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Appendix A. A Catalogue of the Artifacts Studied 

This is a catalogue of all of the artifacts studied by optical n-kroscopy durring 

this research. The artifacts are arranged alphabetically by their find spot where 

this is known. The abrevieted name of the Museum where the piece is held is in 

the first column, this is followed by the museums accession number. The next 

column describes the type of tool, weapon, or ornament. The site is only given to 

Parish level; a more detailed location is available for some of the artifacts but for 

reasons of space this had to be omn-dtted. Context refers mainly to whether or 

not the artifact was a single stray find, belonged to a hoard, or was from a burial. 

Relics notes the occurance of corrosion features related to the microstructure of 

the bronze. 

Abreviations 

NA = Not available 

BCE = Brown Calcareous Earth 

CUMAA= Cambridge Museum of Archaeology and Anthropology 

DM= Devizes Museum 

SCM= Somerset County Museum 

KINCM= Hull City Museums and Art Galleries 
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Appendix B. Statistics. 

The application of statistical techniques to the analysis of archaeological data has 

become increasingly common since the 1960's (Orton, 1992). In fact, one of the 

main problems facing the non-statestian is the selection of the correct technique 

from the plethora of choices available. The technique selected for the work under 

discussion had to be capable of the following. 

a)Measuring the variation which occurs within a population; i. e. what degree of 

variation is representative of the variation in corrosion seen on objects from a 

hoard/site/soil type? 

b)Measuring the similarity of two or more populations; ie how different is the 

corrosion seen on artifacts from peat soils to that seen on artifacts from rendzina 

soils? 

c)Providing criteria which can be used to assign an object from an unknown or 

doubtful provenance to the correct burial environment. 

d)Capable of accommodating different types of data, e. g. binary, nominal, and 

discrete variables. In addition many of the variables used are dependant, so any 

method used had to be capable of taking into account missing variables without 

distorting the results. 
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The main techniques available for the analysis of multivariate data of this type 

are: 

a)Principal Component Analysis (PCA). This is only one of a family of 

techniques which are commonly described as scaling or ordination techniques 

(Marriott, 1974). The aim is to reduce the dimensionality of a set of variables, to 

a number which is easier to represent graphically, by finding out which variable 

contiributes most to the data's variability. PCA can work well with 

archaeological data, however, it is not suitable for the data under consideration 

because many of the variables are binary, and so cannot be reduced to Eigen 

vectors. 

b)Discriminant Analysis. This procedure is directed at investigating the 

relationship between a known grouping of data (in the present case the burial 

environment) and its variables (for example corrosion). The aim is to derive an 

'allocation rule' which can be used to assign to the correct group, samples from 

an unknown. One particularity useful feature of this method is that estimates of 

misclassification can be provided and tests of significance are also available, 

however, this technique also relies upon the calculation of Eigen vectors which 

means that it cannot be used with binary data. 

c)Factor Analysis. This technique is aimed at finding pairs or groups of 

variables which are correlated, these can then be accounted for in terms of 

factors. For example, if a correlation was found between the colour of a 
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corrosion crust and the texture of the crust, this would be classified as a factor 

which might be interpreted as being due to the different types of soil artifacts 

were buried in. This technique is unsuitable because it only produces groupings 

of variables, and not groupings of artifacts. 

e)Multidimensional Scaling. This technique is based upon the preparation of a 

map showing similar cases close together and dissimilar cases far apart. The 

degree of distortion required to fit multidimensional data onto a two dimensional 

map is known as strain. 

f)Cluster Analysis. This is a technique devised for dividing data into groups and 

was originally devised for use in soil classification and taxonomy. The basis of 

cluster analysis is the calculation of either a dissimilarity (high scores are 

obtained for very different cases) or a similarity (high scores are obtained for 

very similar cases) matrix. This can be used to prepare a dendrogram showing 

similar cases as very close together, dissimilar cases plot far apart. 

Multi-dimensional scaling and cluster analysis appeared to represent the best 

approaches to resolving the problem under consideration, tests were carried out 

using multi-dimensional scaling on some of the data obtained. It was decided to 

abandon this technique when it was found that the degree of strain was 

unacceptably large. Between-cluster average distance (Baverage) clustering was 

used to produce the groups of corroded artifacts, this joins clusters for which the 

average distance between pairs of cases in each cluster is smallest. Other 
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clustering techniques were tried (such as single linkage clustering), no difference 

was noted in the groupings obtained. Bavearage was adopted because it was the 

simplest method available. 

The first stage of cluster analysis is the calculation of a matrix which measures 

the distance between cases. These are termed 'Proximity Matrices' (Gordon, 

1981). This term covers dissimilarity measures for which the value increases as 

objects become more unalike and similarity measures which increase as the 

objects become more alike. The following proximity measures are available on 

SPSS. 

a)Squared Euclidean Distance. 

Distance (XY) = Eý 

This is the commonest measure of dissin-dlarity in use, its main disadvantages are 

that the value obtained for distance depends upon the units of measure used for 

the variables, also variables with a greater range contribute more to the total 

variation. One way round this is to standardise the variables to Z scores ie. 

X, -X S. D. 

The mean of z scores is 0 and the standard deviation 1, this allows comparison of 

scores from different distributions. 
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b)Euclidean Distance. This is the root of the squared Euclidean distance. 

D-i s tance (x< Y) =, ý/r (X, - y., ) 

The advantage of this method is that it reduces the 

c)Cosine. This is a 'Pattern Similarity Measure'. 

Similafity (X, Y)= li(xiy, ) 
()(Z)Z (y2. 

d)City Block or Manhattan Distance. 

Distance (X, Y)= XjlXj-Yjl 

e)Chebychev Distance. 

Distance (X, Y)= MaxilXI-Yil 

Before considering which of these measures to use it is worth noting some of the 

problems which can be encountered during the calculation of proximity matrices. 
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Gordon (1981) describes the following: 

a)Incompatible units of measurement are frequently encountered, for example an 

artifact can be measured in terms of length (cm), volume (cmý) and weight (g). 

This problem is not insurmountable and can be eliminated by converting all 

values to Z scores. None of the variables under consideration have units of 

measurement so this was not a problem. 

b)If the variables are a mixture of types then further problems can arise. Gordon 

(ibid) covers two main approaches to tackling this problem; 

i)Convert all variables to the lowest type in the sequence Numeric, Ordinal, 

Nominal, Binary. This method discards much useful data. 

ii)Use a general similarity coefficient, eg. 

sij=11 ý 

Sijk 

Wijk 

where Sij is the similarity between the i' and the j' case, 

Wijk is a weighting variable set to 1 or 0 depending on whether or not the 

comparison is valid for the variable -under consideration, and Sijk is the similarity 

coefficient between i and j for the le' variable (Gower, 197 1). Sijkcan be 

calculated using similarity coefficients suitable for each variable. 

iii)Consider each type of variable separately and attempt to synthesise the 

results of the different studies. This is a last resort (Gordon, ibid). 
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A further problem encountered is that much of the data available is conditional 

upon the presence of a crust or patina. This too is best addressed by the use of a 

general similarity measure (Gordon, ibid, p. 30) . 

The use of a general similarity coefficient represented the best option for the 

corrosion data. It can be designed to cope with a wide range of data types, and 

with conditionally dependant data. One of the reasons for selecting SPSS is that 

it is capable of the mathematical treatment of matrices, this enables the 

calculation of a general similarity coefficient. This was done using a specially 

designed SPSS routine which is given in Appendix C. 

Binary data, such as the presence or absence of a patina, was analyzed using a 

simple matching coefficient ie: 

a+b 
Sij a+b+c +d 

where: 

Case i 

variable present variable absent 

Case j variable present -ab 

variable absent cd 

a, b, c, and d may be one or zero. 

Nominal variables, patina lustre and crust texture, had to be converted to a series 
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of binary variables, these were then measured using the Jaccard similarity 

measure where 

sij= a 
a+b+c 

The Jaccard measure was selected for these variable because it is not valued by 

instances where the variable is missing for both cases. Numeric data was 

measured using the City Block Distance described above. 

Before the analysis could begin the corrosion data had to be coded in a manner 

which could be understood by a computer. In chapter 2 it was explained that the 

three main features described were patina, crust, pitting and intensity of corrosion. 

Pitting was treated on a simple presence or absence basis and the intensity of 

corrosion measured on an arbitrary 1-10 scale. The former was treated as a 

simple binary variable with 1= pitting present and O=pitting absent, missing data 

was inputed as 9. 

Colour was treated as a numeric variable using the codes given in Table B2. 'Ile 

colours are arranged in approximate order from green to yellow to red. Lustre 

was treated as a nominal variable. 

The presence or absence of a crust was treated as a binary variable in the same 

manner as patina described above. The textural data on crusts was also more 

varied than that on patinas, eight different types of crust structure were recognised 

powdery, crystalline, warty, smooth, scaly, botryoidal, pseudomorphs of organics, 
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Colour Code Colour Code 

Pale Green I Very Pale Brown 15 

Dark Green 2 Dark Brown 16 

Light Greenish Grey 3 Strong Brown 17 

Greenish Grey 4 Reddish Yellow 18 

Dark Greenish Grey 5 Dark Reddish Brown 19 

Dark olive 6 Reddish Brown 20 

Olive 7 Light Reddish Brown 21 

Pale Olive 8 Dark Red 22 

Black 9 Red 23 

Olive Brown 10 Dark Red 24 

Olive Yellow 11 Weak Red 25 

Yellow 12 Blue 26 

Greyish Brown 13 

Dark Yellowish Brown 14 Missing 99 

Table B2. Codes used for the colour of corrosion products. 
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Appendix C. An SPSS Program for the calculation of similarity coefficients 

for corrosion. 

COMNIENT TI-HS SERIES OF COMMANDS IMPORTS TBE RAW DATA AND SETS THE 

VALUES OF A NUMBER OF VARIABLES TO UNIT RANGE. 

IMPORT /FELE '<filename>'. 

IF NOT (MISSING (PATCOL) PATCOL PATCOL / 25. 

IF NOT (MISSING (CRUCOL) CRUCOL CRUCOL 25. 

IF NOT (MISSING (CRUBET) CRUBET CRUBET 2. 

IF NOT (MISSING (CRUSTATE) ) CRUSTATE = CRUSTATE / 2. 

COMPUTE INT = INT / 10. 

SAVE OUTFILE ' DATA. SYS'. 

COMMENT THIS SERIES OF COMMANDS CALCULATES TBE PROXIMITY MATRIX 

FOR BINARY DATA AND PUTS THE RESULTANT MATRIX INTO A FORM WI-HCH CAN 

BE UNDERSTOOD BY MATRIX-END MATRIX COMMANDS. 

GET /F11LE 'DATA. SYS'. 

PROXINUTIES PATINA CRUST PITTING /NEASURE SM /PRINT NONE AIISSING 

INCLUDE /MATRIX= OUT ('BIN1. SYS'). 

GET /FILE 'BINl. SYS'. 

SAVE OUTFILE'BIN2. SYS'\DROP ROWTYPE- VARNAMEL. 

GET /FILE 'BIN2. SYS'. 

RECODE ALL (MSSING = 1). 

SAVE OUTFILE 'A13. SYS'. 
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COMNENT TBESE COMAlANDS CALCULATE TBE PROXIMITY MATRIX FOR THE 

NUMERIC CRUST DATA, MISSING VALUES REPRESENTING 

A-A CONTEXTS ARE SET TO ZERO. 

GET /FELE 'DATA. SYS'. 

PROXIMITIES CRUBET CRUSTATE CRUTfH /MEASURE BLOCK /PRINT NONE IMSSING 

INCLUDE /MATRIX = OUT (NUMLSYS'). 

GET /FILE 'NUMI. SYS'. 

SAVE OUTFELE 'NUM2. SYS' /DROP ROWTYPE- VARNAME, 

GET /FELE 'NUM2. SYS'. 

RECODE ALL (10 THRU HI =1). 

SAVE OUTFILE 'NUM8. SYS'. 

COMMENT TBESE COMNLkNDS CALCULATE TBE MATRIX FOR CRUST COLOUR AND 

SET ELEMENTS WHERE ONLY ONE CASE IS ABS TO 1; VALUES GREATER THAN 10 

REPRESENT SITUATIONS WHERE ONE CASE IS ABSENT. 

GET /FILE 'DATA. SYS'. 

PROXIM[ITIES CRUCOL /MEASURE BLOCK /M[ISSING INCLUDE /PRINT 

NONE /MATRIX OUT ('N02. SYS'). 

GET /FIDLE 'N02. SYS'. 

SAVE OUTF]ILE'NO3. SYS'/DROP ROWTYPE- VARNAIVE-. 
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GET /FILE 'N03. SYS'. 

RECODE ALL (10 THRU I-H = 1). 

SAVE OUTFILE 'N04. SYS'. 

COMNJENT TBESE COMMANDS CALCULATE THE MATRIX FOR TBE PATINA 

COLOUR USING TBE SAME PROCESS AS ABOVE. 

GET /FIILE 'DATA. SYS'. 

PROXIMITIES PATCOL /IýIEASURE BLOCK /MISSING INCLUDE /PRINT NONE 

/MATIRX = OUT ('NUM4. SYS'). 

GET /FILE 'NUM4. SYS% 

SAVE OUTFILE 'NUM5. SYS' /DROP ROWTYPE,. 
_VARNAIM[E- 

GET /FIILE 'NUM5. SYS'. 

RECODE ALL (10 THRU 1-H = 1). 

SAVE OUTBILE 'NUM9. SYS'. 

COMMIINT TBESE COMMANDS CALCULATE THE MATRIX FOR USITENSITY. 

GET /FELE 'DATA. SYS'. 

PROXIMITIES INT /MEASURE BLOCK /MISSING INCLUDE /PRINT NONE 

/MATRIX =OUT ('NUM6. SYS'). 

GET /FIILE 'NUM6. SYS'. 

SAVE OUTHILE 'NUM7. SYS' /DROP ROWTYM- VARNANIE, 
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GET /FILE 'NUM7. SYS'. 

RECODE ALL (10 THRU 1-H = 1). 

SAVE OUTRILE 'NOLSYS'. 

COMMENT TBESE COMNJANDS CALCULATE TBE MATRIX FOR CRUST TEXTURE, A 

NONENAL VARIABLE WIUCH HAS BEEN SPLIT INTO A SERIES OF BINARY 

VARIABLES, VALUES FOR CRUST ARE SWITCHED TO TAKE ACCOUNT OF MISSING 

VALUES 

GET /RILE 'DATA. SYS'. 

RECODE CRUST (1=0) (0=1). 

PROXINUTIES POW CRY WAR SMO SCA BOT ORG OTH CRUST /MEASURE JACCARD 

/PRINT NONE /MISSING INCLUDE JMATRIX = OUT ('BIN5. SYS'). 

GET /FILE 'BIN5. SYS'. 

SAVE OUTFTLE 'BIN6. SYS' /FROP ROWTYPE- VARNAIME, 

GET /FELE 'BIN6. SYS'. 

RECODE ALL (NESSING=O). 

SAVE OUTFELE 'Al2. SYS'. 

COMMENT THESE COMMANDS CALCULATE THE MATRIX FOR PATINA LUSTRE, A 

NOMINAL VARIABLE WFUCH HAS BEEN SPLIT UP INTO A SERIES OF BINARY 

VARIABLES, VALUES FOR PATINA ARE SWITCBED SO THAT TMS CAN ACT AS 

NOSING PATINA. 
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GET /FILE 'DATA. SYS'. 

RECODE PATINA (1=0) (0=1). 

PROXINUTIES MET GLO MAT IRR PATINA /MEASURE JACCARD /M[ISSING INCLUDE 

/PRINT NONE /M[ATRIX = OUT ('BIN9. SYS'). 

GET /FIILE 'BIN9. SYS'. 

SAVE OUTFILE 'BIN4. SYS' /DROP ROWTYPE- VARNAME-. 

GET /FILE 'BIN4. SYS'. 

RECODE ALL (NUSSING = 0). 

S"E OUTFELE 'AIO. SYS'. 

COMMENT TFHS MATRIX COMMAND CONVERTS THE DISSIMILARITY 

COEFFICIENTS CALCULATED ABOVE INTO SRvM41LARITY COEFFICIENTS; A IS 

WEIGHTED BY MULTIPLYING BY THREE TO PEFLECT THE FACT THAT IT IS 

COMPOSED OF THREE VARIABLES. 

MATRIX. 

GET A /FIILE 'NUM8. SYS' /MISSING ACCEPT /SYSMIS = 99. 

GET G /FILE 'NUM9. SYS' /MISSING ACCEPT /SYSMIS = 99. 

GET H RILE 'NO l. SYS' /MISSING ACCEPT /SYSMIS 99. 

GET I RELE 'NO4. SYS' MSSING ACCEPT /SYSMIS 99. 

COMPUTE A=( (1-A)*3) + (1-G) + (1-H) + (1-1). 

SAVE A /OUTFILE 'RES l. SYS'. 

END MATRIX. 

COMMENT THIS MATRIX COMMAND CALCULATES TBE FINAL SIMILARITY MATRIX 

BY SUNMNG ALL OF THE PREVIOUSLY CALCULATED MATRICES; CIS WEIGHTED 

TO REFLECT TBE NUMBER OF VARIABLES IT CONTAINS. 
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MATRIX. 

GET B /FILE 'RES I. SYS' /MISSING ACCEPT /SYSMIS = 99. 

GET C MILE 'A13. SYS' /MISSING ACCEPT /SYSMIS = 99. 

GET D /F11LE 'Al2. SYS' /MISSING ACCEPT /SYSMIS = 99. 

GET F /FILE 'AIO. SYS' /MISSING ACCEPT /SYSMIS = 99. 

COMPUTE B=B+ (3*C) +D+F. 

MSAVE B frYPE CORR /OUTFI1LE 'RES3. SYS'. 

END MATRIX. 

GET /FILE 'RES3. SYS'. 

RECODE ROWTYPE- ('CORR'= 'PROX'). 

VALUE LABELS ROVMPE_ 'PROX' "SIMILARITY". 

CLUSTER /MATRIX IN (*) /PLOT DENDROGRAM /PRINT DISTANCE. 

GET /FILE 'DATA. SYS'. 

LIST. 

GET FELE 'RESISYS'. 

SAVE OUTFILE 'RES4. SYS'/DROP ROWTYPE- VARNAW-- 

MATRIX. 

GET ARRAY /FILE 'RES4. SYS'. 

COMPUTE MAX = MMAX (ARRAY). 

COMPUTE MIN = MlvflN (ARRAY). 

COWUTE MEAN = 

(MSUM (ARRAY) - 11.00 * NROW (ARRAY) )/( (NROW (ARRAY)-I)*NCOL (ARRAY) 

PRINT MIN JFORMAT "F10.2" JTITLE "MWIMUM SIMILARITY 

PRINT MAX /FORMAT "F10.2" /TITLE "MAXEVIUM SIMILARITY 

PRINT MEAN /FORMAT "1710.2" ATTLE "MEAN SIMILARITY = ". 

END MATRIX. 
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Appendix D. Corrosion Data and Similarity Coefricients 
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