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Assessment and investigation of the artifact from Mauritius. 

During the investigations and excavations of the indentured labourer Barracks at Trianon, a 

ferrous object was recovered thought to be a slave shackle. This report presents the observations made 

during a macroscopic assessment of the find, carried out at the Departments of Chemistry, and 

Engineering, at the University of Aberdeen during December 2010 for Dr. Krish Seetah and the project 

‘Environmental Imperialism: Colonial Activity in Mauritius’. 

The main aims of the study were: 

i) to confirm the identification of the ferrous artifact as that of a slave shackle; 

ii) to establish what material the artifact is made from; 

iii) to learn how the object was formed; 

iv) to evaluate the potential for further research and analytical study of the object, as well as 

the wider assemblage of ferrous remains recovered. 

This study follows the methodology for the identification and reporting of metallic artifacts and related 

residues as outlined in the Archaeometallurgy guidelines published by English Heritage (Bayley et al. 

2001) and the research framework proposed by the Historical Metallurgy Society (Bayley et al. 2008). 

Description 

The artefact consists of three main features: a D-shaped bar, an eyelet and a hinge. A photograph of the 

artefact and the highlighted features can be seen in Figure 1, with an illustration of the object and its 

features in Figure 2. The shape of the artefact has a maximum length of 60mm, and a maximum width of 

50mm. The widest part of the bar is 12mm wide at the eyelet. The main feature of the artefact, the bar, 

is consistently around 10mm wide and 7mm thick. From the eyelet to the mid-point of the D-shaped 

bar, the section of the bar is rectangular with rounded sides. From this mid-point to the hinge, the 

section becomes pentagonal with distinctive planes and more angular corners. 

Background 

The Dutch settlers were the first Europeans to bring slaves to Mauritius in 1622, proceeded by the 

settlement of the French colonialists in the early 18th century (Seetah 2010: 100-1). The overhaul of the 

French by British colonial powers in the early 19th century witnessed the movement towards 

independence and the replacement of slavery with indentured labourers in 1835 (Seetah 2010: 102-3). 

The period of enslavement in Mauritius covers some two-hundred years from first quarter of the 17th 

century, to that of the 19th century, providing a rough idea of the date of the shackle being studies, as 

well as its context. During this period, most iron was produced in blast furnaces through the ‘indirect 

process’. 

There are two processes by which iron can be produced: the direct process (bloomery smelting) and the 

indirect process (blast furnace). The bloomery process is a solid state reaction where iron is processed in 

a furnace with fuel (charcoal) at around 1200:C, where the iron oxides are reduced to metallic iron and 

the main by-product is slag (iron rich silicate) (for more information, see Rostoker and Bronson 1990, 
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and Tylecote 1980). The direct process precedes, and for a duration is contemporaneous with, the 

indirect process. 

The beginning of the blast furnace in Europe is attributed to the late 15th century. The indirect process 

works at a much higher temperature and iron is melted into its liquid state in a blast furnace. Iron 

liquefies at 1534:C, however, the addition of carbon to the process can lower the temperature needed 

for the process to 1350:C (Rostoker and Bronson 1990: 102). The resulting molten metal from a blast 

furnace is known as ‘pig iron’, which is referred to as ‘cast iron’ when it is remelted. In order to make 

this iron usable it has to be decarburised in a process known as ‘refining’, where the cast iron is placed in 

a finery hearth and oxidised to remove the carbon. 

Slag inclusion analysis has become a more common tool in the study of ferrous materials, with particular 

interest in aspects of provenance and technology. In the last few decades studies into ferrous metallurgy 

in archaeology have attempted to distinguish between the two processes used to make iron (Buchwald 

and Wivel 1998, Rostoker and Dvorak 1990, Starley 1999, Tholander 1989). One useful indicator for 

distinguishing between both processes is the relative amount of phosphorus. The metal phase and SI in 

refined pig iron appear to contain significantly elevated levels of phosphorus, compared to bloomery 

iron. This has been shown in several studies (Dillman and L'Héritier 2007, Starley 1999). 

The partitioning of phosphorous between the metal and slag phases depends very much on the 

temperature. For the direct process, phosphorus partitions between both the metal and slag phases. For 

the indirect process, phosphorus appears to be reduced fully to the pig iron. When the pig iron is 

decarburised through fining, the oxidation process causes some of the elements in the metal phase to 

oxidise. Phosphorus is oxidised and significantly influences the composition of the SI. Because SI are 

produced during the refining of cast iron, the SI are likely to contain significantly more iron oxides 

compared to bloomery iron (whose SI usually have lower levels of iron oxides). A similar case has been 

mad, though less convincingly, for sulphur. 

Identification 
The features outlined in the artefact description ideally suit those of a shackle. The artefact itself 

represents an incomplete shackle, consisting only of the D-shaped bar. The D-shaped bar has an eyelet 

at one end, and parts of the pivotal hinge at the other. The term ‘shackle’ appears more frequently that 

the other names given to the same device (fetters, leg irons or leg cuffs, entraves and manacles), and so 

will be adopted for the purpose of this report. Bilboes are another similar device, though distinctly 

different in their form and mechanics. 

Very little appears to have been published on ‘shackles’ or restraints relevant to historical and 

archaeological investigations. Thompson’s (1993) study of Iron Age and Roman shackles is worthy of 

note, as is Malcom’s (1998) short investigation of the bilboes recovered from an English slave ship. 

However, the only work relevant to the period in discussion Robin’s collection of European made 

restraints from the 19th century. 

 



 

 

 

Figure 1 Photographs of the shackle, showing both profiles of the object, with close up images of the eyelet and hinge sections from both the interior and exterior 
perspectives. 
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Figure 2 Illustration of the shackle showing detail of the eyelet and hinge ends of the D-shaped bar and section profiles of the 
bar and eyelet where indicated.  



 

 

Methodology 
The artefact was recorded and documented by means of photography and illustration, as indicated in 

Figures 1 and 2. One sample was obtained from the mid-section of the D-shaped bar using a water-

lubricated rotary silicon carbide (SiC) grinder cut-off machine. This method was chosen to avoid the 

potential effects of annealing on the microstructure through abrasive action of the disc. The sample was 

ground using 120 grade SiC abrasive paper prior to being mounted in a two-component epoxy resin. The 

resin block was ground using SiC abrasive grade paper (grade 120-1200) and then flatly polished using 

diamond paste mediums 9, 3 and 0.25μm. 

The composition of the metal phase and the entrapped slag inclusions (SI) was determined using an ISIS 

ABT-55 scanning electron microscope equipped with an Oxford Link Analytical AN 10/55S energy 

dispersive spectrometer system (SEM-EDS). Measurements were performed with a 15kV accelerating 

voltage with a ≈40% deadtime.  

The precision and accuracy of the instrument used in this study was tested through repeated analysis of 

reference materials relevant to the analysis of slag (see Table 1). Three reference glasses, produced by 

Brill (1999) from the Corning Museum of Glass were analysed (Glass B, Glass C and Glass D). The results 

from recent microbeam analyses of these standards were employed as the reference values for this 

study (Vicenzi 2002). The accuracy and precision tests for the lead-rich reference glass (Glass C) were 

significantly higher than those results obtained from the other two glasses, perhaps owing to an internal 

matrix affect. Subsequently, it was decided to focus to pay greater attention to the results obtained 

from Glass B and Glass D. The results are generally good. Minor elements can be detected and 

quantified for amounts over 0.2 %. The relative quantification error for minor element oxides (<1 wt%) 

was up to 20%, and for major element oxides (>1wt%) the relative error was around 2-3%. The accuracy 

of the calibration and validity of the ZAF correction procedure for SEM-EDS was tested with the latter 

mentioned reference materials. The calibration of the scanning electron microscope was based on pure 

elements and simple compounds. Oxygen was not measured in this study, but was calculated based on 

stoichiometry. All results are reported as averages and expressed in weight percent of the element 

oxides for SI, and expressed as pure elements for the analysis of the metal phase. Ten SI were analysed, 

as were five area analyses of the metal phase, using SEM-EDS. 

A metallographic study was performed on the sample after the chemical analyses using a metallographic 

optical microscope in plane polarised light (PPL) to assess the microstructure and distinguish the 

different zones of interest. All micrographs are provided with scale bar (in micrometers) and microscope 

magnification (200X, 500X). 

This order of techniques was adopted due to the affects of the etchant on the metal phase and the SI. 

The carbon coating from SEM-EDS was removed by polishing before etching. The sample was etched 

using 1% nital solution following well established guidelines (Petzo 1978: 64). The sample was studied 

and recorded optically. All sample preparations and analyses were performed at the University of 

Aberdeen. 



 

 

Table 1 Results from precision and accuracy tests performed on glass reference materials from the Corning Museum of Glass with United States National Museum (USNM) number provided. The 
four rows for each reference glass present the certified values of the reference material (“reference”), the normalised results of the mean of 3 SEM-EDS area measurements of the three reference 
glasses (“analysed”), the standard deviation for those 3 measurements (“STDev”), the absolute difference between the analyses and reference values for each compound (“δ abs”), and the 
relative difference between the analysed and the reference values for each compound expressed in percent (“δ ref (%)”). All oxides are in weight percent (wt%). Below detection limits = bd. 

Corning USNM No.   Na2O MgO Al2O3 SiO2 P2O5 K2O CaO TiO2 MnO Fe2O3 CoO CuO ZnO Sb2O5 BaO PbO 

                                      

B 117218.001 Reference 17.0 1.03 4.36 61.55 0.82 1.00 8.56 0.089 0.25 0.34 0.046 2.66 0.19 0.46 0.12 0.61 

    Analysed 17.3 1.04 4.09 61.77 0.96 0.98 8.69 0.134 0.20 0.33 0.100 2.79 0.14 0.51 0.05 0.89 

    STDev 0.59 0.19 0.03 0.56 0.13 0.07 0.16 0.036 0.07 0.11 0.130 0.13 0.14 0.11 0.04 0.31 

    δ abs 0.30 0.03 0.27 0.22 0.14 0.02 0.13 0.045 0.05 0.01 0.054 0.13 0.05 0.05 0.07 0.28 

    δ rel (%) 1.8 2.9 6.2 0.4 17.1 2.0 1.5 50.6 20.0 2.9 117.4 4.9 26.3 10.9 58.3 45.9 

C 117218.002 Reference 1.07 2.76 0.87 34.87 0.14 2.84 5.07 0.79 0.82 0.34 0.18 1.13 0.052 0.03 11.4 36.7 

    Analysed 1.20 2.75 0.77 31.86 0.01 2.56 4.72 0.69 0.01 0.28 bd 1.19 0.156 0.08 11.3 42.4 

    STDev 0.16 0.10 0.10 0.43 0.02 0.15 0.13 0.08 0.02 0.13   0.21 0.144 0.14 0.05 0.42 

    δ abs 0.13 0.01 0.10 3.01 0.13 0.28 0.35 0.10 0.81 0.06   0.06 0.108 0.05 0.1 5.7 

    δ rel (%) 12.1 0.4 11.5 8.6 92.9 9.9 6.9 12.7 98.8 17.6   5.3 207.7 166.7 0.9 15.5 

D 117218.003 Reference 1.20 3.94 5.30 55.24 3.93 11.3 14.80 0.38 0.55 0.52 0.023 0.38 0.10 0.97 0.51 0.48 

    Analysed 1.60 3.94 5.15 55.15 4.13 11.0 14.92 0.47 0.61 0.46 0.095 0.46 0.16 1.17 0.35 0.37 

    STDev 0.26 0.10 0.17 0.14 0.03 0.04 0.04 0.11 0.05 0.05 0.10 0.20 0.06 0.43 0.10 0.04 

    δ abs 0.40 0.00 0.15 0.09 0.02 0.3 0.12 0.09 0.06 0.06 0.072 0.08 0.06 0.20 0.16 0.11 

    δ rel (%) 33.3 0.0 2.8 0.2 0.5 2.7 0.8 23.7 10.9 11.5 313.0 21.1 60.0 20.6 31.4 22.9 
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Results 
 

Chemical analysis 

The five area analyses of the metal phase (Table 

2) confirm that the composition of the artefact 

is almost pure iron. The iron matrix contains 

roughly 0.2% phosphorus. The presence of 

phosphorous in the metal phase is important 

when interpreting the technological origins of 

the iron, as well as making comments about its 

affects on the properties of the material. 

Table 2 Normalised SEM-EDS data for five area analyses of the 
metal phase of the sample. All elements are expressed in wt%. 

Analysis Fe P Total 

1 99.81 0.19 100.00 

2 99.72 0.28 100.00 

3 99.91 0.09 100.00 

4 99.82 0.18 100.00 

5 99.77 0.23 100.00 

Average 99.81 0.19 100.00 

What is also immediately apparent in the composition of SI is the amount of phosphorus. Phosphorus 

pentoxide constitutes roughly 10% of the SI composition, which is extremely high compared to the often 

much lower levels of this compound measured in SI entrapped in bloomery iron. Where the phosphorus 

pentoxide levels are slightly lower in the last five SI analyses, the levels of sulphur increase marginally. SI 

in bloomery iron tend to have low levels of sulphur, with increasing amounts greater associated with the 

indirect process (Starley 1999). Here, sulphur is consistently present, up to 1 wt%. 

The slag inclusions contain very little of the non-reduced compounds that you would expect to see at 

much higher levels in bloomery iron (MgO, Al2O3, SiO2 and K2O). Despite there being nearly 16.41 wt% 

SiO2 in the SI composition, most bloomery slags and SI are often contain more elevated amounts of this 

compound. 

Macrostructure 

As a general rule of thumb, the brightness of the ferrous metal is an indicator of the carbon content. 

Almost white areas correspond with 0.8% carbon steel, whilst dark areas (dark grey) correspond with 

pure ferritic iron (0.0% C). Mid-tones in between reflect the intermediate content of carbon from ferrite 

with interstitial pearliet, up to hypoeutectoid steel. Gradients and sharp boundaries reflect the depth of 

any carburisation/decarburisation, as well as possible weld seams. 

Etching the sample obtained from the shackle with nital revealed a uniform dark grey. No features 

indicative of weld seams, inclusions, or differential carbon distribution were observed. 
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Table 3 Normalised SEM-EDS data for the analysis of ten SI in the sample. All elements are expressed as oxides (stoichiometrically) in wt%. Below detection limits = bd. 

Analysis Na2O MgO Al2O3 SiO2 P2O5 SO3 K2O CaO TiO2 MnO FeO BaO Total 

1 0.03 1.84 1.54 17.78 10.53 0.53 0.04 2.52 0.72 5.88 58.60 nd 100.00 

2 0.00 1.82 1.88 17.84 10.98 0.57 0.01 2.64 0.56 6.18 57.52 nd 100.00 

3 0.38 1.82 2.46 17.67 12.80 0.47 0.00 2.56 0.48 6.20 55.15 nd 100.00 

4 0.27 1.60 2.10 17.99 10.89 0.70 0.06 2.62 0.57 6.27 56.95 nd 100.00 

5 0.46 2.00 1.30 18.69 11.15 0.59 0.02 2.76 0.56 6.51 55.98 nd 100.00 

6 0.55 1.37 1.63 14.13 8.92 0.99 0.05 2.15 0.40 4.95 64.85 nd 100.00 

7 0.70 1.57 1.90 13.29 8.59 0.83 0.08 2.10 0.68 4.69 65.57 nd 100.00 

8 0.65 1.19 2.33 13.83 8.23 1.04 0.01 2.06 0.37 4.35 65.94 nd 100.00 

9 0.01 1.70 2.00 18.31 8.06 1.16 0.11 2.75 0.74 5.63 59.54 nd 100.00 

10 0.23 1.28 2.97 14.51 8.41 1.02 0.05 2.13 0.27 4.72 64.33 0.09 100.00 

Average 0.33 1.62 2.01 16.41 9.86 0.79 0.04 2.43 0.53 5.54 60.44 0.01 100.00 
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Microstructure 

 

Figure 3 Relatively homogenous matrix consisting of hexagonal 
equi-axed grains of ferrite (pale white) and spherodised carbides 
(dark dots), containing one large and several small slag 
inclusions (dark grey), with a layer of iron oxide corrosion (light 
grey) and slag (dark grey) at the surface (left of image). 
Micrograph in PPL, 200X. 

The microstructure of the artefact shows two 

phases, the metallic phase, and the slag phase 

(entrapped inclusions). The metallic phase 

consists almost entirely of ferrite (Figure 3). The 

ferrite shows remnant hexagonal equiaxed 

grains of ferrite, which display a spherodised 

grain structure in some areas (Figure 4). The 

carbon content is approximately 0.1-0.15%, as 

indicated by the areas of pearlite at the grain 

boundaries (interstitial). The hypoeutectoid 

structure of proeutectoid ferrite and interstitial 

pearlite indicates that the material is a low-

carbon steel.  The low carbon content allows 

the allotriomorphic ferrite to form (appearing 

as equiaxed grains). The core consists almost 

entirely of ferrite, with the interstitial pearlite 

increasing towards the surface on several 

surfaces of the artefact. The small dark circular 

features are unlikely to be indicative of surface 

pitting (corrosion), and are more likely to 

represent spheroidised carbides 

(spheroidisation of the pearlitic cementite that 

has ‘balled’ up and become granular) (Figures 3, 

4 and 5). 

 

 

Figure 4 Ferrite containing spheroidised carbides (dark spots), 
with interstitial pearlite (pale brown). PPL. 200X. 

 

Figure 5 Close up image of the spherodised carbides (dark spots) 
within the ferrite. PPL. X500. 

 

Figure 6 Mostly allotriomorphic ferrite (equi-axed and rounded 
grains) and pearlite,  with some Widmanstätten ferrite (acicular 
grains, white). Micrograph PPL, 200X.  
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Figure 6 shows one of the carbon-rich areas (0.15% C), indicated by the pearlite, where a widmanstätten 

structure can be identified amongst the majority of allotriomorphic ferrite. 

Interpretation and Discussion 
The elevated levels of phosphorus in the metal and slag phases indicate that the iron is most likely to 

have originated from the indirect process. This is supported by the slightly elevated and noticeable 

levels of sulphur that are often much lower in bloomery iron. The relatively small amounts of non 

reduce compounds in the SI composition would also indicate that the material derives from cast iron 

produced in a blast furnace. 

This cast iron (containing 2-5% C) would have been decarburised in a finery forge at a refinery. During 

this fining process, SI would form and some of the phosphorus from the metal phase would be oxidise. 

This explains the elevated amounts of phosphorus observed in the overall SI composition. The low 

carbon steel used to make the shackle would have been significantly decarburised prior to working, as 

indicated by the hypoeutectoid structure. 

Unfortunately, the microstructure alone does not provide any information on some of the secondary 

smithing processes employed to shape and form the shackle. The D-shaped bar shows flat planes 

indicative of hammer-forging, whose subtle variation are more indicative of smithing than casting. The 

logical order of shaping and forming action would be as follows: 

i) to draw out an iron bar/rod (unless it has been pre-cast); 

ii) ii) to hammer one end flat and create a perforation to produce the eyelet, and similarly, to 

flatten the other end before bending it back on itself to produce the recurve shape needed 

for the pivotal point (hinge); 

iii) finally bend the main body of the bar to produce the characteristic D-shape shackle. 

The microstructure indicates that the shackle was annealed, allowing for the recrystallisation to produce 

a relatively homogenous matrix of stress free equiaxed ferrite grains. Annealing will also allow 

cementite to spheroidise. This would usually around 625-675:C, below the austenitizing transformation 

range. However, the spheroidising of some of the ferrite grains, and the presence of a widmanstätten 

structure in one carbon-rich area indicate that the austenitizing range (730-770:C) was reached partially, 

but not long enough for the transformation of the entire matrix. At this temperature, some of the 

carbides start dissolving, which may explain the difficulty in identifying some of the plastically deformed 

pearlitic cementite. All this implies that there was some limited overheating during forging. There are no 

structures (martensite) to indicate that the shackle was quenched or quickly cooled. The structures 

identified indicate that the shackle was air cooled after annealing. 

Phosphorus in steel promotes drawability, increases hardness, and helps dissolve the carbon. The 

increased workability of the steel, in drawing, may indicate a reason why this material was selected for 

the manufacture of the shackle. Assuming the bar is not cast, the phosphorus would promote 

drawability to fashion a long bar/rod ready for fashioning into a shackle. 
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The carbon is fairly evenly distributed, except those areas in the core almost entirely made of ferrite. 

There are no diffusion boundaries indicative of case-hardening. The shackle could have been 

decarburised further during the annealing process. Alternatively, the iron stock used to make the 

shackle was completely decarburised originally, and carburised during the smithing process. 

Evaluation of future potential 

Very few studies have explicitly dealt with the issue of slavey and ‘colonial’ ironwork in the southern 

hemisphere. Although a sensitive area for discussion, the pilot project in Mauritius highlights a new 

opportunity to address this topic. A significant contribution could be made to understanding our recent 

past through archaeometallurgical studies of this assemblage of ironwork, including comparable case 

studies.  
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