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SUMMARY 

This report gives an overview of the conservation of a mammoth tooth recovered during 
aggregate dredging. As an introduction an overview of The Marine Aggregate Industry 
Protocol for the Reporting of Finds of Archaeological Interest is given. 
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1 INTRODUCTION 

A mammoth (Mammuthus spp.) tooth (unique identifier: Hanson_0268) was discovered 
during mineral dredging in 2009 on board the vessel Arco Adur. Under the Marine 

Aggregate Industry Protocol (Wessex Archaeology 2005) it was reported to Wessex 

Archaeology which implements the Protocol on behalf of the British Marine Aggregates 

Producers Association (BMAPA), English Heritage (EH) and The Crown Estate (TCE).  

The Adur was dredging approximately 8 miles off Great Yarmouth, in Licence Area 240. 

This area is known to contain significant Palaeolithic remains (Wessex Archaeology 2009). 

This report gives some background information on the Protocol, on preservation of 

mammoth teeth and details of conservation work undertaken. 

 

2 BACKGROUND TO THE MARINE AGGREGATE INDUSTRY 
PROTOCOL FOR THE REPORTING OF FINDS OF 
ARCHAEOLOGICAL INTEREST 

Every marine aggregate production area is studied intensively prior to the granting of a 

marine licence to dredge, in order to protect submerged heritage. Despite this level of 

scrutiny and assessment, artefacts are still likely to be present in dredged loads. The 

Protocol provides a clear framework through which these finds and the sites of 

archaeological significance that they may indicate can be reported and investigated.  

The Protocol was drafted by Wessex Archaeology in 2005 on behalf of EH and BMAPA 

and in 2009 TCE joined BMAPA to fund the Implementation Service. Wessex 

Archaeology run the Protocol Implementation Service which investigates all finds reported 

through the scheme.  

More information on the Protocol is available online: 

http://www.wessexarch.co.uk/projects/marine/bmapa/index.html  

The Protocol is supported by an awareness programme funded through a tri-partite 

agreement between EH, BMAPA and TCE. Awareness is raised through visits to wharves 

and vessels, and through the popular Dredged Up newsletter which is produced 

biannually.  

BMAPA member companies have committed voluntarily to implement the Protocol 

across all existing operations, encompassing wharves, vessels and production licence areas 

since 2006. As the environmental consents for dredging areas are being renewed, the 

requirement to adhere to the Protocol is increasingly becoming a formal condition of any 

new marine licence granted enabling dredging to continue. 



© ENGLISH HERITAGE 2 20 - 2014 

The Protocol has proved successful and since its inception in 2005, 369 individual active 

reports have been raised through the scheme. These 369 reports contain details of nearly 

1000 individual finds.  

 

3 TEETH – COMPOSITION AND PRESERVATION 

Mammal teeth consist of an organic and inorganic component. The majority of the 

inorganic part is made up of calcium phosphate minerals, mainly hydroxyapatite. The 

organic part is mainly made up of a fibrous protein, collagen (Hills 2005, 146).  

The structure of teeth can be divided into enamel, dentine and cementum. The inorganic 

and organic proportions vary across each structure, but the mineral content is highest 

across all three. Enamel is the hardest part and forms the outer layer around a core of 

dentine. Cementum can be found around the root of the tooth. Enamel has a low organic 

content. It is therefore brittle and prone to cracking.  

On burial, the organic part (collagen) breaks down first. This exposes the mineral 

component (hydroxyapatite) and makes the tooth more porous (Godfrey et al 2002, 
528). Increased porosity results in higher ionic exchange and leads to the deposition of 

minerals. This is especially true in the marine environment, where teeth (and bone) can 

become heavily stained by minerals. In an anoxic, sulphate-rich environment, where iron is 

present, pyrite can form. On contact with oxygen, pyrite will oxidise, form sulphuric acid 

(Huisman 2009, 46) and this can lead to the destruction of the object.  

 

4 CONDITION ASSESSMENT OF THE MAMMOTH TOOTH 

The mammoth tooth arrived wet at the English Heritage conservation laboratory in 2010. 

It was orange to brown in colour. The discoloration is probably due to a deposition of 

iron from the burial environment. Loose sediment was adhering in places and the roots 

had already broken off (Fig 1-3).  
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Fig 1: Mammoth tooth, side 

view 

Fig 2: Mammoth tooth, 

underside 

Fig 3: Mammoth tooth, top  

(all photos taken by Hanson staff on recovery) 

 

Cracks were visible on the surface and small fragments had started to fall off. A series of 

X-radiographs however revealed that some cracks go deeper into the tooth (Fig. 4-6).  

 

Fig 4: X-Radiograph of mammoth tooth shows some 

cracks around the roots 
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Fig 5: X-Radiograph of mammoth tooth shows some 

cracks at the top 

 

Fig 6: X-Radiograph of mammoth tooth shows some 

cracks penetrating into the tooth 

 

4.1Conservation options and proposal 

In the wet state the tooth was unstable, difficult to store and to curate. A contamination 

with soluble salts from the marine environment was very likely. Drying should take place 

only after the tooth has been desalinated to avoid formation of hygroscopic salts, which 

can cause physical damage (Jenssen 1987, 158).  
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Proposed conservation step 1: Desalination 

A simple wash programme is proposed. The tooth will be immersed in tap water, 

followed by immersion in de-ionised water. The water should be changed at 

regular intervals. Prior to each water change the conductivity will be measured to 

record the removal of water soluble salts.  

The possible iron contamination affects the minerals pyrite and marcasite and occurs 

when the sulphide component oxidizes to form ferrous sulphate and sulphur dioxide. This 

can result in the total destruction of a specimen, and the acidic decay products can 

destroy specimen labels and damage storage materials. 

Godfrey et al carried out research into the effects of iron stain removal on waterlogged 

bone and ivory (2002). They advise against the use of non-selective chelating agents, such 

as diammonium citrate, sodium dithionite or disodium salt of EDTA. These three 

chemicals adversely affected modern and archaeological samples chemically and physically.  

Proposed conservation step 2: Stain removal 

The mammoth tooth is stained all over. A treatment of this staining for aesthetic 

reasons was not deemed necessary.  

The drying stage is the most critical part in the treatment process. The different tooth 

structures (see 3 Teeth – Composition and preservation above) will contract differently 
and their drying behaviour is difficult to predict. Pre-existing cracks are very likely to open 

up and new ones can form. Large areas of the surface can potentially spall off. Various 

drying methods are available: drying from water or drying from solvents.  

Proposed conservation step 3: Drying 

Slow air drying from water is proposed for the mammoth tooth. The tooth will be 

placed into a humidity chamber containing a saturated solution of potassium 

iodide, creating a humidity of 65-70%. As the tooth dries out, it will lose water and 

decrease in weight. Regular weighing will keep track of the drying process. This 

method is chosen as the tooth can be dried straight after desalination, without use 

of solvents (solvent drying). It also allows slow drying at a set humidity rather than 

at ambient conditions where the humidity can fluctuate according to daily 

temperature changes.  

Various methods are available for the consolidation of archaeological bone. Water 

soluble (eg Primal, an acrylic dispersion of butyl methacrylate (nBMA)) and solvent 

based consolidants (eg Paraloid B72, an acrylic polymer of ethyl methacrylate 

(EMA)) are have been used (Cronyn 1990; Jenssen 1987; Johnson 1994). Issues 

such as reversibility and changing appearance (darkening) have to be carefully 

considered when proposing consolidation. The choice of solvent can also have an 

impact on consolidation success: a fast evaporating solvent such as acetone can 
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cause limited penetration and a solvent skin. Slow evaporating solvents such as 

toluene are preferred.  

Proposed conservation step 4: Consolidation 

The need for consolidation will be assessed during or after the drying process. Any 

cracks and surface flaking will be examined and assessed post drying. If the surface 

is too friable and material loss occurs, consolidation may be appropriate. The main 

reason for consolidation would be safe handling.  

 

5 CONSERVATION 

5.1 Cleaning 

Cleaning was limited to the removal of loosely adhering sediment. This was done by 

gently washing sediment off under running water using a soft brush. The need for any 

further cleaning was assessed once the tooth was dry.  

5.2 Desalination 

Desalination started in March 2010. Water was changed to de-ionised water in 

increments (water:de-ionised water - 75:25; 50:50; 25:75) and finally to 100% de-ionised 

water in November 2010. The water was changed and conductivity measured as and 

when staff time allowed, roughly at two-weekly intervals.  

The tooth was handled with care during water changes. However, a few fragments did 

become detached.  

5.3 Drying 

Drying started in July 2013. The mammoth tooth was weighed, patted dry with tissue 

paper and placed in a humidity chamber containing a saturated solution of potassium 

iodide (Fig 7). The introduction of a new wet object meant the humidity quickly rose and 

was regulated down to approximately 65%rH by placing 200g of dry silica gel in the 

chamber. The drying progress was recorded by weighing the tooth (Fig 8). The tooth was 

turned regularly, to allow for even drying from all sides.  

 



© ENGLISH HERITAGE 7 20 - 2014 

 

Fig 7: The mammoth tooth inside the humidity chamber 

 

Mammoth Tooth Drying Curve
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Fig 8: Drying curve 

 

5.4 Consolidation 

As expected some cracks opened up and new ones formed (Fig 9, 11, 14-17). A few 

more fragments fell off the tooth too. The surface of the tooth is very fragile and 

susceptible to handling. Even though a consolidation will result in darkening, this is an 

acceptable change in return for a more stable object.  
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Fig 9: Mammoth tooth, after drying and 
consolidation 

Fig 10: Mammoth tooth, after drying and 
consolidation 

  
Fig 11: Mammoth tooth, after drying and 
consolidation 

Fig 12: Mammoth tooth, after drying and 
consolidation 

  
Fig 13: Mammoth tooth, after drying and 
consolidation 

Fig 14: Mammoth tooth, after drying and 
consolidation 
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Fig 15: Detail of mammoth tooth, after drying 
and consolidation, showing cracks 

Fig 16: Detail of mammoth tooth, after drying 
and consolidation, showing cracks 

 

 

 

Fig 17: Detail of mammoth tooth, after drying 
and consolidation, showing cracks 

 

Consolidation was carried out using 20% Paraloid B72 in toluene (w/v). The tooth was 

first placed in a solvent rich environment (a tight fitting box with a flat jar containing 

toluene). After two days the tooth was placed inside a shallow bath (approximately 

10mm deep) of toluene. This allows the tooth to be slowly saturated with solvent. The 

progress was monitored by observing a colour change. After one day the tooth was 

placed in a shallow bath of consolidant. This technique was adapted from Snow and 

Drayman Weisser (1984). Immersion was used as a technique as it provides a more even 

distribution of the consolidant compared with brushing or dripping.  
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A jar containing pure toluene was placed next to the tooth. The pre-treatment with pure 

toluene allowed for a better penetration of the consolidant into the tooth. A solvent rich 

environment around the tooth during impregnation allows for a slow and even 

distribution of the consolidant throughout the tooth. However, slower drying times are 

encountered. It is not possible to monitor progress of penetration inside the tooth. 

Colour change can be used as a guide only. The tooth remained in the solvent for 3 days. 

After which excess consolidant around the base of the tooth was removed using toluene 

swabs. The tooth was then placed on silicone release paper and left to dry in a solvent 

rich environment for one week. Final drying took place at ambient condition inside a fume 

cupboard.  

All this was carried out inside a box, which was placed in the fume cupboard.   

After drying and consolidation the tooth had a matt and pleasing appearance. It was only 

slightly darker.  

5.5 Storage 

30%RH or less will achieve acceptable levels of stabilisation for objects susceptible to 

pyrite oxidation (Fellowes and Hagan 2003, 33).  

6 ARCHIVE 

The archiving of dredged finds of archaeological interest is complex. Anything considered 

wreck has to be reported to the Receiver of Wreck and is dealt with separately by the 

Maritime and Coastguard Agency.  

The mammoth tooth (unique identifier: Hanson_0268) remains in the ownership of The 

Crown Estate. However, Hanson can put the tooth on display, providing appropriate 

referencing to The Crown Estate is made. 

The final repository for any recovered finds of archaeological interest is made on a case 

by case decision, often involving all stakeholders. In the past, museums have taken on the 

ownership of artefacts or objects; others have gone into handling collections in schools or 

within Wessex Archaeology.  

The mammoth tooth will be sent back to Hanson Aggregates Marine Ltd. for display in 

their office space. The display of dredged finds is an effective way to raise awareness and 

interest in the Protocol.  
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APPENDIX 1: X-RADIOGRAPHY PARAMETERS 
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