastic woods are primarily used as adhesive substances. They are applied
where strength would be required in joining two pieces together. Both epoxy and plastic wood are
used extensively to restore missing areas in most museum mounts, because the fact that they can
be sculpted and modelled is an advantage.
A repair epoxy that has proven to be superior to all others in the past fifteen years is a
product manufactured by Travaco Laboratories and marketed under the trademark of Marine-Tex.
Marine-Tex is a heavy duty, _plastic patching material developed primarily for boat repairs. It is a
heavy paste that molds and holds to any shape. It will work at temperatures as low as -60° F. and
as high as 300° F. When cured it will not shatter like other epoxies. Repairs can be made to
specimens, which then can be placed in hot treatment solutions, such as beeswax, without the
repairs falling apart (Figure 5-4). All other epoxies tested failed to hold up under these conditions.
Marine-Tex will harden in 3 to 5 hours at room temperature, but can be speeded up by applying
under an infrared lamp for 3 to 10 minutes. The epoxy will harden in 5 to 10 minutes. Normally
this material remains workable for 30 to 45 minutes. Ring stands and sand boxes are excellent
tools for supporting specimens during repair or reconstruction (Figure 5a5).
Many field-collected specimens do not require special treatment at the site in the way of a
plaster jacket, etc. and are usually brought into the laboratory in a pail or plastic bag. Proper
cleaning must be done to make the fossil ready for the collection. A screen washing room is
usually available at most large museums. The specimens are brought into this mom and placed
into the screen trays. Water is gently run over the fossils to loosen the attached sediments. Extra
force in removal of the sediments can be applied by using a toothbrush or similar soft brush.
When the specimen has been totally cleaned and while it is still in the screen tray, it is placed in a
drying rack. The rack can be an open-air type or enclosed cabinet with a forced air fan. After
drying, the specimen can be treated with a protective consolidant and then routed into the
collection for cataloguing.

Filler Materials

Since the majority of fossils are not complete, at some stage of repair probably they will require a
filler material to complete missing areas. This can be done for cosmetic as well as practical
reasons. A limb bone, for example, may be in two pieces with the edges making contact along a
small surface of ¼ inch or less. The contact is good, but since large portions of the middle shaft
are missing, even glue would not hold the specimen together. The use of filler materials in this
situation is necessary to produce a specimen that can be handled.
A common filler material used in preparation labs and by taxidermists is a finely ground
paper mache. When mixed 50/50 with plaster, it produces a strong, durable filler material. Plaster
of Paris also is used by itself. There are many types of fillers on the market that can be adapted to
the prep lab. Wood doughs, auto body filler, epoxy putties, and other plastic compounds are just a
few of the many available filler materials. Epoxy resin and 5-minute epoxy glues can be mixed with
sawdust to make the highly pourable fillers needed to fill cracks in tusks (Figure 5-6B).
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Screen Washing

In recent years great emphasis has been placed on the recovery of small specimens. For
statistical and population studies large numbers of specimens are required. The best procedures
are to collect matrix from fossiliferous zones in sacks, to wash large volumes of sediments through
screens in water, and to carefully sort the dried concentrate (McKenna, 1962). Ideally the screen
washing operation should be done in the laboratory, but the field site is often in a remote dry area
with laboratory facilities too far away. The screen washing must be done at the nearest water
source, whether a shallow pond, creek, or river. To be efficient, a large number of screen boxes
should be used, but the .number should not exceed fifty (McKenna, 1962). In pond areas with little
or no water movement, the washing operation becomes more difficult due to mud accumulating on
the bottom and heavy silt buildup in the water. Rivers ca,,n be hazardous because of the rapid
movement of the water, and the risk of losing screen boxes and valuable fossils is increased.
Burlap bags should be used to pack and carry the fossiliferous sediments. Weight limits
should be restricted to no more than 40 to 50 pounds, req.ucing chances of back injuries. If at all
possible, the loaded bags should be transported to the wash area by vehicle. At the wash site the
matrix is placed in the screen boxes in the water. The clays and chunky matrix should be allowed
to totally soak up the water before any agitation is applied. The scrubbing action of the matrix
against the bottom of the screen should be minimized to prevent damage to microfossils. As soon
as no more sediments will pass through the screens, they can be removed from the water and
allowed to dry. If the screen boxes are required for additional washing, the contents are carefully
dumped and spread out on a canvas surface to dry. Avoid any manipulation of the fossil bearing
concentrate while drying, as wet fossils are easily broken. A ¼-inch layer of fossil concentrate
covering the bottom of the screen box should be the maximum allowed when left in the boxes to
dry.
As mentioned earlier, the best results are accomplished in the wash room of the laboratory.
Here a set of screening boxes can be used that will nest inside each other. The top screen will have
larger openings using 1/4-inch hardware cloth which will filter out the larger rocks and debris.
The finer sediments will drop into a second screen below which uses standard window screen. On
the bottom tacked below the window screen is 1/2-inch hardware cloth giving added support for
the matrix weight. The wooden sides of the screening trays measure 1-1/2-inch deep (Figure 5-7).
These screens are stacked in the washing sink, and a hose with a shower head gently applies water
until the fossiliferous matrix becomes soaked. The water movement over the sediments gently
washes the material down through both screens until the only material left behind is the
concentrated fossil-bearing material. If known smaller specimens are present in the sediments, a
finer screen of 24 mesh can be used in place of window screen.
The larger field washing screens are modified versions of Malcolm McKenna's (1962;
American Museum of Natural History). These boxes consist of deeper sides than the laboratory
versions, with 7-inch sides. The bottoms and ends are covered with standard aluminum window
screen with 1/2-inch h.;irdware cloth reinforcement unclerneath. Furring strips of 1/4-inch thick
material are tacked around the entire bottom edge to prevent the screen and hardware cloth from
pulling free (Figure 5-7).
Sorting of the microfossil concentrate is done using a magnifier lamp and scanning the
concentrate back and forth in a uniform pattern. The concentrate should be placed only one grain
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deep and swept out of the way when scanning is completed. Small teeth or small limb elements
should be placed first in gelatin capsules, and the capsules then put into plastic vials. Care should
be taken to maintain locality data with each batch of matrix washed or concentrate sorted.

Mechanical Development

The term "development" has been used for several years to describe the removal of fossil
material from matrix. Prior to the turn of the century, without exception, most development was
performed with hammer and chisels. Today preparators must still master this skill (Stucker, 1961).
The best hammer for development work is a rolled
in the auto body repair industry. It is strong enough to
with light taps. Chisels come in many shapes and sizes.
the narrow-bladed, medical bone chisels. These can be
houses and come with several blade shapes.

leather mallet, like those commonly used
deliver hard blows, but normally is used
The best for fine development work are
purchased through many medical supply

In hammer and chisel work, the force of each blow should be limited so as not to create
shock waves through the specimen. The specimen must be checked continuously for weak areas
and immediately strengthened by consolidation and allowed to dry before the work continues. As
a general rule, a place of weakness usually occurs at the interface of the matrix and the specimen.
By driving the tip of the chisel toward the bone, the matrix will split clean at this interface. With
tension on the wrist when applying the stroke with the hammer, a natural restraint tends to prevent
the chisel blade from striking the bone. Every effort should be made to avoid gouging the
specimen with the chisel.
Round-pointed chiseling tools can be manufactured by grinding a needle point on a dental
probe or worn out drill bit. Both of these tools hold a point very well, even under very hard matrix
conditions.
The development of certain specimens requires additional reinforcement around the matrix
to keep the fossil together while using the hammer and chisel. Several methods may be employed.
The specimen and matrix can be encapsulated in a Plaster of Paris bandage, leaving just the area
to be worked exposed. Protective tissue must he applied between the plaster and the specimen.
Polyurethane foam has been used successfully for several years in the place of plaster.
Polyethylene glycol wax 4000 (PEG 4000) is ideal for supporting fossil material. Since the
wax is soluble in water, its removal is much simpler than plaster or plastic materials. With a
melting point of about 122° F, all the wax can be removed in a small laboratory oven.
Plastics such as epoxy and polyester resins can also be used to hold a fossil rigid enough for
hard hammer and chisel development. The specimen is wrapped securely in aluminum foil and
placed into the liquid resin within a modeling clay dam. The side to be worked will be left exposed
out of the resin. This material is one of the hardest to remove from around the specimen. Sawing
and grinding is usually required in the removal.
Development of very small fossils should be performed under the magnification of a
dissecting microscope. Slightly larger specimens, such as a rabbit jaw, can be comfortably worked
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under a magnifier lamp. In limited space, a binocular optivisor is essential. This optical piece ti.ts
comfortably on the forehead, can be flipped away from the eyes when not in use, and frees the
hands for complete control in the fossil development process.
Dental machines were used for a number of years to grind down the matrix on a fossil until it
was thin enough to be removed by percussion. These have been replaced today by a number of
high-speed motorized tools. Dremel makes a small hand-held grinding tool with a high-speed
motor that turns at up to 30,000 RPM (Figure 5-8). Rheostatic speed controls are available for
this tool that will adjust the speed from 0 to full RPM. A wide array of cutters can be used with
the grinder, ranging from high-speed steel cutters to tungsten carbide to diamond cutters. Another
excellent power tool is the Foredom flexible shaft power tool (Figure 5-8). This tool uses the same
cutters mentioned above and comes with a 37-inch flexible shaft. The handpiece and flexible shaft
allows access into difficult places.
Hard matrix is easily removed with the availability of many different shapes and types of
grinding cutters. The rock hard sediments can be ground carefully away from the fossil without
touching the bone at all. Either form of grinder (hand-held or flexible shaft) becomes a universal
tool in a preparation laboratory. These tools can be used in any operation, from the trimming of a
mold or cast to the slow process of matrix removal.
Another mechanical device that has been in use for a number of years by paleo-preparators
is the engraving tool. The product called Vibrotool is one of the most useful mechanical
development aids (Figure 5-9). It incorporates a pointed tip with a vibrating motion of between 50
and 100 stroke~ per second. In all respects it resembles a miniature hand-held air hammer tool,
but without the air drive. The point of the vibrating tool is placed lightly against the matrix, and a
light chipping action begins as the vibrating blows are delivered to the point. Care should be taken
not to damage the fossil by driving the tip into the bone. Slowly flake the matrix with the point,
working toward the fossil. The matrix should separate at the interface between the fossil and the
matrix before the tip reaches the specimen.
No fossil preparation laboratory should be without a precision miniature sand-blasting unit.
S. S. White Industrial Division produces the Airbrasive machine, and its use in paleontological
laboratories was first described by Stucker (1961). This machine works by firing a fine stream of
abrasive particles, propelled by gas pressure at a velocity of 1100 feet per second to a point of
impact. Commercially the Airbrasive machine was designed for performing delicate operations on
hard plastics, steel, and glass, the shaping of quartz crystal, and for the new developments in the
cutting of electronic germanium. Gas-propelled to supersonic speeds through a small, precise
nozzle, the finely graded abrasive particles produce a cool, shockless cutting action. There is no
contact between the tool and the fossil matrix. What little heat is produced is immediately
removed by the propellant gas. Both straight and right-angle nozzles with various shapes and
orifice sizes are available to provide flexibility of cutting. The right-angle nozzles often enable the
operator to make cuts in positions inaccessible to ordinary cutting tools.
A suitable dust collector system is required to protect the operator from overexposure to
abrasive dust. When air contaminants from material being abraded might be questioned, consult
the manufacturer of the dust collector for the correct filter to solve the problem. The overall
effectiveness of the piece of equipment hinges, of course, on the human element. It will take the
skill of the operator and his eyes, foot, and hand coordination to make the system work. As in all
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precision tools, continuous maintenance is required. Periodic checks must be made for nozzle
wear, tubing abrasion, and wear of the steel fittings.
There are eight standard abrasive powders offered by S. S. White. Cutting rate is materially
affected by the type of abrasive used. Choosing the right abrasive is important when dealing with _
delicate fossils. When a large amount of matrix removal is required, the SO-micron (one micron
equals one-millionth of a meter) aluminum oxide (no. 3) abrasive works best. The abrasive with
the greatest latitude of application is no. 1, 27-micron aluminum oxide. This powder reduces the
problem of clogging the hopper holes. The working of delicate areas close to the bone usually
requires abrasive no. 5, consisting of IN-micron aluminum oxide.
The preparation of fossils in hard matrix becomes considerably easier with the use of a tool
such as the Air Scribe (Figure 5-lOA). The Air Scribe is a miniature, hand-held air hammer. The
reciprocating motion of the chisel bits quickly and effectively removes large volumes of the hardest
matrix, yet it is small enough to control even delicate matrix removal around teeth. An air supply
control regulates the force and speed with which it impacts the matrix so that vibration, which
could be harmful to the specimen, can be minimized. An assortment of bits allow the user to
choose the one best for any given situation. By varying the amount of pressure applied to the
specimen with the Air Scribe, the preparator can remove greater or smaller amounts of matrix. A
light touch is best when working around fragile specimens.
Since the Air Scribe produces flying debris, the operator always should wear protective
goggles. The best method of using the Air Scribe is to construct a wooden box with a glass top and
two ports for the operator's hands. This way the Air Scribe is operated inside a contained area
that traps debris, protects the eyes, and muffles the sound (Figure 5-lOA).
The Air Scribe is powered by a compressor capable of generating 90 P.S.I. of pressure. it
should be the tool of choice for mech~nical preparation of fossils in hard matrix.
While the Air Scribe is best for removing large amounts of matrix down to a close proximity
to the bone, another pneumatic tool is recommended for the finer work on small specimens and
around teeth or other fragile structures. This is the air-powered rotary grinder, of which there are
several on the market. The Starlite Rotary Grinder is an excellent choice and is reasonably priced
to fit the budget of amateurs and professionals alike. Comparable in size to a penlight, it rotates at
speeds up to 340,000 revolutions per minute. The wide assortment of burrs and bits, including
diamond bits, can cut through the hardest materials, and the tool is small enough that the operator
has complete control. However, since the bits are so small, this tool is used most effectively after
the bulk of the matrix has been removed by other means (Figure 5-10B).
Like the Air Scribe, the Starlite Grinder operates on 90 P.S.I. of compressed air. The
operator must also use protective goggles or perform the work in a protective box, as the one
described for use with the Air Scribe.
Ultrasonic cleaning devices depend on sound waves with frequencies above the human
audible range (Figure 5-11). In recent years important advances have been made in such devices.
They usually consist of a transducer, a generator, and a tank which is filled with water. Electric
energy produced by the generator is converted by the transducer to mechanical energy in the form
of vibrations. To obtain high frequency ultrasonic vibrations, a ceramic transducer is used. A
magnetostrictive metal transducer generates low frequencies. The vibrations produced by the
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transducer are transmitted to the water (or other liquid) in the tank where the liquid exposed to
ultrasonic energy develops zones of compression and rarefaction and disrupts the fluid to produce
the effect called "cavitation" (Stevens et al., 1960). All surfaces in contact with the liquid are
vigorously cleaned. It is more practical to immerse the fossil in a liquid-filled beaker, which is then
placed in the tank, rather than placing it directly into the tank. Many types of solvents can be
added to the beaker to accelerate the cleaning. These will depend solely upon the type of matrix
involved.
It is considered best to use a low frequency when cleaning fossils. When compared to the
high frequency units, it was found that magnetostrictiye transducers require less power and use
smaller input equipment. They are safer to operate and db not require safety precautions. Also, if
operated for extended periods of time, there is little danger of such units overheating.

The length of time required to clean an individual fossil is determined by the type of fossil
and by the character of the matrix. Insoluble residues such as dolomites may be removed faster if
a combination of ultrasonic and acid digestion are used. The chemical reaction along with the
mechanical breakdown are increased by the vibration. It is risky to process badly cracked
specimens in an ultrasonic cleaner, because the formation and implosion of the vast number of
small bubbles can shatter cracked fossils.
There are many different forms of mechanical development that can be adapted to the
requirements of a particular fossil preparation. This book cannot cover them all, but attempts to
mention the more commonly used methods. For example, x-ray units could be useful to every
preparator on some occasions. The cost of such units would prohibit most laboratories from
having one. In large natural history museums, however, the facility may be made available for
several departments to use. in paleontology, x-rays can be useful for showing unerupted teeth in a
jaw section and can save the time required to open a window in the side of the specimen. X-rays
can be shot on Polaroid Type 55 (4x5 size) film, giving the preparator an instant black and white
photograph plus an excellent quality, fine-grain negative. Thin-sectioning equipment is sometimes
needed by a preparator. Without precision diamond-wafering equipment, this task would be nearly
impossible. Buehler, Ltd. manufactures a low speed saw called ISOMET (Figure 5-12) which uses
relatively low speeds (300 rpm maximum) coupled with a thin, continuous, rim diamondimpregnated blade to accomplish true cutting of nearly alholid materials. The concept of low
speed cutting was borrowed from the diamond cutters of Antwerp who have been using 3 to 4-inch
diameter thin diamond-edged blades for decades. The use of simple mechanical principles, such as
gravity specimen feed and drag application of lubricant, makes the system exceptionally easy to
use. The ISOMET is rapidly becoming a valuable tool for the paleontologist, as well as for the
biologist and pathologist. The superior cutting capability of the device allows retention of sample
integrity and character by avoiding distortion or damage. Wafer-thin cutting of specimens, such as
horse teeth, to illustrate the unerupted dental patterns can be performed with a minimal cutting
loss.

Chemical Development

In many cases when mechanical development is not adequate or efficient enough to remove
the specimen from the matrix, chemical means can be utilized. Toombs- and Rixon (1959)
described the procedures they developed at the British Museum for the acid preparation of
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vertebrate fossils. The use of acids always raises questions regarding the problem of chemical
damage to the bone and the safety of the preparator and the laboratory environment. Acetic acid
is appropriate for matrix containing calcium carbonate. This does not mean that the matrix must
be pure limerock. Even a small percentage of calcium carbonate present can cause the weakening
of the matrix structure when immersed in the acetic acid bath. Toombs (1948) discovered that
pure acetic acid would not attack the calcium phosphate of which bone is composed. It reacted
only with the calcium carbonate of the calcareous matrix. When the preparator considers using an
acid bath, he must plan to stay with the job until it is complete. Walking away could spell disaster
for the fossils.
The concentration of acetic acid that works best for chemical preparation is a 10 to 15
percent solution. The bone must be totally immersed in the acetic acid bath. If a portion of the
specimen is left out of the liquid, calcium acetate crystals will form and this crystallization can
cause severe bone damage. A check should be made of the specimen to be treated by putting a
few drops of 15 percent acetic acid through a pipette onto the matrix. Observe the speed of the
reaction and the length of time it takes the matrix to dissolve. A weaker concentration may
produce a safer job. If there is any doubt about the strength of the bone to be treated, coat
exposed surfaces with polyvinyl butyral (BUTVAR B- 76) and allow to dry thoroughly before
placing in the acid bath. Once in the bath, frequent checks must be made of the progress. When
weak areas are observ~d, the specimen should be removed and hardened before going any further.
The chemical action can be stopped at any time by removing the specimen from the acid bath and
pouring ammonia over it. Water does not stop the action immediately, indeed adding of water will
start a short burst of activity. After neutralization in ammonia, place the specimen into a water
bath until the specimen is free of any salt accumulation. Frequent changes of the water may be
required. If any white calcium acetate deposits form on th,e surface of the specimen during drying,
the washing process must be resumed.
Once dry, the softened matrix should be removed carefully using fine needle probes and
brushes. Magnification with a good binocular dissecting microscope or a magnifier lamp may be
required to perform this process. As stated by Toombs (1959): "The art of good preparation lies
in seeing what you are doing." As the matrix is removed from around the bone, protective coats of
Butvar B-76 should be applied to strengthen the bone. After the specimen and sealant have
thoroughly dried, continue the matrix dissolving in the acid bath. The entire matrix removal
process being performed in the acid bath can be accelerated greatly if the bulk of the matrix is
removed by mechanical methoqs prior to the acid bath. Extreme care must be taken not to break
any bones during the mechanical removal of the matrix.
Some vertebrate fossil matrix dissolves unevenly in acetic acid. There are times when only
certain areas need to be confined to the acid attack. All surrounding bones and matrix can be
masked by a coating of beeswax. Beeswax is a much harder wax than paraffin. It can be flowed
over the specimen or simply brushed on. The -area requiring the acid reaction is left exposed.
Frequent checks must be made while in the acid bath. The acid will undermine the wax masking as
the work progresses, and additional wax must be applied as the matrix is worked down. Latex
rubber is impervious to, and not affected by, the actions of acetic acid. A generous coating should
be applied over the matrix block. A flexible container does not offer the ne_cessary support
required to prevent fracturing of the specimen as the matrix is etched away by the acetic acid. The
casing around the block must be rigid. A polyester resin normally is used to encase the specimen,
~roviding the necessary rigidity. As the acid etching progresses, the polyester casing and the
rhbber can be trimmed away. Many cave deposits consisting of breccias and fissure fillings once
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required the mechanical process of rock breaking to expose the hidden bones inside. The acetic
acid bath can play a very important role in extracting the many small vertebrate remains from the
matrix.
Cave breccias usually require some precaution be taken. Many times the bones are replaced
by carbonates and will react when immersed in acid. Samples of the breccia should be tested prior
to the acid bath treatment to see if the bones will survive the acid. Microscopic observations
should be made on the bones for any possible erosion damage. There are several acid-bath
methods by which cave matrix can be removed. An entire large block can be placed in the acid
solution and allowed to totally break down. The residue then is passed through a series of sieves to
collect the fossil remains. Another method is to immerse the matrix, placed in acid resistant
sieves, into the bath and allow it to dissolve. The blocks of matrix also can be enclosed in a casing
of latex and resin, and each individual specimen ran be picked from the matrix as it is loosened.
The "transfer method" (Toombs and Rixon, 1950) has worked successfully in the removal of
delicate specimens, such as teleost skeletons. The exposed bone surface of the specimen is
imbedded into a clear plastic resin while the matrix side is left open for acid etching. Prior to this
procedure the ostracoderm plates would fall to pieces as the acid removed the matrix. This
procedure requires a hard-setting transparent plastic that can be applied in a liquid or paste form.
The specimen is cleaned by immersion for a few minutes in an acetic acid bath. It is neutralized
and washed, then allowed to thoroughly dry. The specimen is placed into a retainer wall made of
aluminum foil with the bone facing upward. The margins around the specimen should be no more
than 1/4 inch all around the specimen. The walls of the retainer wall should rise above the
specimen by at least 3/4 inch. The resin material is poured in layers around the specimen, none
being more than 1/2-inch thick. These layers are allowed to harden before the next layer is
poured. Successive layers of resin are built up until the top of the specimen is approximately 1/8inch below the top of the set plastic. This plastic block is then removed from the retainer wall and
allowed to cure for several days. After curing, any excess plastic is trimmed from the back of the
specimen until the matrix is exposed. The acid preparation can now begin. Place the specimen
into the acid bath with the exposed matrix side down. This allows the residue to fall from the
matrix by gravity.
The same procedure for general acetic acid etching applies. A specimen should never be left
long in the acid bath that has become concentrated with salts, as the salts will crystallize and may
damage the fossil. Once the bone becomes exposed, the block is removed from the bath and
neutralized, washed, and dried. All loose matrix material is carefully removed by needle and
brush. A protective coating of Butvar B-76 is applied. Once the specimen has been thoroughly
dried, it is returned to the acid bath and the operation is started over again. Mechanical procedures
using the airbrasive machine may be required in the removal of any matrix that will not dissolve in
the acid bath. The preparation exposes all parts of the skeleton once covered by matrix and is
visible from all sides.
At the British Museum specimens prepared with this process are still in excellent shape after
more than thirty years of storage. Polystyrene dissolved in acetone makes an excellent protective
coating for acetic acid etching. The polystyrene is not water soluble and is not affected by acids
(Williams, 1953). When a fragile specimen requires acid preparation, a thin coating of a
polystyrene solution should be placed on all exposed bones, including all break areas. If the
polystyrene is applied too thick it will simply peel away from the specimen. The specimen is
. prepared in the acid bath as mentioned previously in this chapter. Check frequently, depending on
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the action of the acid. Remove and wash using the standard procedures. Brush the loose matrix
from the specimen, then recoat the newly exposed bone with additional polystyrene. When the
preparation is completed the specimen should be allowed to thoroughly dry. A thin protective
coating of Butvar B-76 should be applied over all exposed bone surfaces.
The few limitations of the acetic acid bath depend virtually on the proportions of calcareous
material of the matrix. Phosphatic nodules will not dissolve, and clays or iron-bearing sediments
are very difficult to work. The acetic acid method has been tried on many different forms of matrix
and a number of vertebrates, and in most cases the frsults have been excellent.
Another acid that can be used in the same manner as acetic acid to remove matrix is formic
acid. This acid requires special care in its handling. It should never be used outside a fume hood.
Severe damage to the eyes can occur. Gloves should be worn at all times when handling this acid.
If acetic and formic acids are mixed, they will attack the bone. Special care should be stressed to
neutralize and wash a specimen before going from one acid to the other. Formic acid has a slight
edge over acetic acid in that it will attack certain matrices that acetic will not. There are many
other acids that can be used in fossil preparation. Thioglycollic acid reacts with haematitic matrix
by converting the ferric ions to the ferrous stage, then to soluble ferrous salts. A mixture of
hydrochloric and dilute hydrofluoric acids was used successfully by G. McGeevy and Dr. Rochow
of Harvard University to remove iron oxides along with silicified matrixes from fossil bones.
Hydrochloric acid is not a satisfactory acid, except as used by some preparators to dissolve away
bone in order to leave a natural mold of the specimen in a non-soluble matrix. Sodium
hypochlorite, commonly called bleach, has been used for the removal of fossils from carbonaceous
matrixes. This chemical also works well for some other forms of matrix breakdown. Small
expendable samples should be tested before any experimental chemical procedures are tried.

Heavy Liquid Separation

Heavy Liquid separation is another type of chemical development that is finding an
increasing number of applications. With this method two or more components of a matrix may be
separated into isolated phases for further study. A simple analogy would be to put a handful of soil
into a beaker of water. The organic component in the soil, i.e. leaf litter, humus, twigs, and insect
casings, would float on the surface of the water. At the same time, you would see the sand and
other mineral components of the soil sink to the bottom of the beaker. This separation has
occurred because of differing specific gravities or densities of the materials involved. Water by
definition has a specific gravity of 1.0. Materials that have specific gravities less than 1.0 will float
in water, such as the organic material in this case. Materials with specific gravities greater than 1.0
will sink in water, as did the sand and mineral component in the beaker.
Using this analogy
we may then separate any different components as long as we have a
1
liquid that possesses a specific gravity in between that of the components we wish to separate.
Liquids exist that have such variable specific gravities, and they are known to chemists as heavy
liquids.
Heavy liquids have a long history of use in industry and science. Many of the liquids used,
especially bromine-based liquids such as bromoform and tetrabromoethane, are extremely toxic
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and should be avoided if other less toxic compounds will suffice. Many museums are now using
zinc bromide and polytungstate, which are relatively safe compounds.
A simple heavy liquid separation procedure will now be described. For our example, we will
use zinc bromide, a compound available at most chemical supply companies, such . as Fisher
Scientific. Zinc bromide is a crystalline powder that is mixed with water in a ratio of 100 grams of
zinc bromide to 20 milliliters of water. This mixture will produce a liquid with an S.G. (specific
gravity) of about 2.6.
In this example, the material we wish to separate is a washed and screened matrix sample
that is known to contain bones of small mammals, birds, reptiles, or any other microfauna. Be sure
to wear protective goggles and rubber gloves and work in a well ventilated area or use a fume hood
when attempting any heavy liquid separation. Fill a beaker with the zinc bromide solution. Into
this solution introduce a small amount of the fossil-bearing matrix sample. Stir vigorously and wait
a few minutes, then stir again. The fossil material from most sites will sink to the bottom, while
the sterile matrix will float or remain suspended in the liquid. The floating or suspended phase of
the matrix can be skimmed off with a wire strainer and the rest of the liquid poured off the dregs
(the fossils). The fossils should be washed to remove all traces of the heavy liquid, then dried. The
heavy liquid can be filtered to remove debris and recycled (Figure 5-13).
An alternate set-up to the beaker is to use a large glass laboratory funnel with a 5-inch length
of tubing attached to the bottom of it. Place a clamp at the bottom of the tubing. The fossil
material will fall through the bottom of the funnel and collect in the tubing. When separation has
occurred, a clamp is placed at the top of the tubing leaving the fossil material trapped in the tubing
between the two clamps. The liquid and debris is then poured off, and the material in the tubing
washed and dried(Figure 5-14).
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FIGURE 5-1. The plaster jacket is opened using a Stryker electric cast cutter.
The depth of the cut is guaged so as to only penetrate the plaster shell.
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FIGURE 5-2. Top, a thinned solution of consolidant is applied when cracks are
noticed. The specimen should be allowed to harden before working deeper into the
matrix. Bottom, the high walls are trimmed off as the matrix is worked down.
Vibrations should be kept to a minimum with the bone material exposed.
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FIGURE 5-3. Once the specimen is removed from the jacket, clean each fragment
thoroughly and glue it back to its proper contact point. No more than one or two
pieces should be removed at a time. When finished, a three-dimensioned specimen
is prepared.
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FIGURE 5-4. Major breaks are repaired with stronger epoxy glues. Marine-Tex
brand is recommended highly.
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FIGURE 5-5. Ring stands and sand boxes are excellent supports during the
repair or restoration process.
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FIGURE 5-6. A, a protective coating of consolidant is usually required for most
fossils. B, missing portions of specimens can be easily replaced with a mixture of
mach~ and plaster.
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FIGURE 5-7. Top, large field screen box to use in rivers and ponds for washing
fossiliferous sediments. Bottom, smaller laboratory screens nest together so larger
rocks and debris on top can be separated from the finer sediments and microfossils
on the bottom.
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FIGURE 5-8. The Foredom flexible shaft motor tool and the Dremel hand-held
motor tool are used for the mechanical grinding operations of fossil matrix.
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FIGURE 5-9. The Vibrotool incorporates a pointed tip with a vibrating motion
that lightly chips away matrix from around the specimen.
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FIGURE 5-10. A, Air Scribe and work chamber for small pneumatic tools.
Starlite grinder.
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FIGURE 5-11. Ultrasonic cleaners are used to vibrate matrix and sed_iments from
around fossils by using sound waves having a frequency above the audible range of
humans.

FIGURE 5-12.
The Buehler Isomet diamond wafering machine has superior
cutting capability and allows retention of sample integrity and character by
avoiding distortion or damage. Wafer-thin cutting is performed with a minimal of
cutting loss.
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FIGURE 5-13.

FIGURE 5-14.

The be~ker method for heavy liquid separation.

The funnel method of heavy liquid separation.

Chapter 6.
RESTORATION OF FOSSILS AND EXHIBIT J>REPARATION
Restoration of Fossils

In restoring and exhibiting fossils, the basic scientific skills of preparation become interwoven
with artistic and interpretive skills. Before beginning the task of restoring a fossil for exhibition,
the scientific as well as educational goals of the project must be clearly defined. Th~ preparator
also must take an inventory of the fossil material at hand and realistically evaluate its potential.
For instance, if you found that you only had the lower jaw, one femur, one radius, and several
vertebrae of a mastodon, it would be impossible to reconstruct a complete mastodon. Certainly it
is possible to sculpt and fabricate missing portions of a skeleton, but there are limitations which the
preparator must acknowledge. These limitations should, of course, include the preparator's level
of skill and the availability of comparative specimens with which to judge the progress. Artistic
skills are of little use if the preparator has no knowledge of anatomy and osteology. Granted, there
is something called "preparator's license" that allows for some degree of individual interpretation in
the final outcome of a restoration, but speculation and runaway imagination have no place in
scientific restoration.
It may be assumed that most specimens will be brought to the laboratory in plaster jackets.
The jackets must be worked down following the general procedures outlined in Chapter 5. After all
the bones have been consolidated securely together and removed from the remaining matrix and
jacket, each piece must be carefully cleaned and glued to its appropriate contact point. Whenever
possible use a comparison specimen (Recent or fossil). Many times there are no living members
of an animal group, and the specimen may be a new branch of the family tree. Restoration may
have to be performed from a published drawing at the family level or contours and shapes derived
from other known members of a family group. Regular consultation with scientists familiar with
the group are essential. Fortunately, many animals, such as horses, camels, capybaras, large cats,
and proboscideans, are found living today, so Recent skulls and postcranial materials are available
to use as models in restoring the specimen to its three-dimensional shape.
Specimens such as skulls can be proportioned back into shape with the use of modeling clay.
A central core is formed to the approximate shape and configuration of the specimen. Individual
pieces or larger sections can be fitted into place on the modeling clay core. As the restoration of
the skull proceeds, missing areas may be blended into the rest of the skull using the clay material.
Continue this piece by piece construction until the specimen has been returned to its original form.
While still mounted on the modeling clay core, make any necessary adjustments required to refine
the shape. Once satisfied with the restoration, the clay is carefully removed from under the glued
bone sections. Missing areas must have the clay scrapped down approximately ¼-inch and a
smooth application of paper mache filler applied. This mache filler is a mixture of paper mache
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and plaster of Paris combined at a ratio of 1:1. The surface may be blended smoothly with
surrounding bone by using a spatula. This procedure must be performed until all missing areas
have been filled with the mache filler material. Now continue removing all of the modeling clay
from inside the skull until a hollow specimen remains. Coat the entire specimen with a thinned
solution of Butvar B-76 to seal and harden the bone and mache filler (Figures 6-1, 6-2).
Long bones or any other post-cranial specimens may have this same procedure applied for
complete restoration. Many times the use of Butvar consolidants do not give the necessary
strength required to hold two pieces of a large specimen together. The use of an epoxy compound
such as Marine-Tex should be employed.
When skull specimens have been crushed flat, the risk of creating a jigsaw puzzle is greatly
increased. It has been found that a photograph of the top and bottom of the specimen aids in
relocating the bones when several pieces must be removed for cleaning. Each piece within the
photograph may be assigned a number, and corresponding numbers are marked on the proper
piece of the skull. Use a marking device that can be easily removed from the bone such as
standard pencil. This procedure is much like painting a picture by numbers, but instead you are
actually working with a three-dimensional specimen (Figure '6-3).
There are times when true basket cases are brought into the laboratory. The preparator is
advised that it represents a nearly complete skull but is only an assemblage of fragmented bones.
With great patience each piece must be studied and the possible contact points searched out. The
many long hours required in attempting to reassemble the specimen are a preparator's nightmare.
When restoring both halves of a mandible, repairs should be done while it is still in the
plaster jacket. Usually the ascending ramus fragments vary due to its very thin walls. Also, most
specimens usually are separated at the symphysis and packed together in the matrix. Many times
distortion occurs, and these twists and distorted contours must be straightened. This may involve ·
carefully removing many pieces from the mandible and realigning the sections. Due to the delicate
nature of the symphysis area, reinforcing rods may be required between the two halves of the
mandible (Figure 6-4B). This reinforcement keeps the two halves from flexing which may cause
breakage at the symphysis region.
When fossilized, ivory tusks become very fragile and tend to separate along each of the
growth ring interfaces. When working with just sections of tusks, a good bonding agent, such as
Butvar B-76, is required and is allowed to penetrate deep between these growth ring layers. This
usually is all that is necessary to hold the specimen together. Large, complete, or nearly complete
tusks will require much more preparation. Specimens found in the far north, such as Alaska, are
solid like recent ivory. Only a wash of a thinned consolidant is required to fill any small hairline
cracks. Ivory that has been exposed to pressures while in the earth or those exposed to weathering
usually start crumbling and splitting at each growth ring interface. When found in the field in this
condition, a plaster jacket must be carefully applied and the jacket brought back to the laboratory
for further preservation. While still being cradled in the plaster jacket, seal all internal cracks with
a suitable consolidant. Remember, if the specimen is wet, Butvar B-76 cannot be used. Use the
white polyvinyl acetate (white glue) and allow it to flow deep into all craclcs. The specimen may
require additional support once the glue has dried. The bottom portion of the plaster jacket can
be used for support while being sealed and makes an ideal cradle for storage on the collection
shelf. Simply cut away all excess jacket material until the specimen is cradled in a strip its own
width.
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Wire banding may be required to bind together the many cracking growth rings. These
bandings were used commonly on ivory tusks that were required for elephant mounts. Today most
of the original ivory tusks have been replaced with lighter weight fiberglass copies. The bands are
carefully wrapped tightly starting at one end and coiling around the tusk with approximately 1/2 to
3/4-inch spacing between each band. Once tightly in place, a coating of consolidant is applied to
bond each band to the tusk.
Reinforcing rods may sometimes be required to strengthen otherwise weak joint connections.
Holes are usually required to fit these rods between the joint. These holes can safely be drilled
using carbide-tipped masonry bits. It is better to use a hand operated brace or an electric drill if
used at a low speed. Each hole should be deep enough to provide good support; the size of the
specimen will govern this depth. The rod or rods are locked in place by putting a small amount of
epoxy in the holes and sliding the rod tightly in place. Allow the epoxy to set before proceeding.
Once dry, slide the rod or rods into the matching holes in the opposite joint and epoxy tightly
together.
·
Many fossilized teeth are discovered in eroded gullies or spoil mounds and have been
shattered into many pieces. All possible pieces, no matter how small, should be collected and
placed in either a plastic bag or vial. They may seem beyond recovery, but with proper care a good
specimen can usually be saved (Figure 6-5).
At the laboratory the fragmented pieces are sorted by the different forms of material present.
Enamel is easilyCclistinguished from dentine and root material and can be separated. Each form of
material should be sorted and kept in separate piles to the best of one's ability. The crown ridges
and cusps are usually in larger pieces, so the tooth crown is the best area to start assembling. A
small amount of Butvar B-76 is all that is required to tack each contact together. To find a good
tight contact, the broken edges are compared and when contours of one are found to fit the
contours of another, it may be assumed that they join. Magnification helps distinguish texture or
grain orientation, and usually one can tell at a glance if it is a good contact or not. Shape and color
also play an important part in determining a contact point. There are times when the internal
dentine either has been eroded away or simply crumbles. This inner portion of the tooth can be
filled using plaster of Paris or mache material. Use caution not to overdo filling of the cavity or
other contact points cannot be met. On nearly complete teeth, the area being filled is hidden by
the enamel crown or the root assembly. As the assembly progresses, it may become necessary to
use a sand box to help hold the assembly in the proper position.
After all the crown pieces have been glued back together, work continues down to the roots.
The roots of teeth break in a different manner than enamel due to the higher density of enamel.
Enamel has an approximate density of 2.8 to 3.0, whereas dentine is basically the same as bone at
approximately 2.1. Mineral penetration will vary the densities somewhat. Root material has a
tendency to crumble more readily than enamel, thus causing smaller and additional pieces to
assemble.
As mentioned earlier in the chapter, a general knowledge of anatomy is essential for the
restoration of any vertebrate fossil. As is the case with many Florida sites and others around the
country, the fossils are deposited in abandoned river channels or boggy marshes. The bones have
become broken and mixed over the ages. Without a knowledge of anatomy much time could be
wasted in piecing the fossils back together. In skull material the foramina and suture lines are
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readily distinguishable and offer clues as to what might fit together. The proximal or distal ends of
limb bones may be recognized and one may separate left from right. Shafts of long bones may be
recognized by their thickness or shape. The vertebrae stand out from other bones because they are
usually more robust. Ribs are flatter in the shaft regions and the ball of the rib heads are readily
distinguished. The above-mentioned fragments are fairly simple to sort, but there are pieces that
fit between and cannot be sorted on anatomical grounds. These may be sorted into the various
categories by using thickness and color. All of these broken fragments are joined together with an
appropriate consolidant, depending upon size and weight, after a good contact point has been
established.

Exhibit Preparation

Occasionally a preparator is called upon to assist in preparing an exhibit for public display.
The exhibit may range from a few specimens for a travelling educational case to a free-standing
fossil mount for a major permanent exhibit.
In preparing fossil material for an exhibit case, the first question is whether all or some parts
will use original specimens. Original material is usually very fragile, and one runs the risk of
breakage during mounting. Accurate casts can be poured and painted to resemble the original
fossil. They are more durable, will withstand a lot of abuse, have proven to hold up better under
the vibrations caused by moving the display cases and temperatures of the high intensity display
lights, and are easily replaced if vandalism occurs. The original specimen could be lost to the
scientific world. The cast, whether plaster or resin, may be drilled, mounting rods or wires
attached, and securely fastened without worry of damages occurring (Sizer, 1960). Many times
there may be only one good specimen of a certain animal in a collection. Here again, a cast leaves
the specimen free for scientific study.
If an original fossil is required for the exhibit, a good consolidant hardener must be applied
to make the specimen stable while away from the collection. Apply the hardener in thinned
coatings and continue to apply until a slight glaze appears, but avoid getting the consolidant so
thick that it has a bright glossy surface.
When the specimen is small and not too heavy, it may be fastened to a case panel by gluing
with silicone caulk. The silicone caulk is stable enough to provide a tight bond for many years and
is simpler to remove than any other glueing agent. Any sharp blade will severe the specimen from
the panel, and the remaining silicone can be rubbed off by finger action.
When a complete mount is required for public exhibition, careful study and planning must be
done first. For many years fossil remains have been assembled and mounted with iron rods that
were either welded together or held with nuts and bolts (Bessom, 1963). These time-honored
techniques have proven to provide many undesirable features. They were formed at the outside
surface of the bones, but concealed as much as possible. The scientific world had much difficulty
in dismantling them when scientific study was demanded. When dismantling has been necessary
during the last several years, the newer internal mounting techniques have proven to be superior
(Barthel, 1966). In this text the older method of external bar mounting will not be discussed, but
the procedure for internal mounting covered.
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Seldom are two fossil mounts preserved or prepared exactly the same way. Several
considerations must be carefully thought out. When internal supports are used, the bone must be
drilled, broken, repaired, and restored many times. With each break there is always some loss.
First, the specimen to be mounted must be laid out in the workshop (Gilpin, 1959). If there are
major missing areas, the collection should be searched for replacement specimens of similar size
and shape. Composite skeleton mounts are quite common at most major museums around the
country. A survey of the missing portions to be manufactured is studied. Major missing
components such as sacrum, pelvic, limb elements, and vertebrae. They are the first to be
mounted and serve as the foundation for assembling the other component parts (Figure 6-6).
Next the structural pose of the mount must be considered. A simple walking pose is common
for most mounts. Action is sometimes desirable to add life to an exhibit. The desired pose will
govern the proper curvature of the spinal column and the lengths of the limb supports. The spinal
curvature should be studied and carefully plotted out before any attempts are made to bend the
metal bars required. If in doubt as to what diameter the main support bar should be, contact a
structural steel engineer for advise. One might be dismayed at the sizes required for very large
mounts such as dinosaurs. A rod of 1½ inches in diameter may be.required. For small mounts of
no more than a foot or two in height may only require brass welding rods for mounting. One
specimen at the Florida Museum of Natural History, a Parahippus horse mount, required ¼-inch
diameter brass rods to support the collie-size mount.
With the spinal curvature laid out and the proper thickness of the mounting rod selected, a
decision must be made on the area through which the rod should run. Many times the spinal
mounting rod may be run through the neural canal. If this is impossible a hole must be drilled
through the center of the vertebra centrum. All vertebrae must be drilled and proper alignment
maintained. Carbide-tipped bits are essential for the drilling operation. The bit should be
powered by a slow speed electric drill. High speeds could shatter the specimen being drilled. For
later drilling operations, this same type of carbide-tipped bit will be required and must be braced
onto longer shafts so as to be able to penetrate through the long bones.
Drill the mounting holes into the vertebrae and start the threading process on the mounting
rod. A filler material will be required for the spacing of the vertebral discs. Pieces of felt work
very well on smaller mounts. Many other forms of material may be considered when mounting
larger animals. Once all the vertebrae and discs have been mounted on the main support rod, the
careful alignment of the spinal column must be checked. When the shape or bone alignment does
not conform properly, all the bones and discs must be removed so adjustment can be made to the
rod. Extremely large mounts sometimes require a forge to enable the preparator to perform these
slight adjustments. A good set of heavy-duty pipe benders work well for medium to small mounts.
After all adjustments are made, each vertebra is locked into place on the metal bar with a strong
epoxy material. This insures the vertebrae will not slip at any time while on display or during
movement from the workshop to the display hall.
Next the limbs must be plotted and rods shaped to the proper pose. Must mounts require
some very sharp bends to be made in the mounting rods. A simple walking pose for many animals
still require these sharp bends. Usually the bones at the upper and lower ends of this rod can be
drilled and slid over the rod. The bone in the center must be split or drilled out to be able to fit
around the rod. Good bone articulation must be maintained at all times during this mounting
operation. Any misalignment must be corrected before continuing any further in the mounting of
each limb assembly. Epoxy should be used for attaching the assembled limb bones together. Each
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forelimb and hindlimb assembly are to be mounted on an individual rod. These rods will slide into
sleeves welded to the vertebral column rod. A set screw is used to lock each limb assembly in
place.
In mounting the hind limbs, the femur must be drilled. This bone is usually relatively straight
and a drill shaft can normally run through without damaging any external features. The rod that
threads through the femur will require little bending at the lower end. Working through the tibia
does require some special care. Usually a fairly sharp curve must occur at the articulated surface
between the femur and the tibia. This bend may make the threading of the tibia impossible. The
bone may require splitting longitudinally and formed around the mounting rod. The center of the
tibia may need to be ground away for the necessary clearance around the rod. The fibula will be
epoxied in place on the tibia before continuing into the astragalus, calcaneus, navicular, cuneiform,
and cuboid assembly. This assembly is fitted to the rod by grinding clearance slots in the necessary
components and epoxying in place. A good tight articulation must be obtained with the astragalus
cradled properly with the tibia. In most animals the balance of the assembled bones are simply
glued together. The metacarpals and phalanges are epoxied to their appropriate articulate surface.
Ungulates have greatly modified their hind limbs. The horse has a well-developed calcaneus and
astragalus. A flat navicular lies just distal to the astragalus. A cuboid, a large flat third cuneiform,
and a small bone represent the fused first and second cuneiforms, forming the distal row and
articulating with the third metatarsal, which bears one digit with three phalanges (Figure 6-8). The
metatarsal and phalanges must be drilled and threaded with their proper articulated surface on the
mounting rod. Two vestigial metatarsals are present in the late fossil forms of horses, but are
complete side toes in the primitive or early forms. These, if not already connected to the third
metatarsal, are normally glued in place. Several tiny sesamoid bones are present on the posterior
base of the digit. These too are glued in place.
In the ruminants, two functional fused metatarsal are present and support two complete
digits of three phalanges each. Usually the mounting rod terminates at the base of the metatarsals
and forks running through the two digits and into the mounting platform (Figure 6-7).

The hind limbs articulate in the acetabulum of the pelvic girdle. In mammals the three
elements of the posterior girdle tend to fuse together so that the ilium, pubis, and ischium are not
distinct in adults. The ilium is the bone articulating with the sacrum. This portion of the mount
requires delicate work. The ilium is usually very thin in most animals, yet it must support the
weight of the hindlimbs. A metal bar must be rolled into a diameter that will match the
configuration of the pelvic girdle. In larger animals this ring can be embedded into the bone of the
pelvic, but smaller mounts will require the bar to be epoxied along the inner surface so it cannot be
seen once mounted. Usually the pelvic girdle is permanently attached in medium to small mounts
to the sacrum as part of the spinal column and the sacrum and pelvic girdle is mounted around the
bars. A sleeve with a set screw is embedded into the acetabulum for the attachment of the
hindlimb assemblies (Figure 6-9).
The forelimbs are assembled in much the same manner as the hindlimbs, but the attachment
to the main mount is different. All mammalian forelimbs terminate at the top with the scapula.
This bone in most animals does not connect to the main skeleton frame and is held in place by
muscular attachments. In many animals, the scapula is tied into the frame by the clavicle, making
it a useful element for those animals that pull with their forelimb; . The clavicle is absent in many
ungulates and is present in some carnivores, such as cats, as a reduced and unattached bone.
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In mounting the articulated forelimb assembly to the main mount, rods must be run from
behind the scapula at the level of the spinal column and into sleeves welded on the main spinal
column bar. The limbs can be welded to the main frame in smaller mounts or attached with set
screws for the larger ones.
One of the final items to be mounted onto the skeleton is the skull and mandible. For smallto medium-sized mounts this is a fairly simple task. A metal sleeve is mounted within the foramen
magnum. This sleeve can be epoxied solidly into the skull to give ·adequate support. A hole is
drilled into the side of the condyle giving access to the sleeve for a locking set screw. The skull
with sleeve is slid onto the spinal column bar and articulated snugly with the atlas. Here again
watch carefully the alignment to maintain a natural appearance.
The mandible is simply attached to the skull by inserting pins into the glenoid fossa of the
skull and into the condyle of the mandible and epoxying in place. Another pin must be embedded
into the premaxilla area just behind the incisors of the skull and .attached to the mandible in the
same location. This gives a three-point support with all attaching bars hidden from sight.
Larger skulls must be mounted with additional supports. The overall weight can reach
hundreds of pounds, and for an internal mounted skeleton this amounts to a tremendous weight
hanging out in mid-air. Once again a large enough diameter rod must be selected to be able to
safely support such a weight. The rod is fed through the foramen magnum and out at the
presphenoid region on the underside of the skull. The rod is continued forward over the palatine
to approximately the junction of the premaxilla and the maxilla. All necessary bends must be made
to conform to the skull contours. Cross bars are formed to the contours of the paiate and maxilla
regions (Figure 6-10). These cross bars are welded to the central bar forming a rigid cradle for the
skull. The cross bars can be anchored into the more solid regions of the bone near the ends of the
bars. Expanding anchors can be inserted into predrilled holes and the bars screwed in place. The
area running through the skull around the main bar must be filled with a strong epoxy compound
to prevent any shifting of the skull on the bar. The main bar is then locked in place through the
atlas with a series of bolts.
The heavy mandible will require a three-point connection with the skull similar to the ones
used for smaller mounts. The main difference is that a bar complex must be constructed on the
inside surfaces of the mandible. The front of the mandible will have a single connector rod that
will fasten onto a sleeve welded onto the end of the main skull support rod. The base of this rod
will be securely mounted into the front of the mandible. From this point, bars will be run along
both inside surfaces to a point near the ramus. Small side bars must be welded in place and
mounted securely into the sides of the mandible. The two upright bars will fasten into a sleeve
mounted on the rear cross bar of the skull mount. If the configuration of the skull prevents this
arrangement, add an additional support bar. Two or more heavy duty bolts should fasten the bars
into the sleeve assemblies.
To hold everything in place during the mounting operation of the skull and mandible,
scaffolding should be used. This gives adequate support to the specimen and a safe working area
for the prepara!or.
It is advisable to consult a structural steel engineer before attempting to mount a large skull.
The individual can remove the risks of disaster by determining stresses and load capacity for the
proper size mounting supports.
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Many times just an articulated limb assembly is all that is needed for the exhibit. For
example, a display showing the reduction from several toes to a single hoof in horses may be
desired. Once the specimen has been laid out in the laboratory and a good articulation fit can be
achieved, the bones should be epoxied together for small mounts or fastened with metal dowel pins
for the larger mounts. For the latter, simply locate the position desired between the two bones.
Mark this position and then drill two holes, one for each bone, just slightly larger than the dowel
diameter. Insert the dowel and assemble the two bones. Check for proper alignment, make the
necessary adjustments, and then epoxy the pins into both bones. After the epoxy has set, then
move on to the next bone assembly. Repeat the same process. Calcaneus, navicular, cuneiform,
cuboid, and sesamoid bones may be epoxied in place without the use of pins.
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FIGURE 6-1. A crushed skull as removed from the plaster jacket. The matrix is
still between the bone fragments.
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FIGURE 6-2. A skull reassembled over a modeling clay core that aids in restoring
the skull to a three-dimensional specimen.
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FIGURE 6-3.
A flattened, crushed skull as removed from the plaster jacket.
Numbering a photo of the specimen and placing matching numbers on the
specimen helps prevents the problem of a jigsaw puzzle.
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FIGURE 6-4. A, a completed restored skull. B, reinforcing rods may be required
between the two halves of a mandible. Epoxy the rod in place.
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FIGURE 6-7.
large mount.

Bar orientation through the skull, front limbs, and hind limbs for a
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Limb bone articulations.
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FIGURE 6-9.
Bar location through the femur and pelvic girdle. Sleeves are
embedded within the acetabulum for the limb attachment.
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FIGURE 6-10.

Detailed rod support attachments to a skull.

CHAPTER 7
CASTING TECHNIQUES
Latex Moldmaking

The art of moldmaking and casting of fossil specimens is aµ integral part of paleontological
research. Important specimens are most often too valuable (and just as often too fragile) to loan
to other researchers or institutions; however, without a vigorous exchange of ideas and specimens
paleontological research would end. This dilemma fs resolved by reproducing the specimens in
plaster or plastic resins of various types. A properly made cast is not only identical to the original
in gross appearance, but it is also accurate enough for scientific measurements to be made.
Casting and moldmaking has been a human endeavor since the dawn of civilization. The
Classical Greeks and Romans cast objects in plaster, terra cotta, and metal. Although these
materials continue to be used today, the 20th Century has seen the introduction of many new
materials to the casting and moldmaking process. Fiberglass, silicone rubbers and epoxy and other
resins are just a few which we will discuss in this chapter.
Prepping the specimen is the most tedious and time-consuming part of the entire
moldmaking process. As much matrix as practical should be removed from the fossil; however in
some cases, such as nasal regions and other smaller openings, it is best to leave them plugged with
matrix. This adds the necessary strength required to cast fragile thin-walled specimens: After the
specimen has been cleaned to the satisfaction of the research scientist, a very thin sealant coating is
applied using Butvar B-76 (polyvinyl butyral) diluted with acetone. The thinned solution should
pour with the approximate viscosity of water. Paint a uniform coating over the whole specimen.
The dry bone will rapidly absorb the sealant solution, so continue to apply the Butvar until a very
slight glaze appears over the specimen. This process fills all small cracks and punky fossilized
areas with the plastic resin. The specimen is thus uniformly hardened, making it much more likely
to safely withstand the moldmaking process.
The next stage in prepping the specimen is to plug all openings not naturally plugged
(Converse, 1976). Modeling clay is used to plug the foramen magnum, infraorbital foramen, ear
openings, or any other deep and large passages. A plug of clay also must be inserted if the nasal
passage is open. Smaller openings and cracks can be filled with a water soluble wax, such as
carbowax. Carbowax is removed easily with hot water and does not stain specimens as clay does.
Without these plugs, the trapped latex will make mold removal very difficult and also can damage
the specimen. All plugs, including the nasal plug, should be recessed to preserve the natural
appearance of these areas on the cast specimen. The openings within the zygomatic arches also
must be closed off, and they will require the largest plugs. The zygomatic plugs should be as thin
as possible, yet fill the entire zygomatic openings. On large skulls, a waxed piece of cardboard can
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be carefully cut and inserted into the zygomatic openings, and the edges around the cardboard can
be sealed using wax or modeling clay. The latex would be impossible to remove from the specimen
if it was allowed to flow through the zygomatic openings. All clay used on the specimen during
these preparations should to be recessed so as not to distort the contours of the fossil skull (Figure
7-1).
The fossil must be surveyed for the best area for the pouring spout (Converse, 1976).
Usually the most ideal area for a skull is either the foramen magnum or the nasal region. A base
of modeling clay can be built up for mounting a single mandible and will also serve as a simple
pour-in spout. Study the specimen closely for contour lines. Ask yourself the question: How easily
will trapped air bubbles flow toward the pouring spout? A primary concern is to find a spout area
where all angles curve up to the pour spout and air bubbles are not trapped in the higher spots.
Try to have the bubbles flow away from critical diagnostic features such as teeth. The wider areas
of the specimen usually should be at the opposite side the pouring spout. Some specimens just do
not have the proper contours nor do they allow a pouring spout at either end, in which cases the
top of the cranium may offer the best alternative site. The pouring spout can be carefully trimmed
without defacing any of the diagnostic features of the specimen (Figure 7-2).
Identifying markings should be placed in the clay somewhere on the specimen. The pouring
spout or a plug inside the zygomatic arch area works very well for this marking. A catalogue
number is usually all that is necessary, but species name or location data is sometimes desirable.
The work area should be protected by either covering a piece of paper or cardboard before
applying latex to the specimen. This protects the work table from a build-up of dried latex which,
over a period of time, can be difficult to clean up.
Large specimens will require the latex build-up to be done in stages over a period of several
days. The dorsal side of a skull can be coated to the desired thickness and then turned over and
the ventral side coated. The contact edges between the top and the bottom should be trimmed to a
smooth surface to prevent uneven flexibility of the mold and also to insure a proper bond between
the two surfaces.
A thinned solution of latex should be prepared for the first and second applications. The
thinning is done by adding water and a small amount of ammonia to the latex solution. The
ammonia added to the water keeps the latex from clotting and makes a uniformly thinned solution.
The trapping of air bubbles on the specimen when applying latex can be avoided by coating the
specimen with a solution of ammonia (Rixon, 1976).
Before dipping the brush in latex, wet it with full strength dish detergent and wipe off the
excess with a paper towel. This will prevent latex from clotting and ruining a good brush. Paint
the thinned latex over the specimen using flowing strokes. Keep the brush full of latex at all times
and allow it to flow onto the specimen. This process makes it easier to apply the first coat without
air bubbles. After the first coat is dry, the second coat should be applied in the same manner.
Bubbles in the first two coats should be removed immediately by slowly dabbing them with a
dry brush. The bubbles will pop and allow the latex to flow into the voids if the brush is kept clean
and dry. It is better to do smaller areas at a time. This allows one to remove any bubbles before
the latex starts to dry.
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When finished applying a coat of latex, squeeze the latex out of the brush with a paper towel,
then rinse the brush in running water to remove the remaining latex and detergent. When applying
the next coat of latex, remember to dip the brush in dish detergent again---BRUSHES ARE
EXPENSIVE.
Several additional coats of thicker latex are applied, allowing each coat to dry before the next
is applied. Now a layer of cheesecloth is fitted over the entire latex area. It can be trimmed to
conform to the contours. It is easier to apply the cheese cloth when the latex is still a little tacky.
The cheese cloth reinforces the mold and keeps it from collapsing on itself. A double-ply of
cheesecloth is all that is needed over the entire mold. Once all areas are tightly tucked with
cheesecloth, a coating of thinned latex is applied over the surface. Try to avoid trapping air
between the latex and cheesecloth. Trapped air separations can create problems later when trying
to pour the mold.
At this point one must study the specimen very carefully to determine where to make the
necessary split lines for safe removal of the specimen and of future casts. The splits should be
placed in non-critical areas that will not deface diagnostic features with a split-line impression. On
a skull they may be just off center or along the crest of the cranium. Strips of cheesecloth are cut
to build these areas up. They must be thicker than the mold itself so there will be a broad enough
surface to glue the seam back together. Usually a 1/2 inch strip is satisfactory. A thickness of
approximately 1/4 inch is appropriate. Areas too much thicker make the unzipping process
difficult and one runs the risk of damaging the specimen or cast in the removal process. Usually
two to four additional coats of thicker latex over the cheesecloth is enough to build the mold zipper
up to about 1/8 inch (Figures 7-3, 7-4).
Allow the latex to cure until it is dry to the touch. This is occurs within 24-48 hours after the
final coat is applied, but a region's humidity plays an important role in the curing speed.
The latex mold is now complete and preparation of the overmold must be planned. The
purpose of the overmold is to prevent the outward push of the plaster and prevent distortion in the
required configuration of the mold. The overmold retains the original shape of the specimen as
the plaster pushes outward into the mold.
The first step in preparing the mold for the overmold process is to plug all undercuts or large
openings that could otherwise make the removal of the overmold difficult. In the past this was
done by making a series of interlocking plaster blocks, sometimes requiring two to eight blocks to
fill an area. A new technique developed at the Florida Museum of Natural History employs the
use of silicone caulking compound (Dow Corning Adhesive/Sealant RTV-732) to do the same job
(Converse, 1982). We found that by adding a small amount of water to a beaker of silicone caulk
and whipping it until it turns from a translucent to a white opaque appearance the material would
set in approximately 10 minutes. The normal curing time for this caulk is 24 hours. The exact
amount of water added does not matter, because the silicone will only absorb a small amount and
the balance will remain in the bottom of the beaker. The water apparently dilutes the acetic acid
within the silicone thereby reducing the drying time (Figure 7-3).
We also discovered that when several molds were being processed at the same time, the use
of various epoxy pigments in the caulk can create the necessary color coding required to keep the
various sets of silicone plugs separated from one another.
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The next step after mixing the caulk and water uniformly is to apply it to the desired area of
the mold using a spatula. A wooden handled, 4-inch-blade spatula works well for this process. No
separator is required between the latex and the silicone caulk. As long as the water has been
mixed uniformly it will not bond to the latex. The caulking material cannot be used right out of the
tube, as it will adhere to the latex or to almost anything else.
Keep building up the filler block areas until the contours of the mold have been smoothed
out. Since the silicone caulk mix will bond to itself, even after the first application has dried, it can
be modified. The surface of the plugs can be smoothed out by using the clean blade of the spatula.
In the past, several plaster blocks were required to fill areas such as orbits, to level the
dentition, or to smooth the complex area in the ear region of the skull. Now a one-piece
construction will fill each of these difficult areas. There is just enough elasticity in the silicone
caulk to allow the plug to be removed safely without damaging the specimen or the cast and still be
rigid enough to retain the original shape of the specimen. Each plug should be removed, trimmed,
and returned to the mold after it has dried. A small amount of Vaseline will act as a separator if
two overlapping silicone plugs are required. Use caution to keep the Vaseline from coming in
contact with the latex, however, because any such petroleum product will cause the latex to expand,
distorting the mold. An overmold can be applied once all major contours are plugged and the
mold surfaces have been smoothed with filler blocks.

Study the specimen again to determine how many pieces will be required for the overmold.
Usually four or more are required for skulls, while only two pieces will be needed for a single
mandible half. With the shape of each piece in mind, lay a retainer wall using modeling clay. Then
form the necessary flanges for fastening one piece to another. Cut plaster bandage into small
squares or strips. Dip each piece of bandage into a container of water and start applying from the
flange area toward the center of the piece (Converse, 1981). Build up the plaster bandage until a
thickness of approximately 3/16 to 1/4 inch is obtained. Try to maintain even edges around the
flange. Any overlap can be folded back to maintain these edges. Allow this section of the overmold
to set before starting the next. It does not need to be totally dry, but it should feel firm to the
touch. Slowly remove the overmold section from the mold when it has hardened. This is to insure
an easy removal. The edges can be trimmed using large shears before starting the next section.
Place the finished section back on the mold and build up whatever retainer wall is needed,
using the existing flange as one surface. Apply a separator of Vaseline to the plaster bandage for
the second section. This insures a parting of the seams at the plaster contacts. Apply the necessary
layers of plaster bandage as in the first section and separate after it is hard for ease of removal and
trimming. Continue using the same procedure to finish the remaining sections of the overmold.
Allow the plaster bandage of the overmold to dry completely. This usually takes 24 hours.
Remove each section and coat inside and out with a thinned solution of Butvar B-76. Keep
applying this material until a glaze becomes apparent. Place each section back over the mold and
clamp in place. Drill a series of holes large enough to accommodate 1/4-20 bolts with wing nuts.
These will clamp and lock each section in place (Figure 7-5).
Completely disassemble the mold including the overmold and filler blocks. Carefully start
parting the mold at the designed split seam using a razor blade or scalpel. Separate the latex from
the specimen by carefully splitting the seams. The specimen should be removed from the mold
and placed in a protected area until the plugs and other molding materials can be removed. The
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split latex mold should be washed inside and out to remove any excess build-up of foreign
materials and hung up to dry.
Once the mold is dry, the seams are carefully zipped back up using standard rubber cement.
A thin film of this cement is applied to each surface and allowed to totally dry. The two surfaces of
the split seam are then carefully brought together to form a tight seal. Continue this operation
until all seams have bonded. Look at each seam to be sure there are no gaps that might allow
leakage when filled with plaster. Start assembling the filler blocks and overmold pieces. Once the
overmold is bolted tightly together the mold is ready to be poured.

Casting in Plaster

Prepare the plaster powder prior to starting the casting procedures. A large mixing/storage
container should be two-thirds filled with fresh HYDROCAL white cement, which should be
carefully measured so you can determine the quantity of coloring pigment to be added to the dry
mix. Standard cement coloring is used for this process. The coloring tint breaks the harsh white
glare in the finished cast and gives a softer tone. The two basic colors used are tan and brown.
Brown alone comes out with a dark redwood effect and does not offer the softer tone desired. The
proportions mixed together are three parts tan to one part brown. Other tones can be used as
desired. Add one level teaspoon of pigment for each 1000 ml of plaster. It can be added to the
mixing/storage container of HYDROCAL and uniformly mixed (Figure 7-6).
Determine the approximate volume of plaster required to fill the mold. The exact amount
can be reached by completely filling the mold with water and then measuring the total volume.
Completely empty and dry the mold before pouring the first cast.
Measure the determined amount of water, taking into consideration an approximate (331/3%) increase in volume when adding the plaster powder. Use a softsided plastic pail for mixing
the plaster. This aids in the cleanup removal of the left over plaster when all is done. Just flex the
sides of the pail and the plaster will pop out.
Slowly sprinkle the HYDROCAL powder into the predetermined volume of water. Continue
to add the plaster until the water will no longer consume the plaster and it forms small islands on
the top of the water. Set aside some of the dry mixture for later touch-up work. Stir the mixture
using a flat mixing stick similar to a paint mixing stick. Perform this operation slowly, avoiding a
build-up of bubbles. Plaster, especially pail-size volumes, should be allowed to slake (soak up
water) for 45-60 seconds; this allows it to absorb all the moisture it can and prevents lumping.
When the mixture is ready to pour into the mold, it should have the consistency of heavy cream. If
any bubbles have accumulated on the top of the plaster mixture, they should be carefully skimmed
off using a paper cup. No bubbles should be poured into the mold (Figure 7-6).
Pour the mixture slowly and steadily into the mold. Roll and tip the mold during the pouring
operation to insure the release of any trapped air from within the mold. Fill up into the pour
spout, but not clear to the top. Leave enough room so the mold can be slightly tipped while slowly
tapping the outer surface of the overmold. A rubber or leather mallet is ideal for this operation.
Tilt, tap, and rotate until all trapped air has been released through the pouring spout. Top off the
mold with the remaining plaster. There are times when the water in the mixture will separate
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before the plaster has set. This usually takes place in the pouring spout region or at the highest
point in the mold. It could settle down into the mold itself and cause some minor voids in the area
around the spout if left unattended. If the water can be dipped out, do it. If not, dab off the excess
water using a dry paper towel and continue to do this until the water has been absorbed. Top off
the void with additional mixed plaster (Figure 7-7).
Setting occurs a few minutes after the plaster has been poured into the mold. This process
involves the solidifying and heating up of the casting material. At times the mold can become too
hot to handle. Once the plaster has set (about 15-20 minutes is safe) the overmold and filler blocks
can be removed from the latex mold which will allow much more rapid cooling.
The mold with cast should be left overnight (or at least several hours) before trying to
remove the cast to assure that it bas fully set. The split seams of the mold are unzipped, and the
latex mold is carefully peeled away from the cast. If any cosmetic .touch-up is required due to air
bubbles or zipper seams, do this process immediately. The cast will accept dry or moist plaster
while still in the damp condition. Use a small amount of dry plaster from the same batch used in
mixing the plaster of the cast. Each time a new batch is mixed, it is best to save a small container
of this plaster just to use for cosmetic touch-ups. You thus guarantee the same color blend.
Touch up of small bubble holes can be performed by simply dipping a moist finger into the
dry plaster and rubbing this into the small holes (McCarty, 1982). This new plaster will blend right
into the original configuration of the cast. Larger voids may require a small amount of plaster to
be mixed with water and applied with a small spatula. All casting defects can be covered up in this
manner without affecting the cast in any way. If the cast has already dried, this cosmetic touch-up
can be accomplished by mixing the colored plaster with a small amount of white glue and applying
it to the ddects.
The pouring spout should be removed while the cast is still wet. This is not required in all
cases, but skulls most always need this done. The trimming is easily done with a sharp knife to cut
the spout down to the original bone contours. Then the area can be smoothed out so it is very
difficult to ever know it was there. The cast is now left out in an open area and allowed to
completely dry.
When dry, a wash of thinned Butvar B-76 should be applied over the entire cast. It is very
important for the cast to be completely dry, or the Butvar will leave a white film on lt. If the room
air is moist, a heat lamp will help to dry the cast fully. Coat the cast until a slight glaze is reached.
This adds a protective hard plastic shell over the cast without interfering with scientific dimensions.
The latex mold should be completely washed, allowed to dry, and carefully zipped back up to
make it ready for pouring the next cast. If no more casts are needed, the mold should be refilled
with plaster following the same procedure as in the original casting and stored on a open shelf.
Storing the mold with a cast inside prevents the latex mold from folding or collapsing during
storing.
The split seams build up an excess of rubber cement after extended usage, which needs to be
removed periodically. This is can be done by rubbing the contact surfaces with a small amount of
rubber cement thinner, which will not affect the latex. If the rubber cement is allowed to
accumulate, the split seam becomes wider and causes some distortion to the cast.
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After the basic requirement of casts has been reached at the Florida Museum of Natural
History, six additional ones are poured and stored with the mold for possible future use or
exchange.

Silicone Moldmaking and Centrifugal Casting

The discovery of silicone rubber as a molding compound revolutionized casting techniques in
paleontology. It made it possible for the preparator to make a mold quickly and to pour it using
various resins as casting substances. Silicone rubber offers high fidelity reproductions, captures
delicate details, masters intricate shapes, and holds severe undercuts when used to make molds.
Specimens to be cast in silicone rubber are usually smaller in nature than ones normally
setup for latex molds. Specimens that are fine and delicate, which would be very difficult to
duplicate in plaster, can be very easily cast using the stronger resins.
Preparation and setting-up procedures are nearly the same as for latex casting. As described
above, all openings, such as foramina, must be carefully plugged with modeling clay. Silicone
rubber flows into every crack and void freely and tends to tear more easily than latex. A careful
check for problem openings must be made and plugged if necessary to prevent severe damage to
the fossil. _
Usually the fossil is set up on a pouring spout which will be used as a base during the
moldmaking process. Some identification, such as a catalogue number, is marked into this base. A
retainer wall of modeling clay is then constructed. This is done easily by taking a portion of
modeling clay and rolling out a large flat piece of clay, using a household rolling pin. For ordinary
size molds a thickness of approximately 1/8 to 1/4 inch thickness usually makes the walls strong
enough to hold the silicone rubber until it has set. Place the retainer wall around the specimen
leaving enough space to give the mold walls enough strength so they will not be distorted in a
vacuum or centrifuge. A plastic vial of about 1-1/2 to 2 inches in diameter and 3 inches high can
work very well as a retainer wall for small specimens, such as rodent teeth or small lizard jaws.
The plastic vial must have the bottom cut away and a split cut down the side. The plastic cylinder
now can be slipped around the specimen and pressed into the clay base. A small bead of clay is
pressed into the split seam and blended smooth. The top of the specimen should be at least 1/4 to
3/8 inch below the top of the retainer wall or plastic cylinder to insure an adequate thickness in the
base of the mold (Figure 7-8).
The silicone rubber most commonly used in museums around this country is Dow Corning's
Silastic 3110 RTV Rubber. It is available with the standard catalyst #1, which £ures in 24 hours,
and also a rapid curing catalyst #4 which cures in 20 minutes. The rapid cure catalyst can be used
only in small quantities because its working time is 4 minutes. If a mold must be degassed to
remove air bubbles, the slow curing catalyst must be used.
Dow Corning 3110 RTV has one drawback; it tears easily. General Electric makes a silicone
rubber, GE 700 RTV, which is much more tear resistant; however, it is more viscous than the Dow
Corning product and is not easily degassed.
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Weigh the estimated amount of silastic 3110 needed to fill the mold retainer, add the proper
ratio of catalyst 1, and blend thoroughly. Place the material inside a vacuum chamber and pull
between 27 and 29 inches Hg to degas the mixture. At first it expands and then it recedes to its
original level. It is now ready to pour. To prevent air entrapment, pour the silicone rubber across
the specimen from the side or top. Do not pour directly over the specimen. Let the rubber slowly
seek its own level until the retainer wall is full. The unit can be placed back into the vacuum
system and degassed once more as a safeguard. This will pull any trapped air out. When done,
remove the mold from the vacuum chamber and allow to cure the recommended amount of time.
Do not rush the process (Figure 7-9).
Carefully break down the retainer wall or remove the plastic vial after the 24 hours, or
whatever curing time was selected for the mold. The vial can be removed easily by expanding it
and sliding it over the silicone plug. Extreme care should be taken in removing the fossil from the
mold. Simple teeth usually can be lifted right out, but more complex configurations may require
you to make a small slit down the side of the mold. Once the specimen has been removed from
the mold any splits or tears can be repaired with silicone caulking sealant.
There are numerous plastic resins available commercially that are suitable for casting. Most
are epoxies or polyesters that require a catalyst to activate them. Hobby shops, hardware stores,
and stores that specialize in boat or auto body repair materials are good sources for plastic resins.
They also can be purchased direct from the manufacturer or distributor. All plastic resins require
care in their use. The preparator should wear rubber gloves and work with them in a fume hood,
outdoors, or in a well ventilated area.
Plastic resins are found with different rates of curing time, from several hours to 24 hours,
and different degrees of hardness and gloss. Most plastic resins will take pigments so different
colors can be produced. For paleontological specimens, dark gray is a good color for showing
detail well in the cast. In the previous paragraphs we made our molds, and now we will continue
with the casting procedure.
The epoxy resin is carefully measured so there is enough to generously fill the mold.
Carefully follow the instructions for mixing in the proper amount of catalyst. It is advisable at this
point to add to the mixture a small drop of epoxy pigment of your color choice. The mixture is
poured onto the mold when blended, and the mold is weighed. Then a counter-balance of sand is
measured to the same weight and placed in the centrifuge. A hand-operated or clinical centrifuge
can be used, but care must be taken to keep the mold upright in the centrifuge carrier to prevent
the spillage of epoxy. Crank up the centrifuge to a normal speed and then brake it right back to a
stop. The whole procedure usually takes only a few seconds. Remove the mold from the carrier
and set on the bench to cure for approximately 24 hours. The cast removal should be much easier
than the removal of the specimen. The resin is much harder and rarely subject to any breakage
Figure 7-10).
Silicone rubbers for moldmaking are relatively expensive compared to latex. As of this
writing, the price is about 25 to 15 dollars a pound depending on the type and source. A more
economical method for some molding applications is a composite mold comprised of both RTV
silastic rubbers and silicone caulking compound which is available at hardware stores. With this
procedure, the more expensive RTV rubber is applied with a brush to form an impression coat
over the specimen. This coat only needs be 1/4 inch thick. If you use a rapid cure catalyst which
sets up in a few minutes, you need to work with small quantities (about 30 grams) which can be
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brushed on before it sets up. For a large specimen such as a skull, you will need many of these
small quantities measured out ahead of time. Add the catalyst to one of the premeasured cups of
RTV, stir, and brush on. Repeat this procedure until the impression coat is complete.
On top of this impression coat, silicone caulking compound may be applied directly from the
tube and smoothed with a spatula. Again, build the layer up about 1/4 inch; if much thicker, it
may not cure properly. If a thicker mold is desired, a layer of cheesecloth may be pressed onto the
layer of silicone caulk and another layer of caulk applied after the first coat has cured overnight.
Where RTV silastic rubbers are used, a separator or mold release is not generally required on the
specimen; however, when using silicone caulk applied directly to the specimen, a separator must
always be used (Figure 7-11).
An even less expensive method of moldmaking is to use the silicone adhesive sealant (caulk)
alone as a molding compound. The detail will not be as good as with RTV silastic used as an
impression coat, but it will produce a serviceable mold for many applications. When using the
caulk by itself, it is mandatory that a separator such as a spray wax or dish detergent be applied to
the specimen before molding begins. If dish detergent is used, it should be applied full strength
and then allowed to dry (Figure 7-12).

Before applying the caulk on the specimen, it must be thinned with toluene, mineral spirits,
or rubber cement thinner. The latter two solvents are less toxic than toluene, which should only be
used in a fume hood or extremely well ventilated areas. Thin the caulk only to the point where it
can be easily dabbed and spread thickly with a brush. Be sure to eliminate air bubbles and trapped
pockets of air. Allow the completed mold to cure overnight before continuing. ·
When using this method, it is preferable to build up at least two layers of caulk, each of which
should be allowed to dry overnight or 24 hours. Both layers should be about 1/4 inch in thickness
or less. A layer of cheesecloth between layers of caulk will add strength and prevent tearing.
Skulls are usually cast in two-piece molds, whereas mandibles are simple pour-in type molds.
In constructing the two-piece mold a generous lip must be extended around the specimen with
interlocking grooves and indexing holes evenly spaced around the lip. To attain a tight seal and
prevent leakage around the mold, apply a thin film of Dow Corning High Vacuum Silicone Grease
to the top and bottom lip areas of the mold and properly clamp the two parts together (Figures 713, 7-14).
The soap is easily washed from the specimen and from the impression areas of the mold after
the molds are completed. Standard epoxy pouring techniques are employed using centrifugal
casting.
The end results using this technique will give reproduction of the finest details at a much
lower cost than straight Silastic 3110 with the same high speed. The resultant mold also is more
substantial and therefore has a longer shelf life.
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Fiberglass Molds and Casts

Working with fiberglass involves material and equipment that not every laboratory will want
to have, nor be able to provide. Fiberglass cannot be used within a closed environment. The
fumes given off from the chemicals are injurious to one's health when inhaled. Adequate
ventilation must be used at all times. Another factor that might discourage some laboratories is
the high cost of the materials used in this process. On the other hand, the advantages offered by
fiberglass casting are major. It is almost a must when very large casts are required because of its
strength and light weight. Items such as dinosaur and proboscidean limbs would be extremely
heavy and nearly impossible to handle when cast in plaster.
Careful study must be made to determine the entire procedure to be employed when
preparing a specimen for fiberglass casting. Two methods of moldmaking can be utilized. The
first and simpler method is the standard latex process described near the beginning of this chapter.
This procedure allows the preparator to make molds of fewer pieces than the second mold
construction method because the latex is so ·flexible. Also, less attention can be devoted to
undercuts on some specimen, although skulls and other more complexly contoured specimens will
require more.
The second method of mold construction uses th~ fiberglass itself. Here several pieces are
usually required for -ease of removal once cast. Each piece can be fastened together easily, using
either clamps or other bolting devices.
The latex mold must be constructed using keyed flanges usually several inches in width.
Modeling or other types of clay, including the water soluble forms used in the ceramic trade, can
be used for constructing the platforms for these flanges (Jeremiah, 1980). The desired split line
area is framed up with this clay and indexing depressions are formed by using a small round light
bulb. These should be evenly spaced around the entire flange. Once the frame of clay has been
laid for the flange, the latex is brushed on using the same technique employed in the standard latex
moldmaking procedures. On larger specimens a thicker layer of latex must be built-up and
strengthened with cheesecloth. The entire area of the flange is to be covered with this layer of
latex. Allow the latex to cure totally.
An overmold must be constructed in the same manner as described above in the standard
latex moldmaking technique (Jeremiah, 1980). An additional clay lip must be prepared to extend
the flange an additional 2 inches beyond the latex mold. This allows the fiberglass overmold pieces
to interlock. Fiberglass materials are used in place of the plaster bandage. The latex is totally
coated with a mold release wax (Mirror Glaze) especially designed for use with epoxy resins. This
is allowed to dry on the latex.

The first coat of plastic resin is applied. Usually the resin is a polyester gel-coat. A preaccelerated type of gel-coat is advisable to prevent excessive run off of the material from the mold
(O'Brien, 1961). A colored gel-coat (preferably white) is used so that one can recognize variations
in density and thus avoid leaving any thin areas. Usually two coats of gel-coat will be required.
Allow the first coat to dry thoroughly before applying the second. Before the second coat of gelcoat has hardened tack small pieces of fiberglass mat onto the surface. Always tear more pieces
than are needed to complete the side being coated. These small pieces of mat are totally soaked
with epoxy resin. A brush is the best tool to flow the resin over the mat. Work air bubbles out of
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the mat material so that it conforms tightly to the gel-coat surface by using the bristles of the
brush. A second application is usually applied to the flange area for the additional strength that
will be required when the overmold pieces are clamped together.
The chemical reaction of the catalyst starts to take place and the resin turns rubbery not too
long after the resin has been coated over the mat. This is the best time to trim off any excess
material around the edges. It can be easily trimmed with a razor blade or scalpel.
After the epoxy resin has cured, several hours later, remove the clay used for the flange
build-up and clean the surfaces. The specimen is rotated and the opposite side is coated in the
same manner as before. Note that a separator must be used between the two sections where latex
will be in contact with latex. The separator should only be applied to the flange areas. PVA
(polyvinyl alcohol) and sodium silicate work very well as a separator for latex (Cassidy, 1964). This
is a water soluble solution that is applied by brush and allowed to dry. The residue after the mold
is completed can be easily washed away. The fiberglass process is repeated as before. Remember
that all contact surfaces must have a separator between them when the second half of the latex
mold is completed.
The entire mold is separated from the specimen when both HALVES ( or all of the pieces)
have cured. Remove the fiberglass overmolds and then remove the latex from around the
specimen. The mold is now ready to be cast.
Polyvinyl alcohol is applied to the casting surface of the latex mold and allowed to dry. Each
half of the mold is set up separately, and a thin coating of white gel-coat is brush-flowed over each
· half of the mold. Gel-coat makes a very good impression layer for the fiberglass cast. A second
coating of gel-coat is applied over the mold halves. Do not slop over the edges; try to stay within
the impression areas. This insures that the two halves will easily go back together while the
fiberglass epoxy is setting.
Following the same procedure used for the overmold, lay up the fiberglass mat material and
flow on the epoxy resin. Trim off any excess and check to see if the two halves will fit together
when the epoxy resin becomes rubbery.
A mixture of gel-coat and ground fiberglass, which thickens the mixture, is used to bond the
two halves together. The gel-coat mixture is carefully applied over the edges of the two fiberglass
halves after the catalyst has been added. Pull the two halves together tightly making sure all
indexing tabs are in place and clamp or lock together. Allow the gel-coat to harden (Figure 7-16).
The mold is unfastened, and the overmold and latex are separated from the cast. Trim any
excess at the seam lines by using a small hand grinder. The seam can be carefully blended so that
it does not show at all. The completed cast can be painted naturally by using and blending earthtone acrylic paints.
The second method of construction uses silicone rubber in the place of latex, which is
preferable for smaller objects. One advantage to using the silicone instead of the latex is that it
does not require a mold release agent. In all other respects the process is the same.
All tools, hands, etc., can be cleaned after this process by using acetone. Spatulas and
brushes should be soaked and cleaned before the resins harden.
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Any casting defects can be repaired by using the same thickened gel-coat used to bond the
pieces together. It can be applied with a spatula to conform to the necessary contours.

Molds Without Pour Spouts

Both latex and silicone molds can be constructed without using pouring spouts. This type of
casting leaves the finished product clear of any unwanted plaster or resin other than a small split
line seam. Skulls or postcranial material can be easily cast using this technique.
The most important thing to remember when using this type of moldmaking or casting is that
the top of each half of the mold must be flat and level during the casting process. If not, the
casting compound will run out of the mold, and the finished cast will be only partially complete.
The specimen is prepared in the same manner as all other mold- making techniques. All
openings must be plugged. The fossil, whether a limb or a skull, must be divided equally in half
with an imaginary line. A clay base is built up to this imaginary line allowing for a fairly wide lip
around the specimen. A groove is carved into the clay around the specimen. This groove will
produce a locking area in the mold so the casting material will not be allowed to flow out. Several
indexing keys should be placed into the outer flange area where the overmold will be laid over the
latex or silicone mold. The preparation should be checked again to insure the surface is flat when
the clay is properly formed around the specimen. The specimen is now ready for the molding
compound (Figure 7-17).
Latex is built up over the specimen and flanged wall using the same technique in standard
latex moldmaking procedures. Make sure that an adequately wide lip is maintained around the
specimen taking in the grooved area.
There are two choices that can be employed in silicone moldmaking. A retainer wall can be
constructed around the specimen and the RTV silicone can be poured filling this retainer wall.
Make sure all degassing procedures have been followed. The second is using thinned RTV and
brushing it over the specimen the same as latex. The mold is then thickened with silicone caulk.
Refer to page 25 for this procedure. The poured mold will not require an overmold, but the
thinned process will.
An overmold must be constructed after the latex or thinned silicone mold has been
completed. The plaster bandage process works very well here. Be sure the thickness is adequate
to prevent any mold distortion.
The specimen, mold, and overmold are turned over and the clay is thoroughly cleaned from
the specimen once the overmold has set. The exposed latex flange is coated with PVA and allowed
to dry. The second half of the mold is applied using the same procedure as the first. Use vaseline
as a separator over the plaster bandage when making the second overmold. Do not get this
material on the latex. All petroleum products cause the latex to swell. Build up the overmold the
same as the first side.
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Separate the overmold and mold from the specimen. Clean the mold thoroughly, and let dry
before starting casting procedures.
Prepare the plaster mixture as for a normal mold pouring. Fill each half up to the top edge
of the mold. Make sure each mold half is level. Allow each to set until the plaster begins to
thicken. Carefully place the two halves of the mold together. Make sure the locking groove is well
seated. Draw the edges of the overmold down tight and fasten. Clamps are fast and work very
well for this process. A metal springed paper fastener is adequate for smaller molds. Let the
plaster totally cure before removing from the mold (Figure 7-18).
Resin can be cast in the silicone molds using the same procedures. The two µalves are pulled
together and fastened once the epoxy or polyester has jelled and becomes rubbery.
This type of mold can be used to make hollow casts. Without a gimbaled device that would
rotate in all directions at one time, simple hand rotation is adequate. The mold is very slowly
hand-rotated while the casting medium is still liquid. End over end, side over side; the mold is
tumbled in all directions until the medium has had time to solidify. Care must be taken to insure
filling of all areas in complex molds such as skulls. Due to the thinner walls of the casts, caution
must be taken in the removal and handling of the cast until it has totally dried and a hardener is
applied.
All split line seams can be trimmed carefully from the above casting techniques after removal
from the mold. Plaster is trimmed easily while the cast is still wet. Resin casts can be trimmed
using a razor blade or sharp scalpel.
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CHAPTERS
MATERIALS, EQUIPMENT, AND SUPPLIES

This chapter is in the form of an alphabetical listing of consumable and capital equipment
needed to set up a preparation laboratory. These products or a satisfactory substitute should be
available in your area. It is recommended you contact the supplier for current prices before
placing your order.
All suppliers' addresses are listed alphabetically at the end of this chapter. Fisher Scientific
Company is mentioned throughout this work as a major supplier, so several addresses of U.S.
branches/sales offices are listed.
Acetic Acid. A clear solution with odor similar to vinegar used in a 10 to 15% dilution for the

dissolving of limestone or other rock cemented with carbonates. A fume hood is
recommended for its use. Fisher Scientific Company, or any chemical supplier.
Acetone. Dimethyl Ketone. A solvent for polyvinyl butyral and many other plastics. Clear liquid

which is very flammable and extremely volatile. Extreme caution must be employed in its
use. Chemical supply companies, hardware stores.
A pneumatic preparation tool that removes matrix with art air hammer motion.
Cameron and Barkley Company.

Air Scribe.

Airbrasive Unit. S.S. White. A pneumatically propelled stream of finely graded abrasive particles

is fed through a hand piece from the control cabinet and shot directly against the work.
This makes it possible to drill, cut, and abrade thin layers of matrix.. A suitable dust
collector system is required to maintain operator's exposure to dusts below permissible
limits such as those regulated by OSHA. For current prices write or call S.S. White
Industrial Products.
Ammonium Hydroxide. A colorless solution of ammonia gas in water. Used s a thinning agent for

latex and also for cleaning latex brushes used with latex. Fisher Scientific Company.
Bell Jars. Available at scientific supply houses such as Fisher Scientific Company.
Brushes, Paints, Modeling Clay, and Other Art Supplies. Available at office and art supply

stores.
Cast Cutter. Stryker. Takes 2" or 21/2" blades, 115 VAC. Arista Surgical Supply Company, Inc.

(Or use a pneumatic cutter from auto body shop suppliers.)
Castogloss. Vinyl lacquer. A thin coat applied to the teeth of casts will give the appearance of

shiny enamel. Carolina Biological Supply Company.
Cement. White HYDROCAL Gypsum, U.S.G. United States Gypsum and Contractors Supply,

Inc ..
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Centrifuge.

A. Hand operated. Light weight aluminum body with steel shaft. Fisher Scientific

Company.
houses ..

B. For electrical centrifuges check with your local surplus or scientific supply

Cheesecloth. 80 yards X 0.30 yards. Any large cloth supplier.
Colors, Cement. For coloring cement, plaster, or stucco. Excellent for tinting casts. Blue Ridge

Talc Company, Inc. or cement and rock suppliers.
Grease. Dow Corning High Vacuum. Fisher Scientific Company.
Magnifier. Edroy Distortion-free Stereoptic, with 3-wire fluorescent lamp. Brings your work into

sharp focus. Assures continuous, fatigue-free sorting of microfossils. Although designed
primarily for miniature and sub-miniature work, the magnifier's 15" height provides space
for larger work, tools and hands. The 48 square inch lens (6 X 8") has a magnification of
2.SX. Jensen Tools, Inc.
Modeling Clay. Permaplast. A much better quality clay than most plasticine clays due to less oil

being present. Takes a little more work to soften, but is much stronger. Most art suppliers
have it.
Mold Release. Dishwashing detergents, the blue or green liquids are best. Spray waxes, Pam

spray.
Motor Tool. Flexible Shaft. Foredom Miniature Power Tool. Flexible 37.. shaft and compact

handpiece allowing access to difficult places. Speed is adjustable by standard foot rheostat.
Bench Type GG. Bits available at Jensen Tools, Inc., and at hardware stores.
Oven. Drying. Isotemp series 100 Utility Lab Oven, gravity convection models. Light weight,

heats to 200°C. (392°F.), low wattage elements, outside dim. 17 1/8 X 16 1/8 X 21 1/2.
(SEE FIGURE AT TOP OF NEXT PAGE.) Fisher Scientific Company.
Paints. An acrylic waterbase paint is used to approximate the natural coloration of the specimen.

Basic earth tones used are: Hl72 Raw Umber, Hl71 Raw Sienna, HO23 Burnt Sienna,
Hl67 Portrayt (Red Oxide), H212 Titanium White, Hl34 Mars Black, H244 Yellow
Ochre, Light. Available at art supply stores.
Pigments. Epoxy. Various colors, popular gel-match coloring agent that blends with polyester

resins, Gel-Pasts, or Epoxy resins. Will also color silicone molding compounds or silicone
caulk. Evergreen Coloring Agents. AIN Plastic, Inc., or auto body shop and boat repair
suppliers.
Polyethylene Glycol. P.E.G. 'Carbowax', a solid wax material soluble in water. Used in the field to

consolidate fragile specimen for safe removal to the lab. Also used fo mechanical
development techniques and casting prep procedures. Fisher Scientific Company.
Polyvinyl Alcohol. PVA, a white powder soluble in water. Used as an adhesive over wet
specimens or a separator in various casting techniques. Fisher Scientific Co.
Butvar B-76, a white powder which is soluble in alcohol or acetone. The
acetone being the most useful due to its high evaporation rate. Considered the best
consolidation material. Monsanto Chemical

Polyvinyl Butyral.

Resins.
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A.

Epoxy---A man-made plastic resin used in fiberglass work or pouring casts. The resin is
activated by various catalysts and will not shrink. Once the resin has cured, it becomes very
difficult to break down chemically. Vapors are toxic and flammable. Tapox 4-1 Epoxy
Resin. Tap Plastic, Inc., Magnolia Plastics, auto body shop suppliers, boat repair shops.

B. Polyester---Used for embedding and casting where clear casts are required. Can be used as a
partial specimen embedding material where acid development is employed. Inflammable
and will break down in chloroform or methylene chloride. AIN Plastic, Inc., hobby shops
Rubber Cement and Thinner. Available at office and art supply stores.
Rubber Latex. A natural rubber material that has been used for many years in mold making.
Available at art supply stores.
Saw, Diamond. ISOMET. A low speed saw coupled with a thin, continuous rim diamond
impregnated blade to accomplish true cutting of nearly all solid material. Check for current
price from Buehler, Ltd.
Silicone Silastomers.
A. The very best molding materials, but quite costly. Consists of a highly viscous white, opaque

material that is activated for _h ardening with a catalyst. Dow Corning 3110; Conservation
Materials, Ltd., GE RTV 700; and plastics companies.
B. Adhesive Sealant caulk can be used to meet a variety of sealing needs. It adheres to glass, nonoily woods, metal, and can be used as a molding. Whipped with water, it will set within 10
minutes and makes superior mold filler blocks. Available at hardware and building supply
stores.
Starlite Grinder. High speed rotary grinder for detail work. Starlite Industries Inc.
Stirrers. Available from Fisher Scientific Company.
Toluene. A colorless solution used as a solvent for most silicone mold making compounds. A
fume hood is recommended for its use. Fisher Scientific Company.
Tongue Depressor. Fisher Scientific Company.
Vacuum Plate. For BELL jars. Heavy ground-glass plate (10" dia.) cemented on low cast-iron
base for bell jar or other vessels to be evacuated. Fisher Scientific Company.
Vacuum Pump. Portable Combination Pressure/Vacuum. Delivers pressure to 103K Pag (15
psig) or vacuum to 92K Pag (27" Hg.). Fisher Scientific Company.
Wax Pot, Electric. A thermostatically controlled pot that keeps the temperature and consistency of
the wax steady. 1 qt. capacity. Conservations Materials, Ltd.
Miscellaneous items, such as dental picks, can usually be obtained through a local surplus supply
depot or as discards from local dentists. Equipment for field work (picks, trowels, etc.) can
be purchased through companies like Forestry Suppliers, Inc., or Ben Meadows Company;
both have attractive, easy-to-use catalogues.
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LIST OF SOME SUGGESTED SUPPLIERS

AIN Plastic, Inc.
249 E. Sanford Blvd.
P. 0 . Box 151
Mt. Vernon NY 10550
Cameron and Barkley
P. 0 . Box659
Jacksonville FL 32201
Fisher Scientific Company:
SEE BELOW FOR LIST OF
ADDRESSES

Starlite Industries, Inc.
1111 Lancaster Ave.
Rosemont PA 19010

Missouri

Tap Plastic, Inc.
2041 East Street
Concord CA 94520

P. 0. Box 14989

United States Gypsum
Chicago IL 60606

Texas

St. Louis MO 63178

4301 Alpha Road
Dallas TX 75234
FISHER SCIENTIFIC COMPANY

Forestry Suppliers, Inc.
P. 0 . Box 8397
Jackson MS 39204

Arizona

Imperial Adhesives & Chemicals, Inc.
6315 Wiehe Road
Cincinnati OH 45237

Suite 1095
2432 W. Peoria Avenue
Phoenix AZ 85029

Monsanto Chemical
ATTN: John Bouer
800 North Lindburg
St. Louis MO 63167
Sprits
Suite 200
555 Broad Hollow Road
Melville NY 11746
Apperson Chemicals, Inc.
2903 Strickland Street
P. 0 . Box 2555
Jacksonville FL 32200
Ben Meadows Company
P. 0 . Box 80549
Atlanta GA 30366

Utah

California

2761 Walnut Avenue
Tustin CA 92680
2170 Martin Avenue
Santa Clara CA 95050
Colorado

Suite lC
14 Inverness Drive East
Englewood CO 80112
Florida

Buehler, Ltd.
2120 Greenwood Street
Evanston IL 60204

7464 Chancellor Drive
Orlando FL 32809

Conservation Materials, Ltd.
340 Freeport Blvd.
Sparks NV 89431

Georgia
P. 0 . Box 829

Norcross GA 30091
GRS Corporation
P. 0. Box 1157
Boulder CO 80302

Illinois

Jensen Tools, Inc.
7815 S. 46th Street
Phoenix AZ 85040

1600 W. Glenlake Avenue
Itasca IL 60143

S.S. White Industrial Products
151 Old New Brunswick Road
Poscataway NJ 08854

Massachusetts
P. 0 . Box 379
Medford MA 02155

Suite 115
64 East 6400 South
Murray UT 84107
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