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INTRODUCTION 

Using traditional art historical methods in the study of Renaissance bronze sculptures, it 

is difficult to make reliable attributions to specific artist, to date the sculptures or even to 

establish a region of origin. With little historical documentation available, attributions for most 

sculptures fall along a continuum from very uncertain to relatively certain. This situation is 

not unique to Renaissance bronzes. In order to address this problem, museum laboratories have 

in the recent past developed programs of technical studies of art objects aimed at contributing 

to provenance determinations . Examples are long-term studies of Chinese bronzes (Bagley 1987) 

and of Sasanian silver (Harper and Meyers 1981). These and other studies serve as examples 

demonstrating the usefulness of combining technical examination with stylistic studies. 

Renaissance bronzes have as yet not been subjected to such comprehensive examinations 

although technical studies have been carried out at the Victoria and Albert Museum, the 

Metropolitan Museum and the National Gallery. For example, the work at the Metropolitan 

Museum has produced especially interesting results (Stone 1982). It is therefore highly likely 

that a comprehensive long-term project of technical studies of Renaissance bronze sculptures 

will provide significant results and will considerably enhance our understanding of the 

production of Renaissance bronzes by establishing relationships between artists, workshops, 

regional developments and dates. 

This p ilot project was initiated to investigate whether or not technical data, when 

combined with art historical information, can contribute to provenance determinations of 

Renaissance sculptures and to establish the possible extent of such contributions . It is 

intended to be the first stage of a long-term technical program. The basic research design 

follows that of a similar project with Himalayan bronzes, in which technical studies proved to 

be extremely useful in identi fying a probable region of manufacture (Reedy and Meyers 1987). 

Well documented sculptures were made available to us for study by courtesy of the 

Kunsthistoriches Museum, Vienna during an exhibition at the Los Angeles County Museum of 



Art entitled "Renaissance Master Bronzes",  1987. A majority of the pieces in this collection 

were made for the Hapsburg Kunstkammer or known collectors, and have some historical 

documentation. This group of bronzes was supplemented by pieces from the Getty Museum. To 

be comprehensive and as accurate as possible in its conclusions, it is essential that this project 

be expanded to include other Renaissance bronze collections . 

The project began with visual examination of sculptures , noting the surface and structural 

characteristics for determining the fabrication technique. This study of casting and decorating 

methods was supplemented with X-ray radiography. When possible, samples of clay core 

materials were removed for a mineralogical analysis by thin section petrography. A stepwise 

discriminant analysis was used to interpret these datasets in relation to art historical 

attributions. 

Some metal samples have also been taken for future analysis by atomic absorption 

spectrometry when the equipment becomes available to the Getty Conservation Institute. The 

alloy composition of some of the sculptures was determined by energy-dispersive X-ray 

fluorescence analysis. However, the metal compositions have as yet not been included in this 

p ilot study. 

In this report we review the current status of the project at the end of its f irst year: 

what has been completed thus far, what results have been obtained, and in what direction we 

believe the project should continue. 

Personnel 

Ms. Billie Milam, Associate Conservator of Sculpture at the J. Paul Getty Museum, is the 

project coordinator . Dr. Chandra Reedy, Associate Research Scientist at the Los Angeles 

County Museum of Art , is in charge of the mineralogical and statistical analyses . Ms. Carol 

Sussman, assistant for the project, worked with Ms. Milam on the study of casting and 
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decorating methods, coded and entered those data for the statist ical work, and is in charge of 

data management. 

Dr. Reedy and Ms. Milam developed a working check sheet (see Appendix 3) of var iables 

to record which combined art historical information with casting and decorating characteristics. 

Decisions about which characteristics to use were initially based on those features that proved 

useful in the Himalayan project that served as a model for this study, but were then tailored 

specifically to the casting and decorating features found on Renaissance bronzes. Refining of 

the check sheets and description of the categories used on them (see Appendix 2), and 

subsequently determining how the features of each sculpture should be recorded in accordance 

with those forms, was done after extensive examination of each piece by Ms. Milam with the 

aid of Ms. Sussman. Ms. Sussman coded the casting variables into numerical form and entered 

that data into a computer in a format suitable for statistical analysis. The X-ray radiography 

was undertaken by Ms. Milam and Dr. Pieter Meyers at LACMA, and by Ms. Milam and 

Richardson X-ray Company at the Getty Museum with a portable X-ray tube. The casting core 

samples were taken by Ms. Milam, mounted by Quality Thin Sections, and analyzed through thin 

section petrography by Dr. Reedy. Dr. Chandra Reedy, in consultation with Dr. Terry Reedy, 

completed the multivariate statistical analysis of all datasets. Metal samples were taken by Ms. 

Milam for future analysis by atomic absorption spectrometry by Dr. David Scott of the Getty 

Conservation Institute. Alloy analysis by X-ray fluorescence was carried out on polished areas 

of some of the bronzes by Mr. Michael Schilling. Dr. Frank Preusser (GCI) has gathered 

together published material on metal analyses of Renaissance bronzes, which he has entered 

into a computer at- GCI for inclusion in the project at a later date. 
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MA TERIALS AND METHODS 

Sculptures Selected for Analysis 

A total of 64 sculptures from the exhibition entitled "Renaissance Master Bronzes" from 

the Kunsthistoriches Museum in Vienna (Lei the-Jasper 1986) were analyzed. The sculptures 

were examined and sampled during the installation of the exhibition at the Los Angeles County 

Museum of Art; during the deinstallation they were examined again and X-ray radiography was 

carried out. Time constraints precluded the full recording of data from all objects in the 

exhibition, and we therefore have some missing data for casting and decorating techniques 

which should be completed. 

A total of 39 objects from the J. Paul Getty Museum permanent collection and loan 

sculptures were also analyzed with owner approval (as well as one piece from the Museum of 

Fine Arts, Houston that was made available to us by LACMA with approval from MFA). Some 

of these objects have a relatively plausible provenance, others are more uncertain, with 

alternate regional and chronological attributions possible. It is expected that their inclusion in 

this long-term study will eventually provide support for a more accurate attribution. At this 

time, examination of specific attributions is not possible because we have analyzed too few 

sculptures at this stage of the project. Additionally, some of the casting and decorating 

entries are not yet complete for this group. 

A l ist of all sculptures thus far included in the study and their identification numbers 

used in the data table is given in Appendix I. 

Art Historical Data 

Art historical attributions concerning the possible region of production, artist, and date of 

manufacture were collected through discussions with Dr.  Manfred Leithe-Jasper, Dr. Peter Fusco 

and Prof . Carlo Pedretti. (It is suggested that Dr. Peter Mellor, another art historian, can also 
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be consulted on attributions as the project continues.) Although information is absolutely 

certain in only a few cases, constructing at least plausible hypotheses concerning attribution 

was necessary to organize the sculptures for statistical analysis of the data. The attributions 

chosen remain open to re-examination as the project progresses. In some cases the attribution 

that can be hypothesized is more exact (e.g., Milan) than in other cases (e.g., Italy). In all 

cases the most exact attribution possible was given, although for purposes of statistical analysis 

some categories were later combined. The art historical categories recorded are listed in the 

key to the dataset (Appendix 6). At this stage of the project these categories are not realistic 

and had to be combined into more general groups, as we are restricted by the small number of 

objects. 

Casting and Decorating Techniques 

The casting and decorating technology employed in sculpture production involves many 

steps, with alternative choices of methods available at every step. It is possible that patterns 

of s imilar techniques may exist that are related to region of production, artists workshops, or 

date of manufacture. To determine variations in casting and decorating technology, the 

combination of surface examination and X-ray radiography was used to record a total of 86 

different features. 

A few of these features are arithmetic variables (e.g., height, width, depth); most are 

categorical. In some cases only presence or absence of a feature was recorded (e.g., threaded 

chaplets, pins located in cracks, and casting in separate pieces that were joined in the metal). 

In other cases- several choices were available within a particular category (e.g., thickness of the 

metal of a hollow casting piece is thin, average or thick). 

The 86 features recorded can be very generally categorized as pertaining to ( l )  the 

structure of the piece, (2) the treatment of repairs of casting flaws, (3) the construction of the 

core and degree of hollowness of the piece, (4) decoration and finishing, and (5) the patina. 
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All of the features recorded are listed and defined in Appendix 2. When the numbers of 

occurrences of each feature were tallied, we noted that many of these technical features are so 

infrequent that they occur extremely rarely , or never, in our groups of more plausible 

attribution, so at this stage cannot contribute to the provenance studies. Thus, as the project 

progresses , some categories may eventually be combined or eliminated. 

The data were recorded with the aid of a form designed specifically for this project (see 

Appendix 3). Since two people worked to record the features , testing for consistency and 

repeatability was possible. Although other analysts may have selected a somewhat different set 

of features to record, a set of definitions for all characteristics included (Appendix 2) was 

prepared so that other analysts should be able to identify those same features. 

Clay Core Mineralogy 

Samples of core material were available for 64 sculptures in the study. Analysis of this 

material was expected to be especially useful for regional and workshop characterizations, since 

core materials were most likely collected at the site of sculpture manufacture. Our hypothesis 

was that the mineralogical composition of clays from different geographic regions would very 

l ikely show considerably more variation between regions than within a single region. It is also 

possible that artists from different workshops and/or time periods would select materials of 

different composition or texture for constructing clay cores . 

The loose-grained samples were mounted in Lakeside 70 on a glass slide by Quality Thin 

Sections of Tucson, Arizona. They ground the samples down to .03 mm thickness with silicon 

carbide powder, and cover glasses were mounted with Canada Balsam. This thin section 

preparation permits microscopic measurement of the optical properties of the minerals in the 

samples , thus allowing them to be identified by reference to standard tables of mineral optics 

( Kerr 1977; Deer, Howie and Zussman 1980). 
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Appendix 4 gives the full description of all mineral features recorded. The percentage of 

quartz present in each thin section was estimated by reference to models for visual estimation 

of percentage composition of rocks (Williams, Turner and Gilbert 1982:593-597). Other quartz 

features recorded were the most common size of the grains , degree of sorting, shape of the 

grains, and eight textural characteristics. 

Organic matter appears in both uncarbonized and carbonized forms. The percentage 

present and the overall size for each were determined. Carbonates , when present, were 

categorized as rare, abundant, or very abundant, and the most common size was recorded. If 

rounded edges or rhombic shapes were present , these were noted. The presence of possible 

dolomite or siderite were also noted. After the f inal totals of occurrences in each category 

had been determined, the carbonate categories were collapsed for statistical analysis into only 

the degree of abundance and the size. 

Hematite, if present, was recorded as rare, abundant, or very abundant. The presence of 

plagioclase feldspar was originally recorded along with i�s approximate percentage. The 

percentage of alkali feldspars were also recorded, broken down into microcline or orthoclase 

categories. For the statistical analysis, however, only presence or absence of the three 

feldspar types was used. 

For micas, presence or absence was recorded for muscovite, biotite and chlorite. If 

clinopyroxenes or orthopyroxenes were present, the type was determined whenever possible. 

Amphiboles were divided into either hornblende or other. Lithic fragments were primarily 

metamorphic or volcanic, but some sedimentary and plutonic lithics were also seen. 

In addition, presence or absence was recorded for the following minerals: epidote, 

clinozoisite, apatite, z ircon, rutile, spinel , tourmaline, garnet, glauconite, gypsum, serpentine 

and olivine. The remainder of the casting core consists of clay minerals of one type or a 

mixture of types. These cannot be further identified in thin section. 

The form used to record petrographic data for this project is shown in Appendix 5 .  The 

7 



categories included on the form represent those minerals and mineral textures actually 

encountered when working with Renaissance bronze core materials. 

ST A TISTICAL PROCEDURES 

Descriptive statistics were first obtained for each variable (using the BMDP program 1 D, 

Dixon 1985:74-79). For each arithmetic variable, these are the number of valid values, mean, 

standard deviation, and extreme values. For categorical variables , the number of sculptures 

(frequency) in each category was counted. Aside from their own interest , these summaries help 

check data entry and plan further analyses. The pattern of missing values limits the analyses 

that can be done. Also, technical features which occur infrequently are unlikely to be 

discriminating since they may never occur in the plausible groups, or if they do they will be so 

rare that they will not be useful in characterizing the group as a whole. It is then worthwhile 

considering whether ,  for purposes of the statistical analysis,  they should be ignored or 

combined with other variables. 

The primary statistical procedure used to interpret the datasets was stepwise discriminant 

analysis (BMDP 7M, Dixon 1985:519-537). This procedure starts with groups formed by art 

historical criteria (region, artist, or time period), using only those objects that are relatively 

more certain (plausible). The major problem addressed so far was whether or not it is possible 

to discriminate between the groups using technical variables . Later,  when more sculptures have 

been analyzed for each group, we will determine if the sculptures of stylistically more 

uncertain provenance can be assigned to any of those groups based on the discriminating 

technical criteria. 

The primary objective of a stepwise discriminant analysis is to identify a minimal group of 

variables that gives maximal discriminating power. These variables are combined to construct a 

set of classification functions,  one for each group. When these functions are applied to a 
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specific object they give a score for its relative similarity to the central tendency of each of 

the groups. An object is then classified into the group for which it has the highest similarity 

score. When applied to objects in the "known" (relatively plausible attribution) groups, the 

percentage of objects correctly classified measures the performance of the classification 

functions. 

In classical applications of discriminant analysis the objects in the known groups are 

assumed to be correctly classified. In this study, as is frequently the case in art historical 

research, the attributions were merely plausible, and not definitely known. Therefore, as the 

project progresses and more sculptures and data become available, we will re-examine how well 

the initial art historical attributions assigned to the sculptures in the plausible groups compare 

to the mathematical classifications arrived at through the discriminant analyses with various 

datasets (casting and decorating, core materials, metals). 

Some variables that might be individually significant may not appear discriminating when 

many variables are included in the analysis. This is because variables that are highly 

correlated with each other are partially redundant. Extraneous variables that add nothing 

additional to the discrimination are left out because they detract from the performance of the 

classification functions when applied to new, uncertain, objects. 

A total of 11 discriminant analyses were carried out. The groups used for analysis were 

formed in consultation with the art historians and curators previously mentioned. However, we 

were limited in the manner in which we could construct groups for analysis by the fact that 

the dataset is still very small. For statistically significant results we would prefer to have a 

minimum of 20 objects in each group. When group sizes are very small, artificially high 

classification success can result. For that reason, most of the results of this preliminary phase 

of the project must be considered as indications of the degree of success we can expect when 

larger numbers of sculptures are analyzed, and not considered to be final results. 
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The regional groups used for discriminant analysis are as follows: 

l .  Italy (Italy + North Italy + Padua + Milan + Mantua + South Italy + Florence + Venice) [66 

objects] versus all  other groups [33 objects]; 

2 .  Venice + Germany [13 objects] versus all other Italy [58 objects] versus all others [28 

objects]; 

3. North Italy (North Italy + Padua + Milan + Mantua) [36 objects] versus Venice + Florence 

[16 objects]. 

Chronological periods were divided as follows for the analysis: 

1 .  Early (1450 - 1525 A.D.) [24 objects]; 

2 .  Middle (1525 - 1600 A.D.) [34 objects]; 

3. Late ( later than 1600 A.D.) [20 objects]. 

The art h istorical suggestion was that we use four date ranges, with 1500-1525 A.D. being 

a separate category. However, we do not yet have enough objects of plausible date in that 

time range to permit a separate group to be analyzed at this time. 

There are currently no artists of plausible attribution for which we have enough samples 

to analyze separately as a group (the attribution of a specific artist is uncertain for most of 

the sculptures). We therefore grouped the sculptures that can be plausibly attributed to a 

specific artist into three broad groups of artists who may have been working together or in 

contact with one another. With more input from art historians as the project progresses, 

a lternative groupings can also be tested. 
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1. Group 1 - Jacopo Sansovino, Tiziano Minio, Alessandro Vittoria, Nicolo Roccatagliata, 

Campagna [10 objects]; 

2. Group 2 - Tiziano Aspetti, Giambologna, Antonia Susini, Adrien de Vries [9 objects]; 

3.  Group 3 - Antico, Bertoldo di Giovanni, Johann Gragor van der Schardt, Kaspar Gras, 

Gerhard, de Keyser, Cellini, Francesco Bertos, Giovanni Foggini, Palma, F.B., Girardon [18 

objects] . (This group is composed of all others not in the first two groups.) 

As additional sculptures whose artist is relatively certain become available for technical 

study, we hope to be able to further divide these groupings down to individuals, or at least to 

very closely associated artists. 

Because of the missing data, all of the above groupings were used for discriminant 

analyses using the casting and decorating data alone, and separately for analyses using the 

mineralogical data alone. At this point in the research the more uncertain objects were 

excluded, as the necessary first step is to determine how well ( if at all) we can discriminate 

between these groups of more plausible attribution using the analyzed technical variables. With 

so many groups still of very small size, it would be premature to attempt to classify the 

stylistically uncertain objects at this stage in the project . 

We tried one discriminant analysis (using the three time periods) with both the casting 

and decorating techniques and the mineral data combined. Since the number of objects that 

currently have both types of data available is smaller than the number of objects with either 

data set alone, it does not make sense to combine the datasets for any of the other 

discriminant analyses at this time, as the group sizes are just too small . 

The exact set of features that form the discriminant function, as well as the degree of 

separation between groups, varies depending upon which groups are being compared and how 

many sculptures are included. A visual representation of the separation between groups is 

shown with plots whose axes can equivalently be denoted as "canonical variables", "discriminant 
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functions", or principal component axes". Regardless of the name used, the first axis is the 

direction of greatest separation between all of the group means (using a linear combination of 

the variables in the final classification function). The second axis is the perpendicular 

direction with the greatest remaining separation. The maximum number of axes which can be 

extracted by this means is the lesser of the number of discriminant variables and the number 

of groups minus one. Thus for cases where only two groups are being compared the full 

amount of separation that exists is plotted with a histogram, and a two-dimensional plot is used 

for three or more groups. 

RESULTS 

Casting and Decorating Features 

Discriminant analysis requires a complete data matrix with no missing values . For the 

casting and decorating variables , there are many cases where we still have missing data, 

particularly where the sculptures in Vienna need to be re-examined, or where X-ray 

radiography has not yet been carried out. Variables that are currently missing for most 

objects were ignored for the statistical work. In addition, variables that through the 

descriptive statist ics were found to have the same value for nearly all the sculptures were also 

eliminated. Sculptures currently missing the remaining variables were then dropped from the 

analysis, leaving 62 sculptures and 66 variables. When the data matrix is more complete, more 

objects and variables can be included. 

The results of all of the discriminant analyses are summarized in Table 1 .  In this and the 

following result tables, "Number" refers to the number of sculptures plausibly attributed to the 

group l isted. "Reassigned" refers to the number of those sculptures that were found to be 

more s imilar to the sculptures of a different group than they were to their own group. The 

percentage of objects "Correctly Classified" refers to the total number of sculptures of 
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TABLE 1 
DISCRIMINANT ANALYSIS RESULTS, CASTING AND DECORATING FEATURES 

Groups Number Reassigned 

Regions: 

Italy 37 2 
All other regions 12 4 

Venice + Germany 7 3 
Italy 31 4 
All other regions 11 5 

Venice + Florence 9 0 
Other North Italy 23 0 

Time Periods: 

Early 18 6 
Middle 29 8 
Late 15 2 

Artist Groups: 

1 6 0 
2 7 0 
3 9 0 

Correct 

88% 

76% 

100% 

74% 

100% 

13 

Discriminating Variables 

Size of chaplets 
Cracks in casting 
Repairs of casting flaws 
Hollowness, secondary torso 
Hollowness, secondary arms 
Bubbled patina 

Amount of Porosity 
Metallic flakes in patina 
Number of casting flaws 

Hollowness, secondary torso 
Degree of finish on back 
Puddling of repairs 
Tooling used for texture 
Evenness of patina 
Amount of porosity 
Rivets in repairs 
Chaplets removed and not patched 
Hollowness, primary arms 
Shape of repairs 

Density of repairs 
Silver inlaid eyes 
Hollowness, primary arms 
Separate pieces joined in the wax 

Hollow /solid base 
Chipped patina 
Hollowness, secondary arms 
Pins in cracks 
Distribution of porosity 



plausible attribution in that discriminant analysis whose technical features classify them into 

the same groups into which they were art historically classified. Thus on the first line of 

Table 1, out of 49 objects of plausible attribution (37 Italy, 12 Other), 6 were reassigned (2 

labelled Italy were technically more similar to the Other group, and 4 in the Other group were 

more l ike the Italy sculptures). This leaves a total of 88% that could be correctly classified 

into their plausible attribution using the technical data. The closer to 100% correct 

classification, the better we will be able to later classify the art historically uncertain objects 

into one of the groups on the basis of technical data. The "Discriminant Variables" are those 

technical features which, when taken together, provide the maximum amount of discrimination 

possible between the groups being compared. 

Regional Comparisons. When casting and decorating features are used to discriminate 

between Italy versus all other regional groups, a total of 88% of all sculptures are correctly 

classified. For this dataset, we start with 37 attributed to Italy and 12 attributed to the other 

regions. Two from Italy are found to be more like the "other" group, and thus reassigned to 

that group, and four from the "other" group are indistinguishable from Italy. Six variables 

form the discriminant function in this comparison. Figure 1 shows the histogram illustrating the 

separation between these two groups using a linear combination of the variables in the 

discriminant function. 

When Venice and Germany were combined (for art historical reasons it was hypothesized 

that these two groups could be similar) and compared with all other sculptures from Italy, and 

with all other regional groups, only 76% were correctly classified. Out of 31 in the Italy 

group, 27 were correctly assigned to Italy. However, out of the 11 in the "other" group, 5 

were called Italy; out of 7 in the Venice plus Germany group, only 4 could be distinguished as 

a separate group. 

The best success came in the attempt to discriminate Venice plus Florence from other 

North Italian sculptures. A total of 100% of the sculptures were correctly classified (Figure 2). 
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However, it must be noted that we still have very small group sizes (9 Venice + Florence and 

23 other North Italy). Ten variables entered into the discriminant function. 

Chronological Comparisons . When the three date ranges were compared using this dataset 

alone, only 74% of the sculptures were correctly classified. Out of the 18 Early sculptures, 12 

were correctly assigned, but 6 could not be distinguished from the Middle group. Of the 29 in 

the Middle group, 21 were correctly classified as Middle, with 2 called Early and 6 called Late. 

Of the 15 in the Late group, 13 were correctly called Late and 2 were called Middle. Thus 

there was no overlap between Early and Late, the only problem is that the Middle category 

grades into Early and Late with no clear l ine of distinction. The discriminant function is 

formed by four variables. 

Artist Groups. When the three artist groups were compared, 100% were correctly 

classified (Figure 3). However, given the extremely small group sizes this result must be seen 

as only a preliminary indication that we will probably be able to separate related groups of 

artists by casting and decorating techniques. We currently have only 6 sculptures of plausible 

attribution to Group 1 art ists, 7 to Group 2, and 9 to Group 3. Five variables formed the 

discriminant function. 

Mineralogical Data 

There were 64 sculptures in the project with core material available. For all 64 the full 

l ist of variables was recorded, leaving none with missing data. Therefore the complete set of 

64 could be used. The results of all discriminant analyses are summarized in Table 2. 

Regional Comparisons. For Italy versus all other groups, 89% of the sculptures were 

correctly classified (37 out of 39 for Italy, and 12 out of 16 for "others"). Six variables 

entered into the discriminant function. 

For Venice plus Germany versus Italy versus all others, the Venice plus Germany "group" 

is nonexistent, as none in the category can be distinguished from the other two groups. This 
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leaves a total of only 62% correctly classified. 

Again, the greatest success is in distinguishing between Venice plus Florence and the rest 

of North Italy (Figure 4). 100% of the sculptures are correctly classified (23 for North Italy 

and 10 for Venice plus Florence). Seven variables entered into the discriminant function. 

Chronological Comparisons. We would not expect the mineralogical data to prove useful in 

distinguishing between time periods, except to the extent that the different time periods 

represent differing regional emphases in numbers of sculptures produced. That hypothesis was 

borne out by these results - - only 60% of the 37 sculptures in the chronological groups could 

be correctly classified using minerals alone. 

Artist Groups. 100% of the available sculptures were correctly classified (Figure 5). Thus 

it is possible that each of these groups of artists may have worked in the same general region 

or constructed their clay cores with a similar type of material in comparison to the other 

groups . Here our dataset is extremely small (only 4 sculptures of plausible attribution to the 

artists in Group I, 5 in Group 2 ,  and 7 in Group 3). These results are very preliminary, but do 

indicate that given enough samples of core material from sculptures for which the artist is 

relatively plausibly known, we may be able to classify sculptures to a group of related artists. 

If it were possible to find enough sculptures of each individual artist , we could then try to 

narrow the discrimination down even further. 

Combination of Casting and Mineral Data 

As an experiment to see if combining the two datasets results in improved discrimination, 

an analysis was done for the three date ranges. The results are summarized in Table 3. As 

mentioned above, with minerals alone we had 60% correct classification when comparing these 

groups, and with casting and decorating data alone, 74%. Combining the two datasets results in 

94% correct classification (Figure 6). Because the number of objects in each group is 

drastically reduced when we requ ire that both datasets be complete, these results are very 
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TABLE 2 
DISCRIMINANT ANALYSIS RESULTS, MINERALOGICAL DATA 

Groups Number 

Regions: 

Italy 39 
All other regions 1 6  

Venice + Germany 8 
Italy 35 
All other regions 1 2  

Venice + Florence 1 0  
Other North Italy 23 

Time Periods: 

Early 1 3  
Middle 2 1  
Late 8 

Reassigned Correct 

2 89% 
4 

8 62% 
12  

1 

0 1 00% 
0 

4 60% 
1 2  

TABLE 3 

Discriminating Variables 

Carbon size 
Gypsum 
Authigenic quartz 
Plagioclase feldspar 
Spinel 
Orthoclase feldspar 

Carbon size 

Quartz shape 
Microcrystalline quartz 
Fibrous quartz 
Carbonates 
Microcline feldspar 
Muscovite 
Apatite 
Rutile 

Polycrystalline quartz 
Quartz size 

DISCRIMINANT ANALYSIS RESULTS, DATA COMBINATION 

Groups 

Time Periods: 

Early 
Middle 
Late 

Number Reassigned 

1 0  
1 9  
5 

o 
1 
1 
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Correct Discriminating Variables 

94% Scooping of core 
Metallic flakes on patina 
Hollowness , primary legs 
Hole on top 
Bubbled patina 
Repair of casting flaws 
Glauconite 
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preliminary (all lOin the Early group are correctly classified, 1 8  out of 19  in the Middle group 

are correct with 1 misclassified as Early, and 4 out of 5 in the Late group are correct with 1 

misclassified as Middle). However, these results do indicate that whenever possible both types 

of data should be recorded, as combining them will probably improve our ability to discriminate 

between groups. This makes sense, since the more types of data we have to characterize a 

group the better we should be able to distinguish it from other groups. Six out of seven of 

the variables that form the discriminant function are from the casting dataset , and one mineral 

variable is included (glauconite, an iron-rich mineral that is often found with hematite). 

FUTURE WORK 

In order for this project to be definitive and useful in a practical way, it must be 

continued beyond the preliminary experiments that we have now completed. A long-term 

project is necessary to adequately collect the data necessary for reliable results , and to 

confidently attempt to classify uncertain objects . As part of that expanded research we will 

need greater input from people in the various disciplines involved: art historians, conservators 

and scientists. 

The next logical step in the project is to complete the X-ray radiography and sampling of 

core materials and metals. In addition, Ms. Milam and Ms. Sussman need to re-examine the 

sculptures in the Kunsthistorisches Museum and the Getty Museum that currently have 

incomplete data sheets. When these missing data are added, we will be able to add to and 

improve on the statistical work. 

Data on metal compositions have not yet been included in the project. We do not know 

how much those data may improve our ability to discriminate between art historically-defined 

groups. However ,  it is probable that when combined with the other datasets in a multivariate 

statistical analysis , metal composit ions may contribute to provenance identifications . We 
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therefore hope to work with the scientists from the Getty Museum and Getty Conservation 

Institute to add these data in the future. It would be most useful if the first metal data 

collected were for objects already included in the project. Some metal samples from the 

Kunsthistorisches Museum were removed at the National Gallery in Washington D.C. following 

their exhibition there, under the supervision of Gary Carriveau. The analytical results , or the 

samples themselves, need to be obtained so we can incorporate them into the project. 

As part of a long-term study, the next step after filling in the missing data for our 

current group of sculptures will be to include objects from other museums with major 

collections of Renaissance bronzes. Objects should be chosen by art historians and curators to 

fill out the dataset in such a way that we can more effectively test specific hypotheses in the 

statistical analysis . For example,  we wish to obtain data for as many sculptures as possible 

that have a more certain attribution for region, date, and/or artist. Also, we should to expand 

the group categories that are currently extremely small, such as objects from Germany and 

France .  

It has also been suggested that w e  create a computerized database to store ,  organize and 

retrieve the data that the we have collected, and make it available to other scholars . The 

database would permit quick retrieval of the information and observations that have been 

recorded, in any configuration. For example, one could extract all the mineralogical data for 

the sculptures with a "more certain" attribution to Mantua, then for all the sculptures that 

were possibly from Mantua. The database could be entered with DBase III (currently in use by 

Mr. Ben Kessler and Dr. Laurie Fusco at the Getty Museum for art historical data collected by 

the slide library and the education department). By using the same system and their 

abbreviations, we could plan to combine our scientific, conservation and art historical data with 

other information. This would increase the information on Renaissance bronzes accessible to 

scholars working in the field. 
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In order to obtain reliable results we need approximately 20 sculptures for each group 

included in the statistical analysis. We therefore need to expand our corpus of objects. The 

more pieces included the narrower the groupings we can examine. Ideally, we hope to continue 

this project over a long enough time period to permit us focus on discriminating between 

specific workshops and cities, rather than the more general workshop groups and larger regions 

thus far examined. It is our opinion that a long-term commitment (three to five years) to the 

project is necessary to achieve this goal. 

CONCLUSION 

Because of the currently small group sizes, these results must be considered preliminary, 

and we cannot yet attempt to classify the uncertain objects. However, the results obtained 

thus far indicate that there is a strong potential for technical studies to contribute to 

provence identifications of these sculptures. With the difficult art historical issues involved, 

and the controversy and uncertainty in many attributions, bringing in additional data from 

technical analyses could be an important contribution to provenance studies of Renaissance 

bronzes. 
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APPENDIX 1 

SCULPTURES EXAMINED 
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Kunsthistoriches Museum pieces are denoted "K" followed by their catalog 
number in the exhibition catalog, Renaissance Master Bronzes. 

data number sculpture 
K02 BeUerophon taming Pegasus 
K07 Jupiter 
K08 Venus felix 
K09 Hercules and Antaeus 
KII Standing Hercules 
KI2 Venus of Cardinal Granvella 
K13 Seated female panther 
KI4 Ambling horse 
KI5 Bull 
KI6 Crab 
K17 Toad 
K18 Armored horseman 
K19 Seated bacchante with wreath 
K22 Marsyas 
K23 Warrior 
K32 Fat man 
K33 Venus 
K35 Negro Venus 
K36 Hercules or Cain 
K37 Satyr 
K38 Pegasus 
K39 Crouching gladiator I 
K40 Crouching gladiator IT 
K41 Barbarian on horseback 
K42 Jupiter 
K43 Neptune in his chariot 
K44 Allegory of winter or 

A philosopher 
K45 Venus M arina 
K46 Adam and Eve 
K47 Putto with drum and flute 

29 

artist/region if unknown 
Bertoldo di Giovanni 
North Italy 
Antico 
Antico 
North Italy 
North Italy 
North Italy 
North Italy 
North Italy 
North Italy 
North Italy 
North Italy 
North Italy 
North Italy 
North Italy 
Unknown 
North Italy 
Unknown 
Florence 
Italy 
North Italy 
North Italy 
Prague 
Milan 
Jacopo Sansovino 
Tiziano Minio 

Alessandro Vi ttoria 
Tiziano Aspetti 
Nicolo Roccatagliata 
Nicolo Roccatagliata 



data number sculpture 
K48 Putto playing the flute 
K49 Mercury 
K50 Venus Urania 
K51 Flying Mercury 
K52 The centaur Nessus 

alxiucting Deianira 
K54 Christ at the column 
K57 Crane 
K58 Lion attacking a bull 
K59 Putto riding a dolphin 
K60 Chronos -- Saturn 
K61 Greyhound 
K63 Standing putto 
K64 Pacing horse 
K66 Emperor Ferdinand ill 

on horseback 
K67 Mercury and Psyche 
K68 Warbler 
K69 Nereid 
K70 Triton with a fish 
K71 Two horses gamboling 
K72 Mars, Venus and Cupid 
K73 River-god 
K74 St. Jerome 
K75 Venus or Amphitrite 

artist/region if unknown 
Nicolo Roccatagliata 
Johann Gregor van der Schardt 
Giambologna 
Giambologna 

Antonio Susini 
Adriaen de Vries 
Unknown 
Antonio Susini 
Unknown 
Italy 
Unknown 
North Italy 
Unknown 

Caspar Gras 
Caspar Gras 
Florence 
Netherlands 
Unknown 
Hubert Gerhard 
Hubert Gerhard 
Unknown 
Unknown 
Netherlands 

J.Paul Getty Museum pieces are assigned data numbers as follows: 

data nlUDQ� mYS�lJm # scylpture anistLr�gion 
G01 74.SB.16 Venus Marina France 
G02 74.PB.17 Rape of Proserpine by Pluto France 
G03 74.PB.18 Rape of Orithyia by Boreas France 
G04 84.SB.90 A Warrior on Horseback de Keyser 
G05 85.SB.60 Venus Italy -

G06 85.SB.61 Prancing bull Padua 
G07 85.SB.66 Venus chastising Cupid Italy 
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data number mus�um # sculpture artis!Lregion 
G08 85.SB.68 Female Virtue or Allegory Venice 
G09 85.SB.69 Satyr Cellini 
G10 85.SB.72 Kicking horse Caspar Gras 
G11 85.SB.73.1 Stupidity and Fortune· Francesco Bertos 
G12 85.SB.73.2 Industry and Virtue Francesco Bertos 
G13 85.SB.74 Eleven figures Francesco Bertos 
G14 85.SB.75 Mars and Venus Flemish 
G15 85.SB.184 Mercury Allesandro Vittoria 
G16 85.SB.413 Laocoon Giovanni Foggini 
G17 85.SB.418.1&.2 Two Sphinxes Italy 
G18 L.86.SB.55 St. Stephen Nicolo Roccatagliata 
G19 L.86.SB.134 San Giorgio Nicolo Roccatagliata 
G20 L.86.SB.143 Jupiter Palma 
G21 L.86.SB.144 Francoflemish Venus Unknown 
G22 86.SB.488 Rearing Horse Adrien de Vries 
G23 86.SB.688 Bust of a Young Man Antico 
G24 86.SB.734 Putto or Infant Christ Campagna 
G25 87.SB.50 Venus with Cupid and dolphin F.B. 
G26 L.88.SB.39.1 Rape of Orthiyia by Boreas Marsy 

(88.SB.73) 
G27 L.88.SB.39.2 Rape of Proserpine by Pluto Girardon 

(88.SB.74) 
G28 44.5.86 Virgin and Child Susini 

(from Museum of Fine Arts,Houston) 
G29 74.560C Palissey (ceramic) from Los Angeles County 

(49.26.2) Museum of Art 
G30 L.83.SB.20 Andromeda (French) Robert LeLorrian 
G31 85.SB.63 Kneeling Satyr Riccio 
G32 85.SB.67 Triton Unknown 
G33 85.SE.55 romanesque aquamanile Lower Saxony 

ca. 1220 Hildesheim or Magdeburg 
G34 86.SB.5.1 Dog Germany 
G35 86.SB.5.2 Bear Germany 
G36 L.87.DE.98 Palissey basin (ce ramic) 
G37 87.SB.50 F.B. Venus Same as #25 
G38 L.87.SB.lD2 Hercules and Hydra Giambologna 
G39 L.87.SC.lDl 

(88.SC.42) Bust of Mme Recamier (ceramic) Chinard 
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CASTING AND DECORATING FEATURES: DEFINITION 
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C AST I NG A N D  DECO RA T I NG F E A T U RES : D EF I N I T I ON 

Cert a i nt y  o f  Reg i on a l A t t r i b ut i on :  

cert a i n  - a known f act a s  t o  wh ere wor ks h o o  was l oc at e d  ( not 

necessar i l y  where t h e art i s t was from ) 

uncert a i n  - t h e re are severa l c h o i ces wh ere t h e w o r k s h o o  co u l d  

h a v e  been l oc a t ed 

Cert a i nt y  o f  A t t r i b ut e d  Art i st : 

cer t a i n - a r t i s t s i g ned bron z e  w i t h  ve r i f i ed S i g n a t ure or t h ere 

i s  st rong h i s t o r i ca l o r  art h i st o r i c a l  ev i dence prov i n g  t h at 

t h e w o r k can be a t � r i b u t e d  t o  a o art i c u l ar art i st 

uncert a i n  art h i st o r i c a l  nor h i s t or i ca l  ev i d ence cannot 

reason a b l y  p ro v e  an a t t r i b u t i o n t o  a cert a i n art i st 

Cert a i nt y  o f  a t t r i b ut ed d at e :  ( d at e  r a n g e  50 year s : 

wou l d  i nd i cat e 1 425- 1 475 ) 
e x a m o l e  1 450 

cert a i n  d a t ed or d oc ument ed , sc h o l ars a g ree on d at e  

st y l i st i c a l l y , t h ere i s  art h i s t or i ca l  and h i st or i ca l  

.v 1 d.nC. t nAt l i nk.  t n . seu l ct ure t o  an  at t r i b ut ed date 

u ncert a i n  - sch o l ars d i sa g ree o r  are u n s u r e  o f  d a t e  

fa ke - e x am i nat i on h a s  proven t he sc u l pt ure t o  b e  o f  a much 
l a t er d at e  of f a br i cat i on and i t  was mad e i n  a st y l e  t o  

d ec e i v e  

Dat a A va i  l a b l e :  

v i s u a l  e x a m i n at i on - O bj e ct ava i l a b l e  for e x am l na t i o n i n  l a o 

or former l y  v i e w ed i n  t h e l a b and a d ec uat e n o t e s  w ere t a ken 

x -ray rad i o g r a o h  - a v a i l a b l e  for e x a m i nat i on 

X RF - t a ken from p,::. l i sh e d  area 

met a l  sam p l e  - t a ke n  for f u t ure use for at om i c  a bsorot i on 

core s am p l e  for TL - t es t  was r u n  

cor e  s am p l e  f o r  t h i n  sect i on 

m i n era l c h a r act er i z at i on 

core sam p l e  mount ed a nd read for 

Ano t h e r  s i m i l ar' i ma g e  e x i s t s  ( m l.t l t i p l e  c a st i ng s  p o ss i b l e )  -
sch o l a r refers t o a s i m i l a r  i ma g e  w h i c h  p oss i b l y  c o u l d  h a ve 

come f r om t h e  s a m e  mo l d  or i t  i s  a reocc urr i n g i ma Cl e  f r o m  t h e 

per i od 
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N u m ber o r  se para t e l y  c a s t  p i ec es : 

One - a p p ea r s  t o  o r i g i n a l l y b e  c ast i n  one o i ece 

more t h an one - a p oears t o  h ave been o r i g i n a l l y  cast i n  m o r e  t h an 

one p i e c e ,  or u n s u r e  i r  r e oa i re d  o r  o r i g i na l a t t ach m ent 

l'�ernova b l e  oart s o resey,t part s wh i ch can b e  s l  i d  or 

t hr e ad ed i nt o  or out or oos i t i on 

How s e o a r a t e l y  cast o i eces are a t t ac h ed : 

cast o n  - oart or the o i ec e  i s  c ast and a t t a c h e d  t o  mo l d  be rore 

t h e  r e st or t h e O b j e c t  i s  cast 

Bra z i r. g  o r  we l d ed w i t h  a a l l oy w i t h  a h i g h  m e l t i n g po i nt 

So l d er i n g  - at t ach ed w i t h  a l ow m e l t i n g  a l l o y  

P i n s - at t ac h ed w i t h  a d owe l w i t h i n  t h e o i ece 

R i v e t s a p i n  wh i ch reac h e s  t h e s u r race a nd t h e end i s  e x oanded 

Screws t h read ed r i ve t s 

S l e eve t h e  over l a o o i n g o f  t wo h o l l ow part s, i n  wh i Ch one i s  

s l i g h t l y  s.a l l e r  i n  d i am e t er and r i t s  i ns i d e  t h e l ar g er 

Hoo o ( i nt er i or )  - a n  i nt er i o r r i n g  o r  m et a l 

part s 

S i z e  o r  Ch a p l e t s :  

sm a l l  

l ar g e 

S h a pe : 

none - 0 

1 /8 "  or l ess 

g t�eat er t han 1 / 8 /1 

round - a ra i r l y  r e g u l a r  c i rc u l ar rorm 

sq uared a g eomet r i c  sh a oe w i t h  corners 

N u m ber of ch a p l e t s :  

none - 0 

at t ach i n g t wo h o l l ow 

rew - re l at i ve t o  t n e s u r race area o r  t h e s c u l ot u re 
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many - n u m ber i s  re l at i ve t o  t h e s u r face a rea o f  t h e  s c u l ot ure, 

t h ere are severa l sca t t ered over t h e s ur f ace 

Cha p l et s  are : 
s i m i  l ar a l l oy - c o l o r  cl f one or more c ha o l e t  

s i m i l ar t o  t h e  a l l oy o f  t he sc u l ot ure 
i s  v i su a l l y  

not i ce a b l y d i f f erent a l l oy - one or more c h a o l et s  are a 

d i f ferent c o l or v i sua l l y  f orm t h e rest of t h e scu l ot ure 

I ro n  c h a p l et s  

of i ro n ,  Ol'"' 

poss i b l e  

7' ema i n : o rle o r  more c h a o l et s  a o oe a r  t o  b e  nl aoe 

h ave b eerl chec ked w i  t h  a mag net wh enever 

Cha p l e t  d ens i t y  i n  rad i o g r a oh : 
l i g h t  - more d en s e  t ha n  t h e a l l oy o f  t h e  scu l pt ure i t se l f  

same as t h e  s c u l ot ure t h e  a l l o y o f  t h e ch a p l e t  a p oears 

eq u a l  i n  d en s i t y  t o  t h e a l l oy of t h e scu l ot ure or t h e  co l or 

of t h e  ch a o l et s  v ary 

d ar k  t h e  a l l oy o f  t h e  c ha p l et i s  l ess d en s e  t h a n  t h e  a l l oy 

o f  t h e  scu l ot ure i t s e l f  

Cha p l e t s :  

vo i d s rem a i n  - reg u l a r  h o l es i n  t h e scu l ot ure w h i ch 

ap pear w h er e  c h a o l et s  h ave been l os t  o r  remo ved 

l ac i n g ch a p l et s  - c h a o l e t s w h i ch go a l l  t h e  w a y  t h ro u p h  t h e p i ece 

i n  a cont i n uous bac k  and for t h mot i on w h i ch wou l d  be 

con t i n uo us  t o  e x t rem i t i es before c h a � l e t s  are c u t  and c h a sed 

. 
chap l et s  g o  a l l  t h e  way t h ro u g n  p i ece - c h a o l et s g o  i n  one end 

o f  t h e sc u l ot ure a nd come out t h e  o t h e r  s i d e  

p i ns l ocat ed i n  cra c k s  - a c rac k o r  cast i n g  f l aw w h i ch h a s  oeen 

st o oped by a p i n  at o ne or bot h e n d s  of t h e  cracK 

or , w h i c h h as Deen r e o a i red at an i nt ermed i at e  pCl i rlt 

t hread ed cha p l e t s - ch a o l et s  Wh i Ch a o oear t o  h a v e  t h reads i n  

t h e rad i o g ra ph , or w h e n  poss i b l e  v i s ua l l y ev i d ent f rom 

i nt er i or exam i nat i on 

peg s - i nt er i or d o we l s w h i c h  a re ev i d ent 

e xt e nd i n  from an i nt er i or wa l l  

pur oose 

i n  t h e rad i o g raoh Wh i ch 

a nd a p pear t o  serve no 

w i re s  u se d  for c ha o l e 't s  - a t  l east  one · w i re i s  used t o  f unct i on 

as a c h a p l et 

On l y  w i re ho l es rem a l n  - a w i re o r  w i re s  u sed for c h a p l et s  h ave 

been l ost or remo v e d  
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number or a rm a t ures - w h e n ever ooss i b l e  t h e n u m b e r  o f  a rmat u r e s  

wh i ch a o pear i n  t h e  rad i o c r a oh are  c o un t ed 

a l l oy o f  arm at u re : 
i ron - ma g net i c  at t ract i o n t o  t h e  o i ec e  f o l l o ws t h e  l i ne s  

o f  an i nt e r i or a r mat ure ev i d e n t  i n  t h e rad i o g ra o h  o r  c h ec ked 

w i t h  a ma g net 

co o pe r  a l l oy a r ma t ure i s  n o nma g n e t i c  

Arma t ures are : 
knar l e d - armat u r e  i s  b un c h e d  u o  w i t h  random bend s 

h o o o ed - arma t u r e  f o l l ow s  t h e  i nt er i or c u rvat u re o f  

o r  t h e sc u l ot u r e  

w i red - t wo o r  mor e w i re s  W h i c h  h ave b e e n  t i ed t o pet h e r  

w i t h  ano t her w i r e t w i s t ed around t h em 

s t r a i g h t  - a rm a t u r e  W l re i s  not b en t  

I nt ert w i ned - t w o  o r  m or e  w i re s  are t w i s t ed t oge t her 

at var i o u s  po i n t s  

cont i n uo u s  - ar mat ure w i r es are connec t ed t o  o n e  anot h e r 

in one or a c om b i na t i o n o r m et h Od s  l i s t ed a bove 

d i s cont i n uo us - a r ma t u r e  w i re s  are not connec t ed 

D i s t r i but i on o f  ooros i t y :  

e v e n  - oo ros i t y a o oears o n  t h e rad i o g ra o h  t o  b e  cons i st ent 

o vera l l  

uneven - poros i t y aop ears o n  t h e rad i o g ra o h  i n  s e l ect ed area 

S i z e  of p o r es : 

sma l l  t h e  oores ( a i r  oOcKe t s ) are 1 / 32 " o r  l es s  

l ar g e t h e oores are m u ch great e r  t h an 1 / 3 2 "  

Amo unt o f  PorOS i t y :  a rat i o  o f  t h e s u r face ) 

sma l l a s l i ght amount o f  oo ros i t y i s  v i s i b l e  on t h e 

rad i ogra9h 

med i um t h e r e  i s  an avera g e  

com oar i son t o  s ev era l  o t h e r  b ron z es 

amo unt o r  poros i t y  

la r g e - t h ere i s  a g e ne r o u s  amoun t o f  p ores o vera l l  

none - t h ere are no o ores v i s i b l e  i n  t h e  r ao i o c r a oh 

Th i c kness o r  me t a l : 

i n  

t h i n  - t h e  wa l l s o f t h e scu l o t ure , re l at i ve t o  t h e  s i z e o f  

t h e p i ece a o �ea r to b e  very narrow when v i ew i n g  t h e  o oac i t y  
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ave r a g e  t h e wa l l s o f  t h e  scu l ot ure , r e l a t i v e t o  t h e s i z e 

o f  t h e  p i ece a re t h i cker t ha n  t h e  t h i n w a l l ed bro n z e s ,  a nd 

t h i nn e r  t haYI t h e  t h i c k  wa l l ed bro n zes 

t h i c k  - t h e  wa l l s of t h e sc u l o t ur e  r e l a t i ve t o  t h e s i z e of 
t h e  p i ece h a ve much more mass t h an usua l 

even - t h e  w a l l s  a re r e l a t i ve l y  t h e  same t h i c k ne s s  over a l l  

uneven - t h e  t h i c kn ess o f  t h e wa l l s  v ar i es great l y  overa l l  

so l i d - t h e  scu l ot ure h as been cast w i t h o u t  a core 

Dr i p p i n g i m p l y i n g s l u s n  cas t i n g : t h i s  i s  a fa br i cat i on t echn i o ue 

t h o u g h t  t o  f i rs t  be used by Ant i co i n  t h e Ren a i ssance ; 

d r i p s  o f  e x c ess wa x accum u l a t e  w i t h i n  t h e i nt er i or o f  t h e 

scu l ot ure as t h e  d r i o o i n g  mo l t en wax coo l s  before i t  can 

be pour�ed o f f ,  t h er� e b y  f orm i n g c orres pond i ng var i a t i ons i n  

t h e  rad i o g r a oh o f  t h e  met a l  scu l ot ure 

Lost W a x  - t h e most common met h o d  o f  f a br i cat i on ,  i s  a t ech n i q ue 

i n  wh i ch a wax mod e l  i s  made and 

t h e  wax i s  h e at ed and me l t ed awa y ,  

met a l  poured i nt o  t h e  mo l d  

i nvest ed i n  a c l ay mo l d ,  

and r e o l aced b y  mo l t en 

Sand C ast i n g - a f a br i ca t i on t echn i q ue n ot use d  b e fore t h e 

1 6t h  cent ury , and more common l y  used i n  t h e 1 9t h  cent ury. 

A rat her a n � u l ar c ore f orms t h e  i nt e r i o r .  W i t h  t h i s 

t ech n i q ue t h e  o i ece i s  f c.rmed from sever a l  se oara t e l y  cast 

p i eces , d e pe n d i n g  on t he com p l e x i t y  o f  t h e mod e l . 

mo l d  l i ne s  p res ent : m o l d  l i nes ( f l ash i n g s  - r i d p es o f  me t a l  

wh i ch f o l l ow a pos s i b l e m o l d o at t ern ) W h i ch 

are l e ft unch a sed on t h e  su rf ace 

Crac k i n g o f  cast i n g : brea Ks i n  t h e  met a l  w h i ch occur on t h e 

sur� f ac e o f  t h e sC '.\ l ot ure ,  and Wh i ch may cont i n u e i nt o  

t h e wa l l  o f  t he scu l ot ure 

Bac k  mo unt i n g  h o l e : a h o l e  i nt ent i ona l l y formed for t h e 

mo unt i n g o f  t h e sc u l ot ure or f o r  t h e  remova l o f  t h e 

core - a nd l e f t  o oen 

Ho l e  on t o p  o f  h ea d : a h o l e  i nt ent i ona l l y fo rmed on t h e t o o 

o f  t h e scu l o t ure oerh a os for t h e remova l o f  t h e core a nd 

l e f t  o pen 

Ho l �  on t h e und ers i d e : a h o l e  i nt en t i o n a l l y  formed on t h e 

l ower s ur fac e  w h i c h cou l d  be used for t h e remova l o f  t h e 

core and t h e n  l e f t  o p en 
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mag r.et i c  met a l : 

overa l l - w h e n  t h ere i s  m a o n et i c  a t t r act i on over t h e ent i re 

s ur �ace o �  t h e scu l ot ure i nd i cat i n g  t h a t  t h ere i s  a h i e h 

i ro n  c ont ent i n  t h e  a l l oy 

l oc a l - ma g ne t i c  a t t t�ac t i c. r. i r. s oec i � i c  areas "" h i ch may 

b e  i d e n t i � i e d  a s  e i t h er a cha p l e t  or armat ure 

P i eced i n  w a x : at l e ast one or more c art s o r  s ect i on s  w ere ad d ed 

or rev i se d  i n  t he wa x M od e l  for cOMo os i t i on c h a n g e s ,  r e oa i rs 

or for t echn i c a l  r e a son s f o r  t h e f a b r i cat i on o� t h e 

scu l o t ure ; i n  t he rad i o g ra o h  t h e seam a o oears dense 

Cas t in p i eces and Jo i ned : at l e ast one or more oart s or 

sect i ons were cast 1 n  seoarat e o i eces and at t ached 

i n  t h e  me t a l  by mec h an i ca l  or t he rma l  m ethods ; i n  t h e 

rad i o g r aph t h e  s e a m  a o pe ars t o  be l es s  d ense o r  l i g h t  

Re o?ir.§. : a l l r e oa i rs ,  cast i n g � l a""s, and l at er reoa i rs are 

i d e n t i � i e d  un less t h e reoa i rs can a bso l ut e l y  be i d ent i � i ed 

as a l at er r e o a i r  

Cast i n g  F l aws : 

few - t h ree or l es s  obv i ou s  c ast i n g f l aws 

n umero u s  m o r e  t h an t h ree O b v i o us c ast i n g  � l aws 

re o a i red a l east one f l a w  h as bee n  r e oa i red 

o oe n  - at l e ast o n e  f l aw has not been re oa i red 

sh a oe of repa i rs :  

i r r e g u l at� a mOI'� on o US sh a oed reoa i rs v i s i b l e  on t n e  

s ur f ac e  o f  t h e  scu l ot ure ';) r  v i s i b l e  i n  t h e t� ad i o o r a oh 

reg u l a r - g e o me t r i c or reg u l a r l y  sh a oe d  r e o a i r  formed 

by t h e wor k i n g  w i t h  t oo l s  

t�e o a  i r s  a t'e : 

p ud d l ed 

a rea 

h ot m et a l  i s  pour ed i nt o  d ama g ed or f l awed 

mechan i ca l l y a d d ed ( t a p ped ) - d a ma q e  or f l aw h a s  been 

repa i red by h ammer in g  co l d  m et a l  i nt o  t h e  a rea 

- l ea d  r e oa i rs - l ead i s  used i n  t h e f i l l i n g  o� t h e  vo i d s  

so l d er - l ow m e l t i n g oo i nt met a l ,  or h i g h er m e l t i n g  

po i nt met a l  u s e d  t o  b ra z e  t h e d a m a � e d  or � l awed area 

r i vet s - a o i n  wh i ch reach es t h e  s ur face and t h e end 

i s  e x pand ed 

t h r ead ed a p i n  wh i ch has so i ra l  g r ov e s  wh i ch g i ve 

t oot h to t h e  J o i n  

p i n n ed  - a n  i nt er i or d owe l wh i ch a t t a c h e s  t wo p 1 e ces 

38 



Cot� e  : 
Ho l l owness - f i g ures are cons i st e nt l y  e x am i ne d  i n  t h e fo l l ow i n g 

order : man, woman, an i ma l ,  w h en m or e  t h an one o f  t h e  same from 

t o p  to bot t om 

Tot� s o  : 

so l i d - bod y  and h ead are c om p l et e l y  so l i d cast 

mos t l y  so l i d - h ead i s  s o l i d ,  and t h e  bOd y i s  o n l y  part i a l l y 

so l i d  

Most l y  h o l l ow - bo d y  i s  h o l l o w and head i s  so l i d 
h o l l ow - body and hea d  a re ho l l ow 

At�ms : 
so l i d - arms are co m o l e t e l y  s o l i d  cast 

Mos t l y  so l i d - u p oer arms a re ho l l ow 

mos t l y  ho l l ow - wh o l e  arms are h o l l ow 

h o l l ,:)w a rms and h and s a re ho l l ow 
d i f fer - arm s  h a v e  d i f ferent h o l l ownes s f rom one a not h er 

L e g s :  

so l i d - who l e  l e a s  so l i d 

most l y  so l i d - t h i o h s  are h o l l ow 

mos t l y  h o l l o w - wh o l e  l e gs are h o l l ow 

h o l l ow l eg s  and f ee t  are h o l l ow 

d i f fer - l eg s  h ave d i f ferent h o l l owness f rom one a not her 

A p pend a g es - ot h er t h an arms a nd l e g s :  

so l i d - ent i re a o pend a � e  i s  so l i d 

most l y  so l i d - l es s  t h an h a l f  h o l l ow a o oend a ge 

mos t l y  h o l l ow g reat er t han h a l f b ut l ess t h an ent i r e l y  

h o l l ow ap pend a g e  

h o l l ow - e nt i re a o oend a g e  i s  h o l l ow 

At t r i bu t es : ho l l owness d et erm i ne d  a s  a p pe nd a g es 

Base : w h en base 

e x am i ned 

i s  v i s i b l e  i n  rad i o a r a oh or v i sua l l y  

s o l i d  - base i s  so l i d ,  or i t  can b e  s o l i d  w i t h  s ma l l h c, l es 

wh i ch e x t end i n t o  t h e i nt er i or o f  t h e sc u l ot ure 

Ho l l ow : b ase i s  h o l l o wed , or i t  i s  so l i d  a nd h o l l ow n ess 

ext end s from a l ar o e  v o i d  i n  t he sc u l pt ure 

Core i s :  

car'ef u l l y mode l ed - core fo l l ows t h e cont o u r s  o f  t h e f i g ure 

w i t h  t h e  Doss i b l e  e x ceot i on of t h e  l i m b s  or a t t r i b u t es 

wh i ch can be so l i d or part i a l l y  so l i d 

part i a l l y  mode l ed - core f o l l ows on l y  s ome of t h e cont o urs 

of t h e f i g ure 

not mod e l ed - core is a b l oc ked s h a oe 

C ore i s  reMOved : 

none - no core t� emova l i s  ev i d ent 
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from v i s u a l e x am i nat i on 

some - core h as Peen p a r t i a l l y  removed ev i d e n t  from v i s ua l  

or rad i og raph e x am i nat i on 

much - most or a l l o f  t h e core mat er i a l  h as bee n  t� emoved 

d et erm i ne d  f rom v i s u a l e x am i nat i on 

Sco o o i n g  o u t  o f  c ore for armat ure : i n  t h e rad i o c ra oh o n e  can see 

a r o u n d e d , l es s  d ense a rea at t n e  end of an armat ure 

and somet i mes a l o n g  t h e l e n � t h o f  i t  

Loc a l sco o p i  rI g :  

a p peat�s a s  

area 

r ad i o g r a oh Sh OWS l ess d e nse 

t h o u g h  t h e core h as been remo v ed 

S i l ver i n l a i d  e y e s  

Pro ba b l e  i n l a i d e y e s  m i ss i n g  

S i l ve r  feet 

S i l ver l ea f  

Go l d  Leaf 

Mer c ur y  G i l d i n g  

Too l i n g :  

areas Wh ere i t  

i n  a part i c u l ar 

f i ne m e t i c u l o us wor k i n g  where t oo l  m a r ks are not ev i d en t  

med i um - t oo l  mar k s  m a y  be ev i d e n t , b u t  s ur face i s  n o t  as 

f i n e l y  wor ked 

cr u d e  - t oo l  mar ks are ro u g h  and very ev i d e n t , unc h a sed and 

unpo l i s hed 

St roke : 

Sh ort -a b r u o t  or i nt er r u o t ed t oo l  m a r k s  

Long-con t i n uo u s  o r  swee p i n g  t oo l  ma r ks 

P unch i n g - s ma l l c i rc u l a r i nd e nt e d  t oo l  m a r ks 

Too l i n g  used for : 

t e x t u r e  - t oo l i n g u s ed t o  d ecorat e t he form i n  a d d i t i on t o  

t h e  m i n i ma l  d es i g n 

des i g n - t oo l i n g  u se d  t o  d e f i ne form m i n i ma l l y  

Re l i ef :  d es i g n  e xt e nd s  t o  front and s i d es ,  and not t h e  b ac k  

In t he round : sc u l p t ut�e Wh i Ch can be v i ewed form a l l  a n g l es 

i nc l ud i ng t h e  b a c k  

Deg ree of f i n i s h i n g  on bac k : 

l ow-sma l l  amo unt o f  f i n i Sh i n g on t h e  bac k ,  not w e l l c h a sed 

or po l i sh ed 

avera g e  - s ur f ac e i s  somewh a t  wor ked on t h e b a c k  t o  a 

d e f i ne d  d e g ree o f  f i n i sh i n g 
h i g h s u r face on t h e bac k i s  f i n e l y  wor ked 

same - t he d eg re e  of f i n i sh i n g  is t h e  s ame as t h e f i n i sh i n g 
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on t h e  front o f  t he sc u l p t ure 
d i f ferent - t he d e g ree of f i n i sh i n g i s  d i f f erent from t hat 
on t h e front 

Des i g n cont i n ue s  u n d e r  a t t r i b ut es : t h e  form i s  mod e l e d u n d e r  an 
at t r i but e wh i ch m a y or may not h a ve been a d d e d  l at er 

F l a s h i n g l e f t  co n s ur f ace ( u nc h ased ) :  i rregu l ar r i d g es of m et a l  

l e f t  on s u r face , a r i d g e f i l l i n g a f i ss ure 

F i s s ure / i n t er i or f l as h i n g ( l i ght ) d ense, J a g g ed l i nes i n  t h e 
i nt e� � or o f  t h e sc u l ot ure , Wh i ch are v i s i b l e  i n  t h e x 

ray and c o r r e l a t e  t o  a n  i nt e r i or f l ash i n g c a us e  f rom a 

crac k i n g o f  t n e  c ore d ur i n g  c ast i ng 

C r a c k s  i n  met a l  ( d ar k ) - l es s  d ense, J a g ged l i nes v i s i b l e  i n  t h e 

rad i og r aph o f  t h e s c u l o t ur e  wh i ch corre l at e  t o  crac ks i n  t h e 

met a l  not read i l y aoparent on t h e s u r face o f  t h e s cu l pt ure 

pat i na : 

Co l o::>r : 

t�ed - brown 

bt�own 

green 

b l ac k 
go l den - pa t i na co l or as o oposed t o  c o l o r  o f  m et a l  s h ow i n g 

t h r o u g h nor does t h i s  re fer t o  s ur face g i l d i ng 

Trans l ucent - t h e  co l or o f  t he met a l  

o paq l.1e pat i na 

shows t h ro u g h  a n on-

O pa q ue t h e  co l o r o f  t h e o a t  i na d oes not a l l ow t h e c o l or o f  

t h e met a l  t o  s h o w  t h ro u o h  . "  

Even - c o l o r o f  coat i n � i s  c o n s i st ent overa l l 

Uneven c o l o r  o f  coat i n g  i s  var i ed 

St r ea k ed - l i ne a r  var i at i on s  i n  c o l o r o f  oat i na 

S p l otched - s p o t t y ,  i so l at ed areas o f  v a r i o us co l ors 

Mot t l ed und u l at i n g va r i at i o n  o f  co l or o f  oat i na 

Ch i p ped o l at e l e t t es o f  oat i n a  h ave l i f t ed o f f  e x pos i n g 

t h e  met a l  b e l ow 

Wor n  - a reas w h e r e  m ore met a l  i s  ex posed d ue t o  

pat i na fro m  some sort o f  abras i on 

l oss o f  

Bu b b l ed - smal l s o ot s w h ere t h ere w as a c o ng l omerat i o n  o f  

p i g men t i n  a v a rn I sh pat i na 

B ub b l ed a nd b ur s t  - sma l l s oot s wh ere pat i na has l i f t ed and 

41 



s oa l l ed o f f  

Met a l l i c  F l a kes A o p l i ed - varn i sh o a t  i na o r  f i l l s wh i ch 

h av e  a l us t er d ue t o  m et a l l i c s h a v i n g s  or f l a kes 

O l d  Cert a i n- oa t  i na a o p ea r s  t o  b e  o r i g i na l  accord i n g t o  
o ur current l eve l o f  know l ed a e  o n  Rena i ssance pat i nas 

New Cert a i n  - pat i na a o oears t o  b e  m od ern, not cons i st ent 

w i t h  t h e  d at e  o f  fa br i ca t i o n ,  i t  sh ows no l o g i ca l  s i g n s  

of wear, varn i sh ,  c· r  c h em i c a l  pat i na t i on " l oo ks recent " t o  

t h e  t ra i ned conservat ors eye 

A g e  U n cer t a i n  - u n s ure o f  a p e of pat i na ,  t h ere may be s i gns 

of wear� ,  b ut vat� n i sh or c h em i ca l pat i na i s  riot " t y p i ca l "  

o f  t h at w h i ch a t ra i ned conservat or wou l d  e x o ect 

Com b i nat i on - arl o l d e r  pat i na wh i ch h a s  been ch i p oed and 

wor n ,  w i t h  a mo d er n  p a t i na Wh i ch cc.vers o ver a l l areas 

Deg ree o f  pat i na t ed sur face f i neness : 

h i g h - a c h e m i ca l  or varn i sh pat i na Wh i ch h as 

a cons i st en t  q ua l i t y ,  a l t h o u q h  i t  may b e  worn 

m ed i um - a p at i n a ,  w i t h  more i nconS i st enc i es 

and l es s  o f  a o o l i s h e d  l oo k  

cr l.l d e  - a pa t i na wh i ch h a s  many i ncons i st enc i es a n d  f l aws i n  

i t s  a p p l i cat i o n, and i s  non- oo l i sh ed ,  w i t h  a d u l l s ur f ace 
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APPENDIX 3 

CASTING AND DECOR A TING FEATURES: DATA FORM 
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RE NAI S SANCE BRONZE S :  CASTI N G  TECH N I Q U E S  

Sculpture No. : 

City: Region: 

Subject: 

Country: 

Certainty of regional attribution : certain plausible uncertain 

Artist: Certainty of attributed artists: certain plausible uncertain 

Date: Certainty of attributed date : certain plausible uncertain 

Hei�lt : m. Width: m. Depth : In. 

em. cm. cm. 

wt. (kg) : Not weighed: very l ight normal very heavy 

Da!a availab!e :  '.':sual exam x-radio;-a�hy XRF 

COie sample for: TL thin section 

Another similar image exists ( multiplE: castin gs possible )  

Structure: 

No. Cif separately ca� pieces: Cine more than one 

How separately cast pieces are attached: cast on ixasing soldering 

pinS rivets screws sleeve hoop {Interior) fiange 

S!ze 01 chaple!s: small 

No. of chaplets: few 

medium large 

average many 

Shape : round squared 

Iron replaced with other m etal : similar alloy 

Iron chaplets remain 

noticeably different alloy 

Only voids remain 

PinS located in cracks 

Lacing chaplets Chaplets go all the way through piece 

Threaded chaplets Pegs 

'!,'ires used instead of chaplets Only wire holes remain 

No. of armatures: Mat�al : iron copper alloy 

fake 

wt::iding 

Armatures are'  knarled h ooped wired continlJOUS discontinuous 

�. <:""-,,.....: ,.., ,,,,. � -.,.." ",,�, . _ .-• •  _ .... ... '"' • . - . t"'-"' -"";.) . eve� 

amount o� porosity: small medium large 

7hickness of metal : thin average thick even 

fiIiMe 

uneven soi id 

large 

D:-Ipping Implying sfusn casting lost wax sand casting Mold i lnes present 

- - -- c,  .. : - _ _  . _ 1 .  � 1 1 ��1 1 ... U '- I I J' :; �QJ . ·�Veia:: or local pieced iii wax 

� enairs : 

nvets used 

tew 
irregular regular 
cast on me:hanically added (t2c·ped; lea ·: re�airs 

threaded pinn� 

I !  • 
SOiO�· wsec 



Cart!: 
Hollowness: 

1.§1 Torso 

Arms 

Legs 

Appendages 

2nd T CX"so 

solid I mostly solid I mostly hollow hollow I differ 
I -- r-- -- -

I 

Arms 

Legs 

ApiJendages 

Attributes 

case: solid 

- ----l --
------�--------�----�--------

--'------ -- -
------------ ---------..--------- . 

hollow Plaque: 

Core is :  carefully modelled not modelled 

Cere removed: none some much 

solid 

panially modelled 

Coler of cCX"e: red white 

Scooping out of cCX"e fa- armature 

black "\ trown 

Local scooping 

multi 

Decoration and finishing: 

Silver inlaid eyes �obable inlaid eyes missing 

Silver leaf Gold leaf Mercury gilding 

T oohng:  fine medium au de 

Stroke: short -abrupt long -continuous 

Tooling used fCX" texture or design Relief 

Deg-ee of jinishing on back: 

f!n!sh!ng or back: 

iew 

low 

�II ;><'· �II- r" ... 1.-:. .... 1 .  ',-T, "" �,::I �" l'uf'I"'h:::. s�d) • _.;M • •  � _ .  � I � 1 ___ I .... .... ..... 

Patina: 

red brown g-een 

average 

black 

silver feet 

punching 

In the round 

high same 

hIgh 

golden t-anslucent 
even uneven streaked splotched mottled 

Chipped Wan Bubbl ed and burst Metall ic fiakes appiied 

different 

muh: 

Old-cenain New-certain Age unce:�n Combinanon 

Deg-ee of patina!ed suMace fineness : high (burnished and pol ished) med ium :ru:e 
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APPENDIX 4 

PETROGRAPHIC DATA: DEFINITIONS 
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DESCRIPTION OF PETROGRAPHIC DATA RECORDED 

Quartz. The percentage of quartz present in each thin section was estimated by reference 

to models for visual est imation of percentage composition of rocks (Williams, Turner, and 

Gilbert 1982:593-597). The most common size for quartz grains was recorded as fine (less than 

.1 mm), medium (.1 mm - .4 mm), or coarse (greater than .1 mm). The degree of sorting of the 

coarser grains in each section was determined to be poor (there is a wide range of grain 

sizes) , moderate ,  or good (most of the grains are approximately the same size); shape of the 

quartz was originally recorded as angular, subangular, subrounded, or rounded (Pettijohn 

1975:57), though later these categories were collapsed into just angular or rounded. 

The following textures were recorded for the quartz grains: ( I  )polygonized _ two to three 

subcrystals present in a single grain 

(2) polycrystal line (a) four to ten subcrystals present in a single grain, or (b) more than ten 

subcrystals present in a single grain (the percentage of quartz grains that are 

polycrystalline was also noted); these categories were later combined to simply presence or 

absence of polycrystal line quartz 

(3) microcrystal line - aggregate in which indl·,'idual grains are less than .03 mm in size, as in 

chert 

(4) fibrous - the chalcedony form of silica 

(5) undulous (a) slightly - grain goes extinct III 1-5 degrees of microscope stage rotation, or 

(b) strongly - grain goes to complete extinction only with more than 5 de·grees of 

microscope stage rotation; these were later combined to presence or absence of undulous 

extinction 

(6) vacuoles - negative crystal inclusions in the grain, often fil led with liquid and having the 

same crystal lographic orientat ion as the main quartz grain; these could include either 

many small ones or one or a few large ones 
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(7) authigen ic overgrowths - secondary growth along the edges of the grain boundary 

(8) inclusions of other minerals in the quartz grains 

Organic Matter. This appears in both uncarbonized and carbonized form. For both forms 

the overall percentage present and the most common size were determined in the same manner 

as for quartz grains. 

Carbonates. When present ,  these were recorded as rare, abundant, or very abundant. The 

most common size was determined to be fine, medium, or coarse, using the same criteria as 

for the quartz grains. If rounded edges or rhombic shapes were present, these were noted. 

The presence of possible dblomite (rhombic shape, cloudy center and clear rim) or siderite 

(yellow-brown color from alternation to limonite) were also noted. 

Hematite. If present , was recorded as rare (one has to hunt to find any on the slide), 

abundant (easy to f ind), or very abundant (permeates the slide). 

Feldspars. . The presence of plagioclase feldspar was recorded with its approximate 

percentage computed in the same manner as for percentage of quartz grains. The percentage 

of alkali feldspars were also recorded, broken down into microcline or orthoclase categories. 

Only data on the presence or absence of these feldspars was used for the statistical work. 

Micas. Presence or absence was recorded for: muscovite, biotite, phlogopite, chlorite, 

and chloritoid. Phlogopite and chloritoid were so rare in these samples that they were dropped 

for the statistical analysis. 

Pyroxenes. The presence or absence of clinopyroxenes was recorded. If present , the type 

was determined whenever possible. Orthopyroxenes were recorded as either enstatite or 
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hypersthene. 

Amph iboles . Only hornblende was seen in these samples. 

Lithic Fragments. These were primarily metamorphic or volcanic, although some 

sedimentary and plutonic lithics were also seen. 

Other Minerals. The presence or absence was recorded for the following minerals: 

epidote, clinozoisite, apatite, zircon, rutile , spinel (which was either magnetite or ilmenite) , 

tourmaline, garnet , glauconite, gypsum ,  serpentine and oliv ine. In a few samples sphene and 

graphite were also seen, but these were too few to include in the statistical analysis. 

Clay. The remainder of the casting core consists of clay minerals of one type or a 

mixture of types. These cannot be further identif ied in thin section. 
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data number mus�um # sculpture artis!Lregion 
G08 85.SB.68 Female Virtue or Allegory Venice 
G09 85.SB.69 Satyr Cellini 
G10 85.SB.72 Kicking horse Caspar Gras 
G11 85.SB.73.1 Stupidity and Fortune· Francesco Bertos 
G12 85.SB.73.2 Industry and Virtue Francesco Bertos 
G13 85.SB.74 Eleven figures Francesco Bertos 
G14 85.SB.75 Mars and Venus Flemish 
G15 85.SB.184 Mercury Allesandro Vittoria 
G16 85.SB.413 Laocoon Giovanni Foggini 
G17 85.SB.418.1&.2 Two Sphinxes Italy 
G18 L.86.SB.55 St. Stephen Nicolo Roccatagliata 
G19 L.86.SB.134 San Giorgio Nicolo Roccatagliata 
G20 L.86.SB.143 Jupiter Palma 
G21 L.86.SB.144 Francoflemish Venus Unknown 
G22 86.SB.488 Rearing Horse Adrien de Vries 
G23 86.SB.688 Bust of a Young Man Antico 
G24 86.SB.734 Putto or Infant Christ Campagna 
G25 87.SB.50 Venus with Cupid and dolphin F.B. 
G26 L.88.SB.39.1 Rape of Orthiyia by Boreas Marsy 

(88.SB.73) 
G27 L.88.SB.39.2 Rape of Proserpine by Pluto Girardon 

(88.SB.74) 
G28 44.5.86 Virgin and Child Susini 

(from Museum of Fine Arts,Houston) 
G29 74.560C Palissey (ceramic) from Los Angeles County 

(49.26.2) Museum of Art 
G30 L.83.SB.20 Andromeda (French) Robert LeLorrian 
G31 85.SB.63 Kneeling Satyr Riccio 
G32 85.SB.67 Triton Unknown 
G33 85.SE.55 romanesque aquamanile Lower Saxony 

ca. 1220 Hildesheim or Magdeburg 
G34 86.SB.5.1 Dog Germany 
G35 86.SB.5.2 Bear Germany 
G36 L.87.DE.98 Palissey basin (ce ramic) 
G37 87.SB.50 F.B. Venus Same as #25 
G38 L.87.SB.lD2 Hercules and Hydra Giambologna 
G39 L.87.SC.lDl 

(88.SC.42) Bust of Mme Recamier (ceramic) Chinard 
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P l a g i oc l ase Fe ldspar 
A l ka l i Fe l ds oar 
M ic t'oc l i rle 
Ort h ,:)c l ase 

Ot h e r  

M l.ls C O V  i te 
B iot i t e 
Ch l m' i  t e  

C l i no o yro x e ne 

O rt h o p y r o x ene 

Erlst i t i t e  

Hy p et' s t h ene 

Arwph i b,::) 1 e 

H ,::)rn b l e nd e  

Ot her 

E o i d o t e  

C l i no z o i s i t e  

A oa t  i t e  

Z i t' corl 

Rut i l e  

S o i  rIe l  

Mag net i t e  

I l men i t e  

L i t h i c  Fra gment s 

M e t arn o r o h i c  

Sed i me ntary 

Vo l c a n i c  

P l ut o n i c  

Tourma l i ne 

Gat' net 

G l a ucon i t e  

G y p s um 

Ser oent i ne 

O l i v i ne 

O t h er : 

A o o r o )( i mat e " 

A o o ro )( i ma t e  " 

Tyoe 
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KEY TO THE DATA TABLE 
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column(s) 

1 0 2 0 3  

5 

7 

8 

Key to the Dataset 

(The column numbers not listed refer to blank columns) 

type of data 

Sculpture number 

Line of Data 

Region 

Artist 

54 

key 

G: Getty + assigned number 

K: Kunsthistorisches + 

catalog number 

1 

A: Flemish 

D: Padua 

E: Netherlands 

F: France 

G: Germany 

I: Italy 

L: Florence 

M: Milan 

N: North Italy 

(Padua, Milan, Mantua) 

P: Spain 

R: Prague 

S :  South Italy 

T: Mantua 

U: Uncertain 

V: Venice 

U: Uncertain 

A: Antico 

B :  Bertoldo di Giovanni 

C: J acopo Sansovino 

D: Tiziano Minio 

E: Alessandro Vittoria 

F: Tiziano Aspetti 

G: Nicolo Roccatagliata 

H: Johann Gragor 

van der Schardt 



9 Date Range (50 years) 

1 0  Date Certainty 

1 2 0 1 3 0 1 4  Height in centimeters 

1 6 0 1 7 0 1 8  Width in centimeters 
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I:  Giambologna 

J: Antonio Susini 

K: Adrien de Vries 

L: Caspar Gras 

M: Hubert Gerhard 

N: de Keyser 

P: Cellini 

Q: Francesco Bertos 

R: Giovanni Foggini 

S: Palma 

T: Campagna 

V: F.B. 

W: Girardon 

A:  ca. 1400 

B :  ca. 1 425 

C: ca. 1450 

D: ca. 1475 

E: ca. 1 500 

F: ca. 1 525 

G: ca. 1 550 

H: ca. 1 575 

I :  ca. 1 600 

J: ca. 1 625 

K: ca. 1650 

L: ca. 1675 

M: ca. 1700 

N: ca. 1725 

P: ca. 1750 

0: uncertain 

1 :  certain 

2: fake 

xx.x 

xx.x 



2 002 1 02 2  Depth in centimeters 

2 4  Number of separately cast pieces 

How separately cast pieces are attached: 

2 5  Cast on 

2 6 BrasedIW elded 

2 7  
2 8  
3 0  
3 1  
3 2  

Chaplets 

3 4  

3 5  

36 

3 8  

3 9  

Soldered 

Pins 

Rivets 

Screws 

Sleeve/interior hoop 

Size 

Shape 

Color in x-ray 

Number 

Iron chaplets replaced 

56 

xx.x 

1 :  one 

2: more than one 

0: no 1 :  yes 

0: no 1 :  yes 

0: no 1 :  yes 

0: no 1 :  yes 

0: no 1 :  yes 

0: no 1 :  yes 

0: no 1 :  yes 

0: none 

1 :  1/8" or less 

2: greater than 1/8" 

0: none 

1 :  round · 

2: squared 

0: none 

1 :  light 

2: dark 

3: same/medium/varies 

0: none 

1 :  few 

2: many 

0: no chaplets 

1 :  Iron remains 

2: .. w/ similar alloy 

3 :  .. wl different alloy 

3 : no 

separate 

pieces 



40 Voids remain 0: no 1 :  yes 

4 1  Chaplets go through piece 0: no 1 :  yes 

4 3  Pins located in cracks 0: no 1 :  yes 

4 4  Threaded chaplets 0: no 1 :  yes 

4 5  Wires used instead of chaplets 

0: no 

1 :  yes 

2: wire holes remain 

4 7  Number of armatures 9: nine or more 

(number is indicated if 
less than nine) 

4 8  Armature material 0: none 

1 :  iron 

2: copper alloy 

4 9  Armatures are: 0: no armature 

1 :  not knarled 

2: knarled 

5 0  Armatures are: 0: no armature 

1 :  not straight 

2: straight 

5 2  Armatures are: 0: no armature 

1 :  not hooped 

2: hooped 

5 3  Armatures are: 0: no armature 

1 :  not wired 

2: wired 
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5 4  Annatures are: 0: no annature 

1 :  not intertwined 

2: intertwined 

5 5  Annatures are: 0: no annature 

1 :  discontinuous 

2: continuous 

5 7  Distribution of porosity 0: none 

1 :  even 

2: uneven 

5 8  Size of pores 0: none 

1 :  1/32" or less 

2: greater than 1/32" 

5 9  Amount of porosity 0: none 

1 :  small 

2: medium 

3: large 

6 0  Thickness of metal 0: thin 

1 :  average 

2: thick 

3 :  solid 

6 2  Thickness of metal 0: even 

1 :  uneven 

2: solid 

6 3  Technique 0: slush 

1 :  lost wax 
2: sand 

6 4  Mold lines present 0: no 1 :  yes 

6 5  Cracking of casting 0: no 1 :  yes 
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6 6  Hole in back 0: no 1 :  yes 

6 8  Hole on top 0: no 1 :  yes 

6 9  Hole underneath 0: no 1 :  yes 

7 0  Magnetic metal 0: none 

1 :  local 

2: overall 

7 1  Light, dense area at join 0: no 1 :  yes 

(joined in wax) 

7 2  Dark line at join 0: no 1 :  yes 

(joined in metal) 

7 4  Casting flaws 0: none 

1 :  few 

2: numerous 

7 5  Casting flaws 0: none 

1 :  repaired 

2:  open 

3 :  both 

7 6  Shape of repairs 0: none 

1 :  irregular 

2: regular 

3: both 

7 8  Repairs are: 0: no repairs 

1 :  not cast on 

2: cast on 

7 9  Repairs are: 0: no repairs 

1 :  not mechanically added 

2: mechanically added 
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8 0  Repairs are: 0: no repairs 

1 :  not puddled 

2: puddled 

1 0 2 0 3  Sculpture number 

5 Line of data 2 

7 Repairs are: 0: no repairs 

1 :  not lead 

2: lead used 

8 Repairs are: 0: no repairs 

1 :  not soldered 

2: soldered 

9 Repairs are: 0: no repairs 

1 :  not riveted/pinned 

2: riveted/pinned 

1 0  Repairs are: 0: no repairs 

1 :  not screwed 

2: screwed 

1 1  Repairs are: 0: no repairs 

1 :  not less dense material 

2: less dense fills used 

Hollowness of: 
1 3  1 st figure torso 0: none (key for 

1 4  1st figure arms 1 :  solid 1 3-21 )  

1 5  1 st figure legs 2: mostly solid 

1 6  1 st figure appendages/attributes 

1 8  2nd figure torso 3 :  mostly hollow 

1 9  2nd figure arms 4: hollow 

2 0  2nd figure legs 5: differ 

2 1  2nd figure appendages/attributes 
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2 3  Base 0: non-metal/not original 

1: hollow 

2: solid 

2 4  Core 0: none (solid) 

1 :  not modelled 

2: partially modelled 

3: carefully modelled 

2 5  Core 0: no core 

1: none removed 

2: some removed 

3: much removed 

2 7  Scooping of core 0: no core 

1: no scooping 

2: for armature 

3:  local scooping 

2 9  Silver eyes 0: no 

1: yes 

2: inlay missing 

3 0  Gilding 0: none 

1 :  leaf 

2: mercury 

3 1  Tooling 0: fine 

1: medium 

2: crude 

3 2  Stroke 0:  short 

1: long 

3 4 - Tooling for texture 0: no 

(decorate form) 1: yes 
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3 5  Tooling for design 0: no 

(defmes form) 1 :  yes 

3 6  Format 0: relief 

1 :  in the round 

3 8  Back finishing 1 :  same as front 

2: less than front 

4 0  Flashing left on surface 0: no 

1 :  yes 

4 1  Flashing on interior(light) 0: no 

1 :  yes 

4 2  Flashing in wax interior(dark) 0: no 

1: yes 

4 4 0 4 5  Color of patina 0: none (for one color) 

(44 is primary color; 1 :  red-brown 

45 is secondary color.) 2: brown 

3: green 

4: black 

5: golden 

4 6  Transparency 0: none 

1 :  transparent 

2: opaque 

4 7  Patina 0: even 

1 :  uneven 

4 9  Streaked patina 0: no 

1 :  yes 

5 0  Splotched/mottled 0: no 

1 :  yes 
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5 1  Chipped patina 

5 2  Wom patina 

5 3  B ubbled and/or burst 

5 5  Metallic flakes 

5 6  Patina 

5 7  Degree of patinated surface fmeness 

63 

0: no 

1 :  yes 

0: no 

1 :  yes 

0: no 

1 :  yes 

O: no 

1 :  yes 

0: old 

1 :  new 

2: both- two types 

3: uncertain 

0: high or shiny 

1 :  medium 

2: crude 



Line 3: 

1 ,2,3 Sculpture number 

5 Line of data 3 

7 Quartz percentage 0: absent 
I : 1 -5% 
2: 5- 1 0% 
3: 1 0-20% 
4: 20-30% 
5: 30-40% 
6: 40-50% 
7: > 50% 

8 Quartz s ize 0: inapplicable 
1 :  fine 
2: medium 
3: coarse 

9 Quartz sorting 0: inapplicable 
1 :  poor 
2: moderate 
3: good 

1 0  Quartz shape 0: inapplicable 
1 :  angular 
2: rounded 

1 1  Polygonal quartz 0: absent 
1 :  present 

1 2  Polycrystalline quartz 0: absent 
1: present 

1 3  Microcrystalline quartz 0: absent 
I : present 

1 4  F ibrous quartz 0: absent 
1 :  present 

1 5  Undulous quartz 0: absent 
I: present 

1 6  Quartz vacuoles 0: absent 
I : present 

17 Authigenic quartz 0: absent 
1 :  present 

1 8  Quartz inclusions 0: absent 
I: present 
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20 Uncarbonized Organics 0: absent 
1 :  present 

22 Carbon percentage 0: absent 
1 :  1 -5% 
2: 5- 1 0% 
3: 1 0-20% 
4: 20-30% 
5: 30-40% 
6: 40-50% 
7:  > 50% 

24 Carbonate amount 0: absent 
1 :  rare 
2: abundant 
3: very abundant 

25 Carbonate s ize 0: inapplicable 
1 :  fine 
2: medium 
3: coarse 

27 Hematite amount 0: absent 
1 :  rare 
2: abundant 
3: very abundant 

29 Plagioclase feldspar 0: absent 
1 :  present 

30 Microcline feldspar 0: absent 
1 :  present 

3 1  Orthoclase feldspar 0: absent 
1 :  present 

33 Muscovite 0: absent 
1 :  present 

34 Biotite 0: absent 
1 :  present 

35 Chlorite 0: absent 
1 :  present 

37  Clinopyroxene 0: absent 
1: present 

38 Orthopyroxene 0: absent 
1: present 

39 Amphibole (hornble nde) 0: absent 
1 :  present 
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4 1  Epidote and cl inozoisite 0: absent 
1: present 

43 Apatite 0: absent 
1 :  present 

44 Zircon 0: absent 
1 :  present 

45 Rutile 0: absent 
1 :  present 

47 Spinel 0: absent 
1 :  present 

49 Metamorphic lithics 0: absent 
1 :  present 

50 Sedimentary lithics 0: absent 
1 :  present 

5 1  Volcanic lithics 0: absent 
1 :  present 

52 Plutonic lithics 0: absent 
1 :  present 

54 Tourmaline 0: absent 
1 :  present 

55 Garnet 0: absent 
1: pres�nt 

56 Glauconite 0: absent 
1 :  present 

58 Gypsum 0: absent 
1: present 

59 Serpentine 0: absent 
1: present 

60 Olivine 0: absent 
1 :  present 
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K02 1 LBD 1 325 20 1 00 000 222 1 00 000 0000 0000 2 1 1 2 1 1 0 1 0  0 1 1 0 1  1 1 1  1 1 1  

K02 2 1 1 2 1 1 1 1 1 0 2 1 1 1  0 1 2 1 0 0 1 1 1 1 1 1 1 1 1  4220 000 1 0  03 1 

K02 3 2 1 22 1 1 1 1 1 00 1  0 0 1 1  0 00 1 1 0 1  000 1 1 00 1 0000 0 1 0  000 

KQ3 1 L 
K03 2 
K03 3 4 2 1 2 1 1 1 1 1 1 0 1  0 0 32 3 1 0 1  1 1 1  000 1 1 0 1  1 1 1 00 1 0 1  0 1 0  

K04 1 N 
K04 2 
K04 3 1 1 1 200000000 1 0 2 1  3 1 00 1 0 1 000 1 000 0 0000 00 1 000 

K05 1 I I 
KO!5 2 
K05 3 1 1 1 2 1 000 1 000 0 0 1 1  3 1 00 000 000 0 000 1 0000 000 000 
K07 1 N EO 350 1 3 3 33 333 1 1 2 1 00 000 0000 0000 1 1 2 2  0 1 000 0 1  00 1 32 
K07 2 4220 0000 232 1 1 00 1  1 1 1  1 0 1 1 2020 00000 0 3 1  
K07 3 6 1 1 2 1 1 1 1 1 1 0 1  0 0 1 2  0 1 1 1 1 0 1  000 0 0 1 0  0 0000 000 000 
KOB TAE I 29B 1 3333 333 1 1 2  1 00 000 0000 0000 2 1 1 1  00000 01 00 1 1 2 

KOB 2 2 1 1 1 1  4240 0000 033 1 1 20 1  0 1 1 1 000 2020 00000 030 
K08 3 
KG':} 1 TAE 1 394 1 3333 333 1 1 2 2 1 00 000 0000 0000 2 1 2 1  1 0000 001 1 0  1 1 1  1 1 2 

KO,:} 2 1 1 1 : 1  4340 4440 1 3 1 1 000 1 0 1 1 1 0 1 0  2020 00000 030 
K09 3 
K I 0  1 TA 
K I 0  2 
K I 0  3 4 1 2 1 1 000 1 000 0 1 1 1  2 1 0 1  1 0 1  000 1 0 1 0  1 0000 00 1 000 
K l 1 1 NUEO 334 1 3333 333 1 1 2 2 0 1  000 0000 0000 1 1 2 1  0 00 1 0  0 0  00 1 1 1  1 1 1  

K l 1 2 1 1 1 1 2 4444 0000 0 3 1  3 1 1 0 1  0 1 1 1 0 1 0  4220 00000 020 
,"\ K l 1 3 

K 1 2  N E O  1 85 1 3333 333 000 (.000 000 0000 0000 2 1 1 3  2 1 000 00 00 1 1 2  1 1 1  

K 1 2  2 1 2 1 1 1  1 1 1 0 0000 000 0 1 0 1 1 0 1 1 1 000 2320 0 1 000 03 1 
K 1 2  3 
K 1 3  1 N EO 295 1 3333 333 1 1 2 2 1 1 0  000 0000 0000 1 1 2 1 0 1 000 1 1 1 00 1 1 1  1 1 2 
K 1 3 2 1 1 1 1 1  4 440 0000 032 1 1 00 1  0 1 1 1 000 4020 00000 020 
K 1 3  3 6 1 2 1 1 1 1 1 1 1 0 1  1 2 2 1  1 1 0 1  1 1 1  000 0 1 1 0 0 0 1 00 000 0 0 1  
K 1 4  1 N EO 1 85 ,WOO l 000 1 1 3 2 0 1  000 1 1 2  1 1 1 2 1 1 1 1 0 1 000 00 0 1  2 1 2  1 1 1  
K 1 4  2 1 1 2 1 1 4 1 1 1  0000 0 3 1  1 0 0 1 1 0 1 1 1 000 2520 0 0 1 1 0  0 3 1  
K 1 4  3 3 1 22 1 1 00 1 1 00 0 4 1 1  0 1 00 1 00 000 0 000 0 0000 000 000 
K 1 5  1 N EO 1 22 1 3333 333 1 1 3 2 00 000 0000 0000 0000 0 1 0 1 0  00 00 1 1 2 1 2 1  
K 1 5  2 1 1 1 1 1  4 1 1 0 0000 0 3 1  1 0 0 1 1 0 1  1 1 00 1 52 1 0  0 1 0 1 0  0 3 1  
K 1 5  3 1 1 2 2 1 1 1 1 1 1 00 0 1 1 1  1 1 00 001 000 0 000 0 00 1 0  000 000 
K 1 6  1 N EO 1 86 2000 1 000 000 0000 000 0000 0000 2 1 1 1  00000 00 0 1  000 000 
K 1 6  2 00000 4 1 1 0  0000 033 1 0 0 1 1 0 1 1 1 000 4220 000 1 0  0 3 1  
K 1 6  3 1 1 220 1 00 1 000 0 2 1 1  1 000 000 1 00 1 0 1 0  1 0000 000 000 
K 1 7  1 N EO OB5 1 3333 333 000 0 00 000 0000 0000 2 1 1 1  0 1 000 10 00 000 000 
K 1 7  2 00000 4330 0000 033 1 00 1 1  1 1  1 1 0 1 1 2020 000 1 0  03 1 
K 1 7 3 1 22 1 00 0 1 0000 1 0 1 1  1 000 00 1 000 0 000 1 0000 000 000 
K I B  N FO 1 47 20000 000 1 1 2 1 00 000 0000 0000 2 1 1 1  0 1 000 00 00 1 1 2 1 2 1  
K 1 8  2 1 1 1 1 1  4 1 1 0  0000 033 1 0 0 1 1 1 1 1  1 000 4220 0 00 1 0 0 3 1  
K i a  3 
K 1 9  1 N EO 1 26 1 3333 333 1 23 00 000 2 1 2  1 1 1 1  2 1 1 1  0 1 000 0 1  00 1 20 000 
K 1 9  2 00000 4 1 20 0000 032 1 0 0 1 1 0 1 1 000 4220 00 1 1 0 032 
K 1 9  3 
K20 0 
K20 2 
K20 3 421 1 1 1 1 1 1 1 00 1 1 1 1  2 1 00 I I I  000 0 000 1 00 1 0  000 000 



K 2 1 1 0 
K2 1 2 
K2 1 3 4 1 32 1 1 00 1 000 0 1 1 1  0 1 00 0 1 0  000 0 000 0 0000 000 000 

K22 1 N FO 1 23 20 1 00 000 1 1 2 1 00 002 1 1 2  1 1 ! 2 2 1 1 1  0 1 00 0  00 0 1  1 20 000 

K22 2 00000 4434 0000 1 32 1 0 0 1 1 1 1 1  1 000 5 2 1 0  0 00 1 0 0 3 1  

K22 3 2 1 22 1 1 00 1 00 0  1 7 00 1 1 00 000 000 0 000 1 0000 00 1 000 

K23 1 N EO 288 200 1 0  000 1 2 1  1 00 000 0000 0000 2 2 1  1 1 000 00 1 1  2 1 2  1 2 1  

K23 2 1 2 1 1 1  2 1 30 0000 0 3 1  1 000 1 1 1 1  1 0 1 0  252 1 000 1 0  03 1 

K23 3 
K2:7 1 0 
K27 2 
K27 3 7 2 1 2 1 1 00 1 1 00 0 0 00 0 1 00 001 000 0 000 0 00 1 0  000 0 0 1  

K28 1 I 
K28 2 
K28 3 2 1 2 2 1 1 1 1 1 000 1 1 1 1  0 1 00 1 1 1  000 0 000 0 1 000 000 000 

K 30 V 
K30 2 
K30 3 7 2 1 1 1 1 00000 1 o 0 1 1  0 1.00 1 0 1  000 0 1 0 1  o 0000 000 000 

K 3 1  N 

K3 1 2 
K3 1 3 4 2 1 1 1 1 00 1 1 0 1  o 0 1 1  0 1 00 1 1 1  000 0 000 1 1 000 000 000 
K32 1 U EO 1 7 3 1 3333 33 3 1 1 2 1 1 1  000 0000 0000 2 1 2 2 1 1 000 1 0  00 1 1 2 1 1 1  

K32 2 1 1 2 1 1  4 1 40 0000 023 1 002 1 0 1 1 1 0 1 0  2420 000 1 0  0 2 1  
K 3 2  3 4 1 22 1 00 0 1 000 1 4 00 1 000 00 1 1 00 0 000 0 0000 000 000 
K33 1 N FO 23 1 1 3333 333 000 0000 000 0000 0000 0002 2 1 000 00 00 1 32 1 1 1  
K33 2 1 22 1 1 1 0 1 0  0000 20000 0 0 1 1 0 1 1 1 000 1 020 00 1 1 0 03 1 

0' K33 3 4 1 320000 1 00 1  o 0 3 1  1 000 1 1 1  000 (I 000 1 0000 000 000 '" 
K 3 5  1 U H O  325 1 3 333 333 1 1 2 1 00 000 G 1 2  1 1 1 1 2 1 1 1  1 0000 00 00 2 1 2  1 2 1  

K35 2 1 1 1 1 1  4330 0000 1 32 1 0 0 1 1 0 1 1 1 0 1 0  20 1 1 000 1 0  0 3 1  
K 3 5  3 72220 1 1 1 1 00 1  0 3 00 0 1 0 1  1 1 1  1 00 0 0 1 0  0 1 00 0  000 000 

K36 L GO 308 1 3333 333 000 0000 000 0000 0000 2 1 23 2 1 000 00 00 23 
K36 2 1 1 1 1  0000 20000 0 0 1 1 I I I  1 000 1 020 000 1 0  0 3 1  
K36 3 2 1 2 2 1 1 0 1 1 000 0 0 1 1  o 000 1 0 1  000 0 000 1 0000 000 000 
K 3 7  1 I UGO 1 56 1 3 3�3 333 1 1 2 1 00 000 1 1 2  1 1 1 1  0002 1 1 000 0 1  00 000 000 
K37 2 00000 2 1 30 0000 023 1 0 02 1  0 1 1 1 000 2320 0 1 1 1 0  0 2 1  
K37 3 62 1 1 0 1 1 1 1 1 0 1  1 1 00 0 1 00 I I I 000 0 1 1 0 1 0000 000 0 1 0  
K38 N FO 065 1 3333 333 1 1 2 1 1  000 0000 0000 000 1 0 1 000 00 00 000 000 
K 3 8  2 00000 2 1 1 1  0000 0 3 1  1 002 1 0 1 1 1 ! 0 1  4220 0 1 0 1 0  0 3 1  
K 3 8  3 
K39 N FO 1 73 20000 000 000 0000 000 0000 0 000 0003 2 1 000 00 00 1 1 2 1 2 1  
K 3 '3  2 1 1 1 1 1  1 1 1 0 0000 00000 001 1 0 1 1 1 000 2420 000 1 0  03 1 
K39 3 
K40 RK l l  1 8'3 2000 1 000 1 1 2 00 000 2 1 2 2 1 1 1  1 1 3 1  0 1 000 00 00 1 20 000 
K40 2 00000 4 3 1 1 0000 0 3 1  1 000 1 0 1 1 000 1 02 0  00 1 1 1  03 1 
K40 3 3 2 1 1 1 1 1 0 1 0 1 1 o 3 00 1 1 00 1 1 1  000 0 0 1 1  o 0 1 00 000 0 1 0  
K4 1 M 1 0  302 2000 1 0 1 1 2 1 3 2: 0 1  0 1 0 1 1 1 1 1 1 2 2 1 2 1 1 1 000 0020 1 2 1 3  1 .:..:. �� 
K4 1 2 1 1 1 2 1  4 1 20 4 1 1 1  033 1 000 1 0 1 1 000 1 420 0 1 0 1 0  030 
K4 1 3 
K42 l eGO 430 1 3333 333 2 1 1 00 0 1 0  4 1 2  1 1 1 1  2 1 1 1  0 1 0 1 0  00 1 0  2 1 2  1 2 1  
K42 2 1 1 1 1 1  4 4 4 1  0000 2 3 1  1 000 1 0 1 1 0 1 1 4220 00000 020 
K42 3 
K43 1 NOF 1 345 20000 0 1 0  1 1 3 0 1  000 0000 0000 1 1 2 1  0 1 000 0 0  0 0  2 3 1  
K 4 3  2 4230 4200 1 32 1 0 02 1  0 1 1 000 4220 000 1 0  02 1 
K43 3 6 1 3 1 1 1 1 1 1 1 0 1  1 1 1 1  2 1 1 0 1 0 1  000 0 0 1 1 o 0000 000 000 



K 4 4  1 VEH 1  332 1 3 333 33 3 2 1 1  1 00 000 2 1 2  1 1 1 1  1 . 3 1  0 1 00 0  0 0  00 000 000 

K44 2 00000 4440 0000 232 1 001 1 1 1 1  1 000 1 420 000 1 0  0 2 1  

K 4 4  3 3 1 3 1 1 0 0 1 1 1 00 0 1 00 1 1 00 1 0 1 000 0 0 1 0  1 0 1 00 000 000 

K45 1 VFHO 555 20 1 1 1  00 1 1 1 2 2 1 0  000 0000 0000 2 1 1 1  0 1 000 00 0 1  000 000 

K45 2 00000 4431 0000 1 32 1 0 0 1 1 0 1 1 1 0 1 0  4220 00 1 1 0 0 3 1  

K45 3 2 1 22 1 00 1 1 000 0 1 1 1  1 1 0 1 1 0 1  000 0 000 1 0 1 00 000 000 

K46 1 NG I I  232 20 1 00 000 1 1 2 1 1 0  000 0000 0000 2 1 1 1  0 1 00 0 0 0  0 1  1 1 1  1 1 2 

K46 2 1 1 1 1 1  4230 4230 2 3 1 1 0 0 1 1  0 1 1 1 0 1 1 2420 0 0 1 1 0  0 3 1  

K 4 6  3 52 1 1 1 1 00 1 1 0 1  1 1 1 2  1 1 0 1  1 1 1 1 00 1 0 1 0  1 0000 0 1 0  000 

K47 1 N G l l 282 , 20 1 00 000 1 1 2 2 0 1  000 4 1 2  1 1 1 1  1 1 1 1  0 1 000 ·00 0 1  000 000 

K47 2 00000 4 1 44 0000 1 3 1  1 002 1 0 1 1 0 1 0  4220 000 1 0  03 1 

K47 3 
K48 1 NG l l  286 20 1 00 000 1 1 2 2 01 000 4 1 2  1 1 1 1  1 1 1 1  0 1 0 1 0  00 0 1  000 000 

K48 2 00000 4 1 3 1  0000 1 32 1 002 1 0 1 1 1 0 1 0  4220 000 1 0  03 1 
K48 3 52 1 1 1 1 1 1 1 1 00 1 1 1 1  1 1 0 1  1 1 1  1 00 0 000 1 0000 000 000 
K43 1 H G I  530 20 1 00 000 1 23 1 0 0  000 5 . 2  1 1 1 1 2 1 1 1  0 1 00 0  00 1 1  1 1 2 1 2 1  

K49 2 1 1 1 1 1  444 1 0000 1 32 1 000 1 0 1 1 1 0 1 0  52 1 0  000 1 0  030 
K49 3 3 1 220 1 00 1 00 1  0 1 00 3 000 00 1 000 0 0 . 0  0 0000 000 000 
K50 1 NIH I 388 1 33 33 333 2 1 3  2 00 1 00 0000 0000 2 1 1 1  0 1 0 1 0  00 1 0  233 1 ·=- =' �� 
K50 2 1 1 1 1 1 4444 0000 1 32 1 0 1 0 1  1 1  1 1 0 1 1 0020 000 1 0  020 
K50 3 52 1 1 1 1 0 1 1 000 1 1 00 3 1 1 0 1 00 000 0 000 0 1 00 1  00 1 000 
K5 1 1 N I H I  627 1 3333 333 1 1 1  1 00 000 '3 1 2  1 1 2 1  1 2 1 1 0 1 00 0  00 1 0  2 1 3  1 22 
K 5 1  2 1 1 1 1 1  444 1 0000 03 1 2 000 1 1 1 1  1 000 52 1 0  000 1 0  1 30 
K5 1 3 
K52 1 LJ l l  424 20 1 00 000 1 1 2  1 00 000 2 2 1  1 1 1 1  2222 0 1 000 00 0 1  1 1 2 1 2 1  

K 5 2 2 1 1 1 1 1  4230 44 1 0  032 1 000 1 1 1 1  000 5 1 1 0 00000 030 
-.....J K52 3 0 

K53 1 N I  

K53 2 
K53 3 722 1 1 1 0 1 1 1 0 1  0 0 1 1  1 1 1 1  1 00 1 00 0 1 1 0 1 0000 000 000 
K54 K l l 865 1 92 2 1 4  2000 1 000 222 1 00 000 6 1 1  1 1 2 1  1 2 3 1 0 1 00 0  0 0  0 1  000 000 

K54 2 00000 4444 0000 1 32 1 0001 1 1 1  1 000 50 1 0  00000 030 
K54 3 5 1 1 2 1 1 0 1 1 00 1  0 1 2 1  3 I I I  1 1 1  00 1 1 000 0 1 000 000 00 1 
K57 1 U JO 289 1 3333 333 1 1 3 2 01 0 1 0  0000 0000 2 1 1 1  0 1 000 00 00 1 1 2 2 1 1 
K57 2 1 1 1 2 1  3 3 1 0  0000 0 3 1  1 000 1 1 1 1  1 00 1 2320 00000 0 3 1  
K 5 7  3 
K58 I J I O  201 266 20 1 00 000 2 1 3  00 0 1 0  0000 0000 2 1 1 1  0 1 000 00 1 1  000 000 
K 5 8  2 00000 4430 422 1 0 32 1 000 1 0 1 1 1 0 1 0  5 2 1 0  000 1 0  000 
K58 3 6222 1 1 1 1 1 00 1  0 0 00 3 1 1 0 1 1 1  1 00 0 1 1  0 0 1 000 000 000 
K53 1 U 1 0  1 1 4 1 74 200 1 1 000 1 1 3 2 1 0  0 1 0  0000 0000 2 2 1 1 0 1 0 1 0 0 0  0 1  2 1 3  I I I 
K59 2 1 22 1 1  4330 4 003 033 1 0020 1 1 1  1 000 2020 0 00 1 0  0 3 1  
K 5 9  3 1 1 32 1 0 1 1 1 000 1 4 1 1  0 000 1 0 1  0 1 0  0 000 0 0000 000 000 
K60 l U I 1 24 1 20 1 0 1 000 1 1 2 1 00 000 3 1 2  1 1 1 1  222 1 1 1 000 00 0 1  000 000 
K60 2 00000 3234 0000 222 1 000 1 1 1  1 1 00 1 1 5cO 00 1 1 0 0 3 1  
K 6 0  3 1 1 32000 1 0000 (I 1 1 1  1 1 00 001 000 0 000 0 0000 000 0 1 0  
K 6 1  U HO 1 80 2000 1 000 I I I  2 00 0 1 0  0000 0000 0000 0 1 00 0  00 1 0  1 32 1 2 1  
K6 1 2 1 1 1 1 1  3 1 3 1  0000 1 32 1 0 1 1 1  0 1 1 1 000 2520 000 1 0 0 3 1  
K6 1 3 1 1 22000 1 0000 0 1 00 0 000 1 00 000 0 000 0 0000 000 000 
K63 N GO 2 1 2  1 3333 333 1 1 2 1 0 1  000 0000 0000 2 2 1 1 0 1 000 00 00 1 20 000 
K63 2 00000 4 1 4 1  0000 232 1 002 1 0 1 1 1 0 1 1 3220 00000 02 1 
K63 3 1 1 2 1 00000000 0 2 2 1  2 1 00 1 0 1  000 1 000 0 0000 0 0 1  000 
K64 1 U HO 3 1 9  2000 1 0 1 1 2 1 1  2 0 1  0 1 0  0000 0000 223 1 0 1 00 0  00 0 1  1 1 2 1 2 1  
K64 2 1 1 1 1 1  4 1 1 4 0000 033 1 000 1 0 1 1 1 0 1 0  4220 00000 030 
K64 3 



K66 1 ELKI 362 20000 0 1 1 2 1 1 2 00 0 1 0  0000 0000 2221 0 1 000 00 01 2 1 2  1 2 1  

K66 2 1 1 22 1 4 440 44 1 4  033 3 000 1 1 1 1  1 000 5 1 . 0 000 1 0  030 
K66 3 3 1 22 1 00 1 1 1 00 0 5 00 0 000 00 1 000 0 0 1 0  0 0000 000 000 . 
K67 1 UKO 386 20 1 0 1  0 1 0  1 1 3 2 0 1  000 6 1 2  1 1 1 1 2 1 1 1  0 1 0 1 0  00 0 1  232 1 2 1  

K67 2 1 1 1 1 1  3430 3430 032 1 0 00 1  1 1 1  1 0 1 0  1 0 1 0  0 00 1 0  0 30 

K67 3 
K68 1 L 1 1  0�9 1 1  1 1 1 2 1 2 1  

K68 2 1 1 1 1 1  001 1 1 1 1  2 1 3220 00000 03 1 

K68 3 
K69 1 EULO 1 02 1 3333 333 1 1 2 00 000 0000 0000 2 1 2 1  0 1 000 00 00 1 32 1 1 1  
K69 2 1 1 2 1 1 4230 0000 033 3 0 0 1 1 0 1 1 1 000 2020 00000 03 1 
K69 3 1 1 32000 1 1 000 1 2 00 0 000 1 0 1  000 0 000 0 0000 '100 000 

K70 1 U HO 1 46 2000 1 000 1 1 2 1 00 000 0000 0000 2 1 1 2  1 1 000 00 0 1  1 20 000 
K70 2 00000 4220 400 1 023 1 0 0 1 1  0 1 1 1 000 2020 000 1 0  0 3 1  

K 7 0  3 7232 1 1 1 1 1 00 1  1 3 00 0 1 1 0 1 00 1 00 0 1 0 1  0 0000 1 00 00 1 

K 7 1  6UI O 382 20 1 00 0 1 0  2 1 2  2 1 1  000 0000 0000 2 1 1 1  0 1 000 00 0 1  1 1 2 1 2 1  

K 7 1  2 1 1 1 1 1  42 1 422 1 32 1 000 1 1 1 1  1 0 1 1 2020 000 1 0  030 
K 7 1  3 3 1 1 1 1 1 00 1 1 0 1  1 5 0 0  0 000 1 1 1  000 0 0 1 0  0 0000 000 1 00 
K 7 2  1 GM I I  4 1 4  20 1 00 0 1 0  1 1 3 2 0 1  000 5 1 2  1 1 1 1  222 1 0 1 000 0 0  1 1  000 000 
K 7 2  2 00000 4330 433 1 1 32 1 000 1 1 1 1  0 1 0  1 020 00 1 1 1  030 
K72 3 
K73 1 U 1 1  240 1 3333 333 1 1 3 00 000 0000 0000 2 2 1 1 0 1 000 00 00 000 000 

K 7 3  2 00000 4232 0000 1 32 1 000 1 I I I 0 1 0  1 0 1 0  0 1 0 1 0  030 
K73 3 2 1 1 1 1 1 1 1 1 1 0 1  1 1 32 1 1 00 1 1 1  1 00 0 0 1 0  0 0 1 00 000 000 
K74 1 U MO 259 20 1 00 000 1 1 3 2 0 1  002 3 . 2  1 1 1 1 2 1 1 1  0 1 00 0  00 0 1  1 1 1  I I I  
K74 2 1 1 1 1 2 4340 4 440 1 33 1 0 0 1 1 1 1 1  1 0 1 0  4220 0 0 1 1 0  0 3 1  

-...j K 7 4  3 1 1 32001 1 0000 0 2 1 1  0 000 1 00 1 0 0  0 000 0 0000 000 000 
-" K75 EUK I 492 1 3333 333 2 1 3  2 00 0 1 0  0000 0000 2 1 1 1  0 1 000 00 1 0  1 32 1 2 1  

K75 2 1 1 1 1 1  4 444 0000 1 33 1 0 00 1  1 1  1 1 0 1 0 5 1 1 0 000 1 0  030 
K75 3 3222 1 000 1 000 0 2 00 2 1 00 000 000 0 000 0 0000 000 000 
G0 1 1 F PO 20 1 00 0 1 0  2 1 3 0 1  000 7 22 1 1 1 1 1 2 3 1 0 1 000 0 0 1 1 1  1 1 3 1 22 
GO I 2 1 1 1 1 1  4440 0000 1 32 1 0 00 1  0 1 1 1 0 1 1 2020 00000 . 0 30 
G0 1 3 
G02 1 F MO 520 2 1 5  2 1 5  20 1 00 1 0 1  000 0000 000 8 1 22 1 1 2 1  222 1 0 1 000 00 1 0 1  1 1 2 1 2 1  
G02 2 1 1 1 1 1  4 440 4440 1 32 1 000 1 0 1 1 1 000 2420 0 1 00 1  030 
G02 3 
G03 1 F MO 533 2 1 5  2 1 5  20 1 00 1 0 1  000 0000 00 1 3 1 1 2  1 22 1  223 1  0 1 000 00 1 0 1  1 1 2 1 2 1  
G03 2 1 1 1 1 1 4 440 44 4 0  1 32 1 000 1 0 1 1 1 0 1 0  2420 0 1 000 030 
G03 3 
G04 1 ENJ 1 396 457 343 20001 000 2 1 1 1 0 1  000 0000 0000 222 1 1 1 000 00 1 01 2 1  1 1 1 2 
G04 2 1 1 1 1 1  3220 42 1 1  022 1 0 00 1  1 1 1 1 0 1 0  2420 0 1 000 020 
G04 3 
605 IUDO .300 1 40 057 1 3333 333 000 0000 000 0000 0000 0 1 00 1  00 1 00 1 20 000 
G05 2 00000 4330 0000 033 1 002 1 0 1 0  2 000 342 1 0 1 1 1 1  022 
605 3 3 1 1 1 1 1 1 0 1 000 0 2 00 2 1 00 1 1 1  000 0 0 1 0  0 0000 000 000 
G06 1 D EO 1 1 6  1 40 038 1 3333 333 000 0000 00 1 0000 0000 000 1 0 1 000 00000 1 1 2 1 1 1  
G06 2 1 1 1 2 1  4 1 1 1  0000 0 3 1  1 1 02 1  0 1 1 1 000 3420 0 1 1 1 1  022 
G06 3 
G07 IU 0 248 095 1 00 1 3333 333 3 2 1 0 1 0  00 1 0 1 22 
G07 2 1 1 1 0 1 1 1 0  1 0000 0 0 1 1 0 1 1 1 000 2 5 1 0  00 1 1 1  1 2 1  
G07 3 
G08 1 VUFO 1 62 060 048 1 3333 333 1 000 00 1 0 
G08 2 o 2 002 1 0 1 .  1 0 3420 0 1 0 . 0  02 1 
G08 3 



G09 1 LPGO 568 1 81t 089 1 3333 333 000 0000 000 0000 0000 1 2 1 1 0 1 0 1 1  1 00 1 0  1 32 I I I  

G09 2 1 1 1 2 1  1t 4 1t0 0000 033 1 0 2 L l 0 1 0  2 0 1 0  2020 00 1 1 1  02 1 

G09 3 7232 1 1 00 1 1 0 1  o 4 00 0 1 00 1 1 0 000 0 1 1 0 0 0000 1 00 000 

6 1 0  1 ULKO 35 1 3 30 1 1 1  20000 1 0 1  2 1 3  2 00 0 1 0  0000 0000 1. 1 2 1  0 1 00 0  00 0 1  1 1  

G I 0  2 4 1 1t1t 0000 032 1 000 1 1 1 1  1 000 1 5 1 0  0001 1 030 

13 1 0  3 

Gi l 1 Val'l l 5 1 5  229 l itO 20 1 00 000 1 1 1  2 1 0 1  000 0000 0000 1 1 3 1  00000 00 1 0 1 2 3 1  1 1 1  

G i l 2 1 1 1 1 2  3 1 1 0  1t220 0 3 1  1 00 1 0  1 1 1  1 1 00 1 020 00 1 00 1 3 1  

G l l 3 

G 1 2  Val'l l 5 1 1 1 90 .1 30 20 1 00 000 1 1 1  2 0 1  000 0000 0000 223 1 00000 00 1 0 1 2 3 1  1 1 1  

G 1 2  2 1 1 1 1 2  1t 1 20 4 1 20 0 3 1  1 0020 1 1 1  1 000 2520 00 1 00 1 3 1  

G 1 2  3 

G13 1 Val'l l 795 1t1t 1 368 20 1 00 000 1 1 1  1 1 0 1  1 00 0000 0000 22 1 1 000 1 0  00 1 0 1  2 3 1  1 1 2 

6 1 3  2 1 1 1 1 1  1t 320 1t320 1 32 1 002 1 0 1 1 1 000 202 1 00 1 00 1 3 1  

G 1 3  3 1 1 32000 1 0000 1 1 00 0 000 1 1 0 000 0 0 1 0  0 0000 000 000 

G l it  1 A HO 539 372 259 20 1 00 000 223 1 1 0 0  000 8 L 2  1 1 1 1  2 1 1 1  0 1 000 0 0 1 0 1  1 32 1 2 1  

G 1 4  2 1 1 1 1 l.  4440 4440 1 32 1 0001 1 1 1  1 0 1 1 2320 0 1 0 1 0  0 20 

G 1 4 3 
G1 5 1 VEH I 654 222 222 2000 1 000 2 1 3  1 1 00 000 E- 1 2  1 1 1 1  1 23 1  0 1 0 1 0  00 1 1 0  1 32 1 2 1  

G 1 5 �� 1 1 1 1 1 4440 4000 1 32 1 000 1 0 1 1 1 000 4020 00000 020 

G 1 5  3 

G I E.  I RMO 565 4 32 2 1 5  20 1 00 000 1 1 2 2 0 1  000 7 22 1 1 1 1  2 1 1 1  0 1 00 1  00 1 0 1  

G 1 6  2 4 440 4444 1 33 1 0 00 1  I I I 2 000 1 0 1 0  0 1 000 030 

G 1 6  3 

G 1 7  I HO 245 1 1 0 220 20 1 00 000 2 1 00 000 232 1 000 00 1 0 1  2 3 1  1 1 2  

6 1 7  2 1 1 1 1 1 4 4 4 1  44 4 1  0 2 0 02 1  1 1  2 000 3420 0 1 000 0 3 1  

-.) 6 1 "7 3 . 
6 1 8  1 6  2 600 4 76 298 20000 0 1 1 2 1 3  2 00 0 1 0  0000 0000 2 1 1 1  1 1 000 00 1 0 1  

6 1 8  2 4 41t0 0000 1 33 1 0 0 1 1 I I I  2 000 3420 00000 0 1 1 

6 1 8  3 

G 1 9  1 1 6  2 604 482 355 20000 0 1 0  2 1 3  2 00 000 0000 0000 1 23 1  0 1 0 1 0  00 0 1  

6 1 9  2 4 4 1t 4  0000 1 33 1 000 1 1 1 1 1 000 3020 00000 0 1 0  
6 1 9  3 

G20 1 I SJO 4 70 228 280 200 1 1  0 1 0  I I I  2 00 0 1 2  0000 0000 2 1 3 1  0 1 000 00 0 1  232 I I I  

G20 2 1 2 1 2 1  4340 4220 032 1 000 1 0 1 1 000 2 5 1 0  00000 1 1 0  
G20 3 

62 1 U KO 450 200 0 1  00 1 2 1 3  2 00 000 4 1 2  1 1 1 1  000 1 0 1 000 00 0 1  1 1 3 1 22 
G2 1 2 1 1 1 1 1  4 440 0000 1 32 1 000 1 0 1 1 1 0 1 0 2020 000 1 0  020 
62 1 3 

G22 1 EK I l  495 54E. 1 78 20 1 0 1 000 1 1 1  0 0  000 1 1 2  1 1 1 1  2 1 2 1  0 1 000 00 1 1  1 32 1 2 1  
622 2 1 1 1 1 1  4 1 1 1  0000 1 32 1 000 1 0 1 1 0 1 1 1 5 1 1 00 1 1 1  000 

622 3 

623 TAE I 547 4 50 223 1 3333 333 2 1 2  1 1 00 000 0000 0000 223 1 0 1 0 1 0  0 1  00 1 1 2 1 2 1  
623 2 1 1 1 1 1  4000 0000 033 1 1 00 1  0 1 1 1 000 2020 000 1 0  000 

623 3 1 1 3200000000 0 2 00 0 000 000 000 0 000 0 0000 000 000 

624 I T I  1 890 482 342 1 3 333 333 2 1 3  1 00 000 4 1 . 2 1 1  1 1  1 1 3 2  0 1 00 0  1 0 1  0 1 20 000 
624 2 00000 4440 0000 0 3 1  0020 0 1 1 2 0 1 0  3420 0 0 1 1 0  032 
624 3 

625 1 FV60 890 355 305 20 1 0 1  000 2 1 1 2 1 1 0  000 3 1 2  1 1 1 1  1 232 0 1 000 1 1  0 1  2 1 1  1 1 2 

625 2 1 1 1 1 1  4 4 40 4440 1 33 2 001 1 0 1 1 1 0 1 0  4020 1 0000 022 

625 3 3 1 22 1 1 00 1 00 1  o 2 0 0  0 1 0 1  000 000 0 0 1 0  0 0000 000 000 

G26 FUM I 999 685 457 20 1 00 000 2 1 2  1 1 00 000 9 1 22 1 22 1  22 1 1 0 1 0 1 0  0 0 1 1 1  1 33 1 22 
626 2 1 1 1 1 1  444 1 444 1 1 33 000 1 1 1 1  1 0 1 1 20 1 0  0 1 0 1 0  030 

626 3 3 2 1 1 1 00 0 1 000 0 1 00 2 1 00 000 000 0 000 0 0000 000 1 00 



./ 
627 1 FWMl 999 ��7 �57 20100 001 213 1 00 000 81 1 2 1221 123 1 01010 001 1 1 133 122 
627 2 1 1 1 1 1 4440 4440 133 000 1 01 1 1 01 1 2010 00010 030 
627 3 122 100000000 0 0 1 1 2 000 000 000 0 000 0 0000 000 100 
628 1 L 
GeB 2 
62B 3 5212 1 1 00 1000 1 1 00 1 100 1 10 000 0 010 0 0000 000 000 
629 1 F 
629 2 
629 3 51220 1000000 1 1 00 1 100 1 1 1 100 0 000 0 0000 000 000 
630 1 F I 
630 2 
630 3 722201 00 1 00 1 0 1 00 0 100 010 000 0 100 0 0000 000 000 
631 0 
631 2 
63 1 3 213200000000 0 1 00 2 100 01 1 100 0 000 0 0000 000 000 
632 1 M 
632 2. 
G32 3 721 1 1 001 1 101 1 1 00 3 flO 010 000 (I 100 0 0000 000 000 
G33 1 G 
G33 2 
633 3 522 1 1 1 1 1 1 1 1 1 0 1 00 1 101 010 010 0 100 0 0000 001 000 
634 1 6 
634 2 
634 3 323 1 1001 1 000 0 1 00 0 000 I I I 000 0 000 0 0000 000 000 
G35 1 6 
635 2 

" 635 3 313 10 100 1000 0 1 00 0 000 100 000 0 000 (I 0000 000 000 W 
636 1 F 
636 2 
636 3 51321 1 1 1 1 000 0 1 00 1 000 01 1 000 0 1 10 0 1000 000 000 
637 1 F 
637 2 
637 3 412 1 1 10 1 1 000 0 1 00 0 100 101 000 0 000 0 0000 000 000 
638 1 L 
63B 2 
63B 3 421 1 1 1 01 1 000 1 1 00 0 100 1 1 1 000 0 010 0 0000 000 000 
639 F P 
G39 2 
639 3 422201 00 1 000 0 1 00 3 000 001 000 0 000 0 0000 000 000 
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