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ABSTRACT 

This study presents tools useful for understanding the processes by which 

Renaissance copper-alloy statuettes were made. Part I gives an overview of 

the literature on the technological study of bronze sculptures produced 

between the late fifteenth and early seventeenth centuries in Europe. It 

includes modern studies that draw from technological research done on 

monumental Renaissance casts and statuettes as well as on archaeological 

bronzes. 

The brief description of copper alloys and of the lost wax processes in Part IT 

provides the background for the technological investigations that follow. This 

part also covers the primary sources on Renaissance casting techniques and 

materials. Part lIT is a guide to the evidence one might find in a technological 

examination and follows the format of the worksheet devised for this study. 

Part IV consists of an overview of the analytical tools and methods used to 

gather the data for this research. Visual and radiographic examination, 

polarized light microscopy and X-ray fluorescence analyses proved the most 

valuable. 

Part V presents the technological reports of fourteen Renaissance bronzes of 

various attributions now in the Huntington Art Collection, San Marino, 

California. The examination of these sculptures served to refine the 

methodology and worksheet, a sample of which is presented in Appendix C. 

The study also provides important material for Part VI: the case study on 

bronze casts after models by Giovanni Bologna, also know as Giambologna 

(1529-1608). Generations of sculptors used, reproduced and adapted the Medici 

court sculptor's style, models and molds, creating hundreds of statuettes that 

need to be reassessed. Part VI presents the reports of forty of these bronzes, 

that range from documented pieces by Giambologna and contemporaries of 

his to later unattributed reproductions. The technological data gathered, 

when brought together with stylistic analysis and documentary evidence may 

shed more light on how and by whom the statuettes were made. 
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27.174) left: photograph of sculpture; right: annotated digitized radiograph. 

Plate 19. Crouching Venus, after Giambologna (Huntington Art Galleries, 
27.174) annotated digitized radiographs. 

Plate 20. Venus with Apple, Ciechanowievski Master, (Huntington Art 
Galleries, 17.24) left: photograph of sculpture; center and right: annotated 
digitized radiographs. 

Plate 21. Nude Male, unknown artist Italian 17th c.? (Huntington Art 
Galleries, 17.9), top left: photograph of sculpture; top right, bottom left and 
right: annotated digitized radiographs. 

Plate 22. Woman Combing her Hair, attributed to B. Prieur (Huntington Art 
Galleries, 17.18), top left: annotated photograph of sculpture; top right: 
annotated detail of crown of head; bottom left and right: digitized 

radiographs. 

Plate 23. Woman Touching her Foot, attributed to B. Prieur (Huntington Art 
Galleries, 17.17) top left and right: annotated photographs of sculpture; bottom 
left and right: annotated digitized radiographs. 

Plate 24. Woman Braiding her Hair, attributed to B. Prieur (Huntington Art 
Galleries, 17.16), top: photograph of sculpture; bottom left and right: 
annotated digitized radiographs. 

Plate 25. Woman Washing her Foot, attributed to B. Prieur (Huntington Art 
Galleries, 17.15), top: photograph of sculpture; bottom left and right: 
annotated digitized radiographs. 

Plate 26. Man Carrying Child, attributed to B. Prieur (Huntington Art 
Galleries" 17.8), top: photograph of sculpture; bottom left and right: digitized 
radiographs. 

Plate 27. Man with Sword, attributed to B. Prieur (Huntington Art Galleries, 
17.7) top left and right: annotated photographs of sculpture; bottom left: 
annotated digitized radiograph; bottom right: detail of the crowned "C". 
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Plate 28. Woman Returning from Market, attributed to B. Prieur (Huntington 
Art Galleries, 17.20), top: photograph of sculpture; bottom left and right: 
annotated digitized radiographs. 

Plate 29. Woman Combing her Hair, attributed to B. Prieur (Huntington Art 
Galleries, 17.19) top left and right: annotated photographs of sculpture; bottom 
left: annotated digitized radiograph; bottom right: detail of underside of comb. 

Plate 30. Spinario, attributed to Riccio (Huntington Art Galleries, 17.4) Left: 
photograph of sculpture; right: annotated digitized radiograph. 

Plate 31. Spinario, attributed to Riccio (Huntington Art Galleries, 17.4), top: 
detail of left hand; right: annotated digitized radiograph. 

Plate 32. Venus Drying Herself after the Bath, Giambologna 
(Kunsthistorisches Museum, 5874) Left: photograph of sculpture; center and 
right: radiographs. 

Plate 33. Venus Drying Herself after the Bath, after Giambologna (Cleveland 
Museum of Art, 93.230) left: photograph of sculpture; right: radiograph. 

Plate 34. Venus Urania or Astronomy, Giambologna (Kunsthistorisches 
Museum, 5874) left: frontal view of sculpture; center: radiograph; right: rear 
view of sculpture. 

Plate 35. Venus Urania or Astronomy, Giambologna (Kunsthistorisches 
Museum, 5874) Left: radiograph; right: annotated digitized radiograph. 

Plate 36. Left: Fortuna, A. Susini after model by Giambologna (Musee du 
Louvre, OA 10598) photograph of sculpture; right: Fortuna, after 
Giambologna (private collection) photograph of sculpture. 

Plate 37. Fortuna, A. Susini after model by Giambologna (Musee du Louvre, 
OA 10598) left, center and right: annotated and digitized radiographs. 

Plate 38. Fortuna, A. Susini after model by Giarnbologna (Metropolitan 
Museum of Art, 24.212.5) left: photograph of sculpture; right: annotated 
digitized radiograph. 

Plate 39. Left: Fortuna, A. Susini after model by Giambologna (Metropolitan 
Museum of Art, 24.212.5) digitized radiograph; right:Venus Marina, Venetian 
? (Kunsthistorisches Museum, 5885) annotated digitized radiograph. 
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Plate 40. Fortuna, after model, by Giambologna (Metropolitan Museum of Art, 
1970.57) left: photograph of sculpture, right: annotated digitized radiograph. 
Plate 41. Architecture, Giambologna (Museum of Fine Arts, 40.23) left: 
photograph of sculpture; right: digitized radiograph. 

Plate 42. Crouching Venus or Kneeling Woman Drying Herself, Giambologna 
(Museo Nazionale del Bargello, 62) left: photograph of sculpture; right: 
radiograph. 

Plate 43. Crouching Venus or Kneeling Woman Drying Herself, after 
Giambologna (Holbume of Menstrie Museum, Bath, C. 904), top: radiographs; 
bottom: annotated digitized radiographs. 

Plate 44. Mars, Giambologna (private collection), top left: photograph of 
sculpture; top right: experimental cast of Mars: view from underside of 
sculpture showing spiraling composition; bottom left: detail of the signature 
under the right foot; bottom: photograph of sculpture. 

Plate 45. Mars, Giambologna (private collection) left and right: annotated 
digitized tracings of the radiographs. 

Plate 46. Mars, after Giambologna (Cleveland Museum of Art, 64.421) left: 
photograph of sculpture; top right: detail of the figure's buttocks; bottom 
right: radiograph. 

Plate 47. Mars, after Giambologna (Cleveland Museum of Art, 64.421) left: 
annotated transparent overlay on digitized inverted radiograph; right: 
radiograph. 

Plate 48. Mars, after Giambologna (Herzog Anton-Ulrich Museum, Bro. 106) 
left: photograph of sculpture on old Tiirkelstein base (after Herzog Anton 
Ulrich-Museum, 1994); right: annotated digitized inverted radiograph. 

Plate 49. Mars, after Giambologna (Herzog Anton-Ulrich Museum, Bro. 106) 
left and right: radiographs. 

Plate 50. Mars, after Giambologna (Victoria and Albert Museum, A-99.1956) 
photograph of sculpture. 

Plate 51. Mars, after Giambologna (Victoria and Albert Museum, A-99.1956) 
left and right: radiographs. 

Plate 52. Mars, A. Susini? after Giambologna (Musee du Louvre, OA 5439) left: 
photograph of sculpture right: radiograph. 
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Plate 53. Mars, A. Susini? after Giambologna (Musee du Louvre, OA 5439) left 

and right: annotated digitized radiographs. 

Plate 54. Mars, after Giambologna (Royal Museum of Scotland, 1960.910) left: 
photograph of sculpture; right: radiograph. 

Plate 55. Mars, after Giambologna (Royal Museum of Scotland, 1960.910) left: 
radiograph of sculpture; right: annotated digitized inverted radiograph. 

-."-
Plate 56. Executioner with Head of St. John the Baptist, M. Soldani-Benzi 
(National Gallery of Ireland, 8155) left: photograph of sculpture; (center and 
right) radiograph and annotated digitized radiograph. 

Plate 57. Left: Morgante, after Giambologna (Kunsthistorisches Museum, 
10.001) photograph of sculpture; center and right: Morgante, after 
Giambologna (Victoria and Albert Museum, 65-1865) photograph of sculpture 
and annotated digitized radiograph of sculpture. 

Plate 58. Morgante on Barrel, Giambologna? (Mu see du Louvre, OA 8973) left: 
photograph of sculpture; right: digitized radiograph of sculpture. 

Plate 59. Morgante on Barrel, Giambologna? (Musee du Louvre, OA 8973) left 
and right: digitized and annotated radiograph of sculpture. 

Plate 60. Flying Mercury, Giambologna (Kunsthistorisches Museum, 5898) 
left: photograph of sculpture; right: digitized radiograph. 

Plate 61. Flying Mercury, Giambologna (Kunsthistorisches Museum, 5898), 
left and right: digitized and annotated radiograph. 

Plate 62. Flying Mercury, Giambologna (Kunsthistorisches Museum, 5898) 
left: photograph of sculpture; right: digitized radiograph. 

Plate 63. Flying Mercury, after Giambologna (John Soane Museum), left and 
right: radiographs. 

Plate 64. Flying Mercury, Giambologna (Museo e Gallerie Nazionali di 
Capodimonte, 10784) left: photograph of sculpture; top and bottom right: 
digitized radiographs. 

Plate 65. Flying MercunJ, Giambologna (Museo e Gallerie Nazionali di 
Capodimonte, 10784), left and right: digitized and annotated radiograph. 

Plate 66. Nessus and Dejanira, Giambologna (Musee du Louvre, Cour. 176) 
left: photograph of sculpture; right: detail of signature on the centaur's filet. 
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Plate 67. Nessus and Dejanira, Giambologna (Musee du Louvre, Cour. 176), 
top: radiograph; bottom left and right: digitized and annotated radiograph. 

Plate 68. Left: Nessus and Dejanira, A. Susini (Kunsthistorisches Museum, 
5847) photograph of sculpture; right: Nessus and Dejanira, Giambologna 
(Staatliche Kunstsammlungen, Dresden, H.23/95) photograph of sculpture. 

Plate 69. Nessus and Dejanira, A. Susini (Kunsthistorisches Museum, 5847) 
radiograph. -'."-

Plate 70. Hercules and Nemean Lion, F. Tacca? (National Gallery of Ireland, 
8124) left: photograph of sculpture; right: radiograph. 

Plate 71. Hercules and Nemean Lion, F. Tacca? (National Gallery of Ireland, 
8124) annotated digitized radiograph. 

Plate 72. Hercules and Nemean Lion, F. Tacca? (National Gallery of Ireland, 
8124) left: radiograph; right: annotated digitized radiograph. 

Plate 73. Hercules and Lernaean Hydra, F. Tacca? (National Gallery of Ireland, 
8121) left: photograph of sculpture; right: digitized radiograph. 

Plate 74. Christ Resurrected, A. Susini after Giambologna (Metropolitan 
Museum of Art, 63.39) left: photograph of sculpture; center and right: 
annotated digitized radiographs. 

Plate 75. St. John, A. Susini after Giambologna (Metropolitan Museum of Art, 
57.136.1), top left: photograph of sculpture; top right: digitized radiograph; 
bottom: annotated digitized radiograph. 

Plate 76. St. Matthew, A. Susini after Giambologna (Metropolitan Museum of 
Art, 57.136.2) left: photograph of sculpture; right: digitized radiograph. 

Plate 77. Top: Pacing Horse, after Giambologna (Kunsthistorisches Museum, 
5843) photograph; bottom: digitized radiographs of Pa~ing Horse, 
Giambologna workshop (Victoria and Albert Museum, A.148-1910); Pacing 
Horse with Cropped Mane, Giambologna (Metropolitan Museum of Art, 
24.212.23); Pacing Horse, A. Susini (Victoria and Albert Museum, A.11-1924); 
Pacing Horse with Saddle Cloth, after Giambologna (Kunsthistorisches 
Museum, 5839) 

Plate 78. Pacing Horse, Giambologna workshop (Victoria and Albert Museum, 
A.148-1910), top left: photograph of sculpture side view; top right: photograph 
of sculpture frontal view and showing the base; bottom: annotated digitized 
radiograph. 
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Plate 79. (Top left) Pacing Horse with Cropped Mane, Giambologna 
(Metropolitan Museum of Art, 24.212.23) photograph of sculpture; top right: 
Pacing Horse with Cropped Mane, after A. Susini? (Pollock House, E 49 113 
107) photograph of sculpture; bottom: Pacing Horse with Cropped Mane, 
Giambologna (Metropolitan Museum of Art, 24.212.23) annotated digitized 
radiograph. 

Plate 80. Pacing Horse with Saddle Cloth, after Giambologna 
(Kunsthistorisches Museum, 5839), top: photograph of sculpture;-bottom: 
annotated digitized radiograph. 

Plate 81. Pacing Horse, A. Susini (Victoria and Albert Museum, A.11-1924), 
top: photograph of sculpture; bottom: annotated digitized radiograph. 

Plate 82. Lion Attacking a Horse, A. Susini (Detroit Insitute of Art, 25.20), top: 
photograph of sculpture; bottom: annotated digitized radiograph. 

Plate 83. Lion Attacking a Horse, G. F. Susini (J. Paul Getty Museum, 
94.SB.11.1), top: photograph of sculpture; bottom: annotated digitized 
radiograph. 

Plate 84. Lion Attacking a Horse, G. F. Susini (J. Paul Getty Museum, 
94.SB.ll.1) ,top: photograph of sculpture; bottom: annotated digitized 
radiograph. 

Plate 85. Lion Attacking a Horse, A. Susini (Detroit Insitute of Art, 25.20), top 
left: annotated detail of underside of base; top right: detail of signature under 
lion's rear paw; bottom: annotated digitized radiograph. 

Plate 86. Lion Attacking a Bull, A. Susini (Kunsthistorisches Museum, 5837), 
top: photograph of sculpture; bottom: digitized radiograph. 

Plate 87. Lion Attacking a Bull, G. F. Susini (J. Paul Getty Museum, 94.SB.11.2), 
top: photograph of sculpture; bottom: annotated digitized radiograph. 

Plate 88. Lion Attacking a Bull, G. F. Susini (J. Paul Getty Museum, 94.SB.11.2) 
(top and bottom) digitized and annotated radiographs. 

Plate 89. Left: Abduction of Helen by Paris, G. F. Susini (J. Paul Getty Museum, 
90.5B.32) photograph of sculpture; right: Abduction of Helen by Paris, G. F. 
Susini (Staatliche Kunstsammlungen, Dresden) photograph of sculpture. 

Plate 90. Abduction of Helen by Paris, G. F. Susini (J. Paul Getty Museum, 
90.5B.32), top: photograph of sculpture; bottom: annotated detail of underside 
of base. 
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Plate 91. Abduction of Helen by Paris, G. F. 5usini a. Paul Getty Museum, 
90.5B.32) radiograph of sculpture. 

Plate 92. Abduction of Helen by Paris, G. F. 5usini a. Paul Getty Museum, 
90.SB.32) radiograph of sculpture. 

Plate 93. Abduction of Helen by Paris, G. F. Susini a. Paul Getty Museum, 
90.5B.32), top left: detail of Helen's right hand; top right: radiograph of 
Helen's right arm; bottom: radiograph of the reclining-'figure's upper body. 

Plate 94. Photomicrographs of core samples. 
Top row. Neptune Fountain, Giambologna (Bologna), left: microscope view; 
right: thin section under cross polars. 
Second row. Astronomy, Giambologna (Kunsthistorisches Museum, 5874), 
left: stereo microscope view; right: thin section under cross polars. 
Third row. Astronomy, Giambologna (Kunsthistorisches Museum, 5874), 
microprobe images. 
Bottom row. Left: Fortuna, A. Susini (Louvre, OA 10598) microscope view; 
right: Flying Mercury, Giambologna (Capodimonte, 10784) microprobe image. 

Plate 95. Photomicrographs of core samples. 
Top row. Crouching Venus, after Giambologna (Huntington, 27.174), left: 
microscope view; right: thin section under cross polars. 
Second row. Flying Mercury, Giambologna (Kunsthistorisches Museum, 
5898), left: stereo microscope view; right: thin section under cross polars. 
Third row. Flying Mercury, G!ambologna (Kunsthistorisches Museum, 5898), 
microprobe li_lages. 
Bottom row: Flying Mercury, Giambologna (Capodimonte, 10784), left: 
microscope view; right: thin section under cross polars. 

Plate 96. Photomicrographs of core samples. 
Top row. Mars, A. Susini? (Louvre, OA 5439), left: microscope view; right: 
thin section under cross polars. 
Second row. Mars, after Giambologna (Royal Museum of Scotland, 1960.910), 
left: microscope view; right: thin section under cross p~lars. 
Third row. Mars, after Giambologna (Royal Museum of Scotland, 1960.910), 
left: microprobe image; right:, thin section under polarized light. 
Bottom row . .¥organte on Ba:-iel, attr. to Giambologna (Louvre, OA 8973), 
left: microscope view; right: t..~in section under cross polars. 
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Plate 97. Photomicrographs of core samples. 
Top row. Three-figure Rape of a Sabine, after Giambologna 
(Kunsthistorisches Museum, 5899), left: microscope view; right: thin section 
under cross polars. 
Second row. Nessus and Dejanira, Giambologna (Huntington, 17.13), ), left: 
microscope view; right: thin section under cross polars. 
Third row. Nessus and Dejanira, A. Susini (Kunsthistorisches Museum, 5847) 
investment material, left: microscope view; right: thin section under cross 
polars. -'"-
Bottom row. Hercules and Lernaean Hydra, attr. to F. Tacca (National Gallery 
of Ireland, 8121), left: microscope view; right: thin section under cross polars. 

Plate 98. Photomicrographs of core samples. 
Top row. Hercules and Boar, after Giambologna (Kunsthistorisches Museum, 
5846), left: microscope view; right: thin section under cross polars. 
Second row. Hercules and Antaeus, Antico (Kunsthistorisches Museum, 
5767), left: microscope view; right: thin section under cross polars. 
Third row. St. John, A. Susini (Metropolitan Museum of Art, 57.136.1), left: 
microscope view; right: thin section under cross polars. 
Bottom row. Pacing Horse, Giambologna workshop (Victoria and Albert 
Museum, A.148-1910), left: microscope view; right: thin section under cross 
polars. 

Plate 99. Photomicrographs of core samples. 
Top row. St. Matthew, A. Susini after Giambologna (Metropolitan Museum 
of Art, 57.136.2), left: microscope view; right: thin section under cross polars. 
Second row. Left: St. Matthew, A. Susini after Giambologna (Metropolitan 
Museum of Art, 57.136.2), microprobe image; right: Pacing Horse with 
Cropped Mane, after A. Susini (Pollock House, E 49 113 107), microprobe 
image. 
Third row. Pacing Horse with Cropped Mane, after A. Susini (Pollock House, 
E 49 113 107), left: microscope view; right: thin section under cross polars. 
Bottom row. Pacing Horse, A. Susini (Victoria and Albert Museum, A.11-
1924), left: microscope view; right: thin section under cross polars. 

Plate 100. Photomicrographs of core samples. 
Top row. Lion Attacking a Horse, G. F. Susini a. Paul Getty Museum, 
94.SB.11.1) sample I, left: microscope view; right: thin section under cross 
polars. 
Second row. Lion Attacking a Horse, G. F. Susini a. Paul Getty Museum, 
94.SB.ll.l) sample 3, left: microscope view; right: thin section under cross 
polars. 
Third row. Lion Attacking a Horse, G. F. Susini a. Paul Getty Museum, 
94.5B.11.1) sample 5, left: microscope view; right: thin section under cross 
polars. 
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Bottom row. Left: Lion Attacking a Horse, G. F. Susini a. Paul Getty Museum, 
94.5B.11.1) sample 5, microprobe image; right: Abduction of Helen by Paris, G. 
F. Susini a. Paul Getty Museum 90.SB.32), microscope view. 

Plate 101. Photomicrographs of core samples. 
Top row. Abduction of Helen by Paris, G. F. Susini a. Paul Getty Museum 
90.SB.32), sample 1, left: microscope view; right: thin section under cross 
polars. 
Second row. Abduction of Helen by Paris, G. F. Susini-'(J. Paul Getty Museum 
90.SB.32), sample 2, left: microscope view; right: thin section under cross 
polars. 
Third row. Abduction of Helen by Paris, G. F. Susini a. Paul Getty Museum 
90.SB.32), sample 3, left: microscope view; right: thin section under cross 
polars. 
Bottom row. Abduction of Helen by Paris, G. F. Susini a. Paul Getty Museum 
90.SB.32), sample 4, left: microscope view; right: thin section under cross 
polars. 

Plate 102. Photomicrographs of core samples. 
Top row. Lion Attacking a Bull, A Susini (Kunsthistorisches Museum, 5837), 
left: microscope view; right: thin section under cross polars. 
Second row. Left: Lion Attacking a Bull, A Susini (Kunsthistorisches 
Museum, 5837), microprobe image; right: Lion Attacking a Bull, G. F. Susini 
a. Paul Getty Museum, 94.SB.11.2), microprobe image. 
Third row. Lion Attacking a Bull, G. F. Susini U· Paul Getty Museum, 
94.SB.11.2) sample 2, left: microscope view; right: thin section under cross 
polars. 
Bottom row. Lion Attacking a Horse, A. Susini (Detroit Insitute of Art, 25.20), 
left: microscope view; right: thin section under cross polars. 
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INTRODUCTION 

Connoisseurs of Renaissance bronzes often face problems of authentication 

and attribution. Part of the problem lies in the fact that bronze casting has an 

inherent potential for easy reproduction of replicas. Further complicating the 

connoisseurs' task is the involvement of craftsmen oth~r than the sculptor in 

the production of a bronze. Such problems can seldom be solved by stylistic 

analysis alone; other tools are needed to give answers to such questions. 

Increasing art prices and concern over forgeries make more urgent the need 

for a new methodology combining art historical and scientific analysis in 

order to better study and authenticate Renaissance bronze statuettes. 

For the art historians, connoisseurs and conservators of European bronze 

statuettes, understanding the technology of casting can reveal a great deal 

about how individual sculptures were made and can also provide insights 

into the relationships between the artisans, patrons and materials that 

contributed to creating the sculptures. Combining art historical and scientific 

analyses may also serve both to construct a broad historical picture of 

techniques in different workshops and regions and, eventually, to date and 

authenticate particular bronzes. 

Technological analysis complements stylistic analysis by answering many 

questions about how a sculptor worked, why a sculpture looks the way it does 

and how it may relate to similar pieces. Can science help to understand how 

and when a bronze was made, and can it reveal by whom? A recent short 

article in a leading art periodical (Cox, 1995) presents tl1.e main methods of 

analysis that can been used to ascertain how a Renaissance bronze was made. 

The access to scientific tools of analysis and examination must, as Cox also 

points out, be coupled with comparative data gathered from bronzes with a 

secure attribution. 

The major premise of the technological study of Renaissance bronzes is that 

different workshops developed idiosyncratic methods of manufacturing their 

sculptures. Although the basic principals of bronze casting have not changed 
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in thousands of years, the moulding materials and alloys differ from one 

period and geographical location to another. This was particularly true in the 

fifteenth and sixteenth centuries when craftsmen had to readapt existing 

metalworking techniques to make freestanding bronze and brass sculpture. 

Interdisciplinary research on related bronzes from three Italian Renaissance 

workshops has lead to the discovery of idiosyncratic methods of manufacture 
• 01 ~ •• -

employed by different workshops (Stone, 1982). Because so many Renaissance 

bronzes known today are unsigned, and lack 'sure' provenance, it seems 

important at this stage to focus on stylistically related groups of bronzes and to 

concentrate on core groups, the provenances of which are well documented. 

For example, it is a challenge to distinguish autograph pieces from workshop 

or later replicas of 'Giambologna bronzes.' The Flemish sculptor Jehan 

Boulogne (1529 - 1608) - better known by his Italianate name Giambologna 

- and his workshop produced some of the most sought-after bronzes 

throughout the European courts. Generations of sculptors used, reproduced 

and adapted his style, models and moulds, leaving us the task of re attributing 

more exactly hundreds of bronze statuettes generically attributed to 

Giambologna. 

The present study responds to the need for a broader basis of comparative 

technological data on fifteenth- and sixteenth-century European bronze 

statuettes. Previous research has shown that the application of an 

interdisciplinary approach can help reconstruct a sculptor's practices. Stone's 

seminal work (1982) eloquently weaves together technical data on bronzes by 

Pier Jacopo Alari Bonacolsi called Antico (c. 1460?-1528), and Andrea Briosco, 

also called Riccio (c. 1460/70-1532), with art historical and written sources on 

artistic techniques of the time. Published technological informatIon in the 

field is sparse and only a few institutions have been involved in a systematic 

technological study of such sculptures. 

In an endeavor to undertake a systematic study of Renaissance bronzes, it is 

first necessary to devise, and then employ, a systematic method of 

investigation. The description of the lost-wax process refers frequently to the 

written sixteenth-century sources, which, in turn, provide the background 

2 



and basic vocabulary for this investigation. Devising, or borrowing, and 

employing in a systematic manner a common vocabulary of materials, 

scientific tools, and processes is crucial if a researcher wishes to accurately 

present the kinds of evidence that would result from such technical 

examinations. A common vocabulary as well as a systematic method of 

investigation become even more important as researchers begin to amass and 

then shar~ the results of their investigations. Over the course of this research, 

a worksheet evolved which serves as a guide for the technical investigation 

of such sculptures. The accompanying guide presents such a vocabulary and 

maps the kinds of technological clues which one might encounter in a cast 

bronze sculpture. The artwork itself contains many clues to its origin, creator, 

and method of manufacture. The task of 'uncovering these clues falls to the 

modern technical sleuth. Like any good detective, the technical sleuth needs a 

formal methodology, one that can be understood and applied by other 

investigators. The guide is complemented with a brief overview of the 

analytical tools that have been applied and were found useful for this kind of 

research. The guide draws on information gathered using a wide array of 

methods of examination and analysis on bronzes as well as from knowledge 

of the sixteenth-century sources on the bronze casting process and practical 

experience in the foundry. The experimental casting of the figure of Mars 

after a model by Giambologna, proved useful for testing hypotheses on the 

method of production of Giambologna's bronzes. Such practical work also 

helped to clarify where and how variations between different casts produced 

by the same workshop could occur in the course of the process. The 

interdisciplinary intellectual tool that is laid out in the first sections of the 

study is then applied in the field. 

Although it is crucial to build up a strong foundation of technical data on 

bronzes with secure attributions in order to draw any conclusions from such 

analytical work, in reality, such selectivity is not always possible. The 

availability of material generally determines which bronzes are included in a 

study. Circumstances dictated the choice of the two groups of statuettes 

examined in this study. A key prerequisite for an in-depth technological study 

of a bronze sculpture is access to a scientific research laboratory. The choice of 
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the two case studies was determined, to a large extent, by the availability of 

analytical tools. The signed Nessus and Dejanira by Giambologna had never 

before been examined and was in need of conservation. The J. Paul Getty 

Museum offered to do this work and borrowed a selection of other statuettes 

at the same time for their technical examination as part of the Getty's 

Renaissance Bronze Project. The remaining thirteen bronzes were chosen 

because of their art hitorical interest. The Huntington bronzes represent a 

range of fifteenth- and sixteenth-century bronzes which include a few related 

subgroups: the genre figures attributed to Barthelemy Prieur (1536-1611) and 

the two bronzes attributed to Giambologna. 

The case study that focuses on the examination of the Huntington's bronzes is 

presented first because it served to refine the worksheet and guide. Most of 

these bronzes are of unsure attribution, but they were studied in an ideal 

situation. The reports reflect the time and range of analytical tools applied to 

the investigation. The primary case study comprises bronze statuettes 

attributed to Giambologna, his workshop and followers many of which had 

been radiographed at the time of the Giambologna exhibition in 1978. The 

bronzes studied here were chosen based on attributions made by art historians 

on grounds of historical documentation and stylistic analysis. It is 

characteristic for many of Giambologna's models to have been cast into 

bronze many times over. Some of his models, such as the Mars, are known in 

over thirty versions (Wixom, 1975). When possible a number of versions 

have been examined for purposes of comparison. The present study 

introduces new data on "control" pieces, i.e., pieces that are known to have 

been made in Giambologna's workshop or by Antonio Susini. This study also 

examines a few signed pieces by Antonio's nephew, Giovanni Francesco 

Susini, as well as a variety of bronzes the attribution of which is not very 

clear. Examining a number of unattributed bronzes proves interesting in the 

extreme as it helps to frame the structural patterns among those bronzes with 

known attributions. The guide serves, furthermore, to detect clues that might 

point to a better attribution. The comparison of statuettes made by various 

generations of sculptors following in Giambologna's tradition is expected to 

reveal more about their method of production and the heritage and possible 
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evolution in the casting technology in Florence between the sixteenth and 

seventeenth centuries. 

-','-
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PART I. THE LITERATURE ON THE TECHNOLOGY OF FIFTEENTH- AND 

SIXTEENTH-CENTURY EUROPEAN BRONZES 

1. Introduction 

The literature related to fifteenth and sixteenth-century c-asting technology can be 

separated into two categories: early sources, and modem studies. The early 

sources consist of manuscripts and printed books. The latter are based on the 

study of the sources, technical examinations and scientific analyses of the 

sculptures. In some cases archival or other historical evidence complements 

these, which makes it possible to reconstruct a fuller picture of the working 

practices surrounding the fabrication of a particular artifact. 

2. Early Technical Sources on Renaissance Casting Techniques and Materials 

Relatively few written sources describing early casting practices are known. 

Technical knowledge was generally passed down as trade secrets from one 

generation of practicing craftsmen to the next. A handful of technical treatises 

and notes have, however, been devoted to this most plastic of the arts. These not 

only describe the preparation of materials and the methods used to make 

moulds, but also the preparation and casting of the metal as well as the final 

finishing of the cast. 

The fifteenth-century metal craftsman inherited his technical know-how from his 

medieval forebears. Often medieval treatises were compendia of material 

gathered from ancient sources such as Pliny the Elder's Ristoria Naturalis" written 

around the middle of the first century A.D., rather than descriptions of current 

practices. The twelfth-century Benedictine monk Theophilus Presbyter, however, 

provided an exception with his treatise De Diversis Artibus, This encyclopedic 

coverage of the medieval crafts of painting, glass making and metalwork 

(Theophilus, 1961) was written as a practical handbook based on the medieval 

craftsman's experience. In Book Three, Theophilus described in great detail how 

to set up a metalworking workshop and make the essential tools of the trade 
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before he described the numerous metal working processes used to fabricate 

essential ecclesiastical metal artifacts such as candlesticks, censers, organ pipes 

and bells. In fact, the manuscript provides the earliest medieval description of 

bell founding. In this important book, which bears witness most candidly of his 

spiritual relationship to his work, the monk describes the preparation of iron, 

copper silver and gold, the various ways of working these, joining and repairing 

them. His observations have proven invaluable in the reconstruction of medieval 
~ -. -

and later artistic practices. 

In the fifteenth century, the painter Cennino Cennini wrote a handbook II Libro 

del'Arte, dedicated primarily to painting and related techniques. At the very end 

describes how to make life casts with plaster moulds of people and animals 

(Cennini, 1960) meant as studio models or mouldings for the painter. In the few 

short sections at the end of the book, he also writes about how to prepare to cast 

things in various materials. 

Our most important sources on Renaissance bronze casting materials and 

practices concentrate on large sculpture, bells and cannon. These objects present 

similar problems insofar as they all require the management of large quantities of 

metal, whereas small bronzes fall within the silversmith's realm of experience. 

The development of fire arms and of cannon during the fourteenth and fifteenth 

century and the harnessing of water power to work the bellows were important 

elements in the evolution of foundry practices. Some writings on military 

architecture and engineering of Renaissance architect-engineers such as 

Francesco di Giorgio Martini and Antonio di Averlino, better known as Filarete (c. 

1400-1469) also afford information on metal alloys, the casting of cannon and 

guns, bells, and on the design of water-powered devices (Filarete 1965; Martini, 

1967). Both men were also artists and created a number of beautiful bronze reliefs 

and statuettes (Spencer, 1978). Filarete made numerous references to 

contemporary bronze sculptors and contemporary practices (Filarete, 1965, fols 

44v, 79f and 184ff). The metallurgical treatise, De Re Metallica, written in latin by 

Rudolf Agricola (1494-1555) - the German physician and Burgomaster educated 

in the classics, philosophy, medicine and sciences - was the most important 

textbook and guide to metallurgists and miners for almost two centuries after it 

was first printed (Agricola, 1950). The book exposes clearly and in great detail-
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based on research and observation - scores of methods, processes and inventions, 

fruits of generations of experience pertaining to mining and metallurgy. It is the 

best source on how the different metal elements were extracted and refined, but 

it does not treat bronze casting or any other metal-shaping processes. Similarly, 

the treatise on ores and assaying Beschreibung Allerfii.rnemisten Mineralischen Ertzt 

und Berckwercksarten ... (1574) by Lazarus Ercker is an important source on 

sixteenth-c.entury methods of extraction and preparatiol1Qf the metallic elements 

and on the production of brass but provides no information on the alloying and 

forming of the metals (Biringucci, 1966, n. 30; Ercker, 1948; Darmstaedter, 1926). 

A number of artists' notes have survived, providing invaluable information on 

the manufacture of specific sculptures. Leonardo da Vinci also sketched and 

described how to make cannon moulds and furnaces. This knowledge served 

him in his obsessive attempt to solve the problem of casting a larger than life size 

equestrian monument in one piece: the colossal S!orza Horse occupied him 

between 1490-1497. The copious notes pertaining to this project provide 

exceptionally detailed documentation on the project which Leonardo 

unfortunately was never able to complete. The notes and sketches, 

predominantly assembled in the Madrid Codices (Leonardo da Vinci, 1974) and 

the Atlantic Codex (Leonardo da Vinci, 1973-75) but also dispersed throughout a 

number of other manuscripts (Leonardo da Vinci, 1939) comprise sketches of the 

horse, armatures, moulds, reverberatory furnaces, alternative casting dispositions 

of the Horse and recipes for moulding materials and metal alloys as well as 

thoughts on the various steps of the process. The notes are among the earliest 

descriptions of fifteenth century bronze casting practices. 

Leonardo da Vinci's notes have been the object of variou~- attempts to reconstruct 

the process by which Leonardo intended to make the horse (Somigli 1952, 

Brugnoli 1954, Boni 1973, Brugnoli 1974, Bewer 1985). In 1991 this material 

became the focus of a conference on Leonardo da Vinci's S!orza Monument Horse: 

the Art and Engineering hosted by the Lehigh University, Bethlehem, Pennsylvania 

and Lafayette College, Easton Pennsylvania and also gave rise to a plan to cast 

the Horse. 
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In the following century, Benvenuto Cellini, goldsmith and sculptor 

extraordinaire, recounts the preparation and dramatic casting of his large statue of 

Perseus for the Loggia in Florence in his Autobiography (Cellini, 1956). He also uses 

other sculptures of his as examples of different processes in his Treatises on 

Goldsmithing and Sculpture (Cellini, 1967). The Autobiography was published, 

unaltered in the sculptor's lifetime. The treatises were severely reworked by a 

Florentine Academis~ and the first edition of the Treatises in 1568, tp.~ee years 

after Cellini's death. Luckily the original manuscript was found in the last 

century and Milanesi republished it as the craftsman's handbook Cellini had 

originally dictated it as (Cellini, 1857). The Ashbee translation is based on the 

original version. 

The earliest printed technical source concerned expressly with bronze statuary is 

the Paduan humanist Pomponius Gauricus' treatise De sculptura first printed in 

Venice in 1504 (Gauricus, 1969). Gauricus was an amateur writing for his peers, 

and he attempted to structure his treatise in a classical rhetorical form, and in 

keeping with the tradition. The first part of the treatise concerns itself more with 

the design of the sculpture, then he turns to the art of bronze statuary. A hasty 

discussion of other forms of sculpture and a brief historical overview of the 

development of the arts with key figures, is added on to the end of the treatise. 

He wrote in Latin and for some of his descriptions he turned more readily to 

classical sources on his bookshelf than to the Paduan bronze founders down the 

road. One of these was Pliny the Elder's Historia Naturalis. Book XXXIV contains 

recipes of alloys and information on Roman bronze manufacturing in an 

encyclopedic compilation of knowledge of, both facts and fable, of his time. 

Gauricus' recipes and descriptions must therefore be read with some caution. He 

was, however befriended by a number of practicing bronze artists such as Severo 

da Ravenna, and occasionally describes details of late fifteenth- and early 

sixteenth- century practices of moulding and casting sculptures and medals, but 

he only gives a partial account of the process. 

Vannoccio Biringucci, a sixteenth century Sienese metallurgical engineer, was the 

first to describe the production of large and small bronze figures as well as 

reliefs. Biringucci's t:eatise De la pirotechnia first printed in Venice in 1540 

(Biringucci, 1966) was presumably written for the educated gentleman (Bewer, 
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1985) for, although full of details and numerous wood block illustrations, it is not 

a do-it-yourself manual and too broad to be directed to a specific audience of 

craftsmen. The Pirotechnia covers the whole gamut of sixteenth-century industrial 

processes that rely on the use fire, such as smelting ores, assaying, alloying, 

casting, making glass, distilling acids and making explosives. He is the only 

sixteenth century writer, except for Leonardo da Vinci, to approach the subject 

with a bro~der perspective on the materials and techniq1.:l~s that resulted from 

being an experienced foundryman. Biringucci dedicates four of the ten books that 

comprise the treatise to descriptions of materials and processes related to bronze 

casting. In Book Six he discusses the art of preparing moulds for statues, cannon 

and bells. In Book Seven he covers the various methods of melting metals, and 

the equipment used. In Book Eight he details the "small art of casting" used for 

less complicated objects, as well as methods of moulding reliefs and preparing 

fluxes. 

A few decades later, the Florentine painter Giorgio Vasari and the .sculptor and 

goldsmith Benvenuto Cellini produced their respective descriptions of sculptural 

bronze casting within the context of artistic technical treatises and in vernacular 

Italian. Vasari prefixed his monumental collection of the Lives of the Artists first 

published in 1550, a history of art written in the classical tradition of biographies 

of great men, with a technical introduction which he divided into three parts: 

Architecture, Sculpture and Painting. These contain primarily practical 

descriptions of processes and materials and some theoretical discussions. The 

introduction was meant both for the general reader and for those actually 

engaged in the arts (Vasari, 1960). Chapter XI describes the entire process by 

which a model for a bronze is made, moulded and cast. Vasari also describes 

various ways of casting small figures and reliefs. Although he does describe 

contemporary practices which he has presumably gleaned from the artists 

around him, Vasari's descriptions are not always clear and are sometimes 

cursory and even incomplete, probably due to the fact that he was not a sculptor. 

Cellini's descriptions of bronze casting in the Treatises on Goldsmithing and 

Sculpture are more detailed than Vasari's and are interwoven with many 

anecdotes and personal recommendations. As mentioned before, they were 

written in the tradition of a workshop notebook for the entertainment of the 

11 



educated patron as well as fellow artists. The Treatise on Sculpture is organized 

into eight chapters of which the first four pertain to bronze casting. Cellini gives 

ample information on the preparation of mould materials and furnaces that are 

used for sculptures and other large casts such as ordnance. The next two chapters 

are dedicated to stone carving and the last two discuss colossal statues. 

In a few instances, re~ords of expenses, contracts or corresponden<:.ej:>etween 

patrons and artists or their agents survive. Records like these help dispel the 

mystery surrounding the artists and their methods. The detailed expense 

accounts and contracts which provide so much information about the materials 

and workshops that produced monumental projects such as Lorenzo Ghiberti's 

statue of St. Matthew in Florence (Doren, 1906; Krautheimer, 1970), Donatello's 

Gattamelata in Padua (Gloria, 1895), Giambologna's equestrian monument to 

Cosimo I (Badia, 1886) and Fountain of Neptune (Tuttle, 1989), rarely exist for small 

bronzes unless they are part of a larger program such as the numerous statuettes 

that make up Hubert Gerhard's Altar for the Fugger (Baxandall, 1966). An 

exception to this is preserved in the correspondence between Giambologna's 

agent and a prospective patron (Dhanens 1956,345) which gives an exceptional 

glimpse into the organization of the Flemish-born sculptor's workshop in. 

Florence at the end of the sixteenth century as will be discussed in greater detail 

later. 

3. Modem Studies 

The technological investigation of European bronze statuettes owes much to the 

scientific methods of examination and analYSis that have been applied to study of 

methods of manufacture of archeological bronzes large and small, a more 

established field of research. Systematic technical studies have been under way 

for some time and the results of t.~is research, often connected to archeological 

excavations of ancient metalworking sites or metal hoards have been amply 

published. More recently, extraordinary discoveries such as those of the two 

over-life size bronze warriors found off the coast of Riace presented 

opportunities for a panoply of analyses and thorough documentation for 

conservation purposes which allowed the reconstruction of the casting 

technology of the two warriors (Due bronzi da Riace, 1984). Mattusch (1988) gives 
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an overview of the development of the field and both Mattusch and Bol (1985) 

give a panoramic view of the different types of object and their various methods 

of fabrication as well as problems related to the field. Symposia connected to 

museum exhibitions and dedicated to the subject, such as the seminal Art and 

Technology, A Symposium on Classical Bronzes, (Doeringer et al., 1970) and 

Archiiologische Bronzen, Antike Kunst Moderne Technik (Born, 1985), Small Bronze 

Sculpture i1]- the Ancieni World (1991) and the more recentilncient and Historical 

Metals (Scott et al., 1994), present an ever increasing number of interdisciplinary 

papers that weave together the art history and connoisseurship with the history 

of technology and results of scientific examinations of works of art. Similar 

interdisciplinary, systematic studies were done on a wide array of bronzes from 

China (Gettens, 1969) and India (Werner, 1972) and more recently on small 

bronzes from the Himalayas (Reedy and Meyers, 1987). The study of nineteenth 

century French bronzes (Beale, 1975 and Beale, 1969) and the issues raised 

around originality and reproduction also provides a good background for the 

technical investigation of Renaissance bronzes. The inclusion of a number of. 

papers on the technology of Renaissance bronzes and the comparison between 

ancient and Renaissance casts at the most recent and yet unpublished conference 

on large ancient bronzes (Formigli, 1995) was a seminal step towards a greater 

collaboration between art historians, conservators and historians of technology of 

sculptures from different historical periods. 

The problem of distinguishing Renaissance copies of ancient bronzes or 

Renaissance bronzes made 'after the antique' style from their classical prototypes 

(Beschi, 1984; Courajod, 1886; Bober and Rubinstein, 1986) is largely unexplored 

as is the study of Renaissance restorations of ancient bronzes. These areas of 

study have been approached sporadically from a technol?gical perspective 

(Pichler and VendI, 1987; Sauer et al., 1988; Formigli, 1984) and promise to be 

further mapped out by increased understanding of the technological differences. 

Some of the papers at the Murlo conference addressed these issues (Formigli, 

1995). Again, there is more material about large bronzes than about statuettes. 

Much of the technological research has been done with a view to learning more 

about ancient artisan's skills; provenancing the bronze artifacts and 

authenticating them; finding ways to distinguish them from copies and 
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imitations; and also to helping conservators to make educated decisions on 

treatments. It is also connected to cultural history, the history of metallurgy, 

trade and warfare. 

3.1 Technological Information in the Context of the Art Historical Study of 
Renaissance Bronzes 

Fortnum's introduction to the catalogue of European bronzes in the South 

Kensington Museum (South Kensington Museum, 1876) gave an overview of the 

alloys and metalworking techniques described and used from antiquity to the 

Renaissance and referred to a number of contemporary studies of alloy 

compositions. He also made sporadic remarks about the condition or method of 

fabrication of a bronze in the catalogue entries. Wilhelm von Bode, Berlin 

Museum Director and, among other things, the father of the connoisseurship of 

Renaissance bronzes, did not place much emphasis on technological matters. 

Indeed, there is evidence that he worked a great deal from photographs 

(Radcliffe, 1987). The focus earlier this century was on great names and on 

establishing bronze statuettes as works of 'fine art'. Stylistic analysis of bronzes 

served to recreate the oeuvre of the masters. Leo Planiscig also attributed bronzes 

based on their photographs and grouped many by pose and by type, giving, for 

example, all of the nicer satyrs to Riccio and the nastier ones to Desiderio da 

Firenze. One of the greatest advances in the study of Renaissance bronzes was 

the application of scientific methods of examination and analysis to Renaissance 

bronzes. During post-World War IT treatments to monumental Renaissance 

sculptures in Florence, the Italian restorer Bruno Bearzi made a number of 

technological discoveries (see below) that enriched the general appreciation for 

the work of these artists. A few decades later Richard Stone (1982) and Jonathan 

Ashley Smith (1977) heralded the more systematic examination of groups of 

related bronze statuettes, radiographing and examining more closely the bronzes 

of Antico, Severo and Riccio. This enabled them to see inside of the bronzes and 

to discover the variety of more or less sophisticated casting methods use at the 

end of the fifteenth century. It also showed technical consistencies among related 

bronzes made by a specific artist or workshop. 
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During the past two decades, art historians and museum curators have 

increasingly collaborated with scientists and conservators and the technology of 

metalworking has come to play a more visible part in the study of European 

sculptures. Radcliffe, a museum man and connoisseur of European bronze 

sculpture has applied this technological lens in his work and has shown 

repeatedly the importance of the story which the material of the artifact has to 

tell (Radcl~ffe, 1986,1987,1992,1993; Avery and RadclifteL 1983). Sturman and 

Berrie presented the techniques used to produce Riccio's plaquettes (Sturman 

and Berrie, 1989) and Peta Evelyn discusses the materials and techniques of the 

recently reunited Le Sueur group at the V&A (Evelyn, 1995). Barbour and 

Glinsman (1993) studied the technology and metal composition of a group of 

alleged Renaissance busts to assess whether they are forgeries. Half of the papers 

presented at the recent conference on Giambologna tra Firenze e l'Europa (Florence, 

Istituto Universitario Olandese di Storia dell' Arte, July 3-7, 1995, publication 

forthcoming) concerned themselves with technological and conservation related 

matters, an unexpected acknowledgment of the contribution which these studies 

can make to the understanding of the creation and history of a work of art. 

Exhibitions of bronzes in the past two decades have almost invariably included 

technical essays on bronze casting (Wixom, 1975; Blume, 1985; Beale, 1969; Beale, 

1975; Radcliffe, 1992; Bewer, 1995) and some have used didactic displays of the 

process (Giambologna, 1978; Dolcini ed., 1988; Dolcini ed., 1992). A number of 

these exhibitions are dedicated to the conservation of single monuments (see 

below). Some museums have produced didactic exhibitions specifically focused 

on casting (Kowalski, 1984; the J. Paul Getty Museum's Dirty Business, Princely 

Bronzes, January 1, 1991 to December 31, 1991) and an increasing number of 

institutions have permanently installed didactic displays .on casting methods. 

Recent catalogues of European works of art such as the catalogue of the Thyssen 

Bornemisza collection (Radcliffe et al., 1992), and the Bob Smith collection 

(Radcliffe 1994) and the exhibition catalogue of the Master Bronzes from Vienna 

(Leithe-Jasper, 1987) integrate technological information into their introductory 

essays and catalogue entries. 
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In a few rare cases it has been possible to reconstruct the steps of the production 

of a sculpture with the help of archival materials and written sources. Guglielmo 

Somigli, a foundryman and historian of metalworking compared the detailed 

records of the accounts pertaining to Benvenuto Cellini's casting of the Perseus 

with metal analyses and Cellini's own description (Somigli, 1953) and was able to 

reconstruct what had caused the dramatic events that the artist recounts so 

vividly in his Autobiqgraphy (Cellini, 1956). Apparently the sculpto . .r!1ad lent some 

of his new metal to someone. The metal he was given back was deficient in tin, 

which is why his melt seized up. Otto Knitel (1989), a foundryman as well, 

gathered information on Renaissance casting practices and on the founders 

involved in the production of the monumental tomb sculpture erected for 

Maximilian I in Innsbruck. The book gives a short but detailed account of 

Renaissance casting practices and discusses the various founders involved 

throughout the history of the project. Unfortunately there are no footnotes. Knitel 

also gives a basic technical description of each of the 20 busts, 28 full portrait 

figures and 4 statuettes of the virtues in the tomb, including the results of metal 

analyses done by the Rathgen Forschungslabor in Berlin. The book ends with an 

account of the later disputes that rose around the repatination of the tomb 

monument. 

Michael Baxandall reconstructed the casting of the Fugger Altar with the help of 

an account-book that fully recorded the work done on the ten gilt brass 

sculptures (Baxandall, 1966). The models for the sculptures were designed by 

Hubert Gerhard a northern sculptor who had worked in Giambologna's studio 

and had returned north bringing with him an Italian assistant and moulding 

skills. The account-book reveals how the Italianate mould and the Augsburg 

methods of casting did not combine well and produced numerous difficulties in 

the casting of a number of the sculptures. It also shed light on the Augsburg craft 

at the end of the sixteenth century and on the collaborative nature of the casting 

process. This led him to the conclusion that it would be helpful to "review some 

of our methods of classifying metal sculpture by masters' hands 'on the basis of 

style', as the phrase is." 

Richard Stone accomplished a integration of art historical and technical materials 
~ 

in his article on 'Antico and the Development of Bronze Casting at the End of the 
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Quattrocento' (1982) and weaves an eXciting picture of the idiosyncratic yet 

experimental ways in which Antico and Riccio produce their bronzes. The 

Radiographs add a new dimension to the reconstruction of the process. This 

article has been seminal in the integration of technological information in the 

study of Renaissance bronzes. Bewer has been applying this approach to the 

bronzes attributed to Giambologna as will be seen in Part VI below. Bewer 

previously.compared the published account-book mater!a.! relating to Ghiberti's 

monumental casts and Leonardo's notes with the technical treatises and sources 

on Renaissance bronze casting, particularly Biringucci's Pirotechnia (Bewer, 1985). 

Such combined technological and art historical studies have also been applied to 

Renaissance medals (Tuttle, 1987). 

3.2 Published Analytical Work on Metal Composition of Renaissance Bronzes 

Unfortunately there is no one place that the researcher can go to gather the data 

on the composition of Renaissance bronzes. As will be discussed later, this is 

partly due to the difficulty of collating figures that were gathered by a variety of 

analytical methods into a neat, meaningful table. The Getty's Renaissance Bronze 

Project is attempting to bring together much of the available information into a 

retrievable form that would make it easily accessible to other art institutions. 

A number of laboratories have been systematically gathering and publishing 

analytical data on the metal composition of Renaissance bronze artifacts in the 

hope that this might help to discern where and when they were made. The 

Rathgen Forschungslabor has undertaken the methodical analysis of the 

composition of most of the monumental German Renaissance bronzes both 

outdoors and in major German museums. This is part of the broader 

archeometrical work which the laboratory has been carrying out on bronze 

artifacts of different cultures u~ing primarily atomic absorption spectrometry 

(Riederer 1980a, 1980b, 1981, 1982, 1983, 1984 and 1988). 

Analyses of material related to the production of copper alloy casting during the 

period under discussion is also rare and dispersed. The National Gallery of Art in 

Washington has been carrying out a large study of Renaissance medals which 

includes alloy analysis by X-ray fluorescence spectroscopy (Glinsman and Hayek, 
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1993; Farrell, 1987). And there are a few analytical studies of northern European 

brasses such as that of fifteenth and sixteenth century latten objects by 

Brownsword and Pitt (1983). Some isolated results have also been published as 

part of articles related to the conservation of monumental bronzes (Ammannati et 

al.,1992). 

3.3 Published Analy!ical Work Related to the Conservation of ReJ1-~issance 
Bronzes 

The technological research that has been done on Renaissance bronzes has, for 

the most part been in the context of conservation of outdoor bronzes. Although 

few bronze statuettes fall into the category of works that have been conserved, 

the weaving together of descriptions from historical sources with analytical data 

are similar to the work at hand. In a number of cases archival documents 

pertaining to the production of monumental pieces provide information on the 

materials that were used. The conservation of large outdoor bronzes has also 

provided the impetus for analyses of metal composition as part of the effort to 

understand the formation and effects of corrosion on the structure of the bronze. 

Such technological information presents useful comparative data for the 

reconstruction of the broader picture of casting practices of the fifteenth and 

sixteenth centuries. The conservation work often consists in cleaning the surface 

of corrosion products that alter the appearance of the surface with thick 

encrustations that conceal and may deform the original chased surface. The 

treatment may include removing old repairs and iron armatures embedded in 

core material that threaten the sculpture'S structural integrity, occasioning a 

closer look at the inner surface of the bronze and a study of its structure as for 

example during the conservation of Giambologna's Neptune Fountain in Bologna 

(Morigi, 1989). 

Over the decades an increasing number of monumental Renaissance bronzes 

have been restored, in some cases more than once. Bruno Bearzi undertook the 

restoration of various bronzes by Donatello and Ghiberti in the 1940's after the 

war and presented the first technological studies of Renaissance sculptures 

(Bearzi, 1950). Bearzi compared the structure and composition of the cast with 

that of the bronze St .. Louis of Toulouse that the artist had designed and had cast 

18 



forty years earlier. Combining the art historical, analytical and technical evidence 

Bearzi noted that not much had changed in the technique of manufacture for 

which Donatello relied on bell casters. Bearzi had also cleaned Ghiberti's Gates of 

Paradise on the Florentine Baptistery (Poggi, 1948) and these became the focus of 

much scientific attention in the past two decades when they were once again 

removed for conservation (Alessandrini et al., 1976; Fiorentino et al., 1982; Leoni, 

1981). 

A number of conservation projects of large outdoor bronzes in Florence over the 

past decade have occasioned exhibitions and catalogues providing information 

on the history of the sculptures as well as technological investigations, 

description of their conservation and production of bronze replicas to replace 

them: Giambologna's Fiorenza fountain figure (Lucinat ed., 1987), the re

conservation of Donatello's Judith and Holofernes (Leoni, 1988), and the recent 

restoration of Verrocchio's monumental group of Christ and St. Thomas from 

Orsanmichele (Dolcini ed., 1993). The catalogues of the latter two included an 

overview of the casting practices of the time and, unfortunately, somewhat 

unclear interpretations of the method by which the sculptures were produced as 

well as data on the alloy composition of the figures (Leoni, 1988; Leoni, 1993; 

Ammanati et al., 1993). 

The conservation of Giambologna's Fountain of Neptune in Bologna gave rise to a 

large project that extended over a number of years. Morigi conducted an in depth 

technical examination of the various figures from the fountain and presented his 

hypotheses of reconstruction (Morigi, 1995). The core samples were analyzed 

within the context of a larger study on core materials of classical and Renaissance 

bronzes (Formigli and Schneider, 1993). The catalogue produced for the occasion 

includes a number of papers pertaining to the history of the casting and of the 

fountain's later restorations (Il Nettuno del Giambologna, 1989). 

Unfortunately, however, many other conservation projects lack the funding and 

time necceary for a technological study and often sculptures are cleaned, 

structurally reinforced and analyzed merely for a better understanding of the 

structure and composition of the corrosion products. often do not allow for 

technical studies as was most recently the case with two documented bronze 
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statuettes by Giambologna that were recently conserved in Florence (Burrini, 

personal communication, Dolcini, personal communication). 

Unusual circumstances, such as the question of authenticity may occasion the 

technological study of a Renaissance sculpture. This has occured a number of 

times in the past decade with bronzes that were thought to be ancient. The in

depth examination ~f the Youth of Magdalensberg revealed that its te.gmique of 

manufacture is, in fact, that of a Renaissance bronze (Gschwandtler; 1986; Pichler 

and VendI, 1987; Erlach, 1987-88; Gschwandtler, 1987-88; Sauer et al., 1987-88). 

Similar work was done on what was believed to be an ancient head (Formigli, 

1984). 
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PART 11. COPPER ALLOYS AND THEIR CASTING TECHNIQUES IN THE 
FIFTEENTH AND SIXTEENTH CENTURIES IN EUROPE 

1. Introduction 

As a background to the Guide, it may be useful to give a brief overview of the 

materials -and techniques of bronze casting used in tIle-fifteenth and sixteenth 

centuries in Europe. The first three sections of Part IT will introduce copper 

alloys and their properties. The terminology used to describe different copper 

alloys has varied over time and will be discussed briefly as it has some bearing 

on the technological description and possible grouping by date or region of 

production of a statuette. Most copper alloys in this period were used for 

casting and the last section of this part will present the various steps and 

materials used to cast a bronze sculpture with an emphasis on the production 

of small bronzes. 

Although pure copper can be easily fashioned into desired shapes by 

hammering, it is often alloyed with other metal elements primarily in order 

to make it more easy to cast into more or less complex shapes and to change 

its color. The following section gives a brief overview of how the addition of 

tin, zinc and lead, the major metallic elements used to produce copper alloys 

in the period discussed, alters the physical and chemical properties of copper 

and describes the properties of some of the alloys that were used in Europe 

four to five hundred years ago. 

2. Nomenclature of Copper Alloys 

A brief introduction to the use of terms referring to copper alloys in this paper 

is necessary due to the lack of a standard terminology to describe fifteenth and 

sixteenth century alloys both at that time and at present. Both this confusion 

and the discrepancies between the analytical results and the written sources 

provide a challenge to the technological investigator who is ultimately 

aiming to synthesize the scientific data on specific objects with an 

understanding of the early artist and founders' use of materials. It is not the 
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aim of this study to present a solution to this inconsistency, but rather, to 

present some of the ways in which alloys have been described for there is no 

firm definition that draws the boundaries clearly. 

Various factors may have contributed to the final alloy composition and part 

of the challenge for the researcher in interpreting the data and naming the 

alloy consistEi of judging what may have been intentionally add~cLand what 

may instead have resulted from the use of scrap metal or from impurities of 

particular ores since ores from different locations varied in composition. 

What metals were used in the fifteenth and sixteenth centuries is covered in 

more detail below in Section 4. 

Art historians and archeologists tend to refer to sculptures and artifacts that 

are made of copper alloys as "bronzes" produced by bronze casting, even 

though this term may not reflect the actual composition, and might 

occasionally make the distinction of "brasses." Here, bronze refers to a variety 

of copper-tin alloys with a tin content that varies between 5 and 15%, together 

with small amounts of other elements such as zinc and lead. Brass refers to 

an alloy of copper and zinc with less than 28% zinc and with minor amounts 

of other elements such as lead and tin. Neither of these terms accurately 

describe the often-used alloys of copper that contain significant amounts of 

both tin and zinc and that are commonly referred to as "gunmetals." The 

term "leaded" refers to significant amounts of lead in any of the above

mentioned types of alloys; a deliberate addition of lead usually ranges 

between 3% and 15%. 

Copper alloys have been referred to inconsistently and with different names 

over time depending on their composition, color and use. In Renaissance 

Italian, bronzo bombarda or "cannon metal" refers to a tin bronze containing 

8-12% tin and perhaps some lead. Modern terminology does not always 

correlate to that used in the past and apparent similarities can be misleading. 

For example, today, the similar-sounding 'gun metal' refers to a range of 

copper-tin-zinc alloys. 
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Terms were not always used consistently even within a given period, varying 

from one author and location to another and even within one author's work. 

Pliny, for example, used aes for bronze as well as for copper alloys in general. 

Context sensitive translations have been suggested for Pliny's recipes of 

various alloys used in Roman statuary and other copper alloy artifacts 

(Bayley. 1992). Theophilus used the term aes to describe impure copper-based 

alloys and. saved auricalcum to denote a refined, i.e., u.nleaded copper alloy, 
, 

brass or bronze, that was good for gilding. Biringucci writes that a" ... 

compound of copper with tin and brass or lead is called bronze" (Biringucci, 

1966, 300), but he also writes elsewhere that a bronze is composed of 8 to 12 

parts of tin for every 100 parts of copper (Biringucci, 1966, 210f). English 

references of the fourteenth and fifteenth centuries called the brass imported 

from the continent "latten" and the French laiton became synonymous 

cuivre jaune or "yellow copper" which is what brass was thought to be for 

centuries (Day, 1990). The meaning of latten varied slightly over the centuries 

and is used by some to imply a quaternary copper-zinc alloy with tin and lead 

(Day, 1990; Cameron, 1974). 

Examples of such inconsistencies can also be found in various archival 

documents such as those connected to the casting of Ghiberti's large statues of 

St. Matthew and St. Stephen for Orsanmichele in Florence. The sculptures 

were described as figures" di bronzo" in the contracts while the material 

described in the expense accounts is "ottone " or brass (Doren, 1906, 26f and 33; 

Krautheimer, 1970, II doc. 111). Such loose terminology was also apparent in 

the contracts regarding four of Donatello's figures for the Altar of Saint 

Anthony in Padua where they are described as "figure de bronzo over de 

rame" that is to say, "figures of bronze or copper" (Gloria, 1895,9). Similar 

inconsistencies persisted throughout the centuries. Dr. Johnson's Dictionary 

defines brass as bronze (Bayley, 1990) and Diderot and d'Alembert's entry for 

bronze in the Encyclopedie methodique des sciences, des arts et des metiers 

(1751-60) defines it as a mixture of brass, copper and tin. 

Using earlier terminology to describe the various alloys does not present a 

viable alternative. Difficulties lie both in its inconstant use and in the fact that 

the modern researcher cannot easily associate the names used with a 
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particular composition. For example, the eighteenth century gilt socle on 

Giovanni Francesco Susini's bronze Abduction of Helen by Paris in the J. Paul 

Getty Museum (GB 40) was referred to as "cuivre dore" (gilt copper) in an 

early inventory and as "bronze dore" (gilt bronze) in a later one whereas 

analyses have shown that it is, in fact, made of brass. 

Terms such as bron::e and brass provide an indication of a mor~.general alloy 

type but do not give a clear idea of a specific composition. Although the color 

of a polished metal may contribute to the judgment of an artifact's alloy 

composition, scientific analysis alone enables greater precision in the 

description of its composition by providing quantitative and qualitative data 

on both the major components and trace elements in the alloy. This data may 

provide important clues towards grouping and provenancing metal artifacts; 

small percentage variations. or ratios between particular elements may be 

characteristic either of compositions or of ores used in a particular workshop 

of geographical location. 

There is still no general agreement on the definition of terms, although most 

of the recent literature on medieval and later copper alloy compositions 
~~ . 

discuss the terminology (Oddy" 1986;Brownsword and Pitt, 1983; Bayley, 1990; 

Day, 1990). Even among scientifically-minded researchers the range of terms 

used varies greatly although a few attempts have been made to develop a 

reliable, systematized terminology to describe the general historical copper 

alloy types which the analyses have helped to discern. For example, in his 

analyses of medieval copper alloys, Werner makes the simple distinction 

between a bronze where the tin exceeds the zinc content and a brass where the 

zinc exceeds the tin (Werner, 1977; Werner, 1981; Werner, 1982) .. Meanwhile, 

Riederer who has analyzed thousands of copper alloy artifacts, presents 

twenty-three categories of copper and its alloys that are grouped into tin 

bronzes, lead bronzes, brasses, lead tin bronzes, lead brasses, tin brasses, and 

lead tin brasses (Riederer, 1987). 

Bayley proposes a different approach for naming the broad range of copper 

alloys she encounters in her qualitative study on early non-ferrous 

metalworking in England (Bayley, 1990; Bayley, 1992). Concerned with finding 
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a way of giving the various alloys names that are apt to reflect the deliberate 

addition of the different metals, Bayley uses arbitrarily chosen ratios between 

tin and zinc rather than the fixed percentages of zinc and tin to define the 

boundaries between the different alloy types. The value of these ratios falls at 

the boundaries of clusters of points formed by her quantitative analyses. She 

breaks down the copper alloy compositions into the following categories: 

bronze, le~ded bronze, brass, leaded brass, gun metal,J~aded gunmetal. The 

ternary diagram below show how Bayley defines the alloys (Figure 1); the 

proportion of the element present increases as one approaches the corner. 

Such an approach may be useful for the description of the alloy composition 

of fifteenth- to seventeenth-century bronzes in the future; at present the 

amount of data is insufficient to clearly draw the boundary lines. 

Figure 1. Ternary diagram showing the relationship between the composition of copper alloys 
and alloy name (after Bayley, 1990) 
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Analyses of a selection of medieval and Renaissance copper alloy casts have 

revealed that many of them contain tin, zinc and lead in varying proportions 

(see Part 1.3.2 and Table 2 in Appendix A) (Milam, Sussman and Reedy, 1988; 

Cleveland Museum, unpublished reports; Bewer, 1993). Some are binary 
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alloys, many are ternary or quaternary alloys, where there are three or even 

four major components. 

3. The Properties of Copper Alloys 

Pure copper, an element, is a soft reddish metal that is ductile and malleable. 

Copper has a relatively high melting point and is difficult to pOUF as it is 

sluggish, not very fluid and shrinks on cooling and therefore does not take 

the image of a mold well. It retains gases easily. By combining copper with a 

range of other metallic elements such as tin, zinc, lead and arsenic, 

Renaissance founders produced alloys that have broader melting ranges 

(rather than melting points), lower viscosity and, therefore, flow better than 

copper on its own. The addition of a mere 1% of tin already improves the 

fluidity of the melt. Copper is also alloyed to produce a broad palette of colors; 

the alloys range from pink to golden yellow to silvery grey. 

Table 1. Basic properties of common components of European sixteenth century copper alloys. 

Element Color Melting Point Specific 

Gravity 

Copper red 1083°C 9.0 

Tin white 231.9°C 7.5 

Zinc white 419°C 7.2 

Lead white 327.4°C 11.35 

The principal alloying elements found in Renaissance statuettes are tin, zinc 

and lead. How the metals were extracted and refined in the sixt~enth-century 

is beyond the scope of this dissertation; it is covered by the historical sources. 

Agricola (trans. Hoover and Hoover 1950) gives a detailed description of the 

typical production of the various metal elements in the Renaissance. 

Biringucci provides a less precise account of their production but describes the 

alloying process in greater detail (Biringucci, 1966). 
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3.1 Binary Alloys 

Binary alloys are made of two metallic elements. The most common copper 

alloys used in the Renaissance for sculptures are copper-tin, copper-zinc and 

copper-lead. 

3.1.1 Copper-tin Alloys 

The addition of tin to copper serves mainly to lower the melting range of the 

alloy; 10% of tin in the alloy reduces the melting range to around 1000° C and 

20% of tin to approximately 890°C (Figure 2). Many copper-tin alloys are 

castings and as such will normally have segregated structures far removed 

from equilibrium. Tin bronzes commonly consist of an ex phase and a 

eutectoid phase. 

The eutectoid constituent is made up of two phases: the ex phase and the 0 

phase (Scott, 1992). The ex phase is the copper-rich solution of tin in copper 

and the 0 phase is an intermetallic compound with a fixed composition. 

Many bronze sculptures are primarily dendritic, cored ex phase bronzes 

alth~ugh regions of the ex + 0 eutectoid structure are found. The 0 phase 

which appears in bronzes with over 5% tin is very brittle and greatly reduces 

an alloy's mechanical properties. It is possible to prevent its forming by 

controlling the rate of cooling of the metal. Indeed, even a bronze with up to 

10% tin can be produced without a 0 phase if it is cooled slowly. The phase 

diagrams of Cu-Sn alloys show that the eutectoid phase begins to appear in 

the microstructure between 5 and 15 or more percent tin depending on how 

the metal is cooled. Such bronzes are hard and become more brittle the higher 

the tin content and also more difficult to cold work Gohnson, 1973; Reeve, 

Bowden and Cuthbertson, 1953). 

Founders of the fifteenth and sixteenth centuries were well aware of the 

brittleness induced by high tin contents and most bronze sculptures contain 

less than 15% tin (see Table 2 in Appendix A) although bell founders of the 

27 



time used high-tin bronzes to make bells because of their acoustical 

properties. 

Figure 2. Part of the copper-tin diagram under different conditi.ons. 
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The tin content also affects the color of the bronze. The addition of tin to 

copper, makes the alloy change from the reddish hue of an alloy that is 

predominantly copper to a progressively lighter, whiter hue. Recent studies 

on the colorimetric properties of a selection of bronzes have shown that the 

color is dependent on the tin-copper ratio and that lead seems to have no 

effect on the hue (Chase,1994). Chase briefly discusses color and appearance of 

metals and how this color is measured and reports data on the composition 

and colorimetric properties of a selection of bronzes, work that will need to be 

extended to arsenical bronzes and brasses as well. 
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3.1.2 Copper-zinc Alloys 

Since before the Roman times, and through the Middle Ages and the 

sixteenth century, brass was not made by alloying copper and zinc but was 

produced by the cementation process. Zinc was not known as an element in 

Europe until the seventeenth century although it was known much earlier 

on, for example, in India where it was being produced in the twelfth century 

AD (Cradclock et al. 1990). The cementation process wa~-~onsidered a way of 

'coloring' copper by heating it with calamine (zinc carbonate) and charcoal. 

The copper absorbed the zinc vapor during reduction, thus avoiding the loss 

of zinc that boils at 907°. The details of the process are described by Theophilus 

(1961) and explained succinctly by Smith (Biringucci, 1960, 70 n.). The history 

of the production of zinc and brass is provided by Craddock (1990). 

Figure 3. Copper-zinc binary system. 
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The addition of zinc lowers the melting point of the alloy (Figure 3). Brasses 

produced before or with the cementation process generally have a maximum 

zinc content of 28% whereas more modern brasses can reach up to 45% zinc. 
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All of the European medieval to baroque sculptures contain less than 28% 

zinc. The microstructures of such brasses are primarily a-phased, cored and 

dendritic (Scott, 1991). 

Brass was often chosen to simulate gold and, indeed, the term auricalcum 

used by Pliny to refer to brass means' similar to gold'. The color of brasses 

ranges from· a golden yellow to a greenish yellow and the zinc imparts on 

them a distinctive odor. Refined brass, without lead is also good Jor amalgam 

gilding. 

3.1.3 Copper-lead Alloys 

Copper-lead alloys also have lower melting ranges compared with pure 

copper Lead does not alloy well with copper. As the alloy of the two 

components may be an emulsion at high temperatures, the lead globules may 

be held in solution and randomly distributed rather than completely 

separated by gravity segregation (Lord, 1941). Because lead is subject to gravity 

segregation, it is important to stir the melt well before pouring in order to 

avoid very heterogeneous castings. 

3.2 Ternary and Quaternary Alloys 

The common ternary copper alloys are copper-tin-Iead, copper zinc-lead and 

copper-tin-zinc. Tin has always been rare and more expensive than zinc and 

lead. Furthermore, the higher the tin content in a bronze alloy, the harder 

and more brittle the solid metal becomes. Both the zinc and the lead lower 

the melting range and tin has often been used in combination with other 

elements such as lead and zinc, thereby forming ternary and quaternary 

alloys. These have similar properties as binary alloys although they are more 

complex. Ternary and quaternary alloys have a lower melting temperature 

than any binary combinations, an added bonus, and will therefore be easier to 

cast. There are a number of different relevant phase diagrams of ternary 

systems including those of copper-zinc-tin, copper-zinc lead and copper-tin

lead which are discussed in detail in Masing (1960) and West (1982) and the 

Metals Handbook (Johnson, 1973). 
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Adding up to 2% of zinc to a bronze acts as a deoxidant and increases the 

fluidity of the metal. Above this amount, the color of bronze is altered and 

the alloy is hardened but also weakened (Law, 1919 quoted in Bayley, 1992). 

Up to 2% lead increases the fluidity of the alloys but more than this merely 

lowers the melting point for the casting. The addition of lead to an alloy 

softens the metal and makes it good for cold working; as it does not alloy with 

the other elements, it often settles between grain boun4aries where it acts as a 
I _. -

lubricant. However, the fact that lead does segregate into globules and has a 

considerably lower melting point than the alloy can cause problems should 

the cast be considered for mercury gilding. Indeed, the lead would melt and 

evaporate out as the amalgam-coated metal is heated, leaving pores and thus 

ruining the surface of the cast (see Part IIA). The only important quaternary 

system for our purposes is that of copper-tin-zinc-Iead. There is no published 

source of detailed interpretation of this kind of four-component alloy system. 

The most commonly found trace elements in fifteenth-to seventeenth 

century bronzes are nickel, arsenic, iron, silver and antimony. The presence 

of these elements is mainly due to impurities in the ores, the smelting 

conditions and other operating parameters such as fuel, fuel to ore ratio, 

furnace lining, etc. The presence of these elements may also be intentional. 

Arsenic, for example, was used as a deoxidant (Biringucci, 1966, 332f). 

Inductively Coupled Plasma - Mass Spectrometry (rCP-MS) has been used 

more recently to detect and quantify the elements present with greater 

precision. Levels detected and variations will be discussed in Part ill and the 

Conclusion. 

4. Description of the Casting Techniques Used in the Fifteenth and Sixteenth 
Centuries 

4.1 Introduction 

Both the written sources and technological examinations of statuettes have 

revealed that Renaissance artists employed a variety of casting methods and 

that the lost wax process, practiced for millennia in cultures around the 

world, prevailed from the fifteenth to mid-eighteenth century in Europe, 

even though sand casting was also used at the time to cast simpler forms. 
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Section four presents the steps of the process, referring to the early sources 

where relevant. 

Bronze casting has been the subject of great fascination for thousands of years 

and it has drawn many people to the foundry, including important 

Renaissance art patrons such as Emperor Maximilian I - who is represented 

in a drawing assistiJ;g in the casting of a cannon (Weihrauch, 1~6.?, 23)- and 

the Grand Dukes of Florence (Watson, 1983, 17). There is something 

wondrous in the glow of molten metal and in the transformation of a wax 

image into metal inside an earthen mould. Nothing can replace a visit to the 

foundry to help understand the process that is, like the moulds used, similar 

to a three-dimensional jigsaw puzzle. The process does not lend itself well to 

linear description which makes it all the more laudable of the sixteenth

century authors to have achieved this with little or no use of diagrams. The 

photographs that illustrate the description of the casting process in Part 11.4 

were taken during the experimental casting of a reproduction of 

Giambologna's Mars. 

4.2 Historical Background 

In the fifteenth and sixteenth centuries free-standing bronze sculptures were 

the result of a collaboration between sculptors, goldsmiths and founders. 

Sculptors seldom owned foundries, so they would usually pass their model 

on to a founder to make the mould and cast it. The sculptor himself may 

finish it or pass it to someone else, like a goldsmith. The founders and 

sculptors each drew on different craft traditions. The founders were 

predominantly cauldron, bell and cannon casters whereas many sculptors 

learned their metal-related skills by working with silver and goldsmiths. 

Indeed, some of the celebrated fourteenth- and fifteenth-century Italian 

bronze sculptors such as Lorenzo Ghiberti (1378/81-1455), Antonio di Jacopo 

d' Antonio Bend called del Pollaiuolo (1431/32-1498), Andrea Briosco also 

called Ricdo (c. 1460/70-1532) and Pier Jacopo Alari Bonacolsi called Antico (c. 

1460?-1528) trained in that fine craft. The tradition continued in the sixteenth

century as well with Benvenuto Cellini (1500-71) and Antonio Susini (active 

1580-died 1624), for example. Their experience with small, delicate forms and 
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precious metals prepared them for working on bronze statuettes and, in some 

instances, contributed to the refining of the lost wax casting process as is 

apparent in the work of Antico, for example (Stone, 1982). 

The production of statuettes presents different technical challenges and 

opportunities from those of monumental bronzes. Indeed, the latter requires 

experience in engineering and the management of large quantities of 

materials. Large projects, therefore, were entrusted to f;;ll and cauldron 

casters and, later on, cannon founders, who drew on a rich casting tradition 

passed down from the Middle Ages (Gazda et al., 1970; Wixom, 1986). The 

sculptors Lorenzo Ghiberti and Giambologna, who both had well-organized 

bronze workshops, needed to call upon master cannon founders to cast their 

monumental works. Archival documents show that the extraordinary 

Renaissance sculptor, Donatello (Donato di Nicolo di Betto Bardi, c. 1386-

1466), often sought the assistance of bell founders (Gloria, 1895; Sartori, 1976). 

The ability to cast large bronzes was important in the late fifteenth through 

the seventeenth century in Italy as it appears to have been a matter of prestige 

to cast a sculpture in one piece. It is not clear how this tradition first started. 

The practice was not anchored in that of ancient bronzes which were cast in 

many parts and joined. It may in part have been influenced by the fact that 

contemporary marble sculptures were carved out of one block of stone (Lein, 

forthcoming). The contract for Ghiberti's St. Matthew was the first to stipulate 

that such a large sculpture must cast it in one or two pieces (Krautheimer, 

1970,8 and Doren, 1906, 26f.). Smaller bronzes were generally cast in one piece 

as well but, because of their size, these did not require the equipment needed 

for large works. 

The anatomical and the technical virtuosity of the ancients inspired artists 

like Antico and Ghiberti. Like their patrons in the humanist circles, they 

collected classical inscriptions and statuary (Weiss, 1969; Bober and 

Rubinstein, 1986). The classical prototypes not only inspired the production of 

bronze statuettes as sculptures but also as decorative elements of functional 

objects such as candleholders, inkstands and door knockers. The scarcity of 

antique sculptures and the high demand from patrons and artists alike also 

resulted in the abundant manufacture of bronze replicas and reproductions of 
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existing works (Bober and Rubinstein, 1986). The demand for such highly 

prized original objects also gave rise to numerous copies and forgeries 

. (Courajod, 1886), such as the Venus of the Cardinal Granvilla (Leithe-Jasper, 

1986). 

4.3 The Casting Process 

Casting is a multi-st~p process. Cast metal artifacts are produced -,l:?y pouring 

molten metal into a mould that holds the impression of the artifact. The first 

step is, therefore, to make this impression in a fire proof mould. The second 

step is the actual casting of metal into this mould. And finally, step three 

consists of the lengthy process of cleaning up, repairing and finishing the 

surface of the cast piece. The technical examination of Renaissance bronzes 

has shown, as will be discussed further throughout this study, that most 

statuettes were cast by the lost wax process. This process will be described in 

some detail below with references to the early sources that were introduced in 

the previous chapter. Sand casting, the other predominant method of artistic 

casting in the West, was also used in the Renaissance but not for statues. 

These are not the only methods of casting metal artifacts. Some of the oldest 

moulds preserved the negative impression of the artifact carved into stone, a 

method also used for simple shapes without undercuts. Another method 

which uses a clay mould but no wax and therefore bears similarities to both 

methods was used in China for centuries to produce most ritual bronze 

vessels (Gettens, 1969) and in the Renaissance to produce cannons and bells 

(Biringucci, 1966, bk 8). This consists in using a hard model to impress the 

image directly into the refractory clay outer mould. The sand casting process is 

similar to this in some respects. Although it was not much used for casting 

statuettes in the Renaissance, a short description of preparation bf the mould 

for sand-casting will be integrated into the first section of the description of 

the casting process for the purposes of comparison. The main difference 

between the lost wax process and the sand casting process resides in the 

material of the mould. There is also a difference in how the negative image is 

created in the mould. Once the mould is ready for casting, the process is 

basically the same. 
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The lost-wax process is best suited for forms with many undercuts and 

delicate surface detail. This process makes it possible to cast such sculptures in 

one piece. Although the materials have changed slightly, the principles and 

stages of lost wax casting, practiced since the third millennium BC in different 

cultures around the world, have not changed much. A desired object is made 

in wax (Plate 1 a) either by hand modeling or casting in moulds. A network of 

WqX rods ?r "sprues" is connected to the model (b). ~~_wax of the sprues will 

be melted out with that of the rest of the figure creating hollow channels in 

the mould which feed the metal to the hollow mould and allow the displaced 

air and vapors to escape. This sprued wax is then embedded or 'invested' in a 

fire-resistant mould (c), usually composed of a sandy clay or plaster sand 

mixture, and baked. The wax is thus melted out, leaving a cavity which is an 

accurate negative impression of the desired object in the mould (d). When 

molten metal is poured into this cavity, it takes the shape of the desired object 

(e). Once the metal has cooled, the mould is broken (£), the sprued bronze 

figure is retrieved and subsequently freed of its sprues (g), repaired, finished 

and patinated (h). 

Sand casting is named after the sand mould that records the impression of the 

sculpture to be cast. This method was commonly used during the Renaissance 

and up to the end of the seventeenth century for casting medals and simple 

utilitarian objects. Since it is more economical and simpler than the lost-wax 

process, especially for relatively simple, utilitarian objects, it was readily 

adopted for the industrial production of sculpture in Europe. It was then 

adopted in the United States from the early eighteenth to the late nineteenth 

centuries (Shapiro, 1985). Leonardo mentioned casting in a "box full of river 

sand wetted with vinegar" in his notes in reference to the quick casting of 

simple objects (Leonardo, 1974, Madrid II 144r and W. 12350). Biringucci also 

describes the process in Book VIII. 

4.3.1 Making the Impression of the Model in the Fireproof Mould 

4.3.1.1 The Lost Wax Process 

How the negative impression is produced in the refractory mould depends on 

various factors such as the material of the original model and whether the 

artist wanted to use it for the casting, preserve it or make replicas of it. If the 

35 



artist's original model is consumed in the lost wax casting process and is 

therefore directly translated into bronze, the sculpture is referred to as a direct 

cast. For this to occur the sculptor must fashion his model in materials that 

can be used for the casting, generally wax or tallow and a fire-resistant 

moulding material. If the original model was meant to be preserved, it was 

necessary to produce a replica of the original by making an intermediate 

mould. This is referred to as an "indirect" method because of the use of an 

intermediary model or "inter-model" (Stone, 1982, 110). 

Most of the materials used expand and shrink with the large temperature 

changes that they incur in the casting process. Therefore, artists have cast 

hollow bronzes. This is achieved by introducing a 'refractory' or fire-resistant 

core into a larger volume (over five centimeters thick). Since metal tends to 

shrink upon cooling, it is important to control how it cools. By making the 

overall thickness uniform and reducing its volume, it is possible to ensure a 

consistency in the shrinkage in all areas thereby preventing flaws. The core 

acts as an inner mould. Sixteenth-century written sources document 

numerous methods of making the wax models to produce hollow casts. 

4.3.1.1.1 Producing the Wax Model for Casting 

Fifteenth and sixteenth-century monumental bronze sculptures were often 

one-of-a-kind pieces produced by the 'direct' process. In order to produce a 

hollow direct cast the sculptor first models a fire-resistant core which is 

modeled to the shape of the desired sculpture. Cellini describes how he 

estimates the shrinkage of the clay when making his model and measured it 

accordingly (Cellini, 1967). Onto this he fashioned a layer of malleable wax 

which represents the thickness which the metal will be. The sculptor often 

works the surface details out in this wax layer. The cored wax model is then 

treated as was described above. 

Cellini, for whom it was important to preserve the original model as a guide 

for the craftsmen finishing the cast bronze, prescribes the 'indirect' process 

and describes ways of making and using plaster piece moulds to produce a 

wax reproduction of the original (Cellini, 1967). The examination of statuettes 
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has shown that they were produced by both the direct and indirect process 

(Stone, 1982). 

With the indirect method the original model could be made out of any 

material, e.g., wood, plaster, clay, stone or bronze. For example, north of the 

Alps sculptors often carved the model in wood (Wixom, 1986) and 

throughout the centuries moulds have been taken off of existing marble or 

bronze statues to cast reproductions. Another benefit of the indirect method is 

that it allows the sculptor to produce a series of casts of the same model or, as 

Giambologna did, to have others make them for him (see Part VI below). 

The intermediate mould is designed to create replicas of the original model in 

wax. Such a reusable mould must be easy to remove from both the original 

model and the wax replica in order to avoid damaging either the models or 

mould. Original models with undercuts or complex shapes require a more 

elaborate moulding procedure: piece-moulding. There are various ways of 

moulding a figure in order to create inter-models. 

Gauricus, Biringucci and Cellini describe indirect moulding methods using 

plaster piece moulds and Cellini describes how to make one in great detail 

(Gauricus, 1969; Biringucci, 1966,230 and 330f; Cellini, 1967). Smaller pieces 

are gradually produced to cover the surface of the bronze. These are in turn 

held together by a larger 'mother mould' (Plates 2 and 3). The piece mould is 

designed like a three-dimensional jig-saw puzzle. The pieces can be removed 

from the model and when reassembled can be used again and again to 

produce wax or clay replicas. Plaster sets rapidly and is a sturdy material that 

withstands repeated handling. It can also be shaped into small pieces. Piece

moulding technology was already available in Italy in the fifteenth century: 

artisans used plaster piece-moulds to cast both replicas of ancient sculptures 

and death masks that served as models for sculptors (Penny, 1993), a practice 

described by the painter Cennino Cennini (Cennini, 1960). 

Both Gauricus and Biringucci describe flexible mould materials such as soft 

clay, wax and gelatin moulds for smaller pieces and reliefs (Gauricus, 1969, 

226f and Biringucci, 1966, 231f). These are easily peeled from the model and 

resume the shape of the impression, which greatly simplifies the process. 
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Such flexible moulds generally only form a thick first layer over the model 

and need a hard case, or 'mother mould' (usually made of plaster) to hold 

them together in the desired shape. Flexible moulds made out of rubber are 

most commonly used today. Unfortunately, because these materials are 

unstable, no such moulds survive and there is no evidence of how frequently 

such flexible moulds were used in the fifteenth and sixteenth centuries. In 

fact no plaster piece moulds for bronze statuettes from that perio,d survive 
~ -. -

either. Exactly how the inter-models of many of the indirectly cast small 

bronzes were produced must therefore remain a matter of speculation. 

Biringucci also described the process of making a piece mould out of 

refractory clay for larger sculptures. This mould served both to take the 

impression of the original model and to cast the bronze. The process was 

similar to that used by cannon-founders (Biringucci, 1966, bk 6, ch 5-8; 

Leonardo, 1973, fols 61£). It is the one which Leonardo planned to use for his 

Sjorza Horse (Bewer, 1986; Boni, 1973; Brugnoli, 1974). 

The commonly-used plaster piece-mould, once reassembled, can be used in 

different ways to produce the replica for casting. This partly depends on the 

size and shape of the figure. For large bronzes and large statuettes, thin sheets 

of wax or clay - Cellini's so-called lasagna - may be laid side by side into the 

partially reassembled ~(tellini, 1967). The thickness of the sheet determines 

the thickness of the bronze. A core, made out of a refractory clay or plaster 

mixture, is gradually built up on an armature until it fits snugly into the 

lined mould. Once sized, it is wrapped with iron wire. A refractory gesso and 

brick core can be used instead of the sandy clay. The clay blanket is removed, 

the core and piece mould reassembled, and wax poured into the hollow left by 

the blanket of clay. The piece-mould is then removed revealing a' cored wax 

replica of the original. Vasari describes a variation whereby the sheets of wax 

formed in the plaster piece mould are peeled out of it and skewered onto the 

core (Vasari, 1960, 160f). 

An alternative method involved pouring molten wax into a mould; this is 

referred to as 'slush moulding.' This is described by Vasari as /la simple 

method of casting small figures and reliefs" (Vasari, 1960, 165). It consists of 

pouring molten wax into the reassembled empty plaster piece-mould and 
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slushing it around in order to coat the entire inner surface (Plates 3 and 4). 

The wax forms a thin skin as it sets in contact with the cooler surface of the 

mould. The remaining liquid wax is poured out and the process is repeated 

until these s·olidified layers of wax are built up to the desired thickness, which 

varies according to the size of the bronze. When cooled, the hollow wax is 

taken out of the mould, the accretions such as flashes from the seams of the 

piece mo~ld removed and imperfections repaired. Th!~Lmethod was described 

both by Gauricus and Biringucci ( Gauricus, 1969, 226 and Biringucci, 1966, 

230-32) and is still commonly used today. 

Antico produced the waxes for his bronzes by slush moulding the separate 

parts of the figures (Stone, 1982). As the following study will show, 

radiographs of many Renaissance bronzes suggest that complex or large 

figures with numerous undercuts and extended limbs were often - and still 

are - moulded thus to simplify the task of the moulder. This is not mentioned 

in the written sources. The separately moulded parts could either be cast 

individually in bronze and joined together later, but in the fifteenth and 

sixteenth centuries, separate parts were more often reassembled in the wax 

and cast in one piece (Plates 3 and 5). In this indirect method, before joining 

hollow wax components with a hot tool, however, it was necessary to fill the 

hollow with refractory core material (Plate 5) . 

. 4.3.1.1.2 Making the Core 

In any casting process the moulding material must be suited to receive the 

cast substance without causing distortion of either the mould or the cast. 

When used as the core in the lost wax process, this fire-resistant material 

must therefore either be baked before the wax is applied (in the direct 

method), or else made with materials that do not expand or shrink much 

during the process. It must withstand the heat and pressure of the molten 

bronze and also help absorb any vapors produced by the contact of the hot 

metal with re3idual moisture in the mould, lest it be trapped in the metal and 

cause porosity. 

Contemporary sources describe the kinds of clays best suited for casting, where 

to look for them, and how to prepare them. The choice and preparation of the 

mould material is of paramount importance and both Cellini and Biringucci 
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dedicate full chapters to this topic in their respective treatises (Cellini, 1967, ch 

2; Biringucci, 1966, bk 6, ch 1). Biringucci describes the method of making 

moulds as the foundation and beginning of this art. He tells about the 

requisite qualities of clay for making moulds and the processes and methods 

that are used to make the moulds for bronze casting. Any earth, besides pure 

clay could be tempered and mixed with organic fibers, and beaten into a 

unified material. T~eir proportions and the addition of other cgglponents 

such as animal manure, salt, lye ashes, sand, and iron filings vary according 

to the materials available and the judgment of the master. 

Archival documents have revealed that some areas were renowned for their 

refractory clays. For example, the Sebalder Forst near Nuremberg was the 

source of a clay naturally rich in quartz, iron-oxide rich clay and graphite 

which was treasured by founders and glass makers from near and far 

(Schnelbogl, 1967). It would be safe to assume that the successful casting 

tradition in the area must have been linked in part to such local resources. 

An attempt was made by the local authorities to control the export of the clay 

in order to avoid its rapid depletion. Indeed, requests came from Brunswick 

and Munich, Strasbourg and Constance just to name a few and Maximilian I 

made special requests for large amounts of it to cast figures for the Emperor's 

funerary monument in Innsbruck. It has been speculated that one of the 

reasons for such an expensive transaction, given the cost of the clay and of the 

transportation, was the fact that Stefan Godl, a Nuremberg founder was 

heading the foundry in Innsbruck at the time and would have been eager to 

use material he was acquainted with and confident about. 

Biringucci's basic ingredients are the same as those recorded by Cellini and 

Vasari. Analyses of the materials used to make the core of bronze statuettes 

shows some variation in the compositions although many of the cores are 

made up of a few basic components described in the written sources: sandy 

clay, crushed ceramic powder or brick, sometimes plaster of Paris and organic 

fibers. Sand is the major component of most casting moulds as it provides 

much of its refractory characteristics. Crushed ceramic powder (previously 

fired clay), or "grog" is another. The sand and grog are usually mixed with a 

binding agent like clay and plaster. In general, reducing the amount of clay in 
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the mixture helps to control the shrinkage because clay is very sensitive to 

moisture and swells and shrinks greatly. Plaster-based cores are easy to use as 

they can be poured into the wax shell as a slurry and set rapidly whereas 

sandy clay cores are pressed into the wax shell. Animal or vegetable fibers are 

often added to the mould material for various reasons: to help bind the fresh 

mould together; create a fine porosity throughout the mould that enables it to 

absorb any' vapors; and when carbonized, to help to cr~~te a non-oxidizing 

atmosphere in the mould. Theophilus often describes the mould material as 

clay mixed with horse dung (Theophilus, 1963, bk 3), Vasari describes it as clay 

with horse dung and hair (Vasari, 1960, 159) - a loam mixture similar to that 

still used at the Whitechapel Bell Foundry in London - and Cellini gives a 

special recipe for a non-fail paste made of earth with cloth frayings (Cellini, 

1967). 

Biringucci prescribed the use of plaster for cores of slush-moulded waxes: 

"liquid clay composed of cloth clippings, horse dung, a half of young ram's

horn ashes, and a little fresh plaster of Paris .... " (Biringucci, 1966,230-32). The 

sculptor-goldsmith, Antico, who worked at the court of Mantua a century 
I 

earlier, had used a plaster-based core which had allowed him to easily pour a 

quick-setting slurry into the small wax body parts (Stone, 1982). Such a liquid 

mixture is still used today in many traditional European art foundries. Cellini 

describes such a liquid gesso core mixture: 11 one portion of gesso and an equal 

portion of bone and brick. .. which you pour in the mould over the solution 

and which soon sets." (Cellini, 1967, 125). Unlike plaster-based material, the 

moist sandy clay must have been pressed into the hollow wax parts of an 

indirect cast. ,: 

Biringucci, Vasari and Cellini describe methods of making a core that is built 

up separately upon an armature and carefully measured against the lasagna

coated inside of the piece mould (Biringucci, 1966; Vasari, 1960; Cellini, 1967). 

Biringucci also describes one way of preparing the core which consists of 

carefully paring down the model made in refractory clay by the desired 

thickness of the metal (Biringucci, 1966, 230). This method is similar to the 

one used to make cores for sand casting and allows a precise control of the 

thickness of the bronze. 
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4.3.1.1.3 Preparing the Wax for Casting 

If the wax figure was moulded in separate hollow parts, these would have to 

be filled with core material before being prepared for casting. The cored parts 

would be joined with a hot tool that melted the edges together. Although not 

mentioned by the sources, radiographs have shown that the cores of 

separately-cast parts were often reinforced in the join areas with metal rods 

(Plate 5). This is common practice in French art foundries to this day (Rama, 

1988,246). 

Assembling and finishing the wax inter-model was a very important part of 

making these statuettes because the quality of the finished wax replica is 

translated into bronze by the lost wax casting process. Realigning the parts is 
~a:.~, 

not easy and tricks"such as scoring the wax model with a "V" across the join 

area (Plate 5). Gauricus suggests cutting it in a V-shape so that the moulded 

parts will fit together like a puzzle in the event that it is necessary to cast 

objects in parts (Gauricus, 1969). Scorings that served a similar function are 

visible on a number of terra-cotta models, such as the terra-cotta model of the 

Rape of the Sabines after the bronze by Giambologna (Plate 5), used to make 

moulds for the production of porcelain reproductions (Lankheit, 1982). The 

wax parts were joined with a hot tool a.'1.d the ensuing wax seams were 

smoothed out and the imperfections repaired. Cellini mentions cleaning the 

wax of any seams left by the piece mould (Cellini, 1967). Meticulously 

preparing the wax replica reduces the amount of work to be done in the 

bronze. The hair, fine details and inscriptions are also more easily modeled in 

the wax than cutin the hard metal. 

From this point on all hollow casts, whether prepared by the direct or indirect 

process undergo a similar treatment. Before the wax model is coated with its 

outer mould, it is important to ensure that the core will not move around in 

the mould once the wax has been melted out as this could jeopardize the cast. 

Metal core-pins, or "chaplets", are driven through the wax into the core at 

regular intervals. These protrude from the outer surface of the wax in order 

to be firmly embedded in the outer-mould (Plate 3), thereby preserving the 

space left by the wax. Iron, steel, copper, and even bronze pins, rods, wires and 

nails are used as core-pins. Leonardo planned to use bronze spacers as 
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chaplets in his Sforza Horse (Leonardo, 1974, 156). These were small 

rectangular pieces that sat between the outer mould and the core. In Antico's 

bronzes the chaplets were thin iron wires pushed through the core (Stone, 

1982). Another way of achieving this without pins was to cut out windows in 

the wax. These would be filled with the outer mould material and serve as 

bridges between the core and the outer mould. Cellini describes such 

windows in his Nymph of Fontainebleau as being usef~.d for removing the . -. -
core material later (Cellini, 1967): 

"In order to remove the core so that the figure might be 
lighter, I made through the wax a number of holes in the 
flanks, shoulders, and legs and at such places where I 
required them; the result of this was that the core was kept in 
its place." 

Next, a network of solid wax rods - or 'sprues' - is attached around the figure 

(Plates 1 and 6) to create a system of channels, some of which will distribute 

th,e molten bronze efficiently to all parts of the mould ('runners' or 'gates'), 

others will allow gases to escape that might otherwise be trapped in the 
, 

mould ('risers' or 'vents'). A casting cup is attached to the top of the network 
, / 

providing an opening through which the molten metal will enter the mould. 

There are many ways of sprueing up a wax (Rama, 1988) and different 

workshops may have idiosyncratic ways of doing this. Plate 6 shows a rare 

sketch of a sprued wax attributed to Michelangelo and the most well-known 

example is represented in the series of engravings by Jean Pierre Mariette 

showing the c~sting of the equestrian monument of Louis XV reproduced in 

(Mariette, 1786;' Ministere de la Culture, 1978a). Often the shape of the 
'I 

statuette suggekts the optimal direction of the flow. 

1 

I 
The various sources describe the sprueing in different ways. Biringucci 

I 

explains the basic way in which sprues work but is not explicit about their 

arrangement or what material they are made of (Biringucci, 1966, ch 9). Vasari 

specifies that the wax is melted out through the pouring cup which requires 

the mould to be turned upside down (Vasari, 1960, 162). Cellini provides the 

most detail: the vents must all face down in order for the wax to flow out' 

through them. Then the ends of the vents are attached to terra-cotta pipes 

that are directed up to the top of the mould level with the top of the pouring 
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cup. These pipes are supported by tightly rammed earth in the casting pit 

. (Cellini, 1967). Cellini is obviously referring to moulds of large bronzes which 

would be too unwieldy to turn over as Vasari did with smaller moulds. 

Leonardo's numerous sketches of the casting disposition which also show 

how he intended to use the Horse's legs as sprues, are evidence that he spent 

a long time pondering over how to cast his Horse (Boni, 1973; Brugnoli, 1974). 

4.3.1.1.4 Making the Outer Mould 
...:."-

The sprued wax model was finally coated, or 'invested' with an outer mould 

made of refractory material- unless the mould was made directly as a 

refractory piece mould such as the one Leonardo designed for his SJorza 

Horse (Boni, 1973; Bewer, 1985). The composition of this material has already 

been discussed in the section on the core above. Often the layers that were in 

contact with the model were made of a finer consistency than the outer layers 

in order to capture the details- e.g., Cellini's special 'paste' (Cellini, 1967). The 

. mould was often reinforced with iron wires, then "baked" in order to slowly 

drive out the moisture and melt out the wax. 

Thoroughly drying the mould is very important, both for the safety of the 

foundry men and of the cast itself. Indeed, any moisture in the mould will 

turn to vapor in contact with the hot metal. This can produce "dangerous 

boilings and great disturbances" (Biringucci, 1966, 250) that cause porosity on 

the inside of the cast. They also might break through to the outer surface and 

could cause explosions that may even prove fatal. Biringucci eloquently 

described the consequences : 

"The cast would be full of holes and spongy on the inside and 
perhaps also on the outside, and it would occasion much loss 
of material because of it3 great boiling, gushing and . 
overflowing." 

The mould is fired in an apposite furnace at a temperature that varies 

depending on the size and material of the mould and the technical capacities 

of the founder. Cellini notes that the temperature needed for a gesso brick 

mould is lower than that needed to bake an earthen mould (Cellini, 1967). 

The heat bums out the wax and organic residues and thoroughly dries out the 

mould. As a result of this process, the investment mould becomes quite 
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fragile and is liable to crack or crumble; therefore it is often reinforced, usually 

by sinking it into a sand pit. 

How the small moulds were heated is unclear, but there are numerous 

descriptions of ditches and furnaces used to bake components of monumental 

bronzes. Cellini gives a detailed description of how the mould should be 

lowered into the ditch and prepared thereafter (Cellini, 1967). Biringucci 
-=---

describes the preparation of a gun mould and the ditch <.Biringucci, 1966,253-

5). References to the preparation and use of such ditches is frequent in 

fifteenth and sixteenth century documents pertaining to monumental 

commissions. For example, the mould of Giambologna's horse for the 

monument of Cosimo I was sunk into a ditch and firmly packed with earth to 

protect it before the pour (Badia, 1868, Document I). Leonardo also debated at 

length over the casting disposition of the S!orza Horse and insulating the 
, 

mould and ditch from the Milanese water table (Brugnoli, 1974; Leonardo, 
i 

1974, 151v). 

4.3~1.2 The Sand Casting Method 

A full explanation of the process is beyond the scope of this study. For clear, 

illustrated descriptions of the process the reader is referred to a number of 

recent works (Ministere de la Culture, 1978; Rama, 1988; Shapiro, 1985). 

4.3.1.2.1 Moulding a Simple Form 

The sand mixture, composed of sand with a small amount of binder such as 

clay, is inflexible. For simple figures without undercuts or need for a core, the 
I! 

mould is formed in two rectangular wooden or metal frames or "flasks" that 

join one on top of the other. These are called the "drag" and the "cope." In 
I • 

order to make a sand mould, the "drag" is placed on a board and filled with 

coarse sand to the rim. The model, made of a hard material such as wood, 

plaster, or bronze (in order to withstand the pressure applied to it during this 

process) is embedded into the sand half way. The smoothed and tightly 

packed surface of sand forms the parting line of the two larger parts of the 

mould. This is sprinkled with a powdery separating agent so that the parts 

will not stick. The moulder then proceeds to make the mould of the upper 

half of the figure. He places the 'cope' on the 'drag' and gradually fills it with a 
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special sand mixture which he packs or "rams" around the exposed half. 

When thus compressed, the sand mixed with a binding agent such as clay or 

resin, preserves a negative impression of the model. 

When the top portion of the mould is complete, clamped flasks are then 

turned over. The drag is now on top. The looser sand is removed from the 

drag and the same process is repeated for the other half of the model. The 

other half o{ the figUre is now exposed and the same process is repeated for 

this side. The mould is then carefully opened, and the model removed. A 

casting cup, gates and vents are carved into the sand. 

4.3.1.2.2 Moulding a Complex Form 

Figures with undercuts and sculptures that are too large to cast in one piece 

may require additional sand piece mould parts, a core, or disassembling into 

more manageable parts that can be moulded and reassembled later. The pieces 

are designed like parts of a three-dimensional jig-saw puzzle just as with 

other materials. The individual parts of a piece mould are made by packing or 

'ramming' a special sand mixture around carefully defined sections of the 

exposed model. Coarse sand is carefully rammed around the piece-mould and 

in the empty spaces in the cope and acts as a mother mould. After the mould 

has been taken apart to remove the model, the smaller mould pieces are 

reassembled and held in place by long pins and "keys". 

The core is formed in a fashion similar to the sub tractive procedure, which 

Biringucci describes as being used for constructing cores for larger sculptures 

by the investment moulding method (Biringucci, 1966, 230f). A core is 

constructed on an armature of metal rods and wire which must be long 

enough to project into the sand mould at both ends. The mould .is powdered 

with loam that acts as a separating agent and then filled with sand thus 

forming a reproduction of the desired figure. This is removed and carefully 

pared down by the desired thickness of metal (by c. 1/8 inch). The pared core is 

then fired and re-suspended in the mould. 

The casting cup, runners and risers are carved into the sand. Depending on 

what binding agent is used, the s,!nd may have to be dried before the metal is 

cast. A fine layer of graphite or charcoal powder is then brushed on the inside 
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of the mould in order to help release the bronze, and the flasks are clamped 

back together, ready to receive the molten metal. 

4.3.2 Melting and Casting the Metal 

Meanwhile, the founder prepared the metal. This part of the casting process 

applies both for the lost wax and sand casting processes. According to 

Biringucci~ the successful outcome of the preparation 9.( the metal depends on 

three things: the choice of the agent in which the metal-and fire are brought 

together (i.e., crucible or furnace), the fire and the metal materials (Biringucci, 

1966,279f). 

4.3.2.1 The Crucibles and Furnaces 

Biringucci gives an account of various types of furnaces and crucibles used at 

the time and of the different mechanisms used to activate the bellows 
, 

(Biringucci, 1966, bk 7, ch 7). The chapter is particularly useful for its 

nu~er~us woodcut illustrations that accompany the descriptions. Cellini 
, 

describes the construction of a reverberatory furnace in even greater detail 

(Cellini, 1967, ch 4). 
: , 

Large quantities of metal, like those needed for bells, cannons and large 

sculptures, were melted in reverberatory furnaces and in some cases required 

more than one furnace. Leonardo, for example, made numerous sketches of 

how to arrange the furnaces around the casting pit for his colossal horse 

(Leonardo, 1974, 144 and 151, Leonardo, 1968, W. 12350). Reverberatory 

furnaces were designed in such a way that they did not require bellows: they 

were operated by the strong flames of young dried wood (Biringucci, 1966, bk 

7, ch 1 and 5). The wood never came in contact with the metal. The furnaces 

consisted of two connecting chambers with vaulted ceilings that channeled 

the heat of the metal from the fire chamber. This was fueled by wood, onto 

the large round slanted bed in the furnace on which the metal was placed and 

liquefied. Biringucci shows diagrams of plans of different types of 

reverberatory furnaces (Plate 7). An illustration from a nineteenth-century 

Russian book on the casting of colossal sculptures (Plate 7, after Chekalevsky, 

1810) shows the section in elevation of a large reverberatory furnace very 

clearly. Openings in the furnace and the fire chamber not only permitted the 
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founders to check and handle the metal and the fire, but also allowed fumes 

to escape. At the time of the pour the metal was released through an opening 

at the bottom end of the bed. It then flowed down a fired brick and earth 

channel to the opening of the mould (Plate 7). 

The other methods by which the metal was liquefied in refractory basins of 

different sizes required charcoal and the action of bellows or natural 

ventilation. The metal was placed on a pile of blazing charcoal ;~~ the 

bellows directed air into the center of the heap. The liquefied metal collected 

at the bottom of the crucible, and the impurities or 'slag' were skimmed off 

the top of the melt. With draft furnaces, the opening of the furnace was 

directed towards the wind, and air is forcefully drawn through the fuel and 

up by the design of the chimney (Biringucci, 1966, bk 7, ch 2-5). 

It is not clear in what manner Renaissance founders melted and poured 

metal into the moulds of smaller sculptures. They may have melted a larger 

quantity of metal in a furnace and decanted it into a number of portable 

crucibles which would have allowed the founders to cast a number of pieces 

in one session. Alternatively the Renaissance founders may have melted the 

metal directly in refractory crucibles. They could hand carry these crucibles to 

the individual moulds and easily pour the metal as it is done today (Plate 7). 

Theophilus described how a bell was cast using the contents of numerous 

crucibles (Theophilus, 1961), a practice that may have been necessary because 

reverberatory furnaces had not been developed yet. 

4.3.2.2 The Metal 

Bronze, brass and copper alloys including both tin and zinc are man-made. 

(The properties and terminology of copper alloys are discussed in· section II.3 

above.) Both were used north and south of the. Alps in the fifteenth and 

sixteenth centuries. Various factors influenced the founder's choice of alloys: 

the materials available to him, the demands of the piece and the founder's 

specialized experience. Sculptors and founders would procure their metal in 

various forms from different places. Sometimes they would order the 

separate metal elements of copper, tin, zinc and lead and prepare the alloys 

themselves. The technology for tho smelting and refining of most metallic 
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elements was available and described by Agricola in great detail (Agricola, 

1950) and by Lazarus Ercker (Sisco and Smith, 1951). 

Lorenzo Ghiberti imported three thousand pounds of copper from Venice 

and two hundred pounds of tin as well as "ottone" or brass for his large statue 

of St. Matthew (Doren, 1906, 27, 32 and 49; Krautheimer, 1970, 2, does. 18, 19, 

21,30 and 38; Bewer 1985, Part il, 1.) At other times they would buy freshly 

al1~yed metal, as Ghiberti did for his Gates of Paradise, -'i~r which 14,623 

pounds. of "ottone fine" or fine brass were imported from Flanders 

(Krautheimer, 1970, does. 18, 19 and 38). Biringucci notes that brass is worked 

in various places such as in Flanders, Cologne, Paris, Milan and in other 

countries (Biringucci, 1966, 70). The trade of copper and its alloys in Europe is 

beyond the scope of this research but has been studied by others (Kellenbenz 

ed., 1977). Sometimes the person responsible for acquiring the metal- and 

this varied from founder~ to artists or commissioning bodies - would buy 
I 

scrap metal from old cauldrons, bells, cannons or other bronze or brass casts. 

In order to cast his large group of Judith and Holofernes, Donatello bought all 
I 

sorts of metal including copper, broken copper, bronze and brass from a 
I 

number of different sources such as goldsmiths, cauldron makers and bell 
i 

founders (Corti and Hartt, 1962). 

The written sources prescribe specific alloys for different purposes: high-tin 

bronzes with 10-25% tin and no lead for casting bells and bronzes with 8-10% 

tin for casting cannons (Theophilus, 1961; Biringucci, 1966, 210; Gauricus, 

1969). Neither Cellini nor Biringucci specified the composition of a statuary 

alloy, but Vasari wrote that statuary metal consisted of one third brass and 

two thirds copper (Vasari, 1960). In modem terminology this would be 

considered a brass (see discussion of terminology above). 

-
Biringucci suggested adding tin, arsenic and a whole list of fluxing agents to 

small castings, on account of their thinness (Biringucci, 1966, 332f) and arsenic 

was used to improve the sound of bells (Biringucci, 1966,92). Medieval and 

Renaissance founders knew that lead would ruin mercury gilding 

(Theophilus, 1961; Biringucci, 1966, 332f) and it is probably for this reason that 

Ghiberti cast his Gates of Paradise in an alloy containing an unusually low 

amount of tin and lead (93.7% copper, 2.2% tin, 1.3% lead and 1.8% zinc) 
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(Leoni, 1979). The unusually high tin content of Donatello's doors for the 

Sacristy of San Lorenzo in Florence. (may stem from the fact that the sculptor 

relied on bell casters to cast them (Bearzi, 1966). 

The composition of the cape of Giambologna's monument to Cosimo I 

consists approximately of 89% copper, 10% tin and a trace of lead (Leoni, 1988) 

which fits nicely with the recurrent description of "bronzo bombarda" or gun 

metal in the ·written sources as a copper-tin alloy with 8-12% t~:)'he 

monument was cast by the cannon founder Giovanni Alberghetti (Badia, 

1868). Analyses of different kinds of cannons from the fifteenth to the 

nineteenth centuries cast in various parts of Europe and analyzed by Riederer 

showed, however, that this ideal composition was not strictly adhered to in 

practice (Riederer, 1981a, 39-41; Riederer, 1977). Furthermore, Welther shows 

that the composition varies considerably between different parts of the 

monument and argues that, in fact, guns of the time have a much lower 

percentage of tin because this provides a safer metallographic structure 

(Welter, 1995). 

While it is comforting and spiritually uplifting to think of Renaissance 

craftsmen transforming bronze cannon into bronze statues, the recycling 

process worked just as easily in reverse: in times of war, sculptures were 

melted down and recast as weapons as befell Michelangelo's statue of Pope "-

Julius II which was destroyed by the Bolognese soon after it was made and cast 

into a cannon nicknamed "La Giulia" after the sculpture (Quazza, 1960). Such 

recycling still occurs in present times. 

Benvenuto Cellini's well-known story of the dramatic casting of his statue of 

Perseus is a good example of what can happen when the metals l,lsed to make 

up the alloy are not well-known. Indeed, the source of Cellini's troubles lies 

in the fact that he had loaned much of the fresh metal he had bought for his 

sculpture to another who needed it in a pinch but had not returned the same 

quality of material (Somigli, 1958). Cellini's melt seized up because it was 

lacking in tin. He salvaged it in the eleventh hour by throwing all of his 

pewter dishes into the furnace (Cellini, 1967). 

50 



The written sources occasionally refer to geographical sources for different 

metals. Biringucci reports having seen cakes of German antimony in Venice 

and mentions several mines in the region of Siena (Biringucci, 1966, 92). Tin 

was found most abundantly in England but also, according to Biringucci in 

certain parts of Flanders, in Bohemia and in the Duchy of Bavaria (Biringucci, 

1966,60). The main sources of copper for Italy and Germany in the fifteenth 

and sixteenth centuries were the Harz mountains, Schwaz, Neusohl and 
- 4 ~.--

Mansfeld (Welter, 1995, forthcoming; Kellenbenz, 1977); Welter traced the 

trade routes by which metal reached Italy from these areas in the late 

sixteenth century. From Schwaz they went directly to Venice, from Neusohl 

to Danzig, Antwerp and Livorno, one of the routes used to import wheat to 

Tuscany during the famine of 1593. Biringucci also mentions silver-rich 

copper mines in Venice, Carnia and upper Germany (Biringucci, 1966,48). 

Some information can also be gleaned from contemporary fifteenth- and 

sixteenth-century records of expenses for large commissions. 

Metal analyses have had varying degrees of success in helping to group and 
! 

establish the provenance and date of objects. Riederer's analyses of 

Ren'aissance bronzes have established, for example, recognizable patterns of 

change in the composition of brass tomb plates and of sculptures cast in 

Nuremberg in the course of a century. Riederer characterized Nuremberg 

brass as having a high (ca. 15%) zinc content (Riederer, 1980a, Riederer, 1982; 

Riederer, 1983). The founder Godl from Nuremberg used a similar alloy for 

the statues on Maximilian 1's tomb monument which he cast in Innsbruck, 

Aust:ia (Riederer, 19S1a). This consistency of the Nuremberg alloys may have 

been due to the fact that the administrative controls for products and work 

practices in this city fell under the jurisdiction of the ruling merchant class 

which regulated the importing of the copper and zinc ores needed for casting 

(Wixom, 1986). The composition of bronzes from Augsburg and Munich on 

the other hand is much more disparate (Riederer, 1988). Riederer's analyses of 

cannons revealed that the lead-silver ratio was characteristic and helped to 

locate the origin of the cannon and in some cases even a particular workshop 

within one area (Riederer, 1980b). Analyses of a small number of 

Gia~bologna's documented bronze statuettes have already shown that they 
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are all made of leaded tin bronze with a small amount of zinc (see results in 

Table 2 in Appendix A). 

The cost and availability of copper was closely linked the production of silver. 

Indeed, silver and copper ores were often found together and the production 

of copper in the fifteenth century was to a large extent a by-product of that of 

silver. With a gradual depletion of the silver-rich ores in central Europe and 

the 'discovery' of the Americas as a new and less expensive soU'~·~e for this 

metal, copper was increasing extracted for its own right and its cost of 

production increased conSiderably (Welter unpublished). This no doubt had 

its effect on the casting technology, especially of large bronzes. By the early 

seventeenth century Pietro Tacca had refined casting methods so that he 

reduced by almost half the weight of the monumental equestrian bronze of 

Philip III that was only slightly smaller than that of Cosimo I ,produced by 

the workshop a few decades early, (Watson, 1983,99). 

4.3.3 Cleaning Up and Finishing the Cast Piece 

The newly cast metal shape is barely recognizable with its network of metal 

sprues (Plate 8). The rough cast often requires extensive work and is handed 

over to sculptors and goldsmiths hired to clean up the cast. This final stage 

accounts for a large part of the time and cost of the process. The repairing and 

finishing of the surface and its final surface coatings can turn a badly flawed 

cast into an aesthetically pleasing, apparently flawless one. 'Fettling' and 

'chasing' are the terms used to describe the work that is done to clean up and 

finish the bronze after it is cast. 

4.3.3.1 Fettling 

Fettling is the initial mechanical process by which the core pins, metal 

accretions caused by cr3.cks or air pockets in the outer mould and sprues are 

removed from the newly cast figure and the flaws repaired. The sprues and 

accretions are chiseled and filed off or hammered into the surface (Plate 8). 

The core is often removed, and with it most armatures and internal core 
, 

supports. 
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The sources list various tools that were used for working the metal: 

hammers, chisels, punches, scrapers, wire brushes, files ... (Vasari, 1960; 

Biringucci, 1966,216; Gauricus, 1969) and Theophilus goes into detailed 

descriptions of how to make them (Theophilus, 1961). Leonardo made a small 

sketch of a scratch brush in the margin of one of his notebooks (Plate 8) and 

Cellini described how a such a brush is made and recommended using one to 

prepare t~e surface of a bronze before gilding it (Cel1inj~J967, 96f). 

4.3.3.2 Repair and Joining Methods 

The most common methods of repair in the fifteenth and sixteenth centuries 

were 'casting on' and patching. Casting-on is a localized form of the lost wax 

process in the miscast area (Drescher, 1958). Core material is scooped out from 

the surrounding areas in the existing bronze in order to create a hollow for 

thenew metal to key into (Plate 9). The new wax part is modeled onto the 

bronze and invested with refractory material and baked. The new part is then 

cast directly onto the existing bronze. If the metal of the existing figure is 

heated sufficiently, the new metal may fuse with it. Theophilus describes both 

casting on and soldering in his handbook (Theophilus, 1961) and surprisingly, 
i 

Gauricus does as well, referring to both solder with lead-tin or using brass 

with arsenic (Gauricus, 1969). Biringucci writes about how to weld a cracked 

bell (Biringucci, 1966, bk 6, ch IS), but does not describe repairs to sculptures. 

Patches may alternatively be made out of a thin piece of metal in the shape of 

a hole. This is an age old method of repair that was used primarily for smaller 

surface defects. The lacuna is cut out into a more regular shape, usually in 

such a way that there is a slight bevel along the edge. The patch is cut to the 

size of the hole and expands into the groove as it is hammered into the ' 

lacuna, thus keying into it (Plate 9). Vasari briefly describes how to repair a 

flaw by cutting it out and hammering a rectangular metal patch into the hole 

(Vasa ri, 1960). Cast-on parts or patches are often well disguised from the 

surface, either by virtue of the chasing or because they were concealed by 

surface coatings. 

Separately-cast components were joined either by casting on with bronze or 

lead-tin solder, or some form of mechanical fit, e.g., pinned sleeve joins or 
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dovetail joins. The Roman join or sleeve join is commonly used today and 

was used in the sixteenth and seventeenth centuries as well as was the 

dovetail join (Plate 9). In some cases joins were reinforced with lead-tin 

solder. Solder was also often used to mount figures to their bases, although 

often the end of a sprue left on a heel, or metal screws or pins, would serve to 

secure a figure to a separately-cast base. Joining methods and materials have 

varied slightly over .time and may be helpful in dating a repair. ";'0_ 

The threaded nut and bolt, date back to the fifteenth century when they were 

made by hand (Graves, 1984). Leonardo da Vinci includes several designs for 

machines that cut screws, however, the first practical machine for this 

purpose was invented in 1558 by Jacques Besson a French mathematician. 

Historically they had far-reaching effects on the efficient design of machines 

as they allowed their easy assembly from intercnangeable parts not only of 

machinery, but of sculptures as well. The unthreaded bolt was used back in 

Roman times when the first bronze wood screw was made. This was filed by 

hand or made by winding a wire around a rod and soldering it on. After the 

Roman Empire, threaded screws were not mentioned again until the 

fifteenth century (Graves, 1984). Threaded screws and bolts are more secure 

than hammered in plugs and patches that may become loose more easily. 

4.3.3.3 Chasing 

The fine surface work is called chasing and applies both the wax and the 

metal. Some of the details of the modeling may have been slightly blurred by 

the shrinkage of the metal, and may need to be sharpened with a chisel or an 

engraving tool. Other areas need to be filed down, scraped and polished with 

a variety of abrasives such as pumice stone and wire brushes, or textured with 

hammers and metal punches. Others yet are left rough. Although 

hammering is often found on Renaissance bronzes, texturing with punches 

becomes more commer. only b the se\'enteenth century. The finishing 

varies from one bronze to another, depending on the skill and aesthetic of the 

person finishing the piece, and also on where and how it was meant to be 

seen. 
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4.3.3.4 Surface Coloration 

The chased sculpture may finally be treated to enhance the visual appeal of its 

surface with color. The art of patination has evolved greatly making it 

possible to produce a wide range of colors and textures (Hughes and Rowe, 

1983). Basing themselves on empirical knowledge, the sculptors and founders 

of the Renaissance put great care into achieving a variety of surface colors on 

their bronze statuettes. Gauricus (Gauricus, 1969) endS"his description of 

surface treatments by commenting: 11 These colors will suffice for the moment 

until we learn how to make the others." Gauricus' words suggest that indeed, 

fifteenth and sixteenth century sculptors were experimenting and broadening 

their palette and methods which ranged from chemical treatments to 

building up layers of varnish. 

Gauricus noted that the choice of the alloy in itself was an aesthetic one as 

alloys have characteristic colors (Gauricus, 1969). For example, brass is more 

golden and bronze ranges from a pink to a silvery gold, depending on the 

proportions of copper and tin (see Part II.l). A patination process occurs 

naturally as the metal reacts to various chemicals or salts in the atmosphere, 

thereby forming thin layers of colored metal oxides or sulfides. This process 

was encouraged by purposefully burying, dipping or painting the bronze with 

various chemicals or by the simple application of heat. Vasari observes that 

the metal will naturally tend to turn dark with time, and both he and 

Gauricus prescribe using vinegar to turn the surface green (Vasari, 1960). This 

was used as a reference to classical bronzes. Some artists, like Leone Leoni 

(1509-90) used a green varnish to imitate the natural patination (Hughes, 

1983). Gauricus mentions that polished metal will turn yellow by placing it on 

an incandescent plate and that holding it into the smoke of burning wet hay 

will blacken it (Gauricus, 1969). 

Sometimes drying oils, colored lacquers or varnishes were applied directly to 

the bright polished metal to give it a warm glow or to darken it. Vasari 

describes the use of oil or varnish to turn the surface black and Gauricus 

suggests coating it with pitch. Pliny had written that bitumen was used for 

staining copper (Pliny bk 35.182). Aristotle and Plutarch had already 

commented on the fact that oil improves the patina (Hughes and Rowe, 
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1983). Oil was also used to protect cleaned bronze surfaces according to Pliny 

(Pliny bk 35.99). Most bronze surfaces were also sealed and polished with wax 

and have been re-waxed over time as part of their maintenance . 

. Bronzes may also be partially or entirely gilded or silvered in order to 

differentiate certain areas and enhance the contrast, and details such as eyes 

and lips may be inlayed with ivory, metal, glass, or other materials. Antico, 

for example,. silvere? the eyes and gilded the hair and clothes o!..1.:is otherwise 

darkly patinated bronze statuettes. Gilding might be used as an aesthetic 

solution, for example, to hide a flawed surface, or as a visual reference to 

some other traditional form. The recent conservation work revealed that 

Andrea di Cione known as Verrocchio (c. 1435-88) gilded the border of the 

clothes of his Christ and St. Thomas 0 the facade of Orsanmichele in Florence 

to mimic gold embroidery (Dolcini ed., 1992) and Donatello's gilt head of San 

Rossore in Pis a refers back to a long tradition of gold and gilt reliquaries. 

Gilding was also used to invoke a sense of power and splendor as was the case 

with Ghiberti's Gates of Paradise on the Florentine Baptistery and may also 

have served to protect the surface (Poggi, 1948 and Bearzi, 1980). 

The mercury amalgam process - now outlawed because of the health risks

was commonly used in the Renaissance to achieve a more permanent gilt 

surface. Gauricus describes silvering and gilding by this method (Gauricus, 

1969) and Cellini describes it in great detail (Cellini, 1967, ch 26). Gold leaf is 

dissolved in mercury and painted onto a heated metal surface. Through 

further heating, the mercury evaporates. This process, used since antiquity, 

creates a metallurgical bond between the alloy of the statuette and the gold or 

silver. Ideally, copper or unleaded copper alloys should be used for this 

process because the lead does not alloy with the other elements but remains 

segregated and scattered throughout the alloy in globules. The heating 

involved in the process causes the lead to melt out or evaporate leaving pin 

holes in the metal, thereby ruining the gilded surface. Because of its 

metallurgical bond, a mercury gilt bronze can be further polished and 

burnished. Oil gilding, on the other hand, is less stable since the oil adheres 

the thin gold layer on the surface of the bronze, but excessive rubbing can 

easily wear it off. 
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4.3.3.5 Mdunting 

When the sculpture is finished it is mounted on a soc1e or base (earlier 

diagram of casting process, final step). None of the sources discuss this final 

step of the process but some evidence survives of how this was done and 

what materials were used. Occasionally inventories will describe the type of 

base a bronze is mounted on (ebony, wood, marble, gilt metaL.) and the closer 

examination of the bronzes themselves has shown that-a variety of methods 

were used. In some cases the sculpture was designed and cast in one with a 

metal base. In other instances it was paired up with either a separately-cast 

metal base or one made out of a different material such as stone or wood. At 

times the metal sprue remains on the bottom of a figure's heels may have 

been preserved and used as a tang to mount the figure to its base. The 

materials and methods used for mounting a bronze statuette will be discussed 

in more detail in the Guide that follows. 
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PART Ill. GUIDE TO THE TECHNOLOGICAL INVESTIGATION OF 

RENAISSANCE BRONZES 

1. Introduction 

The previous part of this dissertation introduced the technological terms and 

an' overview of the casting process in preparation for -'the technological 

examination of a bronze sculpture. This following part provides a background 

of systematic studies of bronzes and a detailed guide for the close examination 

of such works. 

1.1. Background: Systematic Examinations of Bronzes 

Major systematic studies of bronze artifacts from specific cultures include Otto 
~ 

Werner on Indian bronzes (1972), Rutherford Gettens (1969)~Noel Barnard 

(1961 and 1975) . on Chinese bronzes and Reedy and Meyers 

on Himalayan bronzes (1987). These studies have both helped to increase the 

understanding of bronze working techniques and also to determine the 
, 

provenance of specific objects. Ruette and co. have begun a systematic 
I 

technological study and description of dinanderie, the cast brass artifacts 

produced in the fifteenth and sixteenth centuries in the area of Dinants, 

Belgium, beginning with large candle holders (Ruette et al., 1984 and Ruette 

et al., 1988/89). 

The Victoria and Albert Museum, the Metropolitan Museum of Art and the 

National Gallery of Art in Washington D.C. have conducted ad hoc technical 

examinations of Renaissance bronzes. More recently, however, more 

methodical projects have focused on the technology of Renaissance bronze 

statuettes. In 1986 the J. Paul Getty Museum, the Getty Conservation Institute 

and the Los Angeles County Museum of Art collaborated on a pilot project to 

investigate how combining technical and art historical data could contribute 

to provenance determinations (Milam, Sussman and Reedy, 1988). Then, in 

1990, a team of conservators at the Cleveland Museum of Art examined the 

almost fifty Renaissance bronzes in their collection and designed a worksheet 

for the information gathered with a view to publishing a technical catalogue. 
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1.2. Technical Worksheets for Renaissance Bronzes 

Over the past decade various worksheets have been developed for the 

technological examination of Renaissance bronze statuettes. The Milam-

. Sussman-Reedy Getty team produced a working check-sheet to record art 

historical and technical variables gathered from visual examination, X-ray 

radiography and core analyses. The worksheet consisted of an art historical 

section, as well as sections on the structure of the bronze, repairs/the core, 

decoration and finishing and patina. The variables of casting characteristics 

and surface decoration, as well as of the core material, were coded into 

numerical form and entered into a computer in a format suitable for 

statistical analysis. A stepwise descriminant analysis was used to interpret the 

datasets in relation to the art historical information. The study included fifty

nine bronzes from the Kunsthistorisches Museum in Vienna, the J. Paul 

Getty Museum and,a few loan pieces. These ranged from bronzes with sure 

attributions to those with unsure ones and co~prised a number of pre- and 

post-Renaissance bronzes. Only the numerical datasets and their statistical 

interpretations were presented in the report, together with reproductions of 

the x-radiographs, making it difficult to use and assess the information. The 

statistical analysis are inconclusive due to the fact that a large number of the 

bronzes are of unsure attribution and many of them are unrelated. 

At the same time, but independently, the writer was exploring ways of 

designing a worksheet which would also provide a template to translate 

gathered information into a relational database for Renaissance bronzes. The 

aim of this database was to provide a readily available bank of information on 

characteristic technical features of hollow-cast Renaissance bronzes with 

secure attributions to known workshops or sculptors. This would, in turn, 

help to distinguish a) between Renaissance copies and antique prototypes and 

b) also between more recent reproductions and their antique or Renaissance 

prototypes. The worksheet was inspired in part by the relational database 

developed for the Census of Works of Art Known in the Renaissance, then at 

the Warburg Institute, University of Lond~n. 

The worksheet design went through numerous phases and is still evolving 

in the current collaborative Renaissance Bronze Project the writer has been 
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coordinating for the last four years between the J. Paul Getty Museum and the 

Getty Conservation Institute. The long evolution of the worksheet is due, in 

part, to the problems inherent in any attempt to select and organize 

distinctive characteristics that are gathered through different methods of 

examination and analysis. It is a challenge to maintain a clear distinction 

between facts and interpretation. Furthermore, the form in which the 

variables ?-re defined should enable one to distinguis!!.!elevant patterns in 

the bronze fabrication process. 

The worksheet designed by the Cleveland team begins with art historical 

information about each bronze including a list of its replicas and variants 

(these terms will be discussed shortly) and a brief description. The rest of the 

worksheet is laid out according to different forms of examination: visual 

examination (structure/surface) by UV light, by raking light and by 

microscope, examination using x-radiography and examination using XRF. 

Each section of the worksheet is supplemented with short questions that 

serve as a guide to the particular part of the examination and also with room 

for discussion. A section for additional notes is included at the end. 

As part of the vast project to create an inventory of the artistic heritage of 

France in a systematic fashion, the French Ministry of Culture and 

Communication developed an elaborate instruction guide to ensure the 

homogeneous and in-depth documentation of sculptural works and 

produced a thorough overview of the methods and vocabulary of sculpture 

(Ministere de la Culture et de la Communication, 1978). The technical section 

of the guide seemed important to mention here. Even though it was not 

designed specifically for Renaissance bronzes, its structure contributed to 

shaping the version of the worksheet used for the reports of the Giambologna 

bronzes in Part VI, in particular the section dealing with the condition of the 

work. The French worksheet is divided into sections covering the following: 

. materials, techniques of fabrication, what is inside or on the back of the piece, 

reinforcements and mounting methods, joining methods, dimensions, 

condition of the work, inscriptions, marks, stamps and emblems. 
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1.3. Discussion of Changes Made to the Original Worksheet 

The worksheet used on the bronzes from the Huntington Collections in 1992 

has evolved again, partly as a result of more experience and partly in response 

. to comments from a number of museum professionals involved in the study 

of Renaissance bronzes. For example, it was felt that its structure should 

follow the natural sequence of a connoisseur's examination of a bronze and 

should, therefore, start with a description of the patina, surface,-modeling, etc. 

H was also felt that the worksheet was overwhelming. For example, 

providing fields for the descriptions of four or more ,layers of surface coatings 

presumes that it is possible to recreate the sequence of events; in reality it is 

often difficult to make that kind of clear cut judgment without examining the 

cross section of a sample. Curators may often be reluctant to grant permission 

for such samples, especially if the sample is taken from an obvious location 

on the sculpture. 

Complex figures and groups of figures provide a special challenge for the 

designer of a worksheet. The worksheet must not only account for the 

separate figures, each of which may not be treated in the same way, but it 

must also describe the joins between each of the figures. It was also necessary 

to add another section to the worksheet to account for the various unexpected 

artifacts found inside bronzes such as coarse rags and bits of crumpled paper 

(some with writing or even map fragments). These mysterious clues may 

help to reconstruct the history of the piece. The straw found inside the hollow 

of a number of bronzes is most likely the remains of packing materials that 

may be as recent as World War IT when many of the European works of art 

were stowed away or moved. Other unexpected artifacts such 

as lichen, twigs and animal feces are probably the remains of an ~nimal nest 

and may result from the bronze having been kept outdoors and may help to 

trace it to a particular geographical location. 

Unlike the objects it was meant to assist the study of, the worksheet is not cast 

in bronze. Examining the bronzes from the J. Paul Getty Museum helped 

transform the worksheet and further studies will aid the ongoing process of 

refinement. The current version has, in addition to the aforementioned 

categories, results from analyses of core samples. The ensuing reports are also 
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supplemented with visual material that was lacking in the early reports on 

the Huntington bronzes: annotations of photographs and x-radiographs and 

photomicrographs of core material and surface details. 

1.4. Introduction to the Worksheet Used for the Technological Examination 
of the Huntington Bronzes 

The worksheet presented here was conceived as a guide and aide-memoire 

for· anyone examining a bronze, rather than as a sample)ayout for a database 

file. The worksheet (see Appendix C) evolved from the one originally created 

by this researcher as a result of the examination of many Renaissance bronze 

statuettes, especially as part of the second incarnation of the Getty Renaissance 

Bronze Project. The following Guide elaborates on the type of evidence one 

might find in a technical investigation of bronzes. Fourteen statuettes from 

the Huntington Collection serve as examples and form the basis for the 

examination and compilation of the individual reports that follow in Part v. 
The worksheet and guide do not follow the chronological sequence of the 

casting process as set out in Part H.4, but rather mirror the procedure of the 

examiner. They start from the description of the sculpture as a whole, of its 

surface and its base, and loosely move inward to the examination of its inner 

cavities that are usually concealed from the eye. What defies unaided visual 

examination is probed with the binocular microscope, the boroscope, or x

rays. The reconstruction of a bronze's method of manufacture relies largely 

on the information provided by x-radiographs. This data can then be 

compared with the clues preserved in the surface of the bronze. The technical 

'sleuth' moves back and forth, from the surface to the x-rays, discovering and 

adding new pieces to the puzzle. The ensuing picture suggests both what 

needs to and what can be analyzed. The guide proposes other different useful 

methods of analysis which will be described in Part IV: 

2. Guide 

2.1. The Object 

An object's record begins with the general information that identifies a 

sculpture: its description, any information pertaining to the identification of 
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its subject matter and attribution, its relationship to other versions, and any 

marks or inscriptions. 

The 'objects' examined are all loosely described as 'bronzes' although this 

. does not always accurately describe the alloy of which they are made. The 

terminology used to describe copper alloys has been discussed in Part n. In the 

worksheet, Section 3.4 presents the results of the various metal analyses and 

provides a ~ore exact description of the alloy composition of the~piece. 

The pieces included in this study are sculptural, independent works of art, 

some of which were designed as statuettes, others as relief sculptures. Some 

objects serve a useful purpose while others do not. It was common to employ 

the same elements as independent objects or incorporate them into a useful 

object such as a candleholder, finial or inkstand. Many of the bronze figurines 

attributed to Severo da Ravenna and Riccio are 'married' in a variety of 

combinations with other elements to form such useful objects. 

The interpretation of a sculpture's subject matter may change from one 

period to another. The figure of the nude male with a band across his mouth 

and his arms raised to the height of his head is a representation of Marsyas. 

The prototype had lost its pipes and was interpreted as a man showing fear 

and, therefore, called the "ignudo della paura" (Bober and Rubinstein, 1986; 

Massinelli, 1991). A sculpture that has been divorced from its original context, 

for example, may be given a new interpretation. This may easily occur when a 

figure is adopted into a different culture. Since antiquity, for instance, statues 

have been rediscovered by later cultures and been subject to a number of 

alterations, as happened with the marble groups of the Laocoon and the Torso 

Belvedere for example (Bober and Rubinstein, 1986). As a result of 

misinterpretations and restorations some sculptures were paired up with new 

pendants or given new attributes. Similarly, some fifteenth and sixteenth 

century bronzes have lost parts that helped to identify them. The now

missing object that the Huntington's so-called Nude Warrior (Hunt 5) used to 

hold in his hand may have helped to identify what he represents. His fighting 
, 

pose suggests that he may originally have been paired with another figure 

that is now lost (Plate 21). 
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A major part of the identification of a sculpture is its attribution. Over the 

decades, connoisseurs of Renaissance bronze statuettes have often disagreed 

on who made which sculpture. Problematic attributions exist both in the 

oeuvre of the relatively few well-known bronze artists of the fifteenth and 

sixteenth centuries as well as in less well-known regional productions. For 

example, many of the bronzes in the style of Giambologna and Riccio have 

been grad~ally reassessed as the lives and oeuvres of !h.eir contemporaries 

and followers have been reexamined and fleshed out. Many bronzes have, 

therefore, been attributed to various authors or workshops. Technical studies 

such as this one can contribute to reassessing not only the attributions but the 

very process of attribution as well. For example, the Spinario (Hunt 14) 

previously attributed to Riccio, upon closer technical examination appears to 

have been made in a fashion similar to that of bronzes attributed to Severo da 

Ravenna (see Part V). Recording the different names and attributions by 

which a work was identified during its existence may help to establish old 

patterns of taste, attribution and interpretation. Establishing such patterns 

may be useful for distinguishing original bronzes from later copies or 

reprod uctions. 

2.1.1 Description 

The detailed physical description of the object should include the way in 

which it was modeled and finished. Was it sculpted fully in the round or 

finished only in the front? Such observations will help to decide whether it 

was freestanding and intended to be seen from multiple view points or 

designed for a particular location like a niche or mantelpiece. A statue 

designed for a niche may not be as well finished on the rear as a bronze that a 

patron would have displayed in the middle of a room for close scrutiny and 

admira tion. 

The attention to details both in the modeling and the chasing is an important 

characteristic of the sculptor or person responsible for the chasing. Antonio 

Susini, for e}:ample, was very meticulous and by careful cold working 

sharpened the details of the bronzes he produced. All too often, the degree of 

finish is not apparent because thick opaque accretions of surface coatings fill 

the recesses and flatten the details. Indeed, the Spinario's (Hunt 14) curly hair 
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is deeply cut, but the wax, pigment and dust conceal this. It is necessary to 

record impediments to :the clear descrip~ion of the surface (see subsection 2.2 

below) as these can affect the statistical or other groupings in an eventual 

database. 

2.1.2 Relationships 

What may h~ve bee~ the original model for this piece? Was it ss~lpted by the 

same artist or a copy of another work of art, perhaps in a different size, from a 

different period or in a material other than bronze? Did it originally belong to 

a larger group of bronzes, perhaps even an iconographical program? Are 

there similar replicas, or copies or comparable sculptures? Art historical 

research provides the answers to most of these questions, but technological 

data may help to support them. This section provides a place for such 

information which also provides directions for further areas of research and 

for this reason should, perhaps, be part of the conclusion. 

Bronze statuettes are often inspired by other works of art in bronze or in other 

media. Antico often referred to ancient sculptures for models of his bronzes, 

hence his nick-name. The Apollo Belvedere is a reduction and restoration of 

the ancient marble sculpture in the Vatican collection (Allison, 1994). The 

Spinario (Hunt 14) attributed to Riccio or Severo da Ravenna is a reduced and 

reversed reproduction of an antique bronze statue found in Rome in the 

Middle Ages and much loved and widely copied by Renaissance artists (Bober 

and Rubinstein 1986, no. 203). The Lion Attacking a Horse group produced 

both by Antonio and his nephew Giovanni Francesco Susini (see reports GB 

36 and 37) was inspired by the remains of a well-known classical marble group 

in Rome (Bober and Rubinstein, 1986; Avery, Radcliffe and Leithe-Jasper eds., 

1978). 

Artists were also inspired by each other's work. On other occasions they 

reproduced their own sculptures. The French sculptor Barthelemy Prieur 

(1536 -1611) seems to have produced models for a series of nude women 

performing various activities of their toilette. Some of which are similar to 

those on Adriaen de Vries' Hercules Fountain in Augsburg (Huntington, 

1974; Wixom, 1975). Often collected it:! groups, some of the Prieur figures are 
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clearly made as pairs or pendants, as were the numerous pairs of the Lion 

Attacking a Horse and Lion Attacking a Bull by both of the Susinis (see 

reports GB 38 and 39). 

Works of art do not always reach us intact; often they have been removed 

from their original context. A figure may once have been part of a larger 

composition, a group of figures, a piece of furniture, or a candelabra, for 

ex~mple. The separate statuettes of the Evangelists ancf!1ngels by Hubert 

Gerhard in the Victoria and Albert Museum in London, for example, were 

originally all part of the Fugger Altar (Baxandall, 1965; Avery, Radc1iffe and 

Leithe-Jasper eds., 1978). Severo da Ravenna's St. Christopher at the National 

Gallery in Washington D.C. and the Christ Child in the Louvre were only 

recently recognized as having originally belonged together ijestaz, 1972). 

One of the aims of the technological investigation of Renaissance bronzes is 

to help establish the relationship between different versions of a bronze in 

order to better describe each one. It may be a single cast, one of a number of 

versions, or part of a series. Such information concerning the relationship of 

a particular bronze to other sculptures contributes to the interpretation of the 

technological information. Without being able to link a bronze to an existing 

original model this is almost impossible, and any classification has to remain 

open to revising and refining. The terms used to describe the relationships 

between European bronzes has been for the most part inconsistent and often 

vague due to the difficulty of reconstructing these connections. The French 

have standardized L'1eir description of bronzes for legal reasons and 

distinguish unique works (of which there is only one) from original works of 

art (of which there are eight of a kind), works of art (of which there are a 

specified number of replicas) and bronzes d' edition (otwhich there are an 

indefinite number) (Ram a 1988, 25-27; Ministere de la Culture et de la 

Communication 1978, 8ff). 

What follows is basic terminology commonly used by museum curatorial 

staff to describe relationships between bronzes (Radc1iffe, 1986; Stone, 1982; 

Baker, 1992; Penny, 1992). An 'autograph' bronze is judged to be a sculpture 

for which the artist made the model and finished with his own hands once it 

was cast. A 'relict cast' is a cast of an artist's wax model, or bozzetto, made in 
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order to preserve it. 'Copy' is a general term. to describe a bronze that is closely 

based on another existing one. This WOtlld relate to versions of different sizes. 

It does not describe the exact relationship between the two pieces. Many types 

of copies exist. 'Replicas' are similar casts derived from the same model 

(although possibly from different moulds). A 'variant' is a bronze similar to 

an existing one but cast from a new model. An 'after-cast' or surmoulage is 

made from 'l. moule! of a bronze that already exists. The HercuIE§_ Pomarius 

(Hunt 1) is one of two known versions. The technical examination 

established that it is probably a direct cast. There may be a lost or unknown 

prototype for one or both versions although the surmoulage marks on this 

bronze suggest that a mould was taken off of this one and could, therefore, 

have served as model for the Thyssen version. Most of the genre figures of 

seated women attributed to Prieur exist in numerous versions (see Part V). 

The existence of multiple replicas of each model suggests an efficient 

manufacturing technique, such as the use of a mould and, consequently, of 

the indirect casting process. 

Reconstructing the relationship between different bronzes that reproduce the 

same model is problematic. Small details may help to catch after casts. For 

example, particular features such as a flaw or repair may be unwittingly 

reproduced and not make sense in their new context. An identical signature 

in two bronzes is also evidence of a surmoulage. Particular measurements 

may also be helpful to distinguish generations of casts since an aftercast is 

usually smaller due to the shrinkage of the wax and the bronze. This is 

discussed in more detail below in Section ID.2.S. 

2.1.3 Marks and Inscriptions 

Inscriptions, signatures, and other marks provide information for identifying 

fifteenth- and sixteent:::I.··century bronzes although the majority of sculptures 

were not signed. The systematic production of signatures on bronzes only 

became standard practice in France in the 1830s (Cadet, 1989). An artist's name 

on a Renaissance bronze should be viewed with caution. It may be evidence 

of the artist's authorship, the master's stamp of approval or, at worst, an 

attempt to upgrade the status of a later reproduction. Fifteenth- and sixteenth

century bronze statuettes are not consistently signed. For example, a few 
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bronze statuettes bear Giambologna's name, but the signatures vary 

(Dhanens, 1956) and are found on more than just the autograph bronzes. The 

sculptor produced an original model, supervised the casting and chasing, but 

signed the bronze, still a common practice today. For example, Antonio 

Susini produced and finished many bronzes from Giambologna's models and 

perhaps even some with the master's name on them (see Part VI below). In 

anpther c~se, a number of bronze plaquettes of differe!):t styles bear what are 

considered to be Ricdo's initials Gestaz, 1989). Jestaz suggests that these 

probably denote Ricdo as the producer rather than as the founder or sculptor, 

a possibility which raises challenging questions concerning the 

appropriateness of applying the concepts of attribution and authorship to 

bronzes. 

On rare occasions a Renaissance bronze bears an inscription recording both 

the name of the artist and of the founder, as for example on the base of 

Bertoldo's Bellerophon Taming Pegasus in Vienna (Leithe-Jasper, 1986) and 

acknowledging the necessary collaboration between the two. In the 

nineteenth-century art-bronzes were required by law to bear both the sculptor 

and founder's names (Shapiro, 1985). 

A signature in the wax is more reliable than one engraved or stamped in the 

cast since the former was cast with the sculpture; the latter could have been 

added at any point. When examining a signature, therefore, it is important to 

compare it to other known signatures of the artist to make sure that it is 

unique, for no two original signatures are exactly alike. An aftercast would 

replicate any imperfections. The signature on the Boar attributed to Antonio 

Susini in the Victoria and Albert Museum (A.1-1960) is believed on to be an 

after-cast of a signed one such as the Boar in Berlin for.-such reasons (Avery, 

Radc1iffe and Leithe-Jasper eds., 1978). 

Engraved or stamped dedicatory inscriptions, or old inventory numbers, can 

help to trace the provenance of a bronze. The integrally-cast inscription 

"D/ISABEL/LA/ME/MAR" on the underside of the base of Antico's Hercules 

and Antaeus in Vienna, for example, shows that it was -made for Isabella 

d'Este (Leithe-Jasper, 1986). All of the bronzes formerly in the French crown 

collection bear the old engraved inventory numbers, as does, for example, the 
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Giambologna Mars (see Part VI) in the Louvre. Both engraved and painted 

accession numbers usually remain on tIle bronze even after it has moved 

from one collection to another. For example, the Bathing Venus from 

Anglesey Abbey shows traces of a partially effaced "No. 48" and a newer "No. 

210" (Avery, Radcliffe and Leithe-Jasper eds., 1979, cat. 2; Jestaz, 1979) and 

some of the Huntington bronzes, such as the Spinario (Hunt 14) and the 

Nessus and f)ejanira. (Hunt 2), still preserve their Pierpont Morg~n accession 

numbers. 

Other unusual marks, such as the one on the Man With Sword (Hunt 11) 

may help to establish when the sculpture was made. The crowned 'C' 

stamped on the figure's buttock (Plate 27) was applied to all artifacts on the 

market in France between 1745 and 1749 that contained copper (see Part V), 

evidence that it could not have been made after 1749. 

2.2. External Features 

The second section of the guide presents examples of the technological 

information that can be gathered from examining the bronze's surface, 

usually with the naked eye or with the aid of a binocular microscope and may 

be further substantiated with analyses. 

2.2.1 Structure 

This subsection describes the main formal composition of the sculpture. This 

should also include observations on whether it is visibly pieced together from 

separately made parts and whether it is well-supported. Bronze is inherently 

stronger than marble and allows the sculptor to achieve certain effects which 

would be structurally unsound in stone. For example, a standing figure in 

marble requires additional support such as a drape or tree stump or another 

figure. A rearing horse would require such a support. Giambologna's rearing 

horses, especially the large ones, are admirable feats of engineering. For the 

figure to be cast in such a way that it would actually balance on the two hind 

legs, and for them to be able to support the weight is extraordinary. This bold 

compositional feature is also the sculpture's potential weakness. There are 

stress areas and limits to the tensile strength of a material which some artists 

pushed right up to. Giambologna did'so in his Nessus and Dejanira groups; 
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the heavy casts are solely supported by the thin hind legs of the centaur (Hunt 

2). In contrast to these, other bronzes such as the Woman Washing Her Foot 

(Hunt 9) sitting on her tree stump are very stable on wide, integrally-cast 

bases. 

Sometimes a bronze preserves the formal composition of its marble prototype 

even though they may no longer be structurally necessary as is the case with 

the third figure in many of the bronze three-figure rape-scenes inspired by 

Giambologna's marble Rape of the Sabines. Giovanni Francesco Susini 

cleverly shows that the separate reclining figure in his Abduction of Helen by 

Paris (see report GB 40) serves merely a formal function by keeping the 

figure's hand detached from the struggling standing group (Anne Friedman, 

1995, personal communication). Observations about the structural integrity of 

the group are important for the technological researcher because they help to 

appreciate the ingenuity of the founder and to assess what joins or alterations 

may have occurred as a result of a complication due to the design. 

2.2.1.1 Parts Cast Separately 

One of the aims of this examination is to gather data on how bronzes were 

made. Patterns may emerge by bringing together such information from 

bronzes that are attributed to the same artist or workshop or grouped by 

region of production or perhaps even by iconographical type. For example, a 

majority of the Italian Renaissance bronzes that have been examined are one

piece lost wax casts and within these, Antico's and Severo's bronzes were 

each produced in a particular fashion (Stone, 1982), whereas eighteenth

century Florentine bronzes tend to be cast in separate piec~ and joined later. 

Some sixteenth-century bronzes were cast in parts by the lost wax method. 

This may have been for expediency or repair but it was· not necessary. Indeed, 

the ability to produce one-piece hollow casts of small-scale compositions with 

complex details, intertwining movement, and many fine and intricately 

undercut areas of a sculpture is the main advantage of lost wax casting over 

the less expensive sand casting process. The sand casting method can also 

produce complex sculptures but the surface must be simplified and reworked 

in tI-.e meta( and the composition must be split up into smaller more 

manageable parts. 
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If it is precisely such idiosyncratic patterns that this research is aiming to 

recognize, it is important to understan~ the logic behind why a given bronze 

sculpture was made in those separate parts than to merely record the number . 
. of component parts that make up a sculpture. One of the challenges of this 

kind of work is to be able to differentiate between the original method of 

assemblage and repairs (made at the time or later), a task which is difficult at 

the best of ttmes because casting is fraught with unexpected dev.~lopments 
~ - -

that may result in casting flaws, but is especially complex with bronzes made 

in the early Renaissance, a period of much experimentation. 

Making this albeit tentative distinction between intentional and forced later 

divisions is particularly important if the worksheet and information will be 

used for a database. Unless this is clear, if searches are made according to this 

category, the ensuing groupings will be meaningless. Therefore, if a bronze 

appears to have been originally cast in one piece, but has a number of 

separately-cast repairs, it should be recorded as a one-piece cast with repairs in 

the worksheet. The Huntington version of Giambologna's Nessus and 

Dejanira, for example, was originally cast in one piece; Dejanira's small finger 

is a later repair (Hunt 2) and the right hind hoof is separate as a result of a 

later break. 

Some bronze statuettes were originally cast in separate parts that were 

subsequently joined in the metal. The Young Warrior (Hunt 5), for example, 

is an assemblage of six parts: the limbs, head and torso. The joins are clearly 

visible from the surface and in the radiographs (Plate 21). It is not clear why it 

was cast in this way. Giovanni Francesco Susini's Lion Attacking a Horse and 

Lion Attacking a Bull (see reports GB 37 and 38) were moulded and cast in a 

number of pieces. The neck, chest and front legs of the Horse were cast 

separately from the rest of the group in order to ensure the success of the cast 

and also to allow Susini access to the areas between the two figures so that he 

might chase and finish them to his satisfaction. 

2.2.1.2 Problem Areas, Flaws and Repairs 

This section of the worksheet covers the types of flaws that are found in casts, 

and is a place to record their location and the way they are repaired. The main 
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causes for flaws in a cast are premature cooling of the metal, shrinkage of the 

metal or of the investment material and inadequate venting of the mould. 

Sometimes the flaws result from mishaps in the process of manufacture; 

however, they may also stem from the environmental conditions or 

handling of a sculpture during its lifetime. The latter would probably be better 

described as damage. What follows is a brief overview of the main ways in 

which the.se problems manifest themselves as discontiguities in the cast. 

2.2.1.2.1 Problems and Flaws 

2.2.1.2.1.1 Premature Cooling of the Metal 

The molten metal may tend to solidify prematurely inside a mould if it was 

not heated enough and if the space that it is meant to fill in the mould is very 

narrow. The metal will cool and solidify more quickly where it is in contact 
\ 

with the mould, sometimes blocking the flow to the areas beyond it. 

Controlling the meta.J's temperature and the route it must take to fill up the 

mould are therefore instrumental to the outcome of the process. Areas where 

the bronze is excessively thin often correspond to places where the wax layer 

was also too thin. The metal in turn solidifies more rapidly in the thinner 

areas and may not always succeed in filling them entirely. In a slush moulded 

sculpture these areas are commonly found in recesses which correspond to 

the high points of the mould that are more exposed to the hot wax. This 

discrepancy in the way the wax cools can be seen in the photograph of the 

rubber mould of the head of Mars (Plate 4). The lacunae in the waist of the 

Spinario (Hunt 14) and the hole between Nessus's chest and left forearm are 

exam?les of this. The cracks with rounded edges visible in the drape on the 

head of the Crouching Venus (Hunt 3) or in the torso of the Astronomy in 

Vienna (see report GB 3) also resemble areas where the metal chilled 

prematurely (Plate 34). Entire parts of the sculpture may miscast as a result of 

premature solidification of the metal, requiring the flawed or missing part to 

be replaced with a newly cast piece. 

2.2.1.2.1.2 Shrinkage of the Materials 

Metal shrinks as it cools and draws on any available liquid metal. Often 

founders allow for this by using certain sprues as reservoirs, and by ensuring 
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that the overall thickness of the cast is similar. Indeed, the thinner areas will 

solidify and shrink first and try to draw. on the still-liquid metal from the 

more voluminous areas. Areas where a sprue joined the surface of a 

sculpture are good examples of places where a large volume (of the sprue) 

and a thinner one meet. This may create porosity or even tears in the metal 

that may weaken the cast, break through to the surface and mar its 

appearance .. The sur:.face of shrunken metal may be distorted in !h.e process as 

occurred in the leg of an experimental cast of the Mars (Plate 11).-Such 

disfigured areas are often difficult to repair. 

The composition of the investment material is vital for the successful 

outcome of the cast. Shrinkage and cracking of investment material is a result 

of too much clay in the composition. Clay retains much water. Unless the 

structure of the mixture is stabilized by sand, refractory materials and fibers, 

the clay in an earthen material will shrink considerably as it dries and as the 

moisture is driven off during the firing. The liquid metal forces its way into 

fissures such as those visible in the core material in the radiographs of the 

wax parts of the Mars figure (Plate 10). Extensive cracking in the investment 

material may result in the loss of large amounts of molten metal, causing the 

cast to require a great deal of cold working. Depending on the extent of the 

cracking, flashes may be only a millimeter high or go all the way through the 

figure. Chasing usually removes them from the outer surface but generally 

not from the inside, unless they are easily accessible, as for example, on the 

underside of a base. The flashes tend to occur in weak areas of the core, and 

are often found in areas where two wax parts are joined as for example, in 

Giambologna's bronzes. The weakness is probably due to the fact that the core 

of the limbs was prepared before that of the torso and the bond between the 

two cores may be weak or there may even be a gap (Plate 10) as can be see for 

example, in the radiographs of the neck of the Man With Sword (Hunt 11, 

Plate 27). Weakening of the core may also result from pressure, as when core 

pins are pressed through the wax into the hardened mould. The radiograph 

of the experimental cast of the Mars shows that the core is broken at the 

height of the core pin in the figure's right arm and has tilted (Plate 10) It is 

ironic that core pins are also meant to prevent possible broken bits of core 

from moving. It is important not to confuse these flashes with those from 
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later operations. Cast-on repairs or solder from repairs or mounting may also 

create flashes and drips. 

2.2.1.2.1.3 Inadequate Sprueing 

Porosity in the cast may be due primarily to the composition and condition of 

the mould and the sprueing of the model. One of the prerequisites of a good 

mquld is !hat the material be porous enough for any y.~ors generated during 

the casting to permeate the mould. In addition, the sculpture must be well 

vented, i.e., the risers be sufficient in number and well placed, to ensure that 

the air and vapors can find their way out of the mould. For example, the left 

shoulder of a number of the experimental casts after Giambologna's Mars 

were consistently flawed with large holes (Plate 11). These vacuoles were the 

result of improper sprueing: air was trapped at the join of the sprue and the 

shoulder as was clearly visible from the transparent polyester resin mould of 

the sprued Mars which was made to show how the metal runs through the 

sprues and fills the mould. 

The contact of the hot metal with an even slightly moist mould creates such 

vapors that can ruin the cast and even cause the mould to explode. Vapors 

that remain trapped in the metal cause porosity in the cast: holes and dents 

on the surface of a bronze and the spongy appearance of some areas of a cast 

in radiographs. The radiographs of the Hercules (Hunt 1) show endemic, large 

vacuole porosity (Plate 15). The size of the pores or vacuoles can vary greatly 

between small, pinhole size (typically below 0.1 cm in diameter) to large 

(typically from 0.1 cm to a number of centimeters in diameter) and may at 

times remain concealed below the outer surface. The mauled appearance of 

the back of the Woman Combing Her Hair (Hunt 13) is undoubtedly a result 

of an attempt to chase what is clearly a porous area as the radiographs reveal 

(Plate 29). The thin areas of the outer skin covering the vacuoles probably 

collapsed under repeated attempts to smooth the surface on her back. It is 

possible that at times a thick surface coating was used to conceal the porosity 

that breaks through to the outer surface when all else failed, as was probably 

the case with the Huntington's Hercules. 
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2.2.1.2.1.4 Other Causes of Discontinuities and Casting Imperfections 

Small bubble-shaped metal accretions such as those visible in the radiographs 

of the Woman Braiding Her Hair (Hunt 8) usually occur where the liquid 

metal has filled air pockets in the mould and core (Plate 24). Larger 

irregularly-shaped air pockets in the core are visible in the radiographs of the 

experimental wax parts of the Mars (Plate 10) and may be due to air trapped in 

the earthen core material as it was pressed into the hollow wa~shell. Again, 

different types of imperfections can teach the researcher somethiTI.g about the 

nature of the materials used, the sequence in which they were used and about 

the founder's skill. 

2.2.1.2.1.5 Damage 

Certain imperfections may not have occurred during the casting process itself, 

but may be the result of a decision taken by the founder or artist. The most 

common sources of damage to a bronze are its environment and handling. 

Moisture, for example, can cause iron insertions such as armatures or core 

pins that are preserved in the core material to rust. The corroded iron 

expands in the tightly packed clay and the pressure can cause breaks and 

cracks in the bronze as it did, for example, in the Spinario's (Hunt 14) left foot 

(Plate 30). Moisture can also affect the stability of the copper alloy itself. 

Copper corrosion products develop on many bronzes. These may push up the 

surface coating or in some cases create pitting of the surface. On outdoor 

bronzes it may cause a transformation of the surface and irreversibly stain the 

sculpture with green and black streaks. 

Breaks and cracks in the metal also occur in stress areas, perhaps where 

porosity has already weakened the metal or where it is particularly thin. For 

example, the weight of the Nessus and Dejanira (Hunt 2) group placed more 

strain on the centaur's two hind legs than they could bear, and the weaker 

one broke. 

The outer surface of the bronze is subject to many different types of 

alterations. Rough handling can cause dents, abrasions and scratches, not to 

mention wear. Centuries of handling and cleaning has worn through the 

surface coating of many bronzes down to the metal and continued to polish 
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and soften details of the cast. Often these areas have developed a natural 

oxide layer. After-moulding or surmoulage may leave repeated, parallel 

scratches running the length of the limbs on the high points. Numerous ones 

run across the club and down the neck and sides of the Hercules Pamarius 

(Hunt I), and a few can be recognized on the signed Nessus and Dejanira 

(Hunt 2). The implications of the practice of after-casting are discussed in 

Section 1.2 above. Such lines should alert the technical sleuth to the existence - ~ ~--

of a replica made from the mould of this sculpture. 

Electro-chemical cleaning of a corroded metal surface also causes pitting 

although this is more common on archaeological and outdoor bronzes than 

on Renaissance statuettes. 

2.2.1.2.2 Repairs 

Almost all bronzes need some kind of work to repair and conceal flaws. This 

is still true today. Plugging, patching, recarving and reconstituting a missing 

part are part of the chaSing process. Casting on and patching, common 

methods of repair used in the Renaissance, are described in Part H.4. 

Radiographs have revealed that many Renaissance bronzes are heavily 

repaired although this is often invisible from the outer surface. Indeed, some 

of Antico's finely finished pieces, considered examples of Renaissance 

mastery of the casting technique, are riddled with patches and plugs (Stone, 

1982). The same is true of many of Giambologna's bronzes (see Part VI) and 

seventeenth century Florentine bronzes such as the two Putti by Ferdinando 

Tacca in the J. Paul Getty Museum (85.SB.70.1 and 2). The Putti are bespeckled 

with hundreds of small fine rectangular metal surface patches that are 

invisible from the surface but can be detected in the radiographs (JPGM, 1995, 

unpu.blished. report). Such repairs are not as secure as cast-on ones and indeed 

at times fall out leaving small cut-out areas such as the one in the drape of 

the Putta (Plate 11). Some repairs are not as well disguised. 

2.2.1.2.2.1 Plugs and Patches 

Many of Giambologna's bronzes have threaded plugs that were hand-cut. 

Some of these are invisible from the surface and only distinguishable in 

radiographs. Unfortunately, measuring the thread count and diameter of the 
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plugs on the radiographs is difficult because of the frequent distortion in the 

image. When measuring is possible, sllch information may prove diagnostic. 

The plugs serve two functions: to seal the holes left by core pins and to repair 

areas of porosity or cracks, as for example, the round plugs on the back of the 

Astronomy in Vienna (see report GB 3). Occasionally the plugs or patches are 

visible from the surface. This may be due to less skilled chasing or perhaps to 

alterations of the m~terials over time. Small rectangular patche~.2.f a slightly 

different color than the cast are sometimes visible on the Mars after 

Giambologna's model in Brunswick and Cleveland (see GB reports 15 and 16 

and Plate 46) and on the Spinario (Hunt 14). This calor variance may occur if 

the plug is made of a different alloy. The plug may, however, have been made 

with the same alloy but appear to be different because it has been worked 

differently than the body metal. Indeed, the cutting, hammering and, possibly, 

annealing of a patch or plug would alter the characteristic dendritic 

microstructure of a cast metal (Plate 14). Hammering would flatten the 

dendrites and annealing would produce a granular structure. The structure in 

turn affects the way in which the metal reflects the light, takes the patina and 

reacts to the environment. 

2.2.1.2.2.2 Cast-on Repairs 

From the outer surface a cast-on repair is often difficult to distinguish from a 

patch. Radiographs almost always help to clarify this confusion. The 

amorphous, denser accretion that corresponds to the repair below the surface 

is where the core was removed to make a space for the metal to flow into and 

act as a key (Plate 9). The head and left hand of the Crouching Venus (Hunt 3) 

are cast-on repairs as is the large irregularly shaped patch on the back of the 

Woman Touching Her Foot (Hunt 7, Plate 23). Round plug-like features close 

to metal-to-metal joins may be part of the casting-on process or they may be 

pins or rivets holding together a sleeve join (see section on Joining Methods 

below). Copper alloys are still preferable for repairs because the metal blends 

in visually with the surface. Copper alloys were, however, not always used: 

lead-tin solder was oCl:d.sionally used for cast-on repairs. The silver-grey metal 
, 

is easily distinguished from the body metal by its color and is easily 

recognized in radiographs by its high density as, for example in those of the 
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Huntington's Nude Male (Hunt 5) or Antico's Venus Felix in Vienna 

(Allison, 1994). However, it may be disguised by surface coatings. 

Whether welding and brazing was used much in the Renaissance and how 

these repairs would be discerned is unclear, especially since there would be no 

visible metal-to-metal join lines. The color of the metal repair may differ 

from the body metal, but with the multicolored and often concealed surface of 

ma~y of these bronzes the repair would be hard to distl!tguish. How these 

repairs would look in radiographs is also unclear since the metallurgical 

bond, unlike that of most cast-on repairs, precludes the need for much 

additional metal and would not necessarily be easy to identify on the 

radiographs. 

2.2.1.2.2.3 Other Types of Fills 

Occasionally waxy or resinous materials served to fill lacunae. When softened 

by a bit of heat, these provide a quick solution to plugging holes as they can 

easily be modeled into the surface. By the same token, they may not be very 

stable. 

2.2.2 :Metal Surface 

This subsection of the guide describes the metal surface in detail, recording 

evidence of how the bronze surface came to have its present appearance 

through modeling, casting, and cold working. Indicating the metal surface's 

visibility on the worksheet is important as the surface work is characteristic of 

a chaser or workshop but this information may often be obscured by layers of 

surface coatings (see Section 1.1 Description above). 

An oxide layer often coats a freshly cast bronze or brass .artifact, and 

impe:-fections in the mould or metal may cause distortion of the surface. 

Depending on the sculptor, the foundry, the alloy and the successfulness of 

the pour, some freshly cast surfaces are relatively smooth and detailed; others 

are rough. These surfaces may not be reworked much in order to retain the 

waxy quality of the original model. Others may have been made carelessly 

and left with many imperfections. Still others may have had a great deal of 

cold working. All of this information may, when compared with that of other 
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related bronzes, show distinctive patterns in the way a sculptor/workshop 

worked. 

The amount of attention given to the chasing of different areas of the bronze 

- may depend on a variety of factors, such as the original context in which it 

was to be displayed, the skill and care of the chaser, and the requirements of 

the patron (see Section 1.1 Description above). Some bronzes, especially early 

Renaissance works, such as a number of those by Donatello, Frar;.~esco di 

Giorgio and Antonio del Pollaiuolo, have roughly modeled surfaces with . .. 
minimum chasing and appear to have been left "unfinished" intentionally 

(Weihrauch, 1967). More frequently though, bronzes are extensively chased. 

Antonio Susini's casts are examples of meticulous cold working. 

In the Renaissance, just as today, if a statuette was made to be admired from 

close up and all sides, it was often finished in great detail even in the recessed 

areas. If the visual access is restricted, as is the case with bronzes made for 

niches or high up on fac;ades, the less visible areas were often left unfinished. 

In general, chasing conceals casting flaws and other evidence of the 

manufacturing process, but it may also be used to enhance textures. 

Hammers, punches, files, chisels, engraving tools, scratch brushes, 

burnishers, scrapers and abrasives, each leave distinctive marks on the 

surface of the bronze and produce different textures and surfaces that reflect 

the light in a variety of ways (Plate 12). A closer examination of surface 

textures may help to identify evidence of the use of particular tools and allow 

the researcher to better understand how and in what sequence they were used 

as Benner Larson accomplished in his study of the Gunstrup cauldron from 

Denmark (Larson, 1988). This approach could be extended to a group of 

related s,culptures and might reveal the use of the same tool on a number of 

them. 

The direction and depth of file marks, and even the very fine scratches left by 

a wire brush or abrasive, affect the reading of the surface. Many of the 
, 

Renaissance br:"r..zes examined exhibit fine scratches from abrasives or wire 

brushes and are covered with a variety of translucent materials. The fine 

scratches help to increase the surface area for the coatings to grip onto and 
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also give the warm, brown surface a distinctive golden glow. The fine punch 

work on the bodice of the Woman Returning From Market (Hunt 12), only 
. . 

recognizable as such under lY.:.agnification, creates a woven effect that diffuses 

light. 

In some cases, unfoztunately, subsequent layers and deposits of wax, lacquer, 

varnish, and dust often conceal some of the finer details and make it difficult 

to ~ppreciate the quality of the original details. The defi~ate modeling of the 

Venus with the Apple's hair (Hunt 4) is clearly visible, whereas a thick black 

deposit fills the deep recesses between the Spinario's curls (Hunt 14), giving it 

the illusion of shallow, unfinished modeling. 

Although chemical treatment was used in some cultures to enhance the 

structure of the metal, as it was with Japanese swords for example, (Hughes 

and Rowe, 1983), the fine dendritic structure sometimes found on the highly

polished surface of Renaissance bronzes is probably the result of corrosion or 

later chemical cleaning. Such branch-like formations are clearly visible by 

naked eye, for example, on the belly and eyebrows of the Venus With Apple 

(Hunt 4, Plate 20) and even more so under magnification (Plate 14). A fine 

dendritic structure is typical of a cast metal and is evidence that the area was 

not h:;;.3vily cDld worked, heated and annealed. Large cast bronzes may present 

a slightly different structure due to the fact that the massive quantities of 

metal will cool more slowly and anneal themselves. 

Although stronger than marble, ivory or wood, bronze can be dented, 

scratched or broken. Repeated handling often wears down the more exposed 

areas on a bronze statuette. Most of the bronzes in the Huntington Collection 

have such worn areas. Sometimes this contributes to the play of light and 

color of a bronze; at other times it distracts from the original unity of the 

surface. The"wear and tear should be recorded in the section on damage as 

well. 

2.2.3 Surface Coatings 

This subsection of the guide gives a brief overview of the different types of 

surface treatments used to alter or enhance the color of the metal and protect 

the surface: These treatments might consist of a variety of combinations of 
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chemical patination and organic or metal surface coatings. This subsection of 

the worksheet provides for a detailed description of the different materials 

used to coat or treat the surface. 

2.2.3.1 Patinas 

Renaissance bronzes are admired for their rich surface coloration. Many of 

the bronze surfaces 3lPpear olive green or golden brown; some gLthem have 

smaller dark grey, red or green areas. Exactly how these colors were created 

and whether they were intentional is difficult to say especially since there are 

few references to patination processes in the sources (see Part ITA). 

Chemical alterations occur naturally with time on the clean surface of a metal 

as a result of exposure to the reactants in the air, or to substances deposited on 

the surface. Metals react to chemicals in the atmosphere thereby producing 

mineral alteration products, which are the result of the metal's attempts to 

revert to a stable mineral form (Gettens, 1970). The composition and color of 

these vary depending on the structure of the metal and the chemical and the 

environmental conditions it has been exposed to. Most of them do not 

enhance the appearance of the object but some fairly uniform thin crusts do. 

These are called patina. The unsightly and destructive corrosion compounds 

incurred by certain burial conditions on archeological bronzes is beyond the 

scope of this work since European bonze statuettes have, on the whole been 

preserved indoors in collections for most of their existence. The mineral 

alteration products most commonly found on Renaissance bronze statuettes 

are briefly described below. 

Basic copper carbonates malachite and azurite and the basic copper sulphate, 

brochantite, constitute the green and blue mineral alteration products of the 

much sought-after patina. The black patina often found on bronzes is a 

sulfide. Tenorite, a fine black copper oxide, forms at high temperatures and its 

presence is evidence that the bronze has been heated. Another oxide 

commonly found on bronzes, although more frequently on archeological 

bronzes, is the brick red cuprous oxide, cup rite which forms upon heating but 

also at room temperature during the natural corrosion process and 

sometimes as a result of heavy-handed chemical cleaning. 
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Many variables contribute to the final color and stability of the patina: the 

choice of chemicals, method of exposure, composition of the alloy, and 

surface of the bronze. It is difficult to assess when a Renaissance bronze has 

been chemically patinated since the exposed areas of metal are usually those 

that have been worn by handling and have often developed a natural patina 

over time. These worn areas may subsequently have been coated with lacquer 

or_wax, c~eating the impression that the oxidation w,!~_intentional. 

2.2.3.2 Surface Coatings 

The surface of many European bronze statuettes is often coated with one or 

more layers of what have traditionally been loosely described as varnishes or 

lacquers and wax. Some of these are a translucent golden red, others are 

brown veering to an opaque grey, and others yet are coated with a thick 

opaque black layer or a green one. The multiple layers and the knowledge that 

the surfaces of many bronzes were re-treated during their lifetime, make it 

difficult to establish the history and structure of the sculptures' original 

surface. Although the question of patinas and surface coatings is of great 

concern to curators and connoisseurs of Renaissance bronzes, very little work 

has been done in this area, partly due to the lack of appropriate analytical 

technology. 

Developments in the analysis of waxes and organic binders by FT-IR and GC

MS (see Part IV below) have allowed some advances although these methods 

have their limitations. It is also difficult to be sure what constituted the 

original surface. Therefore, even if it were pOSSible to take cross sections of 

surface coatings for analysis, which it generally is not, it would be difficult to 

discern the original surface coatings from subsequent layers. One can only 

hope, therefore, that the surface of the bronzes in some of the older 

collections has not been tampered with. This is not always the case. For 

example, most of the bronzes in the Museo e Gallerie di Capodimonte in 

Naples were coated with an opaque black layer (Burrini, personal 

communication) and there is documentary evidence that the surfaces of 

bronzes in Francesco I's studiolo in Florence were redone only a few decades 

after the sculptures were finished (see below Part VI). 
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Recent analyses of surface coatings on a small selection of fifteenth- and 

sixteenth-century bronzes have revealed that a number of the translucent 

brown coatings on a number of fifteenth- and sixteenth-century bronzes 

consist mainly of drying oils and turpentine (Stone, White and Indictor, 

1990). Vasari had described the use of oils to darken the surface of bronzes 

(Vasari, 1960). Stone is currently undertaking experiments with organic 

surface coatings an~ GC-MS analyses in the hope that they may'p-!ovide good 

references for future analyses (Stone, 1995, personal communication). 

Inspection under UV light can help to locate more recent restorations of the 

surface. Examined in the dark, most sculptures show little else than the 

bluish glow of wax residues, predominantly in recesses. In one case, on the J. 
Paul Getty Museum's Saturn Devouring a Child attributed to Simon 

Hurtrelle (1648-1724), the shellac on the wings and drape took on a distinctive 

orange glow aPGM 1995, unpublished report). Recent examination of a 

bronze surface that was in-painted and coated locally with very dilute shellac 

did not fluoresce at all suggesting that DV alone is not always reliable for 

detection of this material. 

Most bronzes are waxed to seal and finish the surface and have been rewaxed 

over time as part of their maintenance. Beeswax was most commonly used in 

the past. Linseed oil and lavender oil were used to finish surfaces as well 

(Hughes and Rowe, 1983), and the tradition is still carried on. During a recent 

visit to a church in Venice, Italy, this researcher found a glistening sixteenth

century sculpture literally dripping with linseed oil. 

Renaissance artists occasionally used gold or silver to coat their bronzes 

entirely or selectively (see Part II.4). The mercury gilding process, described in 

detail by Cellini, 1967) that was commonly used at the time leaves traces of 

mercury in the metal which are discernible by XRF. Oil gilding was also used 

but is less stable as it may easily be removed from the surface by rubbing. 

2.2.3.3 Surface Alterations 

The original coating rarely survives intact due to a combination of reasons: 

repeated handling, environmental co_nditions and subsequent changes in 

taste. Repeated handling can wear the surface down. The effects of the 
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atmosphere cause gradual changes which tarnish the metal with a thin 

uneven coloring and may eventually convert the whole surface into a basic 

mineral product which is typically green. Environmental conditions may 

cause the bronze to corrode and thereby displace the coating or alter its 

appearance and chemistry. On some bronzes, for example, the areas where the 

lacquer has flaked or worn off have turned green due to copper corrosion. In 

some case?, the corrosion may have been the cause o(tbe flaking. In other 

cases, the lacquer itself appears to have deteriorated and become opaque and 

much darker. 

The visibly different layers of surface coatings on many bronzes are evidence 

that repatinations and re-coatings were common (see Part ITA). Subsequent 

changes in taste may result in a recoating of the bronze. This may in some 

cases even entail stripping it of its original patina and/or coating. The Mars in 

Brunswick, for example, was stripped and recoated (see report GB 15) . The 

green coating on some Renaissance bronzes, such as the Hercules (Hunt 1) or 

the Mars and Venus attributed to Hans Mont in the JPGM, is considered 

unusual for an indoor Renaissance bronze. It is more reminiscent of Rodin

like bronzes or of the cIassicizing taste of the eighteenth century when many 

bronzes (earlier and contemporary) were made to look like archaeological 

bronzes. The green layer may have applied over the earlier coating in the 

eighteenth century (Radcliffe, Baker and Gerard, 1992). The Renaissance 

sources do, mention green chemical patinas (see Part ITA) but connoisseurs of 

Renaissance bronzes do not seem to be familiar with bronzes that have such 

patinas. Further research needs to be done on Renaissance surface coloration. 

It seems that Victorian taste leaned more toward a black, painted aesthetic and 

indeed, as was mentioned before, most of the bronzes in the Neapolitan 

collection in Capodimonte were painted black. The dark, thick, often flaked, 

opaque layer on many Renaissance bronzes that now conceals much detail, 

may well date to the nineteenth century. 

Repatination may have been necessary as part of a restoration. For example, 

soldering or any heat treatment of an already finished bronze will alter its 

patina and coating in the surrounding area. The repairs on the Dresden 

version of Giambologna's Nessus and Dejanira are an example of such 
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damage that has not been concealed. Indeed, the coating of the areas adjacent 

to the solder are blistered and blackened. Since materials have not changed 

greatly over the centuries, it is difficult to date a surface unless the materials 

used are anachronistic. Platinum patinations, for example, were only 

developed in France in the late nineteenth century (Bewer and Scott, 1995). If 

found on a Renaissance bronze such an anachronistic material would have to 

be attributed. to a su.bsequent treatment or raise questions about}he piece's 

date of manufacture . Over time, gilding may be concealed either by a 

darkened varnish or by corrosion products and dirt. This frequently happens 

to outdoor bronzes but can also occur with indoor ones. 

The wax used to seal and polish bronze surfaces often catches dirt and dust, 

forming opaque deposits that conceal finer, recessed details. The surface 

coating may also preserve evidence of surmoulage, either in the form of a 

mould seam in relief in the wax or characteristic scratches produced during 

surmoulage like those found on the Hercules Pomarius (Hunt 1). The coating 

material in the recesses may also contain remains of moulding material such 

as plaster from a piece mould or the more modem silicone rubber, such as 

that found in the Giambologna Astronomy in Vienna which was recently 

moulded to make reproductions for the museum shop (see report GB 3). Such 

clues help to establish whether a piece has been copied and alert researchers to 

the possible existence of aftercasts. 

2.2.4 Base and Mount 

The base is a powerful component of a bronze and can change the way the 

sculpture is perceived. Renaissance bronzes often had metal bases. Some of 

these were integrally cast, and others were made separately and joined to the 

sculpture in a variety of ways. The style of a base and the type of join may 

help to date the sculpture or to trace its provenance, for often bronzes were 

reset into new bases to fit into now collections or to suit the taste of the times. 

Thus far, researchers need to gather more comparative data on mounting 

techniques in order to reconstruct a better picture of Renaissance mount 

making practices. 
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Bases of sculptures are similar to picture frames in that they complete the 

piece, set a context for it and can effect the visual appeal of the piece greatly. 

Giambologna's bronzes, for example, often have idiosyncratic simple, small, 

precisely finished geometrical bases, such as the oval bases of the Nessus and 

Dejanira (Hunt 2, Plate 16). Sometimes these are set onto or into separate 

mounts that consist of an altogether different material such as stone or wood. 

Th~eaded,· soldered, or otherwise adhered, sprue ends -'~d iron or steel pins 

are the most common ways of attachment found when the underside of the 

metal base is accessible or if the bronze is removed from its base. Sprue ends 

under hooves or soles of feet are still commonly used to set a bronze into its 

base. The stainless steel threaded pin, like the one holding the Spinario (Hunt 

14) to its base, is anachronistic and therefore obviously not a Renaissance 

mounting. The history of supports and mounting techniques is still to be 

written. 

It is not always clear when the bronze was mounted to the base, and a 

bronze's semi-permanent fastening to a base often prevents accurate 

examination of its method of attachment. Many of the Huntington statuettes 

are fixed to their bases with shellac or plaster. Sometimes radiographic 

examination can reveal the mounting techniques used. In the case of the 

Nessus and Dejanira (Hunt 2), which has sprues that fit into reinforced holes 

in the oval metal base, radiographs alone provided insufficient data to 

understand how the piece was mounted to its base. 

Changes in aesthetics from one period to another often resulted in the 

separation of a bronze from its original base. This can bring about the loss of 

important information. For example, Anthony Radcliffe has discovered from 

old records of the South Kensington Museum, that during the earlier part of 

the century there was a move to upgrade European bronzes from the status of 

'metalwork' to that of 'fine art' (personal communication). As part of this 

process, the figurative elements were sometimes separated from other 

elements like inkstands and removed from their origin_al metal bases. They 

were remounted on marble bases which gave them much more prestige and 

value (Radc1iffe, 1987). Giovanni Francesco Susini's Abduction of Helen by 

Paris in the JPGM is mounted on a rococo base (see GB report 40, Plates 89 and 
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90) which confirms its provenance back to the collection of the Machault 

d' Arnouville. 

Later marriages between parts that were not originally meant for each other 

can give rise to (sometimes intentional) confusion concerning the identity of 

a bronze artifact. The organically-shaped base on which the Brunswick cast of 

Giambologna's Mars used to be mounted was made in the eighteenth century 

(see report GB 15, plate 48).The Spinario (Hunt 14) and its base ar~ another 

example of a later marriage. The base is too large for the sculpture (Plate 30) 

and the drum is made of a metal alloy different from the figure and the 

ornate base. The ornate component is, however, characteristic of the bases 

associated with Severo da Ravenna's bronzes. The evidence suggests that the 

three parts were put together at a later date and bids caution. The awareness 

that the current base is a pastiche can teach the researcher more about taste in 

sculpture in more recent times. A knowledge of other Severo bronzes and a 

feeling for what he may have used to set the piece on may help to some day 

rejoin it to a more appropriate base and perhaps research into the recesses of 

museum storage rooms will bring to light the old discarded bases. 

2.2.5 Measurements 

In order to understand and describe the exact relationship between a bronze 

and its original model, one would ideally have to reconstruct its genealogical 

tree. This has been attempted with some of Antico's bronze statuettes using 

measurements, based on the precept that every generation of aftercasts will be 

smaller and less well defined than the previous one because both the wax and 

metal shrink as they cool (Allison and Pond, 1983; Allison, 1994). This 

researcher's casting experiments showed that the shrinkage of the wax varies 

depending on the composition of the casting wax, the temperature at which it 

was poured and the temperature of the mould. Allison notes that the 

shrinkage rate of different copper alloys varies as well, depending on its 

composition: 2.5% for the redder copper alloys and 3.14 % for the brassier ones 

(Allison, 1994). Beale found that the surmoulages of caricature busts by the 

French sculptor Honore Daumier (1808-1879) were generally 0.2 cm smaller 

that the authorized bronzes (Beale, 1969) and James Druzik, who performed a 

detailed but unfortunately unpublished comparative study of the 
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measurements of Edgar Degas' (1834-1917) models of the dancers and the lost 

wax casts of these models, noted a 1.5 -3 % shrinkage rate with a few at 5% 

(Druzik, 1995, personal communication). These observations all suggest that 

exact measurements may not provide precise answers, given the number of 

variables that contribute to the difference in size between one cast and 

another. This researcher's opinion is that one should not set too much store 

in the me~surements unless one has the kind of comp.!lrative material which 

Druzik was working on for the Daumier bronzes. Admittedly, since bronzes 

are not produced on an assembly line and also since there may be numerous 

casts of the same model, measurements may only give us a clue to the 

relationship between different replicas of a model (Berger, 1982; Beale, 1975). 

Having presented these cautionary remarks, this researcher does think that 

certain measurements such as measurements of small details, like ears or the 

distance between eyes and perhaps of circumferences, might help to establish 

a broader sense of the chronological relationship between different versions. 

In selecting which distances to measure, it is important to remember that 

casting flaws, chasing, damage and repairs of extremities often affect the 

length of a part or the distance between two points. The length of the 

Spinario's (Hunt 14) right foot, for example, would not be very indicative 

because a large break splits it open. The angles at which separately moulded 

wax parts are joined also affect not only the composition and the balance of a 

statuette but also its measurements. 

It is important to specify the method used for measuring, as this affects the 

results. Some of the measurements gathered during the current examination 

of the sculptures were taken with a string and measured against a ruler while 

others were taken with Vernier calipers. The exact description of the points 

used for measurements is subjective and often difficult to convey in words 

and may be best done by way of markings on photographs in case one should 

want to use them as directions for future measurements. Ideally one would 

choose small enough measurement points - approximately the size of a 

grain of sand - to reduce the margin of error (Druzik, 1995, personal 

communication) and maintain a certain consistency by ensuring that the 

same person take as many of the measurements as possible. 
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Close examination of the surface of a bronze may reveal surmoulage lines, 

Le., evidence that a mould was taken from it in order to reproduce it, which 

should alert the researcher to the existence of a cast of a new generation. (In 

the new version of the worksheet, surmoulage lines would come under a 

section about the Condition of the Sculpture.) 

2.3. Method of Manufacture 
..,;'.-

This section of the guide relies heavily on the information provided by 

radiographs and features preserved on the inner surface of the bronze. It 

focuses on evidence of the process by which the cast work was originally 

produced, for example, whether it was cast by the direct method, the indirect 

method, moulded in one or more parts, cast in one or more pieces. 

As was already mentioned, the worksheet is being developed with a view 

towards creating a database on the technology of bronze statuettes that would 

enable researchers to make groupings based on methods of manufacture. It is, 

therefore, important to make distinctions such as 'no evidence' and 

'evidence concealed.' For example, it is difficult to interpret radiographs that 

show more than two overlapping surfaces due to the complexity of the 

composition or other unexpected barriers. For example, lead is sometimes 

poured into a sculpture in order to secure it to its base as can be seen in the 

radiograph of the Woman Returning from Market (Hunt 12, Plate 28). These 

may hide important features such as joins, armatures, internal core supports 

or core pins that may actually be there. This is different from 'no joins' or 'no 

armatures.' 

2.3.1 The Wax 

This subsection of the worksheet helps guide the researcher in noting and 

gathering evidence in a step-by-step, coherent, duplicable manner of the 

process of manufacture of the wax model that was used for casting. The 

information derives mainly from studying the radiographs and, when it is 

accessible, the examination of the inner surface of the bronze. This 

information is unavailable for solid bronzes. As a result of this investigation, 

it should become clearer whether a bronze is one of a kind, modeled directly 

by the artist - a "direct" cast, or whether the bronze was produced from a 
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reproduction of the original model my means of a reusable piece-mould -

"indirectly". In the latter case the wax 'inter-model' may easily have been 

prepared by a craftsman other than the artist himself. In general, the existence 

of almost identical multiple replicas of the same model suggests the use of 

such an intermediate mould. The direct and indirect processes are described 

in some detail in Part 11.4. 

In some parts of this section the evidence is compared 'Y'ith that of a bronze 

produced by the sand casting process. How this method differs from the lost

wax process is also outlined in Part 11.4 . The distinction is important since 

most statuettes in the fifteenth and sixteenth centuries - in Italy at least - were 

cast by the lost wax or investment mould process and sand casting was only 

introduced for artistic casting a few centuries later. Should a purported 

Renaissance bronze show all of the characteristics of a sand-cast piece, the 

examiner has good grounds for suspicion that it was produced at a later date. 

2.3.1.1 Description of the Original Wax Surface 

The thickness of the metal, the conformality of the inner and outer surfaces 

and the textures and accretions, such as drips and small bubble-like accretions 

on the inner surface of a hollow bronze, can provide clues to how the wax 

layer was made. 

The thickness of the metal corresponds to the original hollow shell of wax 

that the cast was made from. Control of the overall thickness of the wax can 

reduce and even eliminate the often distorting shrinkage of the metal. 

Control of the wax thickness is important for the outcome of the pour. Thin 

walls, such as those seen in the radiographs of the Venus with Apple (Hunt 4, 

Plate 20) and Giambologna's Venus Drying Herself after the Bath from 

Vienna (see report GB I, Plate 32) exhibit greater control of the entire process 

and can be achieved both by the direct and indirect methods, by sand casting 

or the lost wax technique. The thickness of the metal shell does not 

necessarily, therefore, reveal what method was used to prepare the wax. 

The thickness of a slush-moulded wax may have been slightly uneven, 

building up more easily in the recesses of the mould since the hotter wax will 

tend to remelt the wax on the high points inside the mould (Plate 4). 
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Unevenness of the wax can result from oversight or lack of experience. For 

example, if a mould with freshly slushed wax lies on its side before the wax 

solidifies, the wax can run down and cause a disproportionate build up on the 

lower side, a detail that Biringucci notes in his treatise (Biringucci, 1966,230). 

This seems to have occurred in the left foot of the Crouching Venus after a 

model by Giambologna in Bath (see raport GB 9, Plate 43). Small volumes, 

such as limb_s of sm?l1 figures, often fill up quickly and as a resl!lt are often 

solid, as can be seen in the radiographs of most of the genre figures attributed 

to Barthelemy Prieur (see Part V). Another result of the difficult of 

controlling the thickness of a wax shell is that the separately-slush moulded 

wax parts of a bronze may not have the same thickness, as is clearly visible, 

for example in the radiographs of various versions of Giambologna's Flying 

Mercury (see reports GB 11, Plates 60-62 and GB 12, Plates 63 and 64). Knowing 

how difficult it is to produce equally-thin wax parts, the researcher can 

appreciate the skill of some of the Renaissance wax-makers all the more. 

Both the way in which the inner surface conforms to the outer one, i.e., its 

profile, and its texture are informative of the method of fabrication. The wax 

of a direct cast is modeled over a pre-modeled core. Therefore, the inner 

surface of the wax will record the shape of the core and any tool marks or 

distinguishing features that helped to shape it. If the core was carved, for 

example, then the inner surface of the wax will record the corresponding 

angular features. If the core was a roughly modeled simplified version of the 

finished bronze then the inner surface of the bronze wall will not conform 

very closely to the outer one. 

The inner surface of a slush-moulded cast will be smooth, soft and organic 

like molten wax, and in a thin cast it will record most of the details such as 

the curls and eyes of a figure because the liquid wax will flow in and out of 

them. The fresh core material, introduced into the wax shell will 

subsequently mould the inner surface of the wax and preserve this detail. The 

inner surface of Antonio Susini's group of the Lion Attacking a Horse in 

Detroit (see report GB 36) is an example of a slush-moulded bronze (Plates 82 

and 85). At times the core also preserves characteristic drip marks that may 

form as an excess drip of cooling wax runs down the inside of the hollow 
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shell. Such drip marks are visible, on the inner surface of this group and in 

the casts of Giambologna's Fortuna in the Metropolitan Museum of Art (see 

report GB 4, Plate 37) and in the Musee du Louvre (see report GB 5, Plates 38 

and 39). The inner surface of a hollow wax that has been formed in a mould 

may also preserve other signs that the bronze was made by the indirect 

process: finger prints, evidence of extra wax putty reinforcements, and 

sometime~, internal sprues. Indeed, sprues could onlY-have been attached to 

the inside of the wax before it was filled with core material- unless channels 

were carved directly into core, which is unlikely as this procedure affords 

little control and may damage the core. Such internal sprues are visible in the 

JPGM's group of Laocoon attributed to Giovanni Battista Foggini (85.SB.413) 

(Plate 13). 

A variation of the indire~t process in larger bronzes, with correspondingly 

larger details, consisted of pressing the wax, perhaps in the form of wax 

sheets, into the separate reassembled halves of a mould. An earthen core 

material was then built up against the inside of the wax and the two halves 

joined, or alternatively a plaster-based earthen slurry was poured into the 

fully reassembled mould. Cellini describes similar processes in detail in his 

treatise (see Part H.4). In either case the metal may record surviving seams of 

the wax or of the core and appear as a thin line of different density running 

the length of a figure. Such lines are visible in the radiographs of the arms of 

the J. Paul Getty Museum's Infant Christ (86.SB.734) attributed to Girolamo 

Campagna (Plate 13). 

Drips on the inner surface of the bronze may form for a number of other 

reasons and should not automatically be taken as proof of the slush

moulding technique although most often they are evidence of an indirect 

cast. Drips may be the result of a wax-to-wax join, a heated core pin stuck 

through the hollow wax shell or a metal join or repair as will be seen below. 

Radiographs show a drip on the inner surface of the belly of the Pacing Horse 

in the Victoria and Albert Museum that was caused by the insertion of a 

heated armature into the hollow wax (see report GB 34, Plates 77 and 81). The 

drips descending from the neck of the Crouching Venus (Hunt 3) are a result 

of the cast-on join (Plates 18 and 19). 
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Characteristics that help to distinguish a direct cast from an indirect one are 

not always present and it can be a challenge to reconstruct what method was 

used to produce the bronze. The fact that some bronzes were produced 

indirectly but in such a fashion that some of the evidence suggests that they 

were fashioned over a pre-modeled core complicates the process of 

interpretation. Indeed, in Cellini's lasagna technique (see Part II.4), the wax is 

formed indirectly in. a plaster piece-mould but the core is built uy_ directly and 

made to fit the inner surface of the lasagna. A bronze created in this fashion 

may be difficult to distinguish from a direct cast since the internal surface of 

the wax records the details of the surface of the core, were it not for other 

features such as iron wires used to bind the core. Examples of these can be 

seen in the radiographs of the Infant Christ attributed to Girolamo Campagna 

(Plate 13) and in the inner surface of the J. Paul Getty Museum's Sphinxes 

with Volute Scrolls (85.SB.418, Plate 13). 

2.3.1.2 Separately Made Wax Parts 

In order to simplify the moulding process, it is common to separate the 

model into more manageable parts or components such as the limbs, head, 

and torso . When it is not possible to divide up the original for the purpose of 

moulding it, as occurs in the case of a surmoulage of an existing bronze, one 

can take separate moulds of smaller areas. Either way, the separate moulds of 

these parts are used to produce wax replicas of the components (Plates 2 and 

3). In general it is easier, in making small bronzes by the lost wax process, to 

reassemble these separately-moulded wax parts into a whole while in the wax 

stage and cast it in one piece. This is not always done and in some cases, as for 

example, in the sand casting process, separately-moulded parts are cast in 

metal separately and joined later. 

2.3.1.3 Joins 

In looking at the radiographs, one might notice a sudden change in density 

between different part~. These often signal the presence of joins between parts 

of a figure and are clues that the compon~nts were moulded separately. This 

section of the guide describes what different kinds of joins look like. 
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There are numerous types of joins in bronze sculptures and they may occur 

for various reasons. A bronze may be manufactured in several parts in order 

to avoid complications at various stages of the casting process. A bronze may 

also incur flaws that could require repairs in the form of a new part. There are 

two types of joins in bronzes: wax-to-wax and metal-to-metal. The former are 

usually invisible from the outer surface but can be seen in radiographs. Such 

w~x-to-wax joins inherently date to the manufacture of the piece. Metal-to-. - -
metal joins, on the other hand, are often visible from the outer surface and 

are evidence that the parts were cast in metal separately and joined later. This 

type of join may reflect the original method of fabrication or in some cases 

indicate a repair. A metal-to-metal join may have been made at a later date. 

2.3.1.3.1 Wax-to-wax Joins 

Joining in the wax often produces lips of excess molten wax. These lips are 

usually removed from the outer surface but remain untouched on the inner 

surface of the wax. They appear on radiographs as denser (whiter) and/or less 

dense (darker) lines along the edges of the joined area, depending on how 

thick and strong the join is. The radiographs of the experimental cast of 

Giambologna's Mars show a less dense ring-shaped wax-to-wax join at the 

wax stage (Plate 10). The radiographs of theVenus with Apple, (Hunt 4, Plate 

20) show typical ring-shaped seams where the limbs join the torso. These 

rings sometimes correspond to the boundary between noticeable changes in 

density between separately moulded parts of the figure. Both features are 

evidence that the parts were moulded separately. Occasionally, such wax-to

wax joins frame rectangular wax patches within a part, such as those found in 

the Mars from the Louvre (see report GB 18, Plates 52 and 53). These 

'windows' may have been cut out of the wax model to allow the core to dry. 

In some cases if the modeling is poor and not much care was taken to 

assemble and finish the outer surface of the piece, wax-to-wax joins appear as 

discontinuities in the outer surface as well, forming slight bumps or steps. 

An open cast allows one to see or feel such wax to wax joins. The join 

between the base and legs of the Crouching Venus (Hunt 3) is a broad, thick 

seam, flattened by a heated tool applied to the join from the hollow interior 

of the wax. The join is visible upon examination of the inner surface of the 
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bronze. The wax-to-wax joins may at times also extend into drips of excess 

molten wax that, like the seams, are removed from the outer surface but not 

from the inside. The core material is filled into the hollow wax parts in this 

indirect process and records these features which are transformed into metal. 

2.3.1.3.2 Metal-to-metal Joins 

Metal-to-me~al joins may be visible from the outer surface as darker hairlines . - -
or gaps associated at times with other features, depending on the -type of join. 

Often only the radiographs can reveal what kind of join they are. Metal-to

metal joins between separately cast parts fall into two main categories: 

mechanical and metallurgical. Unfortunately, without more information on 

the composition of the metals and a metallographic cross section of the area, 

which could reveal a great deal about the treatment the area underwent, it is 

often difficult to tell whether a cast-on join is a mechanical join or a 

metallurgical one. 

2.3.1.3.2.1 Mechanical Joins 

Mechanical joins comprise any type of join where the two metal parts fit into 

each other and are held together by tension, compression or friction. A 

mechanical join consists of interlocking parts. The most commonly found 

joining method in fifteenth and sixteenth century bronzes is the' cast-on' or 

interlocking cast, a method of repair that was already used by Romans 

(Drescher, 1958; Lechtman and Steinberg, 1970). The new part may be modeled 

onto the existing part and be cast on directly (see Part 11.4). The fingers in the 

left hand of Giambologna's Architecture in Boston are an example of this as 

can be seen from the radiograph (see report GB7, Plate 41). The alloy used is 

often similar te that of the body metal in order to make the repair less 

conspicuous. 

Unless the existing metal part is heated sufficiently, it will not create a 

metallurgical bond. The new part may be cast onto the existing part or cast 

separately and joined to the other one by casting metal into a hollow which 

has been scooped out of the core of the area around the join in both parts 

(Plate 9). Alternatively, sometimes holes were made in the body metal 

adjacent to the join. The cast-on metal would flow into the hollow where the 
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core was removed and out through these holes, creating an exceptionally 

strong key that served to hold the new metal in place. These often look like 

plugs from the outer surface and can not always be distinguished from pins in 

the radiographs unless the threads of the latter are visible in the radiograph. 

The plug-like features adjacent to the join in the Crouching Venus's neck 

(Hunt 3) are most likely such keys. 

A pinned 'sleeve-join, like the one in the Young Warri~r's(Hunt 5) legs uses a 

combination of compression and friction. Such a join consists either of an 

extension on the end of one of the parts, shaped so that it slots into the 

hollow part of the other. Alternatively a tube-shaped element such as the one 

in the arm of the Flying Mercury in Naples is inserted into both parts (see 

report GB 19, Plates 64 and 65). The threaded pins, recognizable in the 

radiographs, help to secure the join. The denser material visible in the 

radiograph is solder added to the pinned sleeve joins in the arms of the 

Young Warrior as further reinforcement. Soft solder does not form a 

metallurgical bond with the bronze and would, therefore, also be considered a 

mechanical join (Lechtman and Steinberg, 1970). Caspar Gras (1590-1674), a 

northern follower of Giambologna's, cast his horses in two parts and joined 

them with a riveted sleeve join at the waist as can be seen in the radiographs 

of the Kicking Horse in the J. Paul Getty Museum (85.SB.72, Plate 14) GPGM, 

unpublished technical report). Dovetail joins, reminiscent of woodworkers' 

joins, and still used in French foundries today (Rama, 1988) (Plate 9), have 

also been found on Renaissance bronzes. 

Another possible form of mechanical joining is the use of adhesives. Plaster, 

glue, shellac, wax, resins and other such materials create adhesive joins. No 

evidence has been found that such materials were used in the fifteenth and 

sixteenth centuries. Nowadays, conservators occasionally use epoxy resins to 

reinforce joins. 

2.3.1.3.2.2 Metallurgical Joins 

In order for a metallurgical bond to occur it is necessary to pre-heat the 

adjacent area of the existing sculpture to near-melting point for the new 

metal to fuse with it. Metallurgical joins hold metal parts together by fusion. 
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Metallurgical joining methods such as soldering, brazing and fusion welding 

were practice in antiquity (Lechtman and Steinberg, 1970; Zwicker, 1993). 

According to Formigli, who has examined a large number of both classical 

and Renaissance bronzes, this art was lost and not available to Renaissance 

founders. Soldering enabled classical founders to cast very thin-walled large 

bronzes in parts. Without this technology, Renaissance founders were forced 

to cast very ~hick-w.alled monumental bronzes in one piece (Fo~~igli, 1995, 

personal communication). Until further examinations and metallographic 

analyses of fifteenth- and sixteenth-century sculptures are undertaken it will 

be difficult to assess whether metallurgical joining was indeed known to 

Renaissance founders. The fact that Gauricus described a way of soldering 

with arsenical bronze and that Biringucci dedicated a short chapter to welding 

a bell (Biringucci, 1966), suggests that some metallurgical joining methods 

were available in the Renaissance. However, it is difficult to establish what 

such joins would look like in the radiographs especially without more 

information on how the surrounding bronze would have been prepared. 

2.3.2 The Core 

The configuration and composition of the core can be instrumental in 

reconstructing the method of manufacture of a hollow bronze. Was the core 

made before or after the wax? How was it constructed? This subsection of the 

worksheet guides the researcher in gathering information on the 

composition of the core material and the shape of the core. This subsection is 

closely linked to the description of the inner surface of the wax (Section 3.1 

above). 

The first important observation that should be noted in the worksheet is 

whether the core is accessible and whether it is extant or seems to have been 

removed. Aesthetic and technical considerations governing the preservation 

of the core vary over time and between workshops. Unfortunately, for the 

technical sleuth, easy access as for example through an open integrally cast 

base or a large hole, almost inevitably condemns the core and any other 

inclusions such as armatures and core sU:pports to being removed. Most of the 

bronzes attributed to Severo da Ravenna that have been examined by Stone 

and others have holes in their bottoms and have been emptied of their cores 
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(Stone, 1982). Sand cast bronzes are hollowed out. Core removal is tied to the 

design of the bronze, to the repair work done, and partly perhaps to its weight. 

Removal of the core often seems to have been desirable since Biringucci 

recommends a certain composition which would make the core easy to 

remove (see Part IT.4 above). 

The open-bottom tree trunks are empty on the Prieur figures, as is the open-
- . ~--

based Crouching Venus (Hunt 3). Holes that provide aq:ess to the core for its 

removal may also occur by accident during casting (e.g., a missing part, a 

lacuna in a thin area) or by nature of the process (e.g., core pin holes). Heavily 

repaired bronzes are often empty, since it is relatively easy to remove the 

brittle, fired core with a pointed tool or wire during the chasing process. Acid 

baths are also commonly used to break down the core and help remove the 

oxide layer. A very clean inner surface almost always indicates that the 

statuette was cleaned chemically. 

Fortunately for contemporary researchers, the core is frequently preserved. In 

numerous bronzes from Giambologna's workshop the core survives almost 
,-

intact, suggesting that his workshop leaned toward preserving it. Well-

concealed holes in recesses that are sometimes overlooked in the chasing 

process provide the researcher with often unexpected access to samples of core 

material. The small size of many of these holes imposes severe restrictions on 

the researcher. First, blindly poking at the core may result in a sample but the 

sample's original location may be difficult or impossible to document, thus 

making it difficult to assess what a core sample from an unknown location 

represents. The core material close to the surface of the metal is subjected to 

much greater heat than that at the center of the core, and the various areas 

may therefore undergo slightly different chemical and··structural alterations. 

Second, the size of the hole often limits the size of the sample that can be 

removed through it and hinders the examiner from gaining a sense of the 

structure of the material and how it was put together. In contrast, studies of 

larger chunks of core material from large bronzes have revealed a great deal 

about how the cores were constructed (Formigli and Schneider, 1993; 

Schneider, 1985; Vidale et al., 1992). 
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2.3.2.1 Description of the Samples 

Examination and analysis of core materials may help to characterize the 

component materials. This identification may in turn help to ascertain their 

_ geological provenance as well as establish patterns of materials used by certain 

workshops in specific regions. The composition of the core can also be 

instrumental in understanding the method of the manufacture of a bronze. 

For example; a core with a gypsum plaster matrix is easiest to fann as a liquid 

slurry and is almost sure evidence that the core was poured, usually into an 

existing wax shell. A sandy clay core, on the other hand would either have 

been modeled into the desired shape and then coated with wax or carefully 

pressed into a hollow wax formed in a mould. 

Most of the Renaissance cores examined thus far, both by the researcher (see 

reports below) and by others (Reedy, 198G; Milam, Reedy and Sussman, 1987; 

Formigli and Schneider, 1993), consist mainly of clay with quartz, feldspar, 

other mineral inclusions and often organic fibers. Examination with the 

naked eye and touch can inform the examiner of the basic components of the 

samples, for example, sandy clays and gypsum plaster-based cores. 

The color of cores varies from almost white to almost black, including shades 

of gray, yellow, light brown, dark brown and terra-cotta. What does color tell 

about the clay and process of manufacture of the core and bronze? A sample's 

color is related in large part to the clay and also to the color of the sand and of 

other inclusions such as carbonized matter. The color of clay, the binder in 

most earthen cores, is caused by the composition of the clay, the atmosphere, 

temperature, and duration of firing (Shepard, 1976; Formigli and Schneider, 

1993; and Schneider, 1988). This color changes with temperature and is linked 

to the oxidation state of iron. Full oxidation produces clear colors when firing 

between 700° and 900°C and reducing atmospheres produce greys. But, 

although color is sometimes taken as a basis for judging the percentage of 

ferric oxide in a clay, caution is necessary. Indeed, it is often misleading 

because the particle size and distribution of the iron oxide have great 

influence on the color of the clay (Shepard, 1976) and conditions that may 

oxidize one type of clay will only partially oxidize another. Such caution must 

also be applied when making distinctions between clay-based cores and those 
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with gypsum plaster. Indeed, the gypsum plaster matrix is white as can be 

seen for example in the core sample from Giambologna's Neptune Fountain 

in Bologna (Plate) but certain clays that are low in iron oxides and contain a 

lot of calcite are also white or off-white, as is the case with one sample from 

the Huntington's Nessus and Dejanira (Hunt 2) (Plate). 

At times the color of the material in a same bronze varies depending on its 

pr~ximity·to the metal surface. The core may be black~;~close to the metal 

walls due to the carbonaceous remains and reducing atmosphere created by 

the molten wax and is an indication that the wax was not thoroughly burnt 

out. More research needs to be done on the analysis of the carbonaceous 

remains for it may be possible to identify the wax from this material. Waxy 

remains in the mould may cause problems during the casting as the hot 

metal will react in contact with any wax or moisture, and create vapors that 

may become trapped in the metal as porosity. 

Examination and analysis by various microscopy and chemical methods such 

as polarized light microscopy, X-ray diffraction and X-ray fluorescence (Reedy, 
o.vAt.\'fIIIId 

198G; Formigli and Schneider, 1993; Schneiderl\ 1985) can help to image and 

identify the elemental and structural composition of its components. 

Although the composition of many core samples is similar the grain size of 

the sand varies. This may be due to natural forces such as the erosion caused 

by water or wind. The famous loess clay that is used to make refractory molds 

is formed by the action of ice fracturing the rock in very cold desert regions. 

The low-clay rock particles are then wind sorted (Pye, 1987). The founder may 

also affect the shape and size of the grains. Indeed, Cellini recommends that 

he sift and pound the clay mixture used for the mould (Cellini, 1967). 

Examination of many core samples lead to the identification of a few basic 

categories - clay, sand, silt, sandy clay, clayey sand - depending on the size 

of the grains and particles (Veniale and Palmonari eds., 1974; Schmidtling, 

JPGM, 1994, unpublished reports). Another useful term often used to describe 

a sedimentary material is whether it is sorted or not. A well-sorted sample is 

composed of grains that are all approx:imately the same size. A poorly sorted 

sample is one that contains grains of many different sizes, which may be 
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evidence that it is composed of materials that were mixed together unlike 

those sifted and sorted naturally. 

Point counting, which provides a statistical average of the components of the 

core was used in the descriptions of the Giambologna cores. The variation in 

core sample volume was high (from a few grains to several grams of sample). 

Point counting in the conventional sense, using 200 or more random sites, 

would not have been efficient. An abbreviated version of the C"onvention 

applied. Using the cross-hairs as a bull's eye, 50 random sites in each thin 

section were used to characterize the composition of the core sample, and 

percentages were derived from these points. 

The shape and composition of the clay and sand will vary depending on their 

source. For example, the clay taken from near the mouth of a river will be 

composed of smaller particles of clay and will, therefore, be apt to more 

shrinkage whereas the earthen materials taken from closer to the source will 

be composed of larger sand particles that will temper the material and thus 

reduce the shrinkage. There are five recognizable categories of grain shapes: 
. ".,' ' 

angular, sub-angular, sub-rounded, rounded, well-rounded (Greensmith, 

1978). The less worn the grains, the more angular the grains will be, i.e., the 

sharper the corners and edges. As the grain is worn more, the edges and 

corners will begin to be rounded off, then rounded to smooth curves, until all 

the corners are smoothed off into broad curves. The well-rounded grain will 

have no flat area left. 

Using this information, it may be possible to distinguish natural inclusions 

from those that were intentionally added to reduce the shrinkage of the clay. 

Potters refer to this as "temper." Inclusions such as shard, various 

sedimentary, metamorphic or igneous rock fragments, coarse sands and 

pumice do not occur naturally in clay and in a ceramic would be easily 

identified as tempers (Shepard, 1976). Grain size and relative abundance may 

also show wh€·~her a m3.terial ,"vas added as a temper. 

The mineralogical composition of the core material may also eventually help 

to date and localize a bronze since it is most reasonable to assume that a 

founder would use a local material rather than import it (Reedy, 198(', 
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Formigli and Schneider, 1993). First, however, it will be necessary to gather 

samples of sandy soil from the known centers of bronze production in order 

to compare them. It is questionable whether this is even possible in places 

like the Arno river which has probably been contaminated by the building of 

dams and dumping of materials upstream over the centuries. It would be 

wonderful to be able to use fifteenth- and sixteenth-century terra-cotta 

samples a~ many of these can be linked to specific are~~_ of production by their 

style. Unfortunately, however, the clays used for terra-cotta or other 

earthenware are not appropriate material for comparison with core samples 

as they require very different characteristics and would have been quarried in 

special areas. Because many areas have similar geological components, 

attempting to match samples up with soils will, more often than not, prove 

difficult unless the soil of an area contains characteristic minerals. Perhaps 

trace element analysis by neutron activation analysis (NAA) might reveal 

interesting patterns as was shown by Reedy (1986) in her study of Himalayan 

bronzes, although this investigation was beyond the scope of the present 

research. 

2.3.2.2 Configuration and Relationship to the Wax 

This section is closely linked to Section 3.1 Wax, since the core acts as a mould 

of a cast's inner surface and reduces the cast to a hollow shell and most of the 

relevant features have already been discussed on that section. The 

conformality of the metal surfaces, shape of the core, metal insertions, and 

accretions on the inner surface can sometimes reveal how the core and wax 

were made. This may in turn help to clarify a sculpture'S relationship to other 

casts. The evidence can also be confusing. For example, a simply shaped core 

that is not conformal with that of the outer surface of the bronze, may be the 

result of various procedures: unskilled slush moulding, pre-modeling or pre

moulding, or even sand casting. 

The core of a direct cast is usually pre-formed and gradually covered with the 

modeled wax. Thus, the pre-modeled core will look like a simplified reduced 

version of the wax and may retain traces of the tools used to model it. The 

core will not always be conformal to the outer surface because the artist may 

continue to develop the design as he models the piece in wax. The core of an 
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indirect cast, which it is pressed or poured into the hollow wax shell, will 

record the inner surface of the wax shell ~ith any features such as 

fingerprints, drips, brush strokes, sprues, and inscriptions. A number of 

bronzes in the case studies show such features. Being aware of these 

differences can help the researcher to better understand the process by which a 

bronze was made. 

Air bubbles of a liquid gypsum plaster-based core may become trapped along 

the wax surface, leaving small, round, bubble-like accretions as evidence of 

the material's original liquid consistency. Such small round accretions are 

visible in the radiographs of the Woman Braiding her Hair (Hunt 8, Plate 24). 

Both the accretions and the use of a plaster-base core are evidence that a 

bronze was made by the indirect method. Cellini's description of the lasagna 

technique for which he used a plaster core (see Part ll.4 above) should be kept 

in mind for larger casts. The recent restoration of Giambologna's 

monumental Fountain of Neptune in Bologna revealed that .the main bulk 

of the core was built up in plaster with brick inclusions (Plate 94) and that 

only the outer layers were composed of earthen material (Morigi, 1989). This 

is yet evidence of the wide variety of materials and techniques that sculptors 

and founders were experimenting with in the sixteenth century. 

Pre-formed cores are usually an indication that a bronze was cast by the direct 

process. Such a core may preserve tool marks and if it appears to have been 

carved it should be looked at more closely. Indeed if the inner surface of a 

bronze is very geometrically shaped it was probably carved out of hardened 

sandy clay or it may have been produced by sand casting. In the latter case, the 

bronze might be a seventeenth-century or later cast since this process does not 

appear to have been used for casting statues in the Renaissance ... 

Little evidence survives of the external mould as it was cleaned off in the 

chasing process, and it is not certain whether the few minute samples of 

sandy material that may be retrieved from recesses in some of the bronzes are 

indeed investment material, residues of abrasive material from the finishing 

process or of some other source. 
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2.3.3 The Metal Insertions 

A variety of pins, rods, wires, nails and other metal bits perform important 

tasks in the casting process. Some serve as a structural support that stabilizes 

the wax replica for the person who works on it. Others help to strengthen the 

often brittle core. Yet others act as separators that keep the core from moving 

around inside the mould after the bum-out. This subsection of the report 

gathers information on such metal insertions in categeries based on their 

major functions, rather than on their configuration, although some of them 

may serve multiple functions. This area of the worksheet provides a place to 

record the nature of the material and the configuration of these metal 

insertions. The researcher should note how they are positioned and speculate 

on when they may have been inserted as well as mention whether they were 

removed. If holes were left, how were they filled? Here again, recording the 

removal of the core in the worksheet is important in the reconstruction of 

patterns of production. 'No internal core supports' is different from 'evidence 

of possible core supports.' The former implies that no core supports were 

used while the latter implies that the evidence was removed. 

2.3.3.1 Armatures 

In this guide, an armature refers to a structural, weight-bearing support. 

These were more essential for large bronzes. They may be made of a variety of 

materials: iron rods and wires, copper wires, perhaps wood. Armatures often 

support four-legged statuettes in the wax stage. The radiographs show the 

remains of just such an armature inside the various Nessus and Dejanira 

groups (see Part VI). In the Huntington's cast, a thin wire loosely wraps 

around the elbow of a thick L-shaped iron rod in the core in Nessus's belly 

(Plate 17). Such supports are either inserted into the hollow wax, or the core 

was modeled over it. Drips or displaced wax - replaced by metal in the 

casting process - near a pin or plug on the inner surface of the bronze are 

almost sure evidence that the metal armature or core pin was heated and/or 

pushed into the hollow wax before the wax shell was filled with core material 

(see above section 3.1.1 and Part VI). Sometimes the person fettling and 

chasing the bronze removed the armature and covered the hole with a patch. 
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Susini did this with the Horse which is now in the V &A as can be seen by 

naked eye examination and in the radiograph (GB 34, Plate 81). 

Sometimes appearances are deceiving. The three wires visible in the 

Radiographs of the Man With Sword (Hunt 11, Plate 27) and the Man with 

Child (Hunt 10, Plate 26) look like armatures. They run down from the chest 

into the legs and out through the feet. However they are not bound together 

like an arm~ture, nor do they seem strong enough the bear the ~~ight of the 

piece. These are very similar to the armature-like supports found in sand 

casts; they hold the core in place inside the mould and are therefore closer in 

function to the internal core supports described below. 

2.3.3.2 Core Pins 

Core pins (or chaplets) hold the core in position in relation to the outer 

mould (see Part II.4). Wires, nails and rods of a variety of metals can all act as 

core pins. The armature also serves as an internal core support. It is not clear 

from the evidence at what point the core pins were inserted into the wax. 

Inserting the core pins after the core was set may result in small cracks 

radiating from the pin into the surrounding core. In fact some flashes do 

occasionally occur in the areas around the pin holes. Most often core pins are 

made of iron, sometimes of copper, or a copper alloy that blends in with the 

cast. Iron tends to rust and does not naturally blend in with a patinated 

bronze surface. Therefore, shortly after the casting, craftsmen commonly 

remove the iron core pins as part of the fettling and chasing process. If a pin 

refuses to come out, the artisan cuts it close to the surface of the cast and 

pushes it into the core. The ensuing hole is plugged or patched over. Many of 

the regular, small, long, thin denser areas that look like accretions in the 

radiographs of numerous bronzes from the Giambologna workshop, for 

example, are just such remains of pushed in core pins (see Part VI below). 

The literature describes the use of distancers instead of core pins for larger 

bronzes. Small blocks of metal, which are as thick as the intended bronze 

wall, were inserted into the space between the inner and outer mould and 

performed the same function as core pins but did not extend into the core or 

investment. It would be difficult to discern bronze distancers because they 
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would probably fuse with the cast metal and be integrated into it. One might 

speculate that they were used for large bronze statuettes where there is no 

evidence of core pins and only a few repairs. Alternatively, Cellini described 

leaving little windows in the wax through which to later remove the core 

and to connect it with the outer mould (see Part IV.2.1.3). When the wax is 

invested, the earthen material fills these openings and they become, in 

essence, e~rthen distancers that would subsequently ~~.Fatched like other 

holes in the bronze. 

It is not always easy to distinguish plugged core pin holes from plugged flaws 

as the types of plugs used for both purposes are often the same. Sometimes, 

however, there appears to be a distinct pattern in the way the core-pins and 

plugs are positioned in the bronze that may help to make this distinction. 

Such patterns and the materials used for core pins may be idiosyncratic of a 

particular artist or workshop. Severo da Ravenna's bronzes, for example, 

have square-sectioned pins symmetrically inserted in the shoulders and 

lower back that leave square section holes like the ones visible in the Spinario 

(Hunt 14, Plates 30 and 31). Antico used thin iron wire core pins which 

traverse the figure (Stone, 1982). When these are removed they leave what 

appear as paired holes or plugs in the radiographs. Not all paired plugs 

shoulJ be in~~rpreted as evidence of such long wires. Indeed, the examination 

of radiographs of Giambologna's bronzes has shown that many short pins 

were placed symmetrically on either side of the body part (see Part VI). 

Instead of using the more common copper alloy plugs, patches or fills, some 

chasers used lead, wax, resin, or shellac. Sometimes iron core pins were not 

removed but cut down to the bronze surface and then covered with surface 

coating. This was observed in a number of Antico's bronzes and Venetian 

bronzes UPGM 1995, unpublished reports) where the iron pins have rusted 

creating small mounds on the surface of the bronze. At other times, the core 

pins were removed but the holes were left unplugged and covered with a 

coating or filled with an organic substance. For e~ample, resin fills the core 

pin holes in Hercules' (Hunt 1) hips, and in his lower abdomen and lower 

back. 
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2.3.3.3 Core Supports 

Internal supports are metal insertions intended to reinforce the core. This is 

often necessary because the core may become friable when it is dried and 

-baked and breaks easily, especially in join areas, thin areas and around the 

core pins. For this reason wires are often inserted into the length of thin core 

sections such as limbs. It has also been suggested that these wires extended 

beyond the end of the wax parts and served to hang them up tmtil the time 

when the parts would be assembled (see Part VI), but the weight of the cored 

wax would have made it slip off of the wire. Rods or wires often traverse the 

wax-to-wax join areas to reinforce the join between the cores of the joined 

parts. Such supports occur in many sixteenth-century bronzes and are a 

common feature in Giambologna's bronzes (see Part VI below). 

2.3.3.4 Plugs and Patches 

Plugging and patching were commonly used methods for repairing small 

flaws and core pin holes in the Renaissance (see Part ll.4 and Section 2.2 

above). Some plugs are merely hammered into the bronze, others are 

threaded; they often vary in length and shape. For example, some are tapered. 

Plugs may be made of a different alloy from the body metal and since both the 

elemental composition and microstructure of an alloy affect its color, such 

differences can make plugs easy to discern from the surface (see Section 2.1 

above). The irregular-shaped plug on the Spinario's (Hunt 14) left shoulder 

blade is lighter than the surrounding metal, and closer examination reveals 

the crushed, elongated granular structure of heavily cold-worked metal. 

Patches are generally copper-alloy pieces that are cut out or filed down to fit 

deliberately prepared holes of varying shapes. They are often moxe shallow 

than either plugs or the body metal. Therefore, they are generally not visible 

in radiographs. The Mars in Cleveland, for example, has a rectangular patch 

on his buttock (Plate 46). The Kneeling Putti from the J. Paul Getty Museum 

(85.SB.70.1&2), attributed to Ferdinando Tacca (1619-1686), nephew of 

Giambologna's assistant Pietro Tacca, are p~tched with hundreds of little 

rectangles that can be detected in the radiographs but are invisible from the 

surface except for where one of them fell out (Plate 11). The amount of work 

that was poured into the finishing of these bronzes is fantastic. 
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Appearances may be deceiving for sometimes, what look like plugs turn out, 

upon radiographic examination, to be cast-on repairs as for example, the large 

irregularly shaped patch on the back of the Woman Touching Her Foot (Hunt 

7, Plate 23) or the features that appear to be plugs in the neck of the Crouching 

Venus (Hunt 3). Cast-on repairs are discussed in Part ITA and Section 2.1.2 

above. 

2.3.3.5 Other 

This subsection of the guide covers metal insertions that do not fall into the 

previous categories. The tapering iron pins that run through the limbs of the 

Spinario (Hunt 14) and other Severo da Ravenna bronzes appear to be core 

supports and core pins, but there is no core to speak of in the thin limbs! In 

fact, the poor quality of the cast visible in the radiographs (Plates 30 and 31) 

suggests that the pins did more harm than good. They may have served as 

11 chills," metal rods that are sometimes placed inside a solid cast to control the 

shrinkage. 

Another unusual type of metal insertion is the hook-shaped rod or snarled 

wire that comes down from the shoulder and into the belly of a number of 

Giambologna figures ( see Part VI). These may have served to suspend the 

wax figures out of the way. Yet another unusual feature that is made visible 

on radiographs is a series of wires that follow the inner contour of the bronze. 

These are discussed in subsection 2.3.1.1 above. 

2.3.4 The Metal 

This subsection of the guide prompts the researcher in the gathering of 

information on the nature of the metal alloy and, when possible, evidence on 

the way the liquid metal filled the mould. The composition of the alloy can be 

determined by various non-destructive and minimally destructive methods 

of analysis (see Part IV). Results of the various analyses undertaken to 

characterize the composition of the metal should be attached to the report of 

an object and documented in Section 4. Analytical Studi~s. 

109 



2.3.4.1 Alloy Composition 

The color of the bare metal can sometimes help to distinguish between 

certain alloys for, as was discussed earlier in Part IT, the elemental make up of 

a copper alloy effects its color. The two versions of the Woman Combing Her 

Hair (Hunt 6 and 13) are different colors and, in fact, the less finished one 

with the greener tint (Hunt 6) is a brass with a very high zinc content of 

approximately 30%,-while the other pale yellow one (Hunt 13) is-i-like a 

number of other Prieur figures, a leaded brass with approximately 8% zinc. 

The color difference is a good clue to the fact that the two pieces were not 

made at the same time. The very high zinc content of the greener piece is an 

indication that it was made at a much later date. 

The sense of smell is sometimes used as another quick and dirty way to 

distinguish between a brass and a bronze when the color is not characteristic, 

for the odor of zinc is unique. This sense was apparently used even in 

antiquity; Martial portrays a purchaser who sniffed bronzes to ascertain 

whether they were real Corinthian bro-nze (Andren, 1986). Given the wide 

range of alloys, color and smell are not specific enough to determine the exact 

alloy composition; analysis alone can ascertain the elemental percentages 

present in the metal. 

The general types of copper alloys are described in various sections of Part IT . 

. The purpose of alloy analysis is to search for variations in the elemental 

composition of a sculpture. Certain alloys or ratios between specific elements 

may be characteristic of specific workshops, periods and places. Although 

limited comparative material exists on the metal composition of Renaissance 

bronze (and brass) statuettes as yet, patterns are starting to become evident. 

For example, the relatively high nickel content of Renaissance bonzes may 

help to distinguish them from earlier and later casts. Riederer has had 

varying success with the chemical analysis of German Renaissance bronzes 

(see Part 11.1 above). Trace elements such as silver and the ratio of lead and 

arsenic in cannons has proven to be characteristic of Nuremberg and Austria, 

for example (Riederer, 1981 and Riederer, 1977). However he has found that 

the composition of mortars var:ies considerably. 
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It is hoped that an increasing amount of data on 'sure' sculptures will support 

art historical groupings and provide the necessary comparative material 

needed to establish where problematic pieces fit in. So far, the results have 

not proven to be as clear cut as desired. In most cases, there are many 

variations, scme overlaps, and no sharp distinctions both from a 

chronological and geographical point of view. In part, these variations may be 

du.e to the:: variety of analytical techniques being used jg different laboratories 

and to the limitations associated with each of the methods. These techniques 

and their usefulness for this research are briefly described in Part IV. 

A short word might be added about the micro-structure of the metal, for it 

preserves a record of the work wrought on the surface. All of the bronzes 

examined are cast. Some of the surfaces have been heavily reworked, others 

less so. Coldworking may alter the microstructure of the metal from the 

characteristic dendritic structure of a cast metal to grain structure. A heavily 

hammered metal is typically twin-grained. In some cases, this structure is 

visible even by naked eye examination. For example, the dendritic structure is 

visible on certain areas of the Huntington's Venus with Apple (Hunt 4, Plate 

12). In most instances though, this structure is not visible from the surface 

and would require taking samples. Metallographic analysis could answer 

questions about how much a surface v,ras cold worked but such destructive 

practi:es are generally not permitted. Exceptions do occur occasionally as did, 

for example, during the conservation treatment of the signed Nessus and 

Dejanira group (Hunt 2). The centaur's rear right leg was repaired and the pin 

running through the break was removed. Examination of the etched 

metallographic section reveals recrystallized twinned grains characteristic of a 

cold worked and annealed cast copper alloy. The characteristic crisscrossing 

strain lines in some of the grains are evidence of further cold working (Plate 

16). The copper allo~ pin looks like a segment of a rod that was produced by 
. . 

hammering ar.d annealing and further cold worked to fit into the hole. 

2.3.4.2 Casting Disposition 

The design of the mould and the way it is sprued must aim for the most 

efficient way of feeding the metal through the mould before it cools. The 

manner in which a founder sprues his pieces may be idiosyncratic. Finding 
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evidence of this part of the casting process can also help to explain the success 

or flaws of a cast. Most often, however, chasing and fettling remove most 

. clues of how the bronze was positioned in the mould and how it was sprued, 

but sometimes sprue ends under the feet or base are preserved and serve to 

mount a sculpture to its base, as for example, with a number of 

Giambologna's bronzes, e.g. the Huntington's Nessus and Dejanira (Plate 16). 

Occasionally, sprue~ attached to the underside or inside of a bro~e are 

preserved because they are too difficult to remove and are hidden from view 

when the object is on display. Such an internal sprue can be seen on the 

inside of the J. Paul Getty Museum's Laocoon (85.SB.413) attributed to 

Giovanni Battista Foggini (1652-1725) (Plate 54). Sawed off sprue or vent ends 

are very occasionally preserved and visible from the outer surface as can be 

seen, for example, at the bottom end of the club in Hercules '(Hunt 1) hand. 

For the most part, the sprue-remains do not provide enough evidence to 

reconstruct the casting disposition. 

The rare evidence found on the large classical bronze of the Praying Youth of 

Rhodes in Berlin occasioned an attempt at such a reconstruction. Small 

circular areas of a slightly different color from the surrounding metal and 

positioned at regular intervals on the surface were found to indicate the 

location of a sprue. Indeed, these round areas were not repairs but filed-down 

sprue ends that stood out from the surrounding metal because of their 

different microstructure (Rohnstock, 1995). This difference in structure results 

from the thinner areas of the body metal cooling more rapidly than the 

thicker ones of the sprues (Hughes and Rowe, 1983) and has been observed 

elsewhere, e.g., with Japanese mirrors. 

Certain types of flaws can also provide clues to the casting dispOSition of a 

sculpture. For example, since air bubbles generally float up, the resultant 

greater concentration of porosity or lacunae in a given area may indicate that 

this side was facing up inside the mould when the piece was cast. Also, the 

areas that receive the metal last may not be filled completely, as happened, for 

example, in the casting of Cellini's Perseus just as the sculptor had predicted 

(Cellini, 1956). The heterogeneity of the alloy composition may also provide 

clues to the casting disposition. The composition may vary slightly between 
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the beginning of the casting and the end. The volatility of certain elements 

such as zinc and tin ·may result in a lower content of these elements towards 

the end of the pour and the unusually high specific gravity of lead might tend 

to make it sink to the bottom. Scott shows an example of a Roman mirror 

where the lead has segregated to one side of the piece through gravity 

segregation, and argues that this was a result of the mirror being cast into a 

flat mould (Scott, 1991). How significantly the alloy would vary in a small 

bronze has not been established by scientific means. 

2.4. Analytical Studies 

The worksheet contains a section for recording the various analytical 

methods and equipment used in the course of the technical study. The entries 

should also include the dates and names of the operators, as well as the 

results of any analyses of materials (metal, core, and surface coatings). The 

data can be attached separately. Part IV will give an overview of the analytical 

methods used or of potential use for our technological investigation as well 

as general information on the equipment used for the study of the bronzes 

from the Huntington Collection and JPGM. The individual reports for these 

bronzes will, therefore, only present the results of the analyses and indicate 

special equipment settings or materials should these have been necessary. 

2.5. Conclusions and Recommendations 

This section of the worksheet offers an interpretation of the clues gathered 

during the technological examination of the sculpture. This section is the 

place where the researcher assesses the results of the examination and of their 

contribution to the broader study of Renaissance bronzes and weaves together 

the art historical and ·~echnical information of a sculpture. Finally the 

researcher should use this section to make recommendations for further 

examinations or analysis of this piece or related works. 

2.6. Bibliography and Documentation 

This section gathers bibliographical references and documentation pertaining 

to the object such as archival material, conservation reports, slides, 

photographs, videos or films. 
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Most museums photograph their sculptures as part of their standard 

documentation and cataloguing procedure and close-up details may show 

joins and repairs and how the surface was worked. However, for the most 

part, photographs of technical details are rare and must generally be taken in a 

conservation laboratory. The researcher took all of the detail shots with a 35 

. mm Nikon camera using a 55 mm micro-lens with 160 ASA tungsten color 

, reversal film or occasionally 100 ASA daylight film if the bronze was 

examined outdoors. The variety of surfaces required extensive bracketing. 

The difficulties of lighting bronzes are briefly discussed at the beginning of 

Part IV. The researcher used 160 ASA tungsten color reversal film for the 

photomicrography of surface details and of core samples. The details included 

in this dissertation were scanned from slides with the JPGM's Sharp JX 600 

flatbed color scanner, digitized and annotated in Adobe PhotoshopTM 3.0 and 

printed on a Fujix Pictrograph 3000 color printer. 

The radiographs of the bronzes included in this study were reproduced in a 

number of ways, depending on what primary material was available. Those of 

the Huntington bronzes were photographed with 100 ASA 35 mm color 

reversal film. These were scanned commercially onto a CD and the digitized 

images were manipulated slightly, mainly to crop and size them, and 

annotated in Adobe PhotoshopTM. The radiographs of the Giambologna 

material were mainly scanned from slides or from photographs of the 

original radiographs taken with 25 ASA black and white print film. The 

exposure was pushed by one step and the film was pulled by 15-20%. In a few 

cases the images were scanned from duplicate Radiograph film or directly 

from the original film on the Sharp flatbed scanner. The digitized images 

were slightly manipulated, then annotated in Adobe PhotoshopTM. 

The variety of annotations of radiographic images in the reports that follow 

reflect the experiments done in the course of the research. Using arrows, color 

overlays and text to point out certain features in the radiographs helps the 

untrained eye to discern what the features look like. Color overlays help to 

show the boundaries of specific features in the original image. They also 

provide a good overview of the method of fabrication and repair of the piece 

because they make recurrent patterns easy to recognize in different bronzes. It 
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is, however, important to present a reproduction of the plain radiograph as 

well in order to provide readers with the opportunity to assess the 

interpretation and make their own. A transparent overlay on top of the 

reproduction of the original radiograph is an ideal way of presenting the 

image and the interpretation together and to compare the two images. 

Because of the difficulty of reading a transparency on a dark background 

inverting the image proved a satisfactory solution as can be seen in Plate 47. 

The researcher also had the opportunity to videotape a number of bronzes 

using a Minolta handicam that is uses VCR- compatible tapes. This proved a 

most satisfying method of documentation as it allows one to document the 

sculpture in a continuous image and also to zoom in on details while 

providing their context. The camera has a self-adjusting~~h, to the 

researcher's delight, allowed her to see certain areas better than by naked eye 

examination as the .: im(l9 e .... brightened up without having to use 

additional lighting. Video recordings could prove to be a most useful method 

of documentation of bronzes in the near future. 

115 



:to' .~ .... ' '. ."-;' 

116 



PART IV. TECHNIQUES USED FOR THE EXAMINATION OF 
RENAISSANCE BRONZES AND ANALYSIS OF THEIR CONSTITUENT 

MATERIALS 

1. Introduction 

The methods that have been found most useful for the examination and 

analysis of Renaissance bronzes are presented here ana-include: examination 

by naked eye and microscopy, examination under UV light and by 

radiographic methods; identification of materials by X-ray analyses: X-ray 

fluorescence spectrometry, powder X-ray diffraction; and by microchemical 

analyses, atomic absorption spectrometry, gas chromatography/mass 

spectrometry, infrared spectroscopy and inductively coupled plasma-mass 

spectrometry; and thermoluminescence dating. This Part includes a brief 

description of each method and its application; the instrumentation and any 

exposure times, filters, targets and other settings that were used in the study 

or have been recommended; and possible difficulties and limitations in the 

context of this study. The subject of scientific methods applied to the study 

and conservation of works of art is vast and a complete overview is beyond 

the scope of this study, especially as this has been done well elsewhere (Tite, 

1972; Riederer, 1981a; Riederer, 1987). References are given to papers 

concerning the particular application of a method to the study of bronze 

statuettes, but for the most part the techniques used here are well-known and 

described in textbooks. 

2. Naked Eye Examination 

The examination of a bronze begins with the basic naked eye examination. 

This method is the most universally accessible and provides viewers with a 

lot of information on the design and surface treatment of the sculpture. The 

basic colors and textures of the surface can be described and any 

inconsistencies in the overall picture noted and recorded for closer 

examination. Core material and metal samples are also taken without the aid 

of a microscope. 
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Because of the often highly reflective nature of a bronze's surface, museum 

curators are always making compromises with the lighting of bronzes in 

galleries and photographers certainly appreciate the difficulty of 

photographing bronzes. Similarly, the choice of light is important both for the 

technical examination and photographic documentation of the piece. The 

glare produced by light sources can make it difficult to focus on specific areas 

and amplifies the contrasts in the surface. Alongside the use of laboratory and 

photographic lights, the researcher had the opportunity to examine a number 

of bronzes in broad daylight which has occasionally revealed otherwise barely 

visible features such as patches and has also often altered the perception of 

the surface coating. The researcher's experimental use of a camcorder which 

had a self-adjusting aperture proved, unexpectedly, to be a most useful tool 

that helped to partly circumvent this light problem. The camera equipment 

and films used are described in Part Ill, Section 1. Bibliography and 

Documentation. Raking light, a tool often used in conservation, amplifies 

any irregularities in the surface. 

3. IDtraviolet Light 

Ultraviolet light (200 to 400 nm) is used to detect the presence of organic 

resins, proteins and aliphatic glues. UV light shone on an object or sample 

excites the molecules of certain materials which may result in a characteristic 

fluorescence. Shellac fluoresces orange; natural plant resins fluoresce from 

green to yellow and white; proteins and aliphatic glues fluoresce blue-white. 

Examination by UV light does not, however, allow one to identify the exact 

composition of the materials. Stains that attach themselves to specific 

substances are used in UV microscopy to identify materials in cross sections. 

Examination of bronzes with a UV lamp (which often has two different wave 

lengths: short wave at 254 nm and long wave at 366 nm) helped to discern 

certain types of coatings, adhesives, fillers and overpaintings on Renaissance 

bronzes. 
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4. Microscopy 

Different types of microscopy can aid the technological researcher to magnify 

a sample and to examine a sample's interaction with different types of 

radiation. These techniques provide information on the structure of the 

sample and can help to characterize its component parts. 

4.1 Stereo-microscope 

A low-powered stereo-microscope is useful for the preliminary examination 

of different materials. In the context of bronze research, it provides 

information on the surface of bronzes: tool marks; color, opacity, structure of 

the metal and the surface coatings. It is also useful for the removal, 

preparation and examination of samples of core material, surface coatings, 

corrosion products and metal. Different types of lighting (vertical, raking and 

oblique) will enhance different details. The objects were examined with a 

Wild operating microscope using a magnification range between 6X and 40X. 

Samples in this study were examined with a Wild M8 stereo-microscope with 

magnification from 6X to SOX. Both have 3S mm camera attachments for 

photomicrographic documentation. 

4.2 Polarized Light Microscope (PLM) 

The light microscope is one of the most versatile and easily accessible tools 

available for the identification of most materials. The polarized light 

microscope allows the examination of a sample's interaction in specific light 

conditions. Different materials have distinctive optical properties or patterns 

of reflecting or transmitting light. These can be compared to the known 

optical properties of standards. In the Renaissance bronze research the light 

microscope is used for the identification of minerals as well as organic 

materials in thin sections of refractory mold materials from bronze 

sculptures. In the case of larger clumps of material it also provides a good tool 

to characterization the structure of the core (Reedy, 1986; Reedy, 1992; 

Formigli and Schneider, 1993; Schneider and Zimmer, 1~84; Sauer, Pichler 

and Weber, 1987/88). The samples are mounted into thin sections by standard 

petrographic methods with a few modifications due to the powdery nature 

and small size of many of the samples. Three holes of ca. 1 cm diameter were 
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drilled into a precast epoxy block. The one in the center of the block receives 

the sample and is filled with epoxy. The additional holes, made in opposite 

corners of the block are filled with reference quartz grains and epoxy and 

serve to gauge the thickness of the section as it is ground down and polished. 

This method was found useful in order to maximize the amount of material 

preserved in the thin section by containing it in a small controlled area and 

thereby increase the likelihood of it's being representative of the larger body 

of core material. A Leitz Orthoplan stereo-microscope was used mainly with a 

10X objective for core analysis, and occasionally 20X although the microscope 

has a 40X and 100X as well. 

4.3 Metallographic Microscope 

The inverted stage microscope is an optical microscope designed for the 

examination of the microstructure of polished metal surfaces by reflected 

light. Magnification ranges from 10X to 1000X. Usually a small sample is 

taken from an unobtrusive area of the bronze and embedded in a synthetic 

resin. The mounted sample is then ground flat, highly polished and finally 

etched to enhance the structure. However, due to the design of the 

microscope, much larger objects can be placed directly on the stage. Scott 

presents a comprehensive description of the method and its applications to 

the study of ancient metals (Scott, 1991). The equipment used in this study 

was a Nikon Epiphot inverted stage microscope with a camera attachment. 

Inclusions, corrosion, flaws such as porosity, and the structure of joins or 

repairs are also detected by this method. Although designed for metals, the 

metallographic microscope can be used to examine any flat, polished opaque 

sample. The method was only rarely applied in the course of this research 

because few representative metal samples were available for analysis. A 

copper alloy pin used to repair a casting flaw was mounted and analyzed and 

is described in the report of Giambologna's Nessus and Dejanira from the 

Huntington Art Collections (Hunt 2). 

4.4 Scanning Electron Microscope (SEM) 

The advantage of the scanning electron microscope over a light microscope is 

its extreme depth of focus and wide -range of magnification. The SEM uses an 

electron beam rather than light to examine the morphology and composition 
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of a sample placed in a vacuum. This microscope produces an image of the 

elements in the sample at very high magnifications (up to 100,000X). A 

sample can be mounted onto a small plug with no prior preparation save for 

a fine coating of gold-palladium or other conductive metal. A recent 

development is the Environmental Scanning Electron Microscope (E-SEM) 

which has various advantages over the SEM. The sample does not need to be 

coated to make it conductive and the instrument does not require a high 

vacuum. The applications of this technique to conservation science are 

discussed by Doehne and Stulik (1990). Both the SEM and ESEM can be 

equipped with energy dispersive analytical devices (see below under EDXRF). 

The ESEM was used only rarely during this research to examine the 

morphology or analyze the composition of a number of unusual inclusions 

in the core material such as a grain of basalt, a bug and a grain of pollen. 

s. Radiography 

S.l X-ray Radiography 

X-ray radiography has been used extensively as a method of examination of 

works of art. It is the most informative tool in our technological investigation 

of hollow cast bronzes because it reveals what lies inside a bronze. 

Radiographs show the structure of the cast: how it was put together, how it is 

supported, where it is flawed or weakened, how it is repaired and how it is 

attached to its base. 

The physics of the method will not be discussed in much detail here as they 

have been discussed elsewhere (Halmshaw, 1991; Gilardoni, 1977; Quinn and 

Sigle ed., 1980). Basically, X-ray radiographs record differences in physical and 

chemical density. Thus both the material composition of the object and its 

thickness determine the amount of kilovolt (KV) and milliamperes per 

second (mA.s) necessary for its penetration. For example, lead-rich copper 

alloys will require more kV exposure for penetration than copper alloys with 

no lead. More systematic research needs to be done to quantify the 

relationship between the alloy composition and the required exposure. While 

the kV determines the radiographic contrast (which areas will be penetrated), 

the mA.s de~ermine the density (how much radiation penetrates a given 
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area). Therefore, reducing the KV (while maintaining penetration) generally 

improves the contrast of the image. In. general, brief exposures at high KV 

have more penetration but less contrast than longer exposures with lower 

KV. The first type is recommended for objects of uniform thickness, the latter 

for object with varying thickness and/or density. The distance may be altered 

in relation to mA.s value. In addition it is possible to collimate the beams by 

changing the size of the "spot"; a small spot can sharpen the details but 

narrows the area of penetration; a large spot broadens the area of.penetration 

but may produce less sharp images. 

The bronzes from the Huntington Art Collection and the J. Paul Getty 

Museum were examined using an IRT x-ray system with a moveable tube 

with a maximum capacity of 320 KV and 10 mA, which is more than adequate 

for most Renaissance bronze statuettes. Most hollow bronze statuettes require 

between 200 and 300 KV exposures to penetrate the material. This will vary 

according to the thickness of the metal and whether or not the core is still 

extant. 

For 120 - 2000 KV exposures, clean lead foil screens in direct contact with the 

film help to intensify the contrast and absorb scatter and greatly improve the 

image definition. In most cases the film is loaded into cassettes lined with 2-5 

millead foil screens (1 mil = 1/1000 of an inch) in front of film and 10 mil foil 

in back). A 2 mm aluminum filter over the tube window when 

radiographing 3-dimensional objects at above 40 KV diminishes the scatter of 

soft radiation and greatly improves the resolution of the image. 

The X-ray radiographs of the small genre figures from the Huntington 

collection were initially taken at 200 KV, 5 mA for 150 seconds. Further 

experimentation revealed an optimum starting point for most of the 

Huntington bronzes at 200 KV and either a) 10 mA and 25 - 40 seconds and a 

large spot, or b) 5 mA and 90 seconds with a small spot. A makeshift copper 

filter (a double layer of 5 mil copper foil) was used at the source for many of 

the exposures in order to absorb soft radia~on. The distance between the film 

and the tube remained at one meter, except for a few angled exposures of the 

Nessus and Dejanira group (Hunt 2).: 
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The exposure time was increased slightly for the Hercules (Hunt I), a thicker 

cast. The X-ray radiographs of the Nessus and Dejanira group were taken at 

different exposures since each angle presented different problems. 310 KV 

were necessary, with either 3 rnA at 90 sec or 10 rnA for 60 seconds. Two 

angled exposures were taken at 10 mA for 240 seconds at a distance of 2 

meters. High contrast medical quality films Agfa D and Kodak M produced 

good results. 

Many of the radiographs of Giambologna bronzes studied in Part VI were 

taken at the Victoria and Albert Museum in 1978 using a fixed tube (one 

meter from film) with a maximum capacity of 220 KV and 5 mA. This will 

penetrate most hollow (up to 25 mm total thickness) leaded bronzes. Over the 

years the same equipment was used successfully to radiograph many 

Renaissance bronzes at 220 KV, 5 mA for 180-300 seconds using Agfa DP4 or 

Kodak CX2 film in a lead cassette. Richard Stone who has successfully 

radiographed many bronzes at the Metropolitan Museum of Art uses 300-320 

KV and 4-5 mA with the object placed at 1 meter from the tube. The 

Cleveland Museum of Art's bronzes were radiographed by an outside firm 

that reported the radiation in RAD (units of absorbed radiation dose, a unit 

generally used in the medical field) and obtained successful results for smaller 

bronzes with total exposures of 20-30 RADs and for larger bronzes with a total 

of 60 RADs. 

The fact that there is no front and back in radiographs and that all of the 

layers are superimposed on the film can make it difficult to interpret the 

image. Stereo-radiographs may be a useful technique to remedy this 

limitation. Two almost identical images are taken of the same view; the tube 

is moved laterally for the second exposure by approximately 10 cm to 

simulate the binocular vision of our eyes. The two resulting radiographs are 

hung side by side and examined with special viewers that superimpose them 

as our eyes do, creating an impression of three-dimensionality that helps to 

place certain features spatially in the otherwise two-dimensional images. This 

technique was used only for the Crouching Venus from the Huntington Art 

Collections (Hunt 2). 
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Real-time radiography allows the operator to capture the X-ray projections on 

a screen that translates them digitally to a video screen. Depending on the set

up the object can be rotated on a special rotating platform and examined from 

many different angles. The detail in the images is not as good as that on film, 

but the method is very useful for examining the object and selecting the 

optimal views which can subsequently be recorded on film. Some systems 

also have zoom features and image enhancement capabilities as well. Such 

equipment is beyond the means of most museum laboratories. It-was used in 

this study to select the angle from which to take the radiographs of the 

Giambologna bronzes from the Musee du Louvre. 

5.2 Gamma Ray Sources 

Because of the higher kilovolt age needed for imaging most bronze sculptures, 

radiography often falls outside of the scope of most museum facilities and, 

therefore, may be contracted out to companies with portable equipment. The 

typical portable units that can reach the higher kilovoltage levels needed to 

penetrate thick bronzes make use of a radioactive source instead of X-rays. 

Iridium sources have a range that is roughly equivalent to 137-650 KV 

(Gilardoni, 1977; Born ed., 1985). The hardened beams at such high energies 

go through the thicker parts of a bronze in a manner similar to a 420 KV unit. 

The contrast and quality of the image, however, are never as good as those 

produced by X-rays. The major disadvantage of radioactive sources is that, 

unlike X-rays, they never switch off and are a potential health and safety 

hazard. 

5.3 Computed Tomography 

Industrial computed tomography (eT) is another form of nondestructive 

radiographic testing that is ideal for the visual examination of the inner 

structure of an object (Bonadies, 1994; Born, 1985). CT is an adaptation of the 

medical computerized axial tomography (CAT scanning) and is unique in 

that it is very sensitive to variations in density and allows the inspection of 

the inner structure of an artifact in thin s,lices. A beam of X-rays traverses the 

object and their projection is detected and computed before the object (or 

source and detector, depending o~ the technology) is rotated by another small 

amount. This operation is repeated up to at least 1800 of rotation have 
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covered the full section. The data is gathered by a computer and produces a 

digital image. CT can be useful for the examination of bronzes although it 

requires the use of a high energy source and has limitations in the quality of 

visual reproduction. The data from numerous parallel slices of the same 

object can be manipulated to recreate 3-dimensional radiographic images of 

the artifact. The well-documented application of CT to the head of the' 

Kythera from Berlin revealed the different layers of core material within the 

head and the location of the armature (Goebbels et al., 1985). More recently 

the Bundesamt fur Materialprufung (BAM) in Berlin has successfully applied 

computer tomography using radioactive sources rather than a tube to a 

selection of large ancient bronzes including the Youth of MagdaZensberg, now 

recognized as a Renaissance copy of an ancient bronze and has been able to 

measure the thickness of the bronze walls in a given area (Goebbels et al., 

1994). Generally, however, CT is, like real-time radiography, less commonly 

applied to the examination of works of art than traditional radiographic 

methods because of its high cost. The advantage of CT and real time 

radiography over the use of film is that the digitized images cover a much 

wider dynamic range than any film. eT was not available for this study. 

The interpretation of features in radiographs of industrial metal castings has 

been addressed in technical literature (Hellier and Wenk, 1984; Schneeman, 

1985). No such reference books exist for the interpretation of radiographs of 

works of art. Part III of this dissertation provides some interpretations and 

discussion of many features although a great number of them remain 

speculations. 



6. Analytical Techniques 

6.1 Methods of X-ray Analysis 

6.1.1 Energy Dispersive X-ray Fluorescence Spectrometry (EDXRF) 

Energy dispersive X-ray fluorescence is one of the most useful tools for 

qualitative and semi-quantitative analysis of inorganic materials. It can 

rapidly identify most elements. XRF is a non-destructive technique, that 

provides information about the elemental composition of the object. The 

elements which are part of the metal composition of a bronze are excited by 

impingent X-rays and react to the X-rays by emitting a fluorescence, consisting 

of X-rays characteristic of the excited element. The emission is picked up by a 

detector and semi-quantitatively analyzed. 

X-ray fluorescence analysis was performed on all of the Huntington 

Collection's bronzes using a Kevex 0750A XRF Energy Dispersive 

Spectrometer with secondary targets. A barium/strontium secondary target 

makes it possible to analyze the tin and zinc at the same time, as well as the 

expected range of metal components. Molybdenum and Zirconium secondary 

targets allow more sensitive detection of other elements. One of the 

advantages of this system is that it is possible to put entire objects in front of 

the beam. 

The spectra from the Huntington bronzes were all acquired at 50 KV and 3.3 

mA for 240 seconds using a Barium/Strontium secondary target with a 2 mm 

collimator. The semi-quantitative results were computed with an adaptation 

of the National Bureau of Standards XRF program. Semi-quantitative data 

were gathered for copper, zinc, nickel, iron, lead, and tin, and were 

normalized to 100%. These data give a good idea of the alloy's general 

composition, although the shape and condition of the surface affect the 

accuracy of the results. Indeed, the method's main drawback for the study of 

Renaissance bronze sculpture is the fact that it analyzes the surface and 

coatings or corrosion products may affect the results. It is therefore important 

when possible to find areas where the surface coating is worn through to the 

metal surface or to polish an unobtrusive area such as the underside of a foot 
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or base. The data reflect the elemental composition within ± 10%. The results 

for each sculpture are presented in Table 2 in Appendix A. 

EDXRF is the method most suited to analysis of heterogeneous metal alloys 

because of the relatively large area analyzed. The size of the area will dpend 

on the exit collimator used. Electron beam microprobe analysis by comparison 

is too detailed for analysis of the overall composition. The qualitative results 

may be obtained with a complementary method such as AAS or rCP-MS (see 

below). 

6.1.2 Powder X-ray Diffraction Analysis (XRD) 

Powder X-ray diffraction analysis is a qualitative procedure that allows the 

identification of compounds on the basis of the crystallographic structure of 

powdered samples. Different crystalline materials give characteristic patterns 

of diffraction of X-rays. These patterns are recorded either on a film or in a 

diffractometer and matched with patterns of known materials. X-ray 

diffraction analysis is used in the study of organic and inorganic crystalline 

materials and is useful in distinguishing various crystalline components in 

core materials. 

The instrument used in this study is a Rigaku Debye Scherrer Powder 

Diffraction Camera at the Getty Conservation Institute. The average exposure 

of a Renaissance core sample has been 30 KV, 40 mA for 6 hours. XRD has 

limitations in the analysis of core material. The researcher found that it is 

only useful for analysis of specific grains because of the high quantity of 

quartz contained in the samples. Indeed, the film produced by a ground down 

portion of the overall sample will produce almost exclusively lines for the 

quartz and some feldspars. Mineral identification by polarized light assisted by 

microprobe analysis has been much more informative for the purposes of 

this research. 

6.1.3 Scanning Electron Microscope (SEM) 

Both the SEM and ESEM (see above) can be equipped with energy dispersive 

analyzers that allow rapid semi-quantitative chemical analysis of the sample. 

EDXRF analysis looks at all of the elements simultaneously to detect x-rays of 
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a same energy that are characteristic of the elements present. Wave length 

Dispersive analysis (WDS XRF) is similar but analyzes one element at a time. 

The method's level of sensitivity is around 50 ppm, which is approximately 

ten times lower than that of EDXRF. EDS is used more for qualitative analysis 

and WDS for quantitative analysis, using standards. These methods of 

analysis could be useful for identifying grains of core material, corrosion 

products or to magnify, image and analyze small inorganic and organic 

inclusions in Renaissance bronzes with a minimal amount of sample 

preparation. Two different types of detectors can be used: an Environmental 

Secondary Detector, which gives topographical information and a secondary 

electron image (SE1); and a Back Scatter Detector, which gives density, or 

atomic number and a back scattered image (BSE). The ESEM uses electrons to 

excite the particles and x-rays to read the spectra. The x-ray analysis takes 45 

seconds. 

6.1.4 Electron Beam Microprobe Analysis (EPMA) 

Electron Beam Microprobe Analysis (EPMA) allows quantitative analysis of 

samples. The electron microprobe is an instrument for X-ray fluorescence 

analysis of microscopic samples. The electrons of the electron microscope 

instead of X-rays are used to excite the fluorescence. This method can be used 

to chemically analyze the distribution of elements in metallographic samples 

or of samples from core materials in a matter of seconds. The microprobe can 

produce a series of maps, showing where in the sample the element sought is 

present. The Energy Dispersive X-ray Detector (EDXRD) gives elemental 

distribution maps for different elements. For more complex samples where 

different peaks overlap, the Wavelength Dispersive X-ray Detector (WDXRD) 

is useful to separate them out. The contrast in the image~ is produced by the 

difference in atomic number of each element. A JEOL scanning electron 

microprobe Model 733 equipped with 3 wavelength dispersive spectrometers 

and 1 energy dispersive X-ray detector and a Noran (Tracor/Northern) 

automation system (Derrick, 1993) has been used for the microprobe analyses 

of thin sections of the Renaissance core samples as well as for the 

identification of corrosion products. 
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6.2 Methods of Chemical and Structural Analysis 

The information provided by the radiographs and previous examination also 

serves as a guide for subsequent analyses of the materials that make up the 

sculpture: the core, the metal, the patina and the surface coatings. 

6.2.1 Microchemical Analysis 

Microchemical analysis is an economical and very precise way to qualitatively 

determine the presence of specific substances in a sample using special 

reagents (Behrens and Kley, 1915; Vogel, 1979). The method requires removal 

of only a tiny amount of material. In this research there have been two major 

applications in the study of core materials: testing for the presence of 

carbonates (i.e., calcium carbonate) and for the presence of gypsum which is 

indicated by a sequence of tests using hydrochloric acid, sulfuric acid and 

barium chloride. These are a few of many possible tests. Such a simple and 

elegant method of analysis is accessible to most laboratories but may often be 

overlooked for the sake of applying complex instrumentation (see 

Conservators Appendices in McCrone, 1987). Microchemical testing, 

however, must be used with caution as it does not provide a picture of the 

true make-up of the entire core sample. It can be misleading as it may indicate 

the presence of one substance or another, when the quantity of that substance 

may ~e a relatively minor, or even an incidental or accidental inclusion. 

Another disadvantage is that only those elements are found that are 

specifically looked for. The method is, therefore, best used in conjunction 

with other methods such as polarized light microscopy. 

6.2.2 Atomic Absorption Spectrometry (AAS) 

Atomic absorption spectroscopy (AAS) allows us to quantitatively analyze the 

different relative amounts of elements in a sample (Hughes, Cowell and 

Craddock, 1976). It is a method developed for bulk analysis of similar 

materials. One pre-selected element is analyzed at a time, which avoids 

spectral overlap, a problem in other methods of analysis. AAS is considered a 

destructive method of analysis since it requires small quantities of samples 

(ca. 20 mg for metals) to be prepared as solutions. The method is more 
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laborious, more expensive, and less easily accessible than EDXRF, but it is 

more sensitive. 

Clean metal drillings are the best form of sample for metal analysis, but 

flashes and accretions can be used as well. Contaminants may be removed by 

cleaning the sample chemically prior to running the analysis. Any foreign 

substance like core material or surface coating will pollute the solution and 

distort the results. Because of the value of Renaissance bronzes, curators are 

often reluctant to have them sampled. This is another good reason for which 

this method is not more widely used for the analysis of Renaissance bronzes. 

Only one sample was obtained from the Huntington figures: drillings 

produced during the repair of the Nessus and Dejanira group (Hunt 2). A 

number of samples that were taken from Giambologna bronzes in 1978 at the 

time of the Giambologna exhibition in London. These were analyzed at the 

GCl's Museum Service Laboratory. The results are reported in Appendix X. 

Both the unknown and standard samples were prepared by standard 

methods. British Chemical Standards 207/2,344, and 364 were used to prepare 

standard solutions for Cu and Pb analysis and were chosen because they have 

similar composition to the samples and should minimize the affects of the 

sample matrices. Standards for Fe, nickel, tin, and zinc were prepared from 

VWR 1000 parts per million (ppm) standard solutions. For each analyte, the 

concentration range of the samples was determined by taking a reading for 

each sample and comparing the results to those of test solutions of known 

concentration. Standards were then prepared, over the concentration range, 

for each analyte by dilution. 

A Varian SpectrAA-300 Flame and Furnace Spectrometer was used with an 

air-acetylene flame for all analyses except for tin where a nitrous oxide -

acetylene flame was employed. This flame provides greater sensitivity for this 

particular element. The wavelength, spectral band pass, and flame 

stoichiometry were adjusted for each analyte according to Varian's 

specific a tions. 

The samples were analyzed for copper, iron, tin, zinc, lead, nickel, antimony, 

silver, gold, manganese and cobalt. For each analyte, prepared standards were 
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used to generate calibration curves. The calibration curves were used to 

determine the concentration of the analytes in the samples. The resulting 

data was then normalized for each sample. The analytical work on the 

samples from the Huntington Collection was performed by Jesse Easter at the 

Getty Conservation Insitute. The results of the analyses are presented in 

Appendix A. 

6.2.3 Gas Chromatography/Mass Spectrometry (GC/MS) 

GC/MS is used for qualitative and quantitative analysis (sensitivity typically 

in ppb) of organic materials. It may be useful in this kind of study to establish 

the make up of surface coatings on Renaissance bronzes (Stone, White and 

Indictor, 1990). The method is a combination of a chemical (GC) and a 

structural (MS) technique. Gas chromatography is used to separate complex 

mixtures, like waxes, lacquers, or resins into their constituent components by 

evaporating the sample into a gas mixture. The different components are 

then taken by a carrier gas through a column. The speed at which the 

components are transported is dependent on their affinity to the carrier gas 

and to the column material. This speed gives a good indication of the nature 

of the mixture (Mills and White, 1986). Mass spectrometry identifies the 

compounds that are separated, here, by gas chromatography. These consist of 

mixtures of atoms of somewhat different mass. Atoms of the same element, 

but of different mass are called isotopes. A mass spectrometer measures the 

relative quantities of isotopes in a sample. 

Gas chromatography has the advantage over infrared spectrometry that it 

requires smaller samples and permits the detection of mixtures which is very 

useful for the analysis of casting waxes for example (Mills and White, 1985). 

The GCI uses a Hewlett Packard Model 5988A GC/MS System. This method of 

analysis was not employed in this research because it was not available and 

not a priority. GC-MS would be the method of choice for the analysis of 

organic surface coatings. 

6.2.4 Infrared Spectroscopy (FT-IR) 

Fourier transform infrared spectroscopy (FT-IR) is used to identify organic 

and inorganic compounds based on their molecular structure. Light from the 
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infrared source is passed through the sample and impinges on the detector. 

The resulting patterns are absorption bands that are characteristic to 

functional groups. Materials are identified by comparing the resulting spectra 

with infrared reference spectra. Infrared spectrometry is not very useful with 

mixtures such as modeling waxes but may be helpful with cross sections of 

simple surface coatings. 

FT-IR has been used for the analysis of a coatings of a few bronzes in the 

JPGM and has been able to identify components such as bees wax and 

carnauba wax or modern synthetic resins and inorganic compounds such as 

malachite, and copper oxalate, but has not been able to fully identify all of the 

materials present. Gas chromatography is more versatile for the analysis of 

surface coatings. 

6.2.5 Inductively Coupled Plasma - Mass Spectrometry (lCP-MS) 

Inductively Coupled Plasma - Mass Spectrometry (ICP-MS) is similar in some 

respects to AAS in that it requires a small sample of material (ca. 20 mg for 

metals) which is dissolved and vaporized. However. it is much less laborious 

than AAS as it provides multi-elemental qualitative analysis of most 

elements in one session. The method's level of sensitivity is most accurate in 

the lower ranges of parts per million (ppm) and therefore the analyses would 

not include results for copper. Iep-MS is being used to determine the alloy 

composition of the bronzes of the JPGM's Department of Sculpture and 

Works of Art and a few of the results are included in Appendix A. Generally, 

however, this method has not been applied extensively in this study due to 

its high cost. 

7. Thermoluminescence Dating (TL) 

Thermoluminescence (TL) dating is often used to date ceramics and has 

increasingly been applied to date the earthen core samples of bronzes 

(Fleming, 1979). The dating technique is based on the measurement of energy 

accumulated by the crystalline material contained in the ceramic matrix. The 

ceramic material- in this study, the earthen core - is continually bombarded 

by minute levels of radiation from a variety of sources including the 
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radioactive isotopes of potassium, thorium and uranium elements found 

within clay itself. When a crystalline material is heated above 400-500°, all 

accumulated energy is released and the TL clock is set to zero. Most earthen 

cores of bronzes were probably sufficiently heated to reach this temperature 

during the casting process either through the baking during the mold 

preparation or through contact with the molten metal. Therefore, in . 

measuring the accumulated thermoluminescence of a bronze's earthen core, 

one is measuring the amount of energy absorbed since-the last firing, a dose 

proportional to the age of the bronze unless the bronze has subsequently been 

reheated. Such reheating may be due, for example, to soldered repairs. 

Thermoluminescence dating is a destructive technique, requiring 100-200 mg 

of uncontaminated core material. Exposure to subsequent sources of radiation 

can affect the reading thus limiting the accurate dating potential of the 

technique. The accumulated dose can be affected by reheating during an 

accidental fire or intentional repair, radiographic examination or even by 

exposure to daylight (in the case of powdered material, not chunks). 

Knowledge of the history of the object through art historical research and 

other forms of analysis and examination is important because the results can 

be misleading when taken on their own (Fleming, 1981, Brownsword and 

Blackwell, 1984; Brownsword and MacGregor, 1986). 

It is unclear how much radiographic exposures effect the TL dating of a 

bronze's core material and there is no general consensus on the matter. Some 

scientists argue that the high-kV X-rays necessary to radiograph bronzes 

would penetrate through the core and not effect the core material (Stone, 

1995, personal communication). Others feel that each radiographic exposure 

alters the TL dating by increasing the accumulated dose and, therefore, 

increasing the TL date (Carriveau and Bortolot, 1983; Goedicke, 1995, personal 

communication). Given the importance of the information provided by 

radiography for the understanding of how works of art were made such 

concerns should foster foresight rather than prevent the scientist from 

pursuing radiography. Until further research is done, removing samples of 

core material for potential future TL dating before radiographing the bronze 

seems to provide the best compromise. 
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Only a few research laboratories in the world offer authenticity assessment 

technique. The best known are Oxford's Research Laboratory for Art and 

Archeology and Berlin's Rathgen Forschungslabor. The results of the 

respective analyses of the same material by different laboratories do not 

always coincide (Bassett, 1995, personal communication) and comparison is 

hindered because of the lack of a standard format documenting the 

procedures and variables (Goedicke and Henschel, 1993). Goedicke at the 

Rathgen Forschungslabor has been developing such a standard form which 

would include numerous technical specifications· about the TL 

measurements, the dose rate measurements, the errors, special remarks on 

the equipment used and how the sample was taken (Jane Bassett, 1995, 

personal communication). 

This technique has not been routinely practiced as part of the technological 

investigation of Renaissance bronzes for various reasons. It is often the case 

that adequate core samples are not available. Indeed, the core is often no 

longer extant, there may not be any access to that which does remain, or it 

may be contaminated by other materials. Alternatively, the date of a given 

sculpture may not be in question or the piece may already have been exposed 

to X-rays or other forms of radiation. 
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PARTV. CASE STUDY ONE: EXAMINATION OF FOURTEEN . 

RENAISSANCE BRONZES FROM THE HUNTINGTON ART COLLECTION 

Part V presents the technological reports of fourteen Renaissance bronzes of 

disparate regions now in the Huntington Art Collection, San Marino/. 

California. These bronzes were examined as part of the Getty's Renaissance 

Bronze Project which the researcher has been involve~ in. Their in-depth 

examination served to refine the methodology presented in Part ID and the 

related worksheet which is presented in Appendix C. The study also provided 

important material for Part VI. 
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1. The Object 

Record No. 

Location 

Accession No. 

Title 

Attribution 

Provenance 

1.1 Description 

HSU1 (1.92.SB.87.1) 

Huntington Art Collection, San Marino 

227.177 

Hercules Pomarius 

Florence, sixteenth c. 

B. Ammanati? (Pope-Hennessy) 

B. Bandinelli (Wark) 

probably Florence, 18th c. (Radcliffe) 

A. Susini after B. Bandinelli? (Kinney) 

Vincent Astor 1927 

J. Pierpont Morgan 

The freestanding finely modeled figure of a bearded, muscular nude man, 

striding forward (Plate 15) is sculpted in the round. His right leg bears the 

weight of his body, and he is about to lift his left foot off the ground. His left 

hand bears a club that rests on his left shoulder. His right hand hangs at his 

side, holding a potato or rock. The beard, muscles, club and potato identify 

him as a Hercules type. He looks over the club, his head turned sharply to the 

left. The statuette is free-standing and cast in one piece without a base. A thick 

green and brown layer coats the surface, smoothing it out. 

1.2 Relationships 

It is one of two known, virtually identical versions. The other one is in the 

Thyssen-Bornemisza Collection. Anthony Radcliffe describes the two 

versions as being virtually identical, and re-dates them both to the 18th 

century. Yet, the results of the present technical examination support a 

Renaissance date for the Huntington's Hercules, and suggest that the Thyssen 

Bornemisza version could be an after cast of it. 

1.3 Marks and Inscriptions 

A fine "X" is engraved into his left sole. 
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2. External Features 
2.1 Structure 

Hercules strides forward in a well-balanced pose. His left leg is repaired above 

the ankle, but the weight-bearing right leg is strong. Sprues in the soles of his 

feet hold the figure into the stone base. 

2.1.1 Parts Cast Separately 

The Hercules is a one-piece cast with a repaired left leg and right-heel. 

2.1.2 Problem Areas, Flaws and Repairs 

Large porosity riddles the entire bronze (Plate 15). This results from an 

insufficiently dried mould and core, an insufficiently porous investment 

material, an exceSSively hot metal, or any combination of these factors. Some 

porosity is visible in the hair, beard, and upper side of the feet and a few larger 

holes like the one in his right palm, but the thick layers of surface coating 

conceal most porosity that breaks through to the outer surface. A brittle waxy 

material fills three larger flaws: below his left elbow, in his left forearm, and 

his left sole. A large round plug or cast-on repair stands proud on his left 

shin, at the same height as an irregularly shaped patch on his calf. This 

corresponds to large dense blob in the radiograph and is most likely a cast-on 

repair. 

Many of the seemingly erratic deep scratch marks that gouge through the 

green layer occur along obvious mould lines, and were probably made during 

"surmoulage" of the figure. Some of these can be found on the figure's neck 

and running down the side of its arms. a few cut across the club at the height 

of the shoulder. 

2.2 Metal Surface 

The surface of the bronze has been heavily worked: the hair was carved out, 

chiseled and punched; most of the body appears to have been worked with a 

scraper and polished. The chasing does not fully conceal all of the plugs and 

pinholes. 
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2.3 Surface Coatings 

A drippy, green, opaque, and uneven coating covers an earlier chocolate 

brown patina layer. In some places the second layer is rather thick and bubbly, 

in others it appears to lighten the first layer to a mocha colour. Some areas, 

like the scratch marks, are almost black. A thin translucent varnish or wax 

coats the entire bronze, giving it a highly reflective surface. UV illumination 

revealed yellow-green splotches on both hips and in his lower back that 

correspond to pin holes. Traces of this waxy filler material can be detected on 

his penis, between his buttocks and legs, and under both heels as well. A 

sample of it has been taken for future analysis. The encrustations in the hair 

cover a patinated layer suggesting that they are later accretions trapped in the 

wax coating. 

2.4 Base and Mount 

The figure stands on a stone base. Two threaded iron pins screw into his feet 

and sit firmly in two plaster-filled holes in the base. 

2.5 Measurements 

The following table reports measurements taken with a string that was then 

measured against a ruler. 

37.4 

width(front end of club to left heel) 14.3 

width 17.2 

between floor and bottom of left heel 2.7 

between tips of big toenails 11.0 

between tips of thumbnails (middle) 15.4 

between left elbow and 1 st knuckle of pinkie 7.7 

between tip of nose and tip of is 16.0 

between elbows across back 16.1 

between left elbow and center of left big toe 26.0 

between corners of eyes 2.4 

between centers of heels 8.2 
circumference of lower waist 18.9 
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circumference of neck 

circumference of left knee just under cap 

length of right leg (floor to buttock) 

length of club (over top of hand) 

length of right ear 

3. Method of Manufacture 
3.1 The Wax 
3.1.1 Description of the Original Wax Surface 

7.7 

17.5 

18.0 

1.4 

Both the surface coating and the dense systemic porosity throughout the 

figure obstruct the reading of the surfaces. The Hercules is a heavy cast. The 

radiographs show that it is a hollow cast with thick walls that are not 

conformal with the outer surface (Plate 15). 

3.1.2 Type of Joins 

Neither the surface nor the radiographs show evidence of joins. Such a figure 

would be difficult to mould in one piece. This suggests that the figure is a 

direct cast. 

3.1.3 Separately Moulded Parts 

The radiographs show no evidence of separately moulded parts. 

3.2 The Core 
3.2.1 Description of the Samples 

The area between his thighs and genitals is flawed. The hole is filled with 

core-like material. During the object's technical examination at the J. Paul 

Getty Museum, a sample of whitish powdery material was taken from the 

hole behind his genitals. This could either be core material, or residue from 

an after-mould. The sample has not been analyzed..There are no flashes on the 

inner surface, evidence that the core did not crack during the casting process. 

3.2.2 Configuration and Relationship to the Wax 

The core is not conformal with the outer surface of the bronze, and could 

have been modeled first and dried.~The core in this case serves as a support to 
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model the wax on. If the artist had modeled the figure directly onto the core 

and played around with the composition in the process, the wax layers would 

probably not be of even thickness. The figure was probably fashioned in this 

manner. Furthermore, the porosity in the metal suggests that the core was 

either not dry enough or not porous enough. Any humidity in the mould 

will vaporize upon contact with the hot metal, and remain in the metal 

unless it can escape into the surrounding mould. 

3.3 The Metal Insertions 

A variety of pins, rods, wires, nails and other metal bits perform important 

tasks in the casting process. Some serve as a structural support that stabilizes 

the wax replica for the person who works on it. Others help to strengthen the 

often brittle core. Yet others act as separators that keep the core from moving 

around inside the mould after the bum-out. This part of the report gathers 

information on such metal insertions in categories based on their major 

functions. 

3.3.1 Armatures 

Two long wires run from Hercules' torso down to his feet (Plate 15). They 

may have helped to hold him up, but they do not look like a coherent weight

bearing support. An armature rod may originally have run through him 

from 'the ground, up between his legs (through the hole behind his genitals), 

and out through the now-plugged hole at the top of his head. 

3.3.2 Core Pins 

The figure's core was heavily supported by core pins (Plate 15). Among these 

were two core pins that traversed the figure through his hips and from front 

to back through his lower abdomen. Pinholes filled with wax or resin are 

visible from the surface: one on each hip, one in the small of his back, and 

one in his belly. They correspond to the greenish areas visible under DV 

lighting and to the tapered metal pins in the radiographs. 

The pinkish patch on his left buttock, the almost invisible rectangular ones 

on his right shin and left breast, and the round ones on his right breast and 

on his right, shoulder blade cover the remains of core pins that were' cut off 
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and pushed into the bronze. The deep recess in his crown corresponds to a 

large tightly-threaded tapering non-ferrous plug visible in the x-radiographs. 

3.3.3 Internal Core Supports 

Long, thin, wire core supports can be discerned in the radiographs (Plate 15). 

There is one in each arm, two run from the torso to the legs and through his 

soles, and another one runs between the shoulders. These have identical 

silhouettes and density. The magnetic attraction in the sole of his-left foot 

would suggest that they are all iron wires. 

3.3.4 Plugs 

A pinkish pin on his left buttock, two almost invisible rectangular patches on 

his right shin and left breast, and two round plugs on his right breast and 

right shoulder blade correspond to tapering metal pins in the radiographs 

(Plate 15). 

3.3.5 Other (none) 

3.4 The Metal 
3.4.1 Composition 

Non-destructive examination was carried out on the surface of the bronze by 

energy dispersive radiograph fluorescence analysis (EDXRF). The analyzed 

areas are: cast-on repair on left calf, right side of chest, left head by pinhole. 

The alloy is a leaded bronze with up to 2% iron (some of which may be 

accounted for by the patina) and some silver. The composition of the cast-on 

repair on his left leg is similar to the overall composition of the bronze, 

although the copper content is slightly higher, and the lead and tin a bit lower 

(see Table 2 in Appendix A). 

3.4.2 Casting Orientation 

The bottom end of the club was sawed off, and left unchased. It is the likely 

location of the attachment of a sprue or vent. His square-shaped left thumb 

nail could also have been the location of a, vent. There are no traces of sprues 

on the soles of his feet: these have been heavily filed. 
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4. Analytical Studies 

The sculpture was examined at the J. Paul Getty Museum in 1991-92. XRF data 

was acquired (see Table 2 in Appendix A). It was radiographed by Linda 

Strauss at the time and. The settings and instrumentation have been 

described in Part IV. 

5. Conclusions and Recommendations 

This freestanding sculpture of Hercules Pomarius and the only other known 

version in the Thyssen Bornemisza Collection, both of unsure attribution 

have recently been redated to the 18th century (Radcliffe, Baker and Maek

Gerard, 1992). The classicism and the green patina of both figures lead 

Radcliffe to re-date both versions of the Hercules to the first half or middle of 

the 18th century, rather than the Renaissance. From their similarity in facture 

and finish he concludes that they must post-date Giambologna. Radcliffe also 

argues that the technical capability necessary to reproduce multiple versions 

of a bronze with such precision was only first achieved by Giambologna and 

his workshop. The great demand for Giambologna's bronzes as diplomatic 

gifts would have contributed to the refinement of his workshop's piece

moulding techniques in order to produce multiple bronze replicas from his 

accomplished models. 

Close examination and analysis of the Huntington version, combined with 

knowledge of other workshop practices lead to other conclusions. Antico, 

Severo and Riccio used plaster piece-moulds in the fifteenth century (Stone, 

1982) long before Giambologna to produce multiple replicas. The bronzes' 

similarity is therefore not proof that they are later casts. The bronze's thick 

and incredibly porous walls would be unusual for an eighteenth-century cast, 

since casting was well established by that time. Although it is difficult to 

establish the exact method of manufacture of the bronze, the evidence leans 

toward a dire~t cast. There are no visible indications that the core was poured 

into pre-moulded joined wax parts as there are no discernible wax-to-wax 

joins, and the figure is too complicated to have been cast in one piece in a 

sand mould. The uneven thickness of the walls may have resulted from the 

figure's having been modeled directly on a preformed core. 
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The scraper marks that run across the surface of the bronze are also more 

common on Renaissance bronzes than on eighteenth-century ones. The deep, 

parallel, continuous scratches down the sides of the neck and arms and legs of 

the Huntington bronze look like marks left in the process of taking a mould, 

or surmoulage marks. Could the Thyssen statuette be a later cast (aftercast) 

from a mould taken off of the earlier Huntington version? 

The Huntington version's green coating looks like it was applied over 

previous layers. The Hercules could have been repatinated at a later date, 

perhaps at the same time as the Thyssen Bomemisza replica to make them 

look alike. The Huntington version is a leaded bronze, similar in 

composition to Giambologna's and earlier Italian bronzes. The Thyssen

Bomemisza version, on the other hand, is described by Radcliffe as a brassy 

alloy, more frequently used in France in the seventeenth and eighteenth 

centuries. There is not enough comparative data yet on Italian Renaissance 

brass sculptures. 

In conclusion, the Thyssen-Bomemisza Hercules could conceivably be an 

aftercast of the Huntington version, and the Huntington Hercules could well 

be a sixteenth or early-seventeenth century bronze produced around 

Giambologna's time. A technical examination of the Thyssen Bomemisza 

Hercules would allow a comparison of measurements, radiographs, and 

analyses of materials and may help to clarify the relationship between the two 

statuettes. 

6. Bibliography 

Huntington, 1974; Radcliffe, Baker and Maek-Gerard, 1992. 
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1. The Object 

Record No. 

Location 

Accession No. 

Title 

Attribution 

Provenance 

1.1 Description 

Hunt 2 (L.92.SB.87.2) 

Huntington Art Galleries, San Marino 

17.13 

Nessus and Dejanira 

Giovanni da Bologna (Giambologna) 

Niccolo Gaddi ColI. (by 1581) 

Gaddi sale, London (23 March, 1764) 

(unknown collection, possibly Alderman Beckford) 

William Beckford of Fonthill (by 1822) 

by inheritance to Alexander, tenth Duke of Hamilton 

(1844) Hamilton Place sale (10 July 1882) lot 1270, bought 

by. F. Davis 

J. Pierpont Morgan 

Henry E. Huntington, 1917 

This sculptural group, modeled in the round to be seen from multiple view 

points (Plate 16), depicts the centaur Nessus carrying off the nude nymph 

Dejanira on his back. Rearing on both hind legs, he holds her across the chest 

with his right arm and a tightly pulled drape in his left. Dejanira, precariously 

balanced on his back, struggles and screams out, arms flailing. The centaur's 

hind legs are the sole support of these two figures. Sacrificing greater stability 

for a more dramatic effect, Giambologna did not use any of the familiar 

devices - like drapery, tree stumps or additional figures - in this composition 

to help support the heavy load. 

Giambologna modeled both figures in great detail in the wax, however it is 

not clear whether he himself reworked the metal surface or whether one of 

his assistants did. The bold, loose quality of the modeling suggests that 

Antonio Susini, who often chased Giambologna's bronzes was not 

responsible for this one, for his work is characteristically' much more 

polished, crisp and hard. Nevertheless, both Nessus and Dejanira show much 

care in the sharpening of the details. Hair, facial features, Nessus' hands and 

hooves, and, the inscription on his headband (Plate 17) are crisp. The 
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exceptions are Dejanira's sausage-like and weak hands, particularly the right 

one which may be a later restoration. Some of the fingers on her left hand are 

bent and broken, which is common in other versions of this group as well. 

Neither of the figures' eyes has pupils. 

1.2 Relationships 

The Huntington Nessus and Dejanira group is an important bronze, as it is 

one of the three known signed versions of this model. Malcolm -Baker traced 

it back to the Gaddi collection at the end of the sixteenth century (1989). The 

two other signed versions are at the Louvre in Paris, and in the 

Skulpturensammlung in Dresden (Avery, Radc1iffe and Leithe-Jasper eds., 

1978). 

1.3 Marks and Inscriptions 

The Huntington version, like the Paris group, is signed on the fillet around 

Nessus's head. The inscription says: .IONIS .. BOLOGNA. (Plate 17) and the 

rounded shape of the letters suggests that it was inscribed in the wax. Like 

most of the Huntington's Renaissance bronze statuettes, the Nessus and 

Dejanira group comes from the Pierpont Morgan collection. Removing the 

figure from its stone base revealed its intact original oval base with the old 

accession number "PM 381," painted in red letters on the side. 

2. External Features 
2.1 Structure 
2.1.1 Parts Cast Separately 

The group is cast in one piece, except for Dejanira's right hand, a separate cast 

that joins to her arm at the wrist. Her right small finger, and left middle and 

small fingers are separate casts as well. Her right small finger is not bronze 

like the rest of the group, but brass. This suggests that it is a later restoration. It 

is not clear how the finger was attached to the hand. 

2.1.2 Problem Areas, Flaws and Repairs 

The surface coating of the group is very uneven and certain areas appear to 

have been re coated (see section 1.2 above). Crumbly white remains retained 

in the recesses may be residues of a'plaster piece-mould, although they are 
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perhaps too sandy for this. A series of deep, straight, darkened scratches run 

in one line from her right shoulder, over her breast, her left hip, left thigh 

and leg, and then down the inside of her right leg. These resemble marks 

often made in the process of taking a surmoulage. 

A bronze pin, entering from the side of the leg, and perpendicular to it, runs 

through the break. The leg is already porous; the act of plugging it may 

actually have caused the break. Remains of solder, ancLshellac based adhesive 

from previous repairs are stuck in the break. Most of the solder and shellac 

were removed during the object's recent conservation treatment at the JPGM. 

At the time the leg and foot were and pinned together with a stainless steel 

pin, and the gaps were filled with epoxy. 

The most obvious problem area in the bronze is the centaur's broken leg. To 

the naked eye, the two hind legs, at an acute angle to the ground, seem to 

strain to support the entire bronze. The right leg, already weakened by 

porosity, could not bare the weight of the figures. It cracked and broke. The 

finer extremities are generally difficult to cast, since it can be a challenge to get 

the hot metal that far before it starts solidifying. Dejanira's right hand, and 

three of her right fingers are separately cast. The inside of her right forearm is 

filled with accretions including metal from the cast-on hand, plugs and 

several unidentified ones. Her solid left forearm has a large thin pocket 

around the elbow which corresponds to a patchy outer surface. This is an 

example of larger porosity. 

The radiographs reveal numerous unidentifiable accretions and a few flashes 

on the bronze's inner surface, as well as localized areas of fine porosity in the 

centaur's belly and legs. The scattered small holes in the bronze correspond to 

problem areas: corners where an air bubble may have been trapped, such as 

the hole in Nessus's hair at the back of his neck; deeply recessed areas where 

the bronze is excessively thin, such as the hole between Nessus's chest and 

left forearm; localized areas of porosity, such as those visible in the 

radiographs of Nessus's belly in his legs. 
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2.2 Metal Surface 

The fine chasing conceals most of the plugs and clears the surface of 

accretions. Chiseling, engraving and some punching enhance many of the 

details of the modeling, like the hair. File marks and occasional punch marks 

cover the larger bare flesh surfaces, and wire brush marks run across the 

entire surface of the group. There appears to be a cluster of very fine chisel 

marks on Dejanira's left buttock and small rounded punch marks in the 

floating drapery on Nessus' left side. The metal surface is relatively smooth. 

Most of the file marks follow the contours of the bodies and drapes, and cover 

the group, although in varying depth and coarseness. The wire brush marks 

that cover the surface generally follow the length of the body. An engraving 

tool enhanced the line between Dejanira's buttocks and other areas where 

larger forms like her buttock and the drape join. 

The group, chased on all sides and in most of the undercuts, still preserves a 

few unfinished areas in the concealed parts. For example, Nessus's left hand, 

and the inside of the piece of drapery he holds in it, are both rough. The 

recess of the drapery hides the coarse chisel marks in the undercut. Except for 

a few dents on Nessus's ribs, the metal surface of the bronze group appears 

well-preserved. 

2.3 Surface Coatings 

The golden metal of the wire-brushed surface shines ,through the primary 

translucent layer. The composition of this translucent material has not been 

analyzed. It appears to be lacquer, but Richard Stone's analyses of the surface 

coating of the Giambologna bronzes, at the Metropolitan Museum of Art has 

revealed that many of them are in fact coated with organic patinas, made up 

of different oils, pitch and resins (Stone, White and Indictor, 1990). The 

original colour of the polished metal, visible on the sprues, is a pale, pinkish, 

golden colour, typical of a bronze. The surface coating of the two figures is 

uneven. In larger recessed areas like folds and undercuts, the reddish brown 

translucent coating has darkened and become opaque. In some of the more 

exposed areas, like Nessus's rump, it is worn through and the metal has 

turned gray. A subsequent thinner ~lear layer appears to coat the gray metal. 
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Another layer of a different material coats select areas of the lacquered figures. 

A fine layer of darker, opaque, grayish-green, crusty material with granular 

inclusions coats Nessus's face, the front of his torso and the area between his 

front legs. The way this material builds up on the edges of the distinguishable 

brush strokes suggests that it is wax. However, unlike wax, it is very hard, and 

does not polish or move under friction. A deeper red lacquer-like coating 

covers most of Dejanira. In several small areas this has flaked off, exposing 

the wire-brushed metal surface below. 

Under UV light, thicker deposits of resinous wax in the more textured areas 

and recesses fluoresce a bright, yellow-green. Dejanira's repaired left middle 

finger glows orange-yellow, as does the break in Nessus's right hind leg, 

suggesting the use of a shellac-based adhesive. The recent conservation of the 

broken leg confirmed the use of both shellac and solder for previous repairs 

of the area. 

What seems to be the remains of investment material adheres to some of the 

exterior recesses. This is perplexing, because the metal surface beneath them 

appears to be patinated. It could be the natural oxide layer that usually forms 

on the surface of a cast bronze. On the other hand, the crumbly white remains 

could have been left behind from a plaster piece-mould, although they are 

unusually sandy for a plaster mould. The series of deep, straight, darkened 

scratches that run in one line from her right shoulder, over her breast, her 

left hip, left thigh and leg, and then down the inside of her right leg would 

support this latter hypothesis. These look very much like scratches made in 

the process of taking a mould (aftercast or surmoulage) from the bronze. 

2.4 Base and Mount 

The bronze has soft-solder cushions under the hind hooves. In addition to 

helping to hold the figure to the base, they probably reduce some of the stress 

created by the extreme angle of the leg and the weight of the group. 

Furthermore, the two hooves are not at the same angle to the ground and the 

cushion helps to re-balance the figure. In the Huntington version the wedge

shaped cushions clearly change the angle of the group in relation to the 
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ground. It is not clear whether this kind of adjustment goes back to the time 

of manufacture, or to when the legs, first began to falter. 

Sprues extending from the rear hooves mount the figure to the base. The 

Huntington group's oval metal base is in turn set with plaster into a black 

marble base. This was recently disassembled when the group came to the 

JPGM for repair, providing a rare opportunity to examine both how the group 

is attached to the metal base, and how the latter is made. The metal base is a 

thick-walled oval. It is hollow underneath. Integrally cast, reinforced areas 

surround the holes that receive the sprues extending down from Nessus's 

hind hooves (Plate 16). The base is a separate cast, and both its simple shape 

and tapering inner profile suggest that it was made with a two-piece mould, 

or even with a sand cast. The oval bronze base and its assemblage with the 

group probably are original; its patina and alloy are similar to those of the 

group, and it's proportions are consistent with those of other Giambologna 

bronzes. 

The mount is mechanical. The sprues that extend from Nessus's hind hooves 

fit into the holes in the base. On the top of the base, gouges surround these 

holes, possibly to increase the surface area for the solder to grip. Once the 

angle of the group had been decided on, they were fixed into place with soft 

solder. The solder forms supportive cushions under the hooves. The end of 

the sprues are splayed. The group, thus joined onto the base, is mounted onto 

the existing black stone base with long metal pins. A threaded hole, drilled 

into each splayed sprue, held a long, threaded pin. The protruding end of the' 

pin extended down into corresponding holes in the stone base, and was 

probably set in shellac and/or plaster like many of the Huntington 

Renaissance bronzes. The holes in the sprues and in the stone base are still 

there, but the pins have been removed. The current setup with the oval base 

sunk into the stone base obviously dates from after the bronze left the 

Pierpont Morgan collection, because it conceals the Pierpont Morgan 

accession number. The existing black stone mount is not a sixteenth century 

one. The mount probably dates back to the beginning of this century. 
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2.5 Measurements 

The following measurements were taken with a string that was then 

measured against a ruler and are reported in centimeters. 

Group: 

height (in current mounted position) 

between tip of Nessus' right elbow and tip of Oejanira's 2nd left toe 

between center of front hooves 

between center of rear hooves 

between tip of Nessus' nose and Oejanira's left elbow 

between tip of Oejanira's ? toe and her chin 

between tip of tail and tip of right front hoof 

between outer corners of Oejanira's eyes 

length of Nessus' right ear 

length of Oejanira's right ear 

circumference of Nessus' waist 

Oval base: 

length 

width 

thickness of edge (bottom) 

thickness of edge (bottom) 

height 

3. Method of Manufacture 
3.1 The Wax 
3.1.1 Description of the Original Wax Surface 

41.5 

10.8 

7.9 

7.5 

14.0 

25.8 

27.5 

1.6 

1.1 

1.0 

16.4 

14.8 

10.5 

0.5+ 

1.0 

1.7-1.9 

The heavy chasing of the bronze removed evidence of how detailed the 

original outer surface was. The inner surface of the bronze looks smooth in 

the radiographs and suggests that the cast was slush moulded with fine

grained core material. 

3.1.2 Type of Joins 

The change of density in Dejanira's arms just below her shoulders is evidence 

of wax-to-wax joining. Overlapping areas in the radiographs conceal other 

plausible wax-to-wax joins between the separately moulded parts (Plate 17). 

Dejanira's right hand is cast on at the wrist. The metal-to-metal join is 

obvious both from the visual examination and the x-radiographs. The denser 
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area of metal that runs down from her hand, inside her forearm, locks the 

hand onto the arm (Plate 17). 

3.1.3 Separately Moulded Parts 

The group is a hollow one-piece, lost wax cast. The two figures, Nessus and 

Dejanira, were moulded separately, and in parts. Each figure has a separate 

core, suggesting that the wax-to-wax joining of the two figures occurred after 

they had been filled with core. Nessus's right arm, closely intertwined with 

Dejanira's torso, was probably moulded together with it. The separately 

moulded wax parts were joined by melting the edges together. The drapery 

between the two figures provides an excellent transition area for such joins. 

The distinct change of density between Dejanira's torso and abdomen indicate 

that these parts were prepared separately in the wax stage. The thinning 

visible in the radiograph, just below the drapery with which Nessus holds 

her, is surely part of the join. 

The two figures are probably also joined in the wax where their right sides 

meet. The slight thinning at the join between Dejanira's right arm below her 

shoulder and armlet would be another obvious joining area. Her right hand 

and arm are joined mechanically at the wrist and her broken left middle 

finger is joined with an internal pin. Both little fingers are broken but it is not 

clear how they were repaired. Her left arm is solid, and the irregular-shaped 

patch on her elbow may be where it was cast-on or riveted to the rest of the 

arm. Her legs and Nessus's legs and tail are solid, but it is difficult to say 

where they were joined. Neither of the figures' necks are clearly visible in 

these radiographs, but the surface conformity and metal thickness differ 

considerably between Nessus's head and the rest of his body, suggesting that 

the waxes for these parts were cast separately. Both the radiographs and lack of 

magnetic attraction in the area confirm that Nessus's tail was cast together 

with his body. 

It is reasonable, therefore, to assume from the evidence that the following 

separate wax parts joined to form the two figures and the group: 

1. Dejanira: torso with Nessus's right arm, abdomen (and legs?), arms, 

head?, right hand and various fingers (repairs) 
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2. Nessus: horse's body and torso, head, legs and tail. 

These parts were all joined in the wax, except for Dejanira's right hand and 

the broken fingers that are repairs, and joined in the metal. 

3.2 The Core 
3.2.1 Description of the Samples 

Much of the core of the Nessus and Dejanira group survives intact. During 

the present examination, samples of core material wer~ dug out of the bronze 

from a few of the small well-concealed holes that correspond to thinning in 

the bronze. The first sample was taken from the hole in Nessus' hair where it 

joins the neck (HSU 2.1). It is a powdery grayish-brown clay material with 

sand grains. It also contains greenish lumps that are a copper corrosion 

product. The second sample comes from the slightly larger lacuna where his 

left forearm joins his chest (HSU 2.2). The sample closest to the opening is off 

white, and may be plaster from a later piece mould. This sample is sandy. The 

samples from deeper inside the bronze are powdery, darker brown and richer 

in clay. The third sample is either investment material or remains of a 

surmoulage mould (HSU 2.3). It is almost white: a predominantly sandy 

mixture with plaster and yellowish clay. The fourth sample, taken from a 

deep recess just above the previous one, was whiter and sandier on the 

outside but quite rich in brown clay deeper inside (HSU 2.4). 

The sample has the appearance of a white coarse sand, full of 1.0 mm angular 

grains of quartz and feldspar (Plate 97). Its distinguishing features, noted from 

analysis of a thin section of the sample with the polarized light microscope, 

are 40% quartz, 15% metamorphic lithics, 10% feldspar, some rust chunks, 

and 30% hematitic clay. Half of the clay is Vitrified. Microprobe work has 

confirmed the presence of potassium feldspar, albite, quartz, and mica. Fibers 

present are minute tan and white fibers, one 6.0 mm blue fiber, and one 

acrylic fiber that may be a contaminant. Micro-chemical analysis of sample 

HSU 2.1 showed that there is no carbonate or gypsum in the sample but that 

sample HSU 2.3 contains calcium carbonate with a trace ~f gypsum plaster. 

This image shows sub-angular to angular sand grains, grey-tan clay chunks, 

and a 6.0 mm long blue fiber. Polarized light microscope reveals large angular 
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quartz grains and brown clay. Just to the left of center, a striped feldspar can be 

seen (Plate 97). 

3.2.2 Configuration and Relationship to the Wax 

The profile of the core follows the contours of the outer surface closely as can 

be seen in the radiographs (Plate 17). Both this evidence, and the location of 

the armature (described below) suggest that the core was filled into the 

previously moulded and joined hollow wax parts. 

3.3 The Metal Insertions 
3.3.1 Armatures 

A thinner wire (ca. 0.1 cm diam.) loosely wraps back and forth around the 

elbow of a thick L-shaped iron rod in the core in Nessus's belly. (Plate 17). The 

wire probably kept this armature from slipping inside the core before casting. 

Judging from the radiographs, the top end of the rod protrudes into the 

drapery between the two figures. This suggests that the rod was inside the 

hollow wax before the core. 

3.3.2 Core Pins 

The, small, tapering, long dense features adjacent to the round plugs on the 

inner surface of the centaur's belly and abdomen are remains of core pins 

(Plate 17). Two of these seem to be facing each other on either side of his belly. 

The person who chased the bronze seems to have cut the pins just above the 

surface of the bronze, then pushed them in, and plugged the holes with 

round bronze plugs which are invisible from the outer surface. The core pins 

in Dejanira are smaller and, according to the radiographs, are not plugged. 

She has one pin (ca. 0.25 cm diam.) in her right arm, and another much finer 

wire pin (ca. 0.1 cm diam.) on her thigh. There are undoubtedly more core 

pins in this group, but many areas overlap in the radiographs and are difficult 

to read. 

3.3.3 Internal Core Supports 

The radiographs reveal a number of internal core supports inside the bronze. 

One long rod (ca. 0.3 cm diam.) runs from Dejanira's head to her abdomen. 

Another (ca. 0.2 cm diam.) runs doWn her left upper arm. A rod (ca. 0.2 cm 
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diam.) and a wire (ca. 0.15 cm diam.) run down her right upper arm. These 

are internal core supports (Plate 17). 

3.3.4 Plugs 

The radiographs show a large threaded plug on Nessus's belly (ca. 1.1 cm 

diam.). This is also visible from the surface. Two more correspondirig plugs 

on either side of his belly (ca. 0.6 cm diam.) cover pushed in core pins. A 

similar one is visible in his abdomen (ca. 0.5 cm diam:}. The radiographs also 

show a large, possibly threaded plug in the crown of Nessus's head (ca. 0.7 cm 

diam.). A square patch in the belly covers the area where the armature 

formerly extended through the metal. The plug in the break in Nessus's right 

hind leg originally filled a porous area. 

3.3.5 Other 

A square patch in the belly covers the area where the armature formerly 

extended through the metal. The plug in the break in Nessus's right hind leg 

originally filIed a porous area. 

3.4 The Metal 
3.4.1 Composition 

Numerous spectra were acquired by XRF and the results of eight of them are 

reported in Table 2 in Appendix A. The analyzed areas are: polished base, 

Nessus' lower abdomen, Dejanira's right palm, Dejanira's right small finger, 

Nessus' right rear hoof, etched mounted section of plug from Nessus' broken 

ankle, etched mounted section of sprue end from Nessus' rear hoof, and 

polished area under proper left hoof. 

The spectra of the body metal show the alloy to be a leaded bronze with traces 

of iron, zinc, antimony and silver. Dejanira's right small finger is the 

exception. It is made of brass, and is most probably a later repair. The base is 

also a leaded bronze similar in composition to that of the group. The copper 

alloy composition of the pin has only a bit of lead and i~ slightly lower in tin 

and zinc than that of the body metal. A drilling was taken from the broken leg 

at the time of the conservation work at the JPGM. Part of it was analyzed by 
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AAS. The results show the composition to be a tin bronze with only traces of 

lead, zinc, antimony and nickeL 

A copper alloy pin was removed from the break in the leg and mounted, 

polished and etched in acidified potassium dichromate and shows the 

recrystallized twinned grains characteristic of a cold worked and annealed cast 

copper alloy. The crisscrossing strain lines in some of the grains are evidence 

of further coldworking (Plate 16). The pin looks like a segment oLcopper rod 

that would have been produced by hammering and annealing, and would 

have been further cold worked to fit into the hole. The dark flecks in the 

crystals and along the grain boundaries are a combination of porosity, some 

holes left by small lead globules. The lead content is low compared to that 

seen in the metallographic sample removed from the end of the sprue on the 

centaur's hoof. The steel grey specks are copper sulfide or oxide inclusions. 

These are probably remains from the smelting of the copper ores. 

3.4.2 Casting Orientation 

The group was probably cast upside down. The hind legs would be the highest 

parts and serve as part of the sprueing system as runners or vents. Two of the 

original sprues were never removed and still extend from the two hind 

hooves. This position could have weakened the long, thin, solid volumes of 

the legs for two reasons. First, since they act as a reservoir of metal for 

adjacent thinner areas as these shrink in cooling, this might create porosity in 

the bronze. Second, being solid, they are themselves not as well vented as the 

thinner hollow parts. . 

4. Analytical Studies 

The researcher examined the bronze as part of the Renaissance Bronze Project 

at the J. Paul Getty Museum in 1992. At that time the bronze was 

radiographed by Linda Strauss. The settings are described in Part IV. It had 

previously been radiographed by the Richardson X-ray Company in situ at the 

Huntington Art Galleries with a porta.ble tube at 259 kV, 5 mA for 5 minutes 

at 122 cm distance. Ron Schmidtling examined a sample of the core material 

under the binocular microscop~J sent it for thin section preparation and 
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analyzed it by polarized light microscopy. The researcher acquired the XRF 

spectra at the Getty Conservation Institute (GCl)'s Museum Services 

Laboratory and Jesse Easter quantified the results. Michele Derrick of the GCl 

analyzed a flake of the waxy accretion from the centaur's belly by FTIR (May 

1994). 

5. Conclusions and Recommendations 

The Huntington Collection's freestanding sculptural group of Nessus and 

Dejanira is one of three signed versions of this model that we know was 

made during Giambologna's lifetime. Malcolm Baker (1989) traced this bronze 

back to the Gaddi collection, and suggests that it is the same group of Nessus 
\ 

and Dejanira that Simone Fortuna's letter of 1581 to the Duke of Urbino 

refers to along with another version of it cast around 1575. The present 

technological examination has produced data that is consistent with other 

Gia~bologna-Susini bronzes. This is a lost wax cast. The two figures are 

hollow, except for their legs below the knees. The group is cast in one piece, 

except for Dejanira's right hand. Some of her fingers are repairs. Her right 
I 

small finger is not bronze like the rest of the group, but brass and is probably a 

later restoration. Like other Giambologna workshop bronzes the group was 

reduced to simpler parts to make the moulding process more manageable. 

These parts were all joined in the wax, except for Dejanira's right hand and 

the broken finger~ that are repairs, and joined in the metal. 

The radiographs show the remains of an armature inside the centaur. The 

protruding end was cut off and patched over in the bronze. A thin wire 

loosely wraps back and forth around the elbow of a thick L-shaped iron rod in 

the core in Nessus's belly. An almost identical, bent rod survives in the belly 

of the Paris version. Other Giambologna bronzes, like the unsigned Vienna 

version have T-shaped armatures. These also serve as core supports and core 

pins. This statuette appears to have relatively few core pins, and the fine 

chasing conceals most of the existing plugs. Thin wire core supports run 

parallel to Dejanira's arms, and through the wax-to-wax joins in the 

shoulder. Another one runs through her body. Such core supports are 

characteristic of bronze statuettes from Giambologna's workshop. 
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The group is finely chased all around. The scratch brushing and lacquer, 

characteristic of all of the documented "Giambologna, Susini and workshop" 

bronzes, gives it a warm golden-brown metallic sheen. The uneven, darker, 

more opaque, wax-like layer that lies on top of the translucent coating in 

some areas of the group is most likely a later addition. A series of deep, 

straight, darkened scratches that run in one line from Nessus' right shoulder, 

over her breast, her left hip, left thigh and leg, and then down the inside of 

her right leg, look very much like traces of aftercasting, or surnwulage. The 

plaster residue in some of the recesses may be traces of a later plaster piece 

mould, and support this hypothesis. Which, of the many versions of this 

bronze, might have been cast after this bronze? Examination and 

measurements of other versions may answer this question. 

The composition of the group puts strain on the centaur's thin legs. These are 

the weak spots of the composition: one or both legs are broken in each of the 

three signed versions of this group. To compensate for this strain, small 

leaded cushions support the hooves in the three signed versions. In the 

Huntington version the wedge-shaped cushions clearly change the angle of 

the group in relation to the ground. It is not clear whether this kind of 

adjustment goes back to the time of manufacture, or to when the legs first 

began to falter, and how to judge the original angle of the group. The mount 

is mechanical. The sprues that extend from Nessus's hind hooves fit into the 

holes in the base. The oval bronze base is probably original; its patina and 

alloy are similar to those of the group, and it's proportions are consistent with 

those of other Giambologna bronzes. Its assemblage with the group is, 

however, hard to date without more comparative data on mounting 

techniques. The stone base is a later addition, and probably dates to Duveen or 

Huntington, since it conceals the Pierpont Morgan accession number. 

The measurements taken from the Dresden and Paris versions are very close 

to those of the Huntington Nessus and Dejanira. Both the Paris and Dresden 

versions (see reports GB 23 and 24) are slightly taller, although not by much, 

and the angle at which they are mounted could account for this difference. 

Many comparative measurements remain to be taken from the other 

versions in order to draw defiJ:1itive conclusions about the relationship 
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between the three bronze statuettes, but the available measurements are 

almost identical as, for example, the distance between Nessus' nose and 

Dejanira's left elbow. 

The core deep inside the bronze is powdery, dark brown, clay with sand and, 

like other Giambologna bronzes, without plaster. This very sandy clay core 

was probably carefully pressed into the hollow wax. The samples taken from 

closer to the surface through the small holes are lighte..!:t grittier, and contain 

plaster: they may be residues of a later piece mould. Analysis of sample 1 has 

shown that it is composed predominantly of rounded grains of very dark 

hematitic clay chunks. Igneous plutonic-derived lithic sands are present, and 

due to the lithic components and the amount of rounding, it is likely that the 

source rock is nearby, perhaps within 100 km. The components in this sample 

are characteristic of Giambologna and Susini cores. 

The 'alloy of the group is a leaded bronze except for a later repair. The base is 

also a leaded bronze' similar in composition to that of the group. Other 

bronzes from the Giambologna workshop that have been analyzed by EDS 

analysis at the Metropolitan Museum of Art and the Musee du Louvre have 

similar alloy compositions (Stone, White, and Indictor 1990; Lefebure 1985). 

The group was probably cast upside down. The hind legs would thereby be the 

highest parts and serve as runners or vents. Original sprues still extend from 

the two hind hooves and help to mount the bronze to its base. 

The examination and analysis of Giambologna's signed Nessus and Dejanira 

provides an invaluable body of technical data on the casting practices and 

materials of Giambologna's workshop. The data shows that the method of 

manufacture of this group is similar to that of many other Giambologna 

statuettes already examined. Further analysis of the Paris version, and a 

thorough examination of the Dresden group may further our understanding 

of the relationship between these three signed pieces as well as other related 

ones, and perhaps further clarify who was involved in their creation. 

6. Bibliography 
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1. The Object 

Record No. 

Location 

Accession No. 

Title 

Attribution 

Provenance 

1.1 Description 

Hunt 3 L.92.SB.87.3 

Huntington Art Galleries, San Marino 

27.174 

Crouching Venus 

Giovanni da Bologna (Giambologna) 1560's? (Wark) 

Escudier Collection. Paris 1927 

This bronze statuette, represents a crouching nude woman twisting to her left 

and absorbed in her toilette (Plate 18). Kneeling with her right knee on a pile 

of drapery, and not quite sitting back on her left heel, she raises her left arm 

while she washes her left breast with her right hand, using the unraveled end 

of the head-cloth. With her left hand she holds the drape still wrapped 

around her head. Her right elbow rests on her left thigh. The spiraling 

composition with no main frontal view is typical of Giambologna's sculpture. 

This invites the viewer to look at it from different angles. Consequently, the 

modeling is detailed all around. A thin translucent golden brown and black 

lacquer finish coat the highly polished surface. 

1.2 Relationships 

The composition and theme of this statuette are reminiscent of ancient 

Roman marble statues of Venus known and much admired in the 

Renaissance (Bober and Rubinstein, 1986). Of the numerous other bronze and 

terra-cotta versions of this model, Avery and Radcliffe suggest that this 

statuette is closest in style and details to the signed and provenanced version 

in the Bargello, Florence (see report GB 8), and that it may even be an 

autograph work (Avery, Radcliffe and Leithe-Jasper eds., 1978). It is not clear 

what it's relationship to the BargellO'S version is. 

1.3 Marks and Inscriptions (none) 
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2. External Features 
2.1 Structure 
2.1.1 Parts Cast Separately 

The hollow figure was cast in two parts: 1) the head, left hand to the wrist, 

and a piece of her head dress; and 2) the rest of the body, and the round base. 

Outer appearances suggest that the plug-like features adjacent to the straight 

metal-to-metal joins are a sleeve join or mortise and tenon type join. The 

radiographs reveal that it is a cast-on join (Plates 18 and 19). Fin~chasing 

conceals most of these features. 

2.1.2 Problem Areas, Flaws And Repairs 

The separately-cast head and left hand are probably a repair dating back to the 

time of manufacture. The small finger of the left hand is missing. The stub is 

porous, suggesting that it either did not cast, or that the area was weakened by 

porosity and the finger broke off. The surface of the break looks patinated. 

Some of the areas corresponding to high points in the original mould are 

very thin, and some even have holes (Plates 18 and 19). These include: the 

left armpit, the area behind the right knee, and the left ring finger at the join 

with the drape. The top of her head is very thin as well, and the 

discontinuous surface is evidence that the metal cooled too fast. There is a 

small hole here too. The hole in the base (c. 0.4 cm diam.) is probably from an 

earlier mounting arrangement. Porosity breaks through to the outer surface 

of the bronze, speckling it with tiny pores, and a larger dent on her right 

cheek. 

2.2 Metal Surface 

The statuette's outer surface was heavily chased and finished all around, 

including the undercut areas. The cold working conceals most of the repairs. 

Discrete tiny round plugs fill the core pin holes. The rectangular patch on her 

right hip is practically invisible. The only relatively rough area is the drapery 

behind her neck. The two larger round "plugs" in her left hand stand proud 

of the surface. Chiseling enhances the fine details like the hair and eyes. 

Hammering helped model and texture the hair and drapery. Wire brush 

marks following the length of the body and limbs cover the entire surface of 

the figure. Those filled with lacquer catch the light and give the surface its 
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subtle metallic sheen. Deep file marks filled with dark surface coating run 

over the neck, the legs and feet. The metal is exposed in the polished area 

under the rim of the base. It is a light pink colour which is characteristic of a 

bronze. 

2.3 Surface Coatings 

The surface of the statuette is two-toned: black and a warm golden brown. An 

uneven, golden brown lacquer-like coating covers the-metal that is darkened 

in areas. The darkening may be due to an intentional chemical patination or 

to natural oxidation. In some areas the lacquer-like coating is translucent, in 

others it is much thicker, darker brown, and opaque. The "lacquer" has 

unidentified black inclusions. A pinker area on the right forearm may be due 

to copper-enrichment. The surface is also coated with transparent wax. The 

figure was examined under UV long wave. This revealed a residue which 

fluoresces green: in the curls around her face; in the recesses of the folds of 

her head dress; around her nose, left eye, and lips; in the folds around her 

right index finger; in the V-shaped fold on her back; on her left Achilles' 

tendon, characteristic of an organic varnish or wax. Green copper corrosion 

products have redeposited on the surface of the bronze in some of the 

recesses. 

2.4 Base and Mount 

The round base was integrally cast and looks like a typical Giambologna base, 

except for its slightly tapering profile (Plate 18). Most Giambologna bases have 

edges perpendicular to the ground. A flat metal bar was soldered to it in such 

a way that it spans across the bottom of the base on the inside. Three threaded 

brass pins that are screwed into this bar extend into a black and green marble 

base. The pins fit into holes drilled through the stone mount. These are 

fastened into the base with bolts underneath the base. This mounting system 

is relatively recent. 

2.5 Measurements 

The following table reports measurements taken either with a string that was 

then measured against a ruler, or with Vernier calipers. 
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width (left knee to right foot) 

depth (right thigh to left elbow) 

between elbow tips 

between nose tip and nipple 

between tip of right ear and corner of right knee 

between tip of big right toe and left elbow 

between outer corners of eyes 

between nipples 

circumference of waist 

circumference of neck 

length of upper arm from shoulder 

length of right ear 

length of neck (under chin) 

base: diameter bottom edge 

base: diameter on top 

3. Method of Manufacture 
3.1 The Wax 
3.1.1 Description of the Original Wax Surface 

1 5 

10.4 

15.5 

3.5 

15.5 

25.5 

2.3 1.9 

4.5 

16 

8. 

6.8 

1.1 1.1 

1.6 

8.5 

8.55 

The rounded bubble-like accretions on the inner surface of the buttocks and 

in the right leg above the join with the base was probably formed by air 

bubbles trapped in the core material. This suggests that the core may have 

been somewhat liquid, and that it was poured into a hollow wax shell. 

3.1.2 Separately Moulded Parts 

The wax torso, arms, legs and base were moulded separately but joined in the 

wax and cast together. This is typical of Giambologna bronzes. Originally, the 

entire figure may have been cast in one, but the head and left hand were 

moulded again and cast on separately as a repair. The entire figure is hollow 

cast. 
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3.1.3 Type of Joins 

The radiographs show numerous wax-to-wax joins (Plates 18 and 19). The legs 

are joined at the thighs, the arms at the shoulders., These appear as thicker 

and / or thinner rings around the section of the joined area and, often, as 

corresponding changes in density between the parts of the figure. The right 

hand was also joined to the torso in the wax, where the wrist meets the drape. 

The join between the figure and the base has the typical flattened melted 

surface of a hot-knife join that has been worked from the inside. This can be 

seen upon visual examination of the inner surface. 

The thin s~raight metal-to-metal join that runs around her neck is barely 

visible. The radiographs show a large denser band, like a collar that fills her 

neck (Plates 18 and 19). This is a cast-on join that joins her head and neck. A 

fine veil of drips flows down into her chest from this area, and is probably a 

flash of the metal used to join the two parts. 

The left hand was joined to the arm at the wrist in a similar fashion. The 

drapery behind her neck was joined in the metal as well, but it is not clear 

how. The round "plugs" (c. 0.6 cm diam.) adjacent to the metal-to-metal joins 

are part of the cast-on joins. The metal was probably poured in through holes 

made adjacent to the join. These would fill up with metal and act as 

additional keys securing the join. Once the additional metal was removed the 

fills would look like plugs. Conversely, they could be plugs that were added to 

help hold the outer metal shell and the cast-on metal together more tightly. 

The radiographs do not clarify this. 

3.2 The Core 
3.2.1 Description of the Samples 

Most of the core had been cleaned out through the bottom of the open base 

and very little material remains, adhering to the metal. During the present 

examination, a sample of core material was scraped from the inside of the 

figure's right leg through the opening in the base (HSU 3.2). Gypsum

encrusted flakes of clay make up this sample (Plate) which is different from 

the core sample removed through the little hole in the drape on the crown of 

the figure's head (HSU 3.1). The sample was examined under a sterro 
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microscope and has the appearance of 1.0 mm chunks of orange clay coating 

fine tan sand (Plate 95). Its distinguishing features, noted from analysis of a 

thin section of the sample with the polarized light microscope, are: 74% 0.1-

0.3 mm sub-angular to rounded sand and 26% hematitic clay. The sand is 

composed of 32% quartz, 20% feldspar, 8% hematite grains, 6% metamorphic 

lithics, 4% chert, 2% mica and 2% calcite. Cotton fibers are also present, as is a 

1.0 mm long oriental or African hair which may be a later artifact. 

Microchemical tests showed that there is no gypsum in the sample. 

3.2.2 Configuration and Relationship to the Wax 

The metal drip that reproduces the wax-to-wax join between the base and her 

legs suggests that at least the corresponding part of the core was filled in after 

the piece was fully assembled. Since the head was cast separately, the core 

must be separate too. The profile of the core conforms with that of the outer 

surface, and is rounded at the extremities. 

3.3 The Metal Insertions 

3.3.1 Armatures (no evidence remains) 

3.3.2 Core Pins 

The radiographs show thin, short wires or rods (between 0.1 and 0.25 cm 

diam.) below the inner surface of the figure'S arms, legs, back, and head. These 

appear to be core pin remains that are pushed in and patched with material 

less dense than the thickness of the bronze wall (Plates 18 and 19). They are 

not visible from the surface. 

3.3.3 Internal Core Supports (no evidence remains) 

3.3.4 Plugs 

What look like round plugs (c. 1 cm diameter) in the heel of her left hand, 

and both above and below the join in her neck could be plugs that were added 

to help hold the outer metal shell and the cast-on metal together more 

tightly. They may also be keys, where the metal for the cast-on join was 

poured into the existing bronze parts as is shown in the diagram in Plate 9. 
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3.3.5 Other 

Any evidence of core supports or armatures was removed with the core. A 

small rectangular patch on her right thigh is visible upon examination of the 

surface but not on the radiograph, suggesting that it is a shallow surface patch. 

3.4 The Metal 
3.4.1 Composition 

The sculpture was analyzed by XRF in 5 areas: a polished area on the base, in 

the middle of her back, on the cast-on left arm, and above and below the jOin 

in the neck. The semi-quantitative results are reported in Table 2 in Appendix 

A. The figure is made of a leaded bronze with a high tin content (around 9%), 

some antimony, silver and zinc. The cast-on on her left arm is higher in tin, 

lead and iron. The cast-on on her crown is higher in tin, lead and nickel. In 

fact, her neck - and probably entire head - above the join are made of the same 

alloy. 

3.4.2 Casting Orientation 

There is no evidence as to how the figure was cast although often figures with 

integral bases are cast upside down, since sprue ends could easily be removed 

from the bottom, or concealed on the inside of the base. 

4. Analytical Studies 

The bronze was examined at the J. Paul Getty Museum as part of the 

Renaissance Bronze Project in 1992. At that time the bronze was radiographed 

by Linda Strauss. The settings are described in Part IV. Staff of the Getty 

Conservation Institute's Scientific Department analyzed the metal 

composition of this statuette by X-ray fluorescence analysis (see results in 

Table 2, Appendix A). Ron Schmidtling examined a sample of the core 

material under the stereo-microscope and analyzed a thin section by PLM. 

5. Observations and Conclusions 

From a stylistic point of view this freestanding bronze Crouching Venus is 

closest to the only signed and provenanced version of Giambologna's model 
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in Florence (Avery, Radc1iffe and Leithe-Jasper eds., 1978). This bronze is a 

fine hollow cast. The rounded bubble-like accretions on the inner surface of 

the buttocks and in the right leg above the join with the base was probably 

formed by air bubbles trapped in the core material. This suggests that the core 

may have been liquid. The radiographs show numerous wax-to-wax joins 

between the separately moulded parts. The bronze was evidently produced by 

the lost-wax slush moulding process. Its method of manufacture resembles 

that of many bronzes produced by Giambologna and his workshop. 

Unfortunately the core and evidence of internal core supports have long been 

removed through the open bottom. The head is joined to the rest of the body 

with a cast-on metal join. This major repair is reminiscent of the way the 

head was joined to the neck on the Edinburgh version of the Mars. The small 

rectangular patch in her right thigh is similar to patches on other 

Giambologna bronzes, like the Brunswick and Cleveland versions of the 

Mars. 

The integrally-cast base also fits into the Giambologna repertoire, although 

the profile of the sides of a typical Giambologna bronze is meticulously made 

perpendicular to the ground. This one slants inward slightly towards the 

bottom. 

The analysis of the core material showed that grains of hematitic clay chunks 

are distinguishable for this sample. Igneous plutonic-derived lithic sands are 

present, and due to the lithic components and the amount of rounding, it is 

likely that the source rock is nearby, perhaps within 100 km. The components 

in this sample are characteristic of Giambologna and Susini cores. 

The figure is made of a leaded tin bronze, an alloy comparable to that of the 

few other "sure" Italian Renaissance bronzes that have been analyzed. The 

metal composition of the cast-on part is slightly different. Such variations 

would be expected in a bronze. No two crucible loads are ever the same 

because scrap metal is reused and in the Renaissance in particular when pre

prepared ingots of standardized alloys did not exist. 
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In conclusion, the Huntington Crouching Venus could well be a sixteenth or 

early-seventeenth century bronze produced around Giambologna's time. A 

technical examination of the autograph version in the Bargello and of the 

radiographs of the version in Bath has shown that the three bronzes are 

similar in facture. The .Bargello one is larger than the other two. Analyses of 

metal of the Huntington and Bargello's versions shows that they are both 

leaded tin bronzes although the Bargello's version has 1.7% zinc, whereas 

there is no zinc present in this cast. 

6. Bibliography 

Huntingtorl, 1974; Avery, Radcliffe and Leithe-Jasper eds., 1978, under cat. 19. 
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1. The Object 

Record No. 

Location 

Accession No. 

Title 

Attribution 

Provenance 

1.1 Description 

Hunt 4 L.92.SB.87.4 

Huntington Art Collection, San Marino 

17.24 

Venus With Apple 

Franco-Flemish, sixteenth c. 

"Master of the Ciechanowievski bronzes" 

Pierpont Morgan Collection (1917) 

This freestanding statuette, sculpted fully in the round and without a base, 

depicts a young nude woman striding forward gracefully (Plates 20). She 

reaches up with her right hand that clutches an apple as if she had just 

plucked it off a tree, and holds her left hand up to the side. The naturalistic 

modeling of her body fits neither into the classical cannon of female beauties 

associated with the Italian Renaissance, nor into that of the French eighteenth 

century female representations that tend to have cute little upward turned 

breasts. This is a decorative bronze. 

Of the various iconographic types she could represent, Eve is the most 

obvious, were it not for her tiara. Alternatively, she could be Venus with the 

golden apple, but this is not a typical Venus pose. Perhaps she is Pomona. Her 

repaired right hand may replace an original hand that held another attribute, 

like a drape. Indeed, she could be a Fortuna, or just a decorative figure from a 

large piece of furniture. 

Her hands are delicate. The toes are modeled on a plane that was then cut up 

and coarsely formed into digits. Her musculature is not very defined, in fact 

the figure is pleasantly plump. The hair is very clean. Her teeth, nails, and 

eyes with pupils are detailed. 

1.2 Relationships 

There is another known version in the Ciechanowievski collection, and a 

model silver one with an eighteenth century modeler's mark in the Cremlin 
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(Peter Fusco, personal communication).The figure may be a seventeenth

century Flemish sculpture. 

1.3 Marks and Inscriptions (none) 

2. External Features 
2.1 Structure 

The figure's feet support her weight. Both thin-cast legs were weakened by 

cracks above the ankles, and repaired. 

2.1.1 Parts Cast Separately 

The figure appears to originally have been a one-piece cast. 

2.1.2 Problem Areas, Flaws and Repairs 

This is a very thin cast with some very porous areas and flawed extremities. 

Her right hand and fore-arm are cast on below the elbow. The modeling is 

discontinuous and curves in unnaturally at the join. Her left arm is lumpy 

around the elbow, and in the radiographs appears thin, porous and has 

numerous internal accretions (Plate 20). A deep cut in her left index finger 

shows remnants of a shellac fill. Both legs are porous and cracked in the 

shins, where the thin metal has buckled slightly as well. The shins and ankles 

appear to be plugged. Upon closer examination the cracks on the left shin 

turn out to be an irregularly-shaped cast-on repair. The direction of the metal 

drip inside the leg is evidence that the core was hollowed out and that the 

figure was held upside down during the repair process. Her left foot appears 

to be cast on. 

What appears to be a metal-to-metal join curves across the back of her neck 

and up into her hair behind her left ear, suggesting that at least the back part 

of her hair was patched in. The radiographs do not clarify what this is. 

2.2 Metal Surface 

Meticulous chasing of the entire figure has enhanced the detailed modeling 

and smoothened the surface to a high polish. Fine file scratch brush marks 

run diagonally across some areas. Heavy file marks score the underside of her 

right arm and the cracking and porosity around her elbow. A V-shaped line of 
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punch marks emphasizes her eyebrows. The dendritic structure of the metal 

is visible on her belly and eyebrows (Plate 12). 

2.3 Surface Coatings 

The surface of the bronze is chemically patinated. This accounts for the slight 

etching of the dendritic structure. The metal is a warm golden brown. The 

coating of darker thin translucent lacquer or varnish is uneven and even 

contains finger prints (e.g., on her abdomen). The thin<:lark line that looks 

like a join line across her ribs is perhaps a drip, and is more of the same 

material. A third layer of thin wax or natural varnish seals the surface, except 

in the more exposed and worn areas. The tiny green inclusions in this layer 
, 

may be copper corrosion products. Under UV illumination, this last coat 

appears as a very thin fluorescing greenish film 

2.4 Base and Mount 

The bronze could not be removed from its base. A threaded rod, set into the 

bottom of the left foot with lead, extends into a plaster filled hole in the stone 

base. A smaller pin protruding into the base from the ball of the figure's right 

foot helps to stabilize the bronze. 

2.5 Measurements 

The following table reports measurements taken with a string that was then 

measured against a ruler. 

height 38 

width 18.4 

depth 11.3 

between center of nipples 4.4 

between corners of eyes 2.3 

between left ear and beginning of collarbone 3.4 

between elbow tips from behind 18.6 

between inner corners of big toes 6.1 

between base and heel 1 
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circumference of waist 

circumference of neck 

circumference of right arm below shoulder 

circumference of left arm at top 

length of left leg from bottom of heel to buttock 

length of right leg from buttock to heel center 

3. Method of Manufacture 
3.1 The Wax 
3.1.1 Description of the Original Wax Surface 

15.2 

8.1 

5.9 

5.9 

15.4 

14.6 

The wide drip running up her buttock and in the larger denser areas in her 

left side visible in the radiographs (Plate 20) are a result of slush moulding. 

The inner surface of the figure is inaccessible, and the porosity distorts the 

original wax surface. Small bubble-like accretions in her neck, torso, and arms 

also support the theory that the wax was made before the core. 

3.1.2 Separately Molded Parts 

The wax torso, arms, legs and base are separately moulded and then joined in 

the wax. The figure is hollow cast. 

3.1.3 Type of Joins 

The radiographs show numerous wax-to-wax joins between the limbs and the 

torso(Plate 20). These appear as thicker and/or thinner rings around the 

section of the joined area, and often as slight changes in density between the 

component wax parts of the figure. 

3.2 The Core 
3.2.1 Description of the Samples 

Samples were unavailable because there is no access to the inside of the 

sculpture. Furthermore, the radiographs suggest that much of the core was 

cleaned out at the time of the repairs. 
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3.2.2 Configuration and Relationship to the Wax 

The core is conformal with the outer metal surface. The bubble-like accretions 

in the neck, arms, and torso suggest that it was a liquid core, and was filled 

into the hollow slush moulded wax, thereby recording the drips on its inner 

surface. 

3.3 The Metal Insertions 

A variety of pins, rods, wires, nails and other metal bits perform important 

tasks in the casting process. Some serve as a structural support that stabilizes 

the wax replica for the person who works on it. Others help to strengthen the 

often brittle core. Yet others act as separators that keep the core from moving 

around inside the mould after the burn-out. This part of the report gathers 

information on such metal insertions in categories based on their major 

functions. 

3.3.1 Armatures (no evidence remains) 

3.3.2 Core Pins 

Numerous core pin ends remain in the bronze, pushed in slightly from the 

surface. They are similar in diameter (ca. 0.2 cm) to the wires in the figure's 

heel and shoulder, but much shorter. There is one in each shoulder, one in 

the upper arm, one in her right ribs, one on her waist, over her left hip, one 

in her left outer thigh, one around the height of the join in each thigh, one at 

about knee height on each leg, and a few more in the lower legs. In most cases 

the pin has been cut and pushed in, but the ones around the knees and shins 

are plugs without pins. These may not all correspond to pin holes. 

3.3.3 Internal Core Supports 

The wire in her right shoulder appears to run through the wax-to-wax join 

like many of the core supports in Giambologna bronzes. However, its top end 

also seems to end in a patch in the shoulder, which is more usual of a core 

pin. Yet, non of the remaining core pins are that long. The iron wire (ca. 0.2 

cm diameter) in her right heel may be the remnant of a core support. 
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3.3.4 Plugs 

Round plugs (ca. 0.3 cm diameter): one in her right ribs below her breast, and 

one in each of her shins are shallow. The radiographs also show a plug at 

knee-height in each leg and a plug in her right wrist. Some of these are 

probably repairs rather than pin holes. 

3.3.5 Other (no evidence remains) 

3.4 The Metal 
3.4.1 Composition 

Non-destructive examination was carried out by x-ray fluorescence analysis. 

The areas analyzed were: cast-on repair on right shin, the reddish plug on the 

figure's right calf and an area on her abdomen.The metal is a ternary copper 

alloy with similar amounts of tin and zinc (see Table 2 in Appendix A). Both 

the cast-on part and the plug are richer in zinc and tin than the rest of the 

figure. 

3.4.2 Casting Orientation (no evidence) 

4. Analytical Studies 

The sculpture was examined at the J. Paul Getty Museum in 1991-92. XRF data 

was acquired at the Getty Conservation Institute's Museum Services 

Laboratory (see Table 2 in Appendix A). The figure was radiographed by Unda 

Strauss at the time; the settings and instrumentation have been described in 

Part IV. 

5. Observations and Conclusions 

The freestanding figure of Venus With Apple is attributed to the unidentified 

"Master of the Ciechanowievski bronzes" after the name of the collector whO 

owns a large number of these stylistically related bronzes. Its iconography is 

confusing and the realistic representation of the female body does not neatly 

fit into any of the more obvious artistic canons of female beauty. It has been 

described as a decorative bronze. 
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The figure is a competent thin-walled, hollow cast made by the slush

moulding technique. The drip on the inner surface of her buttock is one of 

the tell-tale signs of this process. The flawed extremities are repaired by the 

cast-on technique, much used in the Renaissance. 

The surface is very finely chased and the hair is lightly textured with punches. 

A chemical patina has lightly etched the surface, bringing to light the typical 

dendritic structure of a cast bronze. This suggests that-the metal surface, 

although heavily polished was not much cold-worked. 

The composition of the alloy is neither a straightforward bronze, nor a brass, 

but rather a gun metal, containing almost equal amounts of tin and zinc, with 

some lead. Other "unsure" Renaissance bronzes have similar compositions. It 

is also similar to an alloy commonly used in Europe for casting art nowadays. 

The metal-to-metal join that runs across the back of her neck and up along 

the edge of her hair is not visible in the radiographs, and still remains to be 

explained. 

In conclusion, the Huntington Venus With Apple is both stylistically and 

technically difficult to place. This is complicated by the fact that there is no 

historical or documentary evidence relating to these figures. Peter Fusco 

suggests that the figure may be a Flemish, seventeenth century sculpture. A 

technological examination of other figures by the "Master of the 

Ciechanowievski bronzes" would allow a comparison of measurements, 

manufacturing techniques and analytical data of the materials that may help 

to date them, clarify the relationship between the statuettes, and perhaps 

distinguish new sub groupings within the larger group. The concentration of 

a large group of these supposedly related bronzes under the same roof would 

make studying this group much easier to organize than others, but the lack of 

documentation would make it difficult at present to use them as reference 

points in the larger picture. 

6. Bibliography 

Hungtington, 1974. 
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1. The Object 

Record No. 

Location 

Accession No. 

Title 

Attribution 

Provenance 

1.1 Description 

HuntS (L.92.SB.87.S) 

Huntington Art Galleries, San Marino 

17.9 

Nude Warrior 

Italian, 17th c. 

Mannheim 

J. Pierpont Morgan Collection, 1917 

This sculpture, modeled in the round with a primary view from the front, 

represents a nude young man striding forward (Plates 21). His raised right 

arm probably used to brandish a weapon, possibly a club, stick or whip. A 

threaded hole in the front of the fist, and the textured end of the weapon 

extending from the back is all that remains of his attribute. His forward right 

foot bears most of his weight. His torso awkwardly twists to the right out over 

his right hip. He holds his large left hand out, above his right knee. His arms, 

hands, head and feet are out of proportion. His waist is awkward as if 

someone had taken the wax and wrung it. His musculature is flaccid, not like 

the pumped up body of a Hercules. His facial features are more reminiscent of 

a Napoleonic figure than of a David or Hercules. Like many fighting figure 

types, this standing figure of a nude man looks like it may have originally 

been coupled with another figure. He could be a flagellator, or a Hercules. 

The figure is cast in pieces. This may account for the awkward angle of his 

legs. The fig leaf covering his pubic area is cast separately and is possibly a 

later addition. The base is a later addition and may change the figure's 

original stance. The thick black coating conceals much of the metal surface. 

1.2 Relationships 

No other versions are known. Peter Fusco finds similarities with some of the 

later casts after Stefano Maderno. 
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1.3 Marks and Inscriptions 

What looks like a large, crude red "3" on his left calf fluoresces orange under 

UV light, evidence that it is shellac-based. 

2. External Features 
2.1 Structure 

This is quite a sturdy cast, supported by the figure's legs. 

2.1.1 Parts Cast Separately 

The figure is cast in six pieces. The limbs are joined to the torso with pinned 

sleeve jOins and solder (Plates 21). The joins are visible both from the surface 

and in the radiographs. Unlike the limbs, the head is not joined by a sleeve 

join. It looks as if it has been cast on with keyed areas around the base of the 

neck. Most of the fingers of his left hand are probably repairs. The fig leaf 

covering his pubic area is cast separately and is possibly a later addition. 

2.1.2 Problem Areas, Flaws and Repairs 

Radiographs of the torso and legs of the figure show concentrated areas of 

porosity. This is not visible from the surface which is covered with an 

uneven thick coating. The fingers of the left hand are almost all joined on the 

metal. The joins are visible both from surface examination and in the 

radiographs (Plates 21). The fingers could be original- broken off at the joint 

which may have been weakened by porosity - or they could be new fingers. 

A lead patch in the left hand, visible only in the radiographs (Plate 21), may be 

the location of a pin-join with a now lost attribute or figure. 

2.2 Metal Surface 

The modeling is rough, but the surface has obviously been fettled and chased 

all around, primarily to conceal the joins and plug the holes left by the core 

pins. Even the less visible areas have been work over; they do not have the 

surface of a rough cast. Black waxy depOSits in the recesses of the hair conceal 

the chaSing. The figure'S finger nails and eye lids are chiseled to sharpen the 

details. Numerous layers of opaque coating cover the metal surface of the 

figure. 
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2.3 Surface Coatings 

The Nude Warrior has a thick four-toned, layered surface coating. It is 

difficult to ascertain exactly how it was treated. The metal has developed a 

brown and red patina in the more worn areas. There are red accretions on the 

left calf. A thick black layer coats most of the surface, but a green patina layer 

peeks out from beneath it in places. Powdery green copper corrosion lies on 

the surface of the black coating in some of the recesses like the left armpit. 

Under UV light, certain areas of the figure appear gray and seem to have been 

retouched, pOSSibly with acrylic paint. There are a few drips of shellac on his 

neck and left shoulder. The surface is covered with wax that fluoresces a pale 
, 

green under UV light. 

2.4 Base and Mount ' 

The soles of the figure are cushioned by the modeling of the textured base. 

The semi-permanent method of attachment prevented removal of the figure 

from its base. The radiographs show a threaded pin in the soles of the figure's 

feet. These are held tight to the underside of a smaller black stone base with 

nuts. This smaller base is in turn adhered to the larger one, probably with 

plaster. Plaster fills the space between the left sole and the base. There are two 

slightly larger threaded holes in the figure's soles from a previous mounting 

arrangement. 

2.5 Measurements 

The Nude Warrior was assembled in such a manner that would not make 

measurements very informative. The following table therefore reports only 

the basic measurements useful for the identification of the piece. 

height 50.6 

width (left finger to left heel) 20.3 

depth (left shoulder to end of club in right hand) 20.9 
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3. Method of Manufacture 
3.1 The Wax 
3.1.1 Description of the Original Wax Surface 

The individually cast parts were slushmoulded. The inner surface of the chest 

looks characteristically drippy, although the drips around the joins on the 

inner surface of the cast are lead solder, used to join the separately cast parts 

metal. Porosity hinders the reconstruction of the appearance of the inner 

surface of the wax. 

3.1.2 Type of Joins 

All of the joins are visible upon visual examination of the outer surface and 

in the radiographs. They are poorly chased and the broad lead solder fills are 

obvious since they are a different colour. The limbs are joined to the torso 

with pinned sleeve joins. The tenons extend from the limbs and slip into the 

upper part of the join. Square sectioned pins secure the tenon joins. The ends 

of the joins can be seen above the external join line; x-radiography shows that 

these pins extend straight through the limbs (Plates 21). The sleeve joins of 

the arms are reinforced and the gaps filled with solder. This runs around the 

join in a visible grayish strip. The head appears to have been cast on to the 

neck. The weapon or attribute that the figure originally held in its right hand 

was threaded into its right fist. It is not clear how the fingers of the left hand 

and the fig leaf were joined to the figure. 

3.1.3 Separately Moulded Parts 

The limbs, head, torso and fig leaf were moulded and cast separately. The lost 

attribute would also have been moulded separately. All of the parts, including 

the extremities - except for fingers, are thin hollow casts. The inner and outer 

surfaces conform closely. 

3.2 The Core 
3.2.1 Description of the Samples 

No samples are available. There is no access to the inside. Judging from the 

radiographs, the core was probably entirely removed at the time the limbs 

were attached to the torso. The core is usually removed when there is easy 

access to it at any point of the chasing process. 
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3.2.2 Configuration and Relationship to the Wax 

The profile of the core conforms with that of the outer surface. 

3.3 The Metal Insertions 

A variety of pins, rods, wires, nails and other metal bits perform important 

tasks in the casting process. Some serve as a structural support that stabilizes 

the wax replica for the person who works on it. Others help to strengthen the 

often brittle core. Yet others act as separators that keep-ihe core from moving 

around inside the mould after the burn-out. This part of the report gathers 

information on such metal insertions in categories based on their major 

functions. 

3.3.1 Armatures (no evidence remains) 

3.3.2 Core Pins 

All of the separately cast parts had numerous core pins. All core pins were 

removed and plugged with round, threaded plugs, except for the hole behind 

the figure's left ear. These are visible in the radiographs, but concealed by the 

surface coating. 

3.3.3 Internal Core Supports (no evidence remains) 

3.3.4 Plugs 

A ring of smaller round plugs and square patches runs around the join line 

filling in the gaps. Another ring of pins runs around the thighs, below the 

join line. It is not clear what these do. It seems too far up for them to be plugs 

of pin holes. 

3.3.5 Other 

Evidence of core supports were probably removed with the core at the time of 

the figure's assembly. 

3.4 The Metal 
3.4.1 Composition 

Non-destructive analysis of the metal composition was carried out on seven 

areas by X-ray fluorescence analysis. Two of the spectra, deemed 
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representative of the figure, were quantified and normalized. They were 

taken from these areas: the right hip and the right leg below the join. The 

results show that the different parts of the figure were cast in a similar alloy, a 

leaded brass with low zinc content (see Table 2 in Appendix A). 

3.4.2 Casting Orientation (no evidence) 

4. Analytical Studies 

The sculpture was examined at the J. Paul Getty Museum in 1991-92. It was 

radiographed by Unda Strauss at the time and. The settings and 

instrumentation have been described in Part IV. Staff of the Getty 

Conservation Institute's Scientific Department analyzed the metal 

composition of this statuette by XRF (see results in Table 2 in Appendix A). 

5. Observations and Conclusions 

The pose of this large freestanding cast brass sculpture of the Nude Warrior 

suggests that it was originally part of a group or paired with another bronze. 

No other versions are known. This is neither a stylistically nor a technically 

accomplished work. The composition and proportions of the figure are 

awkward, and although heavily chased the figure looks unfinished. The 

metal-to-metal joins between the separately cast parts are visible and 

distracting. The limbs are joined to the torso with pinned sleeve joins and 

solder. This way of casting each part separately and joining them in the metal 

is often found in eighteenth- and nineteenth-century casts. It is more unusual 

in the Renaissance when artists strove to cast even monumental sculptures 

in one piece, or at least make it appear that way. The figure is made of a 

heavily leaded brass alloy similar to that of the Man With Sword (Hunt 11) 

and the Woman Returning From Market (Hunt 12). 

Peter Fusco has suggested some similarities with casts after Stefano Mademo, 

and comparison with a few of the Mademo pieces and known copies may be 

helpful to try to clarify the identity and authorship, or at least region and 

period of manufacture of this mystery piece. It is a good example of the many 
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unattributable bronzes in collections around the world, but has little bearing 

on the main focus of the Renaissance Bronze Project at this point. 

6. Bibliography 

Huntington, 1974. 
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1. The Object 

Record No. 

Location 

Accession No. 

Title 

Attribution 

Provenance 

1.1 Description 

Hunt 6 (L.92.SB.87.6) 

Huntington Art Galleries, San Marino 

17.18 

Woman Combing Her Hair 

Italo-Flemish, ca. 1600 (Wark) 

Barthelemy Prieur 

Mannheim 

J. Pierpont Morgan Collection, 1917 

This freestanding sculpture, modeled in the round, but with a primary view from 

the front, represents a nude young woman sitting on an elaborately draped tree 

stump, combing her hair (Plate 22). Her left braid is draped behind her neck and 

over her right shoulder. She is combing out the other loose plait with a double

sided comb in her left hand. She holds the end of the long curly locks in her left 

hand. Her feet are crossed, the right one resting against the left, which in turn 

rests against the stump. The details are coarsely modeled and finished. There is 

no unifying system in the modeling of the folds. 

The Woman Combing her Hair is cast in two pieces. The right knee is joined on at 

the thigh and shin. The rest of the body is cast in one. The lacquer surface coating 

does not hinder the reading of the piece. 

1.2 Relationships 

Many replicas of this sculpture exist in collections around the world. This figure 

is based on the same model as the Huntington Collection's other Woman Combing 

Her Hair (Hunt 13), but shows much less care in the details and chasing. 

Examining the two pieces together has provided comparable data, but not 

enough to establish the exact relationship between the two statuettes. 

1.3 Marks and Inscriptions (none) 
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2. External Features 
2.1 Structure 

The composition of this cast puts no stress on the figure: the draped tree trunk of 

the Woman Combing Her Hair is a stabile base. 

2.1.1 Parts Cast Separately 

The figure is a one-piece cast. 

2.1.2 Problem Areas, Flaws and Repairs 

Radiographs show porosity in the feet and tree trunk (Plate 22). The current 

mount is probably not original. The lead drips and shellac accretions result from 

the join of the mount. 

2.2 Metal Surface 

The surface of the Woman Braiding her Hair was chased both for decoration and to 

conceal flaws and repairs. It is not finished all around. The crown of her head is 

unchased, and there are distinct mould marks from the piece mould in her hair. 

The areas where the hair joins her right arm and where her feet join are rough. 

No attempt has been made to separate them. Dense, fine circumferential file 

marks filled with darkened lacquer cover most of the surface of the figure. The 

more exposed areas are worn down to the metal. 

2.3 Surface Coatings 

It is difficult to ascertain exactly how the three-toned surface evolved. A chemical 

patina is unlikely as the few small areas where the lacquer has flaked off expose 

a golden filed surface. The chocolate-brown metal was original covered with a 

translucent brown lacquer patina that has darkened in the recesses and is worn 

away in the more exposed areas. The lacquer in the recesses has turned opaque 

and reddish black. A transparent layer of wax and/ or varnish seals the surface. 

2.4 Base and Mount 

The figure sits on an integrally cast tree stump that acts as a base. This is in turn 

mounted to a black stone base. A small brass bar with a threaded hole in its 

center is soldered into the base. A long threaded pin, set into the stone base with 

plaster, threads into this. A large drop of reddish sealing wax adjacent to this pin 
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on the base, suggests that the mount was meant to be semi-permanent. The 

radiographs show drips of the solder from the base on the inside of the stump 

and in the chin of the figure (Plate 22). 

2.5 Measurements 

The following table reports measurements taken either with a string that was 

then measured against a ruler, or with Vernier calipers. 

depth 

width 

width of comb 

between left index finger and right elbow 

length of right foot 

length of right leg from end of buttocks to knee 

between outside edge of her ( ) thighs 

between tip of nose and right big toe 

length of face from hairline to neck/chin 

circumference of waist 

circumference of right leg below knee 

3. Method of Manufacture 
3.1 The Wax 
3.1.1 Description of the Original Wax Surface 

7.6 

7.2 

1.4 

0.7 

2.5 

6.1 

4.0 

12.0 

2.1 

B.O 

3.4 

Mould seams and other wax accretions are commonly removed before the wax is 

invested and cast to avoid laborious chasing in the metaL Here, bulging seams on 

the figure's head have been translated into metaL This proves that wax was cast 

without much prior chasing. The cast itself is also barely chased compared to 

Hunt 13 and reveals how cursory the modeling of the wax originally was. The 

inner surface is very smooth, fluid, and is not closely conformal with the outer 

surface. 
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3.1.2 Type of Joins 

The metal-to-metal join in the figure's right thigh and shin are barely visible from 

the surface. The overlap in the radiographs obscures this area. Possible evidence 

of joins between the limbs and torso is engulfed by the solid limbs. The flash 

between the base and the thighs found on the inner surface upon visual 

examination corresponds to the wax to wax join between the figure and the tree 

trunk. 

3.1.3 Separately Moulded Parts 

It is difficult to ascertain from the radiographs what parts were moulded 

separately. The arms, legs, torso, head and base were probably moulded 

separately and joined in the wax. 

3.2 The Core 
3.2.1 Description of the Samples 

Separating the figure from the base during this examination provided access to 

the mechanically cleaned inner surface of the cast. Most of the core had been 

removed, however, it was possible to scrape out a sample of red brown core 

material from an area at the back of her neck. It is a mixture of friable lumps of 

coarse quartz grains and clay with finer grayish white particles of plaster. The 

sample was not analyzed. 

3.2.2 Configuration and Relationship to the Wax 

The profile of the core conforms pretty closely with the outer surface of the 

bronze. Its corners are soft and rounded in the shoulders (Plate 22). The shape of 

the core is simple and could have been pre-formed, but the mould seams on the 

figure's head indicate that the figure was moulded and the plaster in the core 

suggests that it was liquid and probably poured into the wax shell. 

3.3 The Metal Insertions 

A variety of pins, rods, wires, nails and other metal bits perform important tasks 

in the casting process. Some serve as a structural support that stabilizes the wax 

replica for the person who works on it. Others help to strengthen the often brittle 

core. Yet others act as separators that keep the core from moving around inside 
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the mould after the bum-out. This part of the report gathers information on such 

metal insertions in categories based on their major functions. 

3.3.1 Armatures (no evidence) 

3.3.2 Core Pins 

The plug in the figure's crown may replace a core pin/ core support. 

3.3.3 Internal Core Supports (no evidence) 

3.3.4 Plugs 

A square plug (ca. 0.4 cm wide) of slightly redder tint sits in her crown. This may 

be replace ,a core pin or a core support that originally went through the figure's 

body and out through the base. Neither visual examination nor the x

radiographs reveal any other evidence of plugs. 

3.3.5 Other 

Any evidence of internal core supports or other metal insertions was removed 

with the core material. 

3.4 The Metal 
3.4.1 Composition 

The metal composition was analyzed in seven areas by XRF. Three spectra were 

quantified and normalized. These areas are: a patinated area on the head, a 

polished edge of the base and a part of base that is coated in black. The results 

show that the cast is a brass with a very high zinc content and some lead (see 

Table 2 in Appendix A). 

3.4.2 Casting Orientation 

Like many figures with integrally cast bases, the Woman Combing Her Hair was 

probably cast upside down, since the sprues are easily removed from the bottom 

edge of the base. 

4. Analytical Studies 

The sculpture was examined at the J. Paul Getty Museum in 1991-92. It was 

radiographed by Linda Strauss at the time. The settings and instrumentation 
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have been described in Part IV. XRF data on the alloy composition was acquired 

at the Getty Conservation Institute's Museum Services Laboratory (see Table 2 in 

Appendix A). 

5. Observations and Conclusions 

This freestanding figure is based on the same model as the other Woman Combing 

Her Hair (Hunt 13). Like the other Huntington Collection's figures of seated 

women doing their toilette attributed to Barthelemy Prieur, neither-of these 

statuettes is signed or provenanced. The radiographs do not reveal much 

difference in the inner structure of the two statuettes. The figure and base were 

cast together by the lost wax method. The underside of the trunk is cast open, the 

core and any metal insertions have been removed. The quality of chasing is very 

different. This replica is much less detailed, and looks unfinished. It preserves a 

piece mould seam on the top of the figure's head, evidence that the figure was 

produced by the indirect method. The measurements do not clarify the 

relationship between the two replicas. 

Unlike that of any of the other figures of the so-called Prieur group this statuette 

is made of brass with a high zinc content, suggesting that it was cast elsewhere, 

and probably later than the others. The examination of the Huntington's Prieur 

bronzes has split the group into two smaller ones and this "outcast." However, 

the group studied so far is too small to draw major conclusions. Further study of 

similar statuettes in other collections may substantiate the few similarities we 

have found between certain figures in the group. 

6. Bibliography 

Huntington, 1974; Seelig-Teuwen, 1991; Metropolitan Museum of Art, 1984. 

192 



1. The Object: 

Record No. 

Location 

Accession No. 

Title 

Attribution 

Provenance 

1.1 Description 

Hunt 7 1.92.SB.87.7 

Huntington Art Collection, San Marino 

17.17 

Woman Touching her Foot or Seated Woman Pulling a Thorn 

from her Heel 

!talo-Flemish, ca. 1600 (Wark) 

Barthelemy Prieur 

Mannheim 

J. Pierpont Morgan Collection, 1917 

This freestanding sculpture, modeled in the round, but with a primary view from 

the front, represents a nude young woman sitting on an elaborately draped tree 

stump, touching her right foot (Plate 23). She sits in a contrived pose, on a 

partially draped tree stump, holding her left hand on her right knee. She twists 

and leans to her right looking down at her right sole, as she touches it with her 

right hand. Her hair is held back in a little hat on the back of her head. The folds 

of the drape are schematic. 

The Woman Touching her Foot was probably originally cast in one piece. However, 

the bronze is heavily repaired. The right knee is joined in the metal from mid

shin to mid thigh; the left hand and knee are cast-on, and there is a large 

irregular-shaped patch on her back. 

The meticulously detailed surface was original polished, scratch-brushed, and 

covered with a translucent golden red lacquer coating that is now worn away in 

many areas. These have developed a natural brown patina. The surface coating 

does not hinder the reading of the piece. 

1.2 Relationships 

This work is closely related in style to the large group of bronze genre figures of 

nude women doing their toilette, as well as to the large marble sculptures and 

small bronze portraits of Henry IV by the Parisian sculptor Barthelemy Prieur. 

Figures from each of these groups are documented as being by the hand of this 
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artist. The motif is similar to the bathing women on Adriaen de Vries' Hercules 

Fountain in Augsburg. 

1.3 Marks and Inscriptions (none) 

2. External Features 
2.1 Structure 

The composition of this cast puts no stress on the figure: the draped. tree trunk of 

the Woman Combing Her Hair is a stable base. 

2.1.1 Parts Cast Separately 

The right knee and the left hand and knee are cast on to the figure (Plate 23). The 

large irregular patch on her back is also cast on. 

2.1.2 Problem Areas, Flaws and Repairs 

The cast is heavily repaired and despite of the chasing, the plugs and repairs are 

visible from the surface. There are three major cast-on repairs: the irregularly 

shaped patch on the back, the right knee and the left hand and knee. The square 

patch-like area in the right thigh was the opening through which the metal was 

poured for the right knee. The radiographs of the figure show the cast-on repairs 

clearly. The large patch on her back may replace a large porous area like the one 

visible on the back of the Woman Combing Her Hair (Hunt 13). The legs obvicusly 

presented a lot of problems as well. The knees were probably so flawed that neW 

ones had to be cast on. Perhaps the casting disposition caused air to be trapped 

in the knees. 

The radiographs show various unidentifiable accretions inside the hollow figure 

(Plate 23). Upon removing the figure from its stone base the large accretion in the 

trunk turned out to be a large amorphous coppery lump that fills the hollowed 

trunk almost entirely. It may have ensued from one of the repairs. Since the 

metal can only fill hollow areas in the core the metal accretion could either be 

excess metal from one of the repairs, or replace something of that particular 

shape that used to be in the core. The shape looks vaguely like a ragged piece of 

wood that may have burned out during the pour. 
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2.2 Metal Surface 

The surface of the Woman Touching her Foot is finished all around. Despite 

extensive chasing both to texture the surface and to conceal flaws and repairs, the 

repairs and the plugs are visible from the surface. Cold working sharpened the 

details of the hair, and of her pubic area. Engraver and chisel marks enhance the 

strands of hair on her head and neck. Fine file marks filled with darkened 

lacquer are visible on the drapery. 

. 
The metal surface is smooth and polished. Wire brush marks run around the 

figure's limbs and torso, and cover the entire body. The surface is worn down to 

the bare metal in the more exposed areas like the back. These have developed a 

natural patina. Abrasion (possibly from repeated handling) has flattened many 

of the protruding details. 

2.3 Surface Coatings 

It is difficult to ascertain exactly how the three-toned surface is constructed. The 

metal was probably not chemically patinated; the golden reflections of the wire 

brushed surface shine through the lacquer in many areas. The first layer is a 

golden-brown translucent lacquer coating. This is uneven, flaked in areas, and 

worn in the more exposed parts. The thicker lacquer in the recesses has turned 

opaque and reddish black. The areas where the lacquer is worn are a warm 

chocolate brown, and some of them are a fine, dark green. This is most apparent 

on her right foot and left shoulder. Upon closer examination, these appear to be 

densely covered with little spots of copper corrosion product trapped in the 

transparent layer of wax and/ or varnish applied over the lacquer. The ugly big 

drip of shellac on her right shin is probably from the mounting. 

2.4 Base and Mount 

The figure is sitting on the integrally cast draped tree-stump. This is joined to the 

black stone mount with two thin threaded iron rods that are screwed into the 

sides of the stump (ca. 0.4 cm in diameter, between 1.7 and 1.8 cm long). The new 

one has a 0.8 mm thread, the old one looks hand-cut. Both were set tightly into 

drilled holes in the base filled with shellac. The current mount is probably not 

original. 
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2.5 Measurements 

The following table reports measurements taken with a string that was then 

measured against a ruler. 

depth (left wrist to right knee) 

width 

between base of hair along spine and base of buttocks 

between outer corners of eyes 

between tip of right thumb and space between eyes 

between tip of left thumb and space between eyes 

between tip of left big toe and space between eyes 

between nipples 

between tips of left middle finger and left big toe 

circumference of neck 

circumference of waist 

3. Method of Manufacture 
3.1 The Wax 
3.1.1 Description of the Original Wax Surface 

8.5 

5.9 

8.8 

1.3 

8.8 

7.9 

11.8 

2.1 

4.9 

3.7 

8.2 

Removal of the bronze from the stone base revealed a large coppery accretion 

that blocks access to the inside of the hollow tree stump. This also obscures a lot 

of the figure in the radiographs. The inner surface of the figure appears quite 

smooth in the x-radiographs. Some small round bubble-like accretions suggest 

that the core was liquid (Plate 23). The folds on her right sole were modeled in 

the original wax surface. 

3.1.2 Type of Joins 

Although there are no visible wax-to-wax joins in the radiographs, experience 

suggests that the arms, torso, legs, head, and were moulded separately and 

joined in the wax. Solid limbs, like the arms, often conceal evidence of wax to 

wax joins. The metal-to-metal joins of the repairs are visible both from the 

surface and in the x-radiograpp.s (Plate 23). 
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3.1.3 Separately Moulded Parts 

The arms and are solid and do not offer much evidence about their method of 

manufacture. Both knees were cast on. The head, torso, thighs, and base are 

hollow. The wax thickness of these hollow parts is relatively even. 

3.2 The Core 
3.2.1 Description of the Samples 

No sample is available. Judging from the cleanliness and-pitting of the inner 

surface of the base the core was removed chemically. 

3.2.2 Configuration and Relationship to theWax 

The profi1~ of the core of the figure conforms pretty closely with the outer surface 

of the bronze. Its corners are soft and rounded in the shoulders. Bubble-like 

accretions on the inner surface of the neck and shoulders could have resulted 

from air bubbles trapped in a liquid core. They may, however, be splashes from 

the cast-on repairs. 

3.3 The Metal Insertions 

A variety of pins, rods, wires, nails and other metal bits perform important tasks 

in the casting process. Some serve as a structural support that stabilizes the wax 

replica for the person who works on it. Others help to strengthen the often brittle 

core. Yet others act as separators that keep the core from moving around inside 

the mould after the bum-out. This part of the report gathers information on such 

metal insertions in categories based on their major functions. 

3.3.1 Armatures (no evidence) 

3.3.2 Core Pins 

None of the core pins survive, but there are eight plugs, and many of these 

obviously replace core pins. One set of corresponding holes is left by a pin that 

used to traverse the figure from the back to the chest. Another probably went 

through both hips. The corresponding plugs in her lower back and abdomen are 

also likely locations of a core pin. The one in the top of her head may have 

originally been the location of a core support/ core pin extending from her head 

down into her body like in many of the other figures of this group (Plate 23). 
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3.3.3 Internal Core Supports (no evidence) 

3.3.4 Plugs 

Eight round plugs are visible in the radiographs of the figure. The plugs in the 

left hip and in the chest are both shallow and measure 0.6 cm in diameter. The 

one on her forehead is 0.8 cm in diameter and is visible from the surface. Two 

more plugs in her head and two in her lower back and abdomen are concealed in 

the surface. All of the plugs are threaded (Plate 23). 

3.3.5 Other 

The long accretion that fills most of the base and goes up into the figure's body 

may have been a piece of wood acting as an armature or support for the core and 

that was burned out in the casting process. The various repairs are a lighter 

colour, suggesting that they are a slightly different alloy. 

3.4 The Metal 
3.4.1 Composition 

The metal composition was analyzed in nine areas by x-ray fluorescence analysis; 

four spectra were quantified and normalized. The analyzed areas are: the left 

knee, an area in the middle of the left thigh, the repair on the figure's left 

shoulder and the plug on the figure's forehead. The results show that the alloy is 

a high-leaded bronze with some iron, nickel, zinc and antimony (see Table 2 in 

Appendix A). The main body of the figure and the repairs all seem to be cast in a 

very similar alloy. 

3.4.2 Casting Orientation (no evidence) 

4. Analytical Studies 

The sculpture was examined at the J. Paul Getty Museum in 1991-92.lt was 

radiographed by Linda Strauss at the time. XRF data was acquired at the Getty 

Conservation Institute's Museum Services Laboratory. The settings and 

instrumentation have been described in Part IV. The data are reported in Table 2 

in Appendix A. 
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5. Observations and Conclusions 

Like the other Huntington Collection's figures of seated women doing their 

toilette attributed to Barthelemy Prieur, his freestanding figure of a Woman 

Touching Her Foot is unsigned and unprovenanced. Both the examination and 

radiographs reveal that this bronze and its base were cast together by the lost 

wax, slush moulding method. The underside of the trunk is cast open, the core 

and any metal insertions have been removed. The cast is flawed and heavily 

repaired with cast-on parts. The accretion that fills most of the base hinders the 

examination of the inner surface and obscures large areas in the radiographs. 

An enormous amount of work went into salvaging this cast. Today's foundry 

person would probably throw such a piece back into the crucible and cast 

another one. Such expenditure of labor on such a small, rather unsophisticated 

bronze suggests that labor was cheap. Or might it have been a practice piece for a 

novel apprentice chaser? 

The metal composition of the figure and its repairs is closest to that of the Woman 

Washing Her Foot (Hunt 9). Further study of similar Prieur genre figures in other 

collections may substantiate the few similarities we have found between certain 

figures in the group. 

6. Bibliography 

Huntington, 1974; Seelig-Teuwen, 1991; Metropolitan Museum of Art, 1984; 

Radc1iffe, 1994. 
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1. The Object 

Record No. 

Location 

Accession No. 

Title 

Attribution 

Provenance 

1.1 Description 

Hunt 8 (L.92.SB.87.8) 

Huntington Art Galleries, San Marino 

17.16 

Woman Braiding Her Hair 

Halo-Flemish, ca. 1600 (Wark) 

Barthelemy Prieur 

Mannheim 

J. Pierpont Morgan Collection, 1917 

This freestanding sculpture, modeled in the round, but with a primary view from 

the front, represents a nude young woman sitting on an elaborately draped tree 

stump, braiding her hair (Plates 24). She sits erect on a partially draped tree 

stump, right leg swung over the left one, left heel up against the stump, and 

stares off slightly to her left. Her long right plait is caught in her armpit. She has 

almost finished making the left braid. A short kerchief, knotted at the back of her 

head, covers the top of her hair. The figure is elegant, and the drape falls 

naturally. 

The Woman Combing her Hair is cast in one piece, except for the right knee. The 

execution of the details, and the finishing is meticulous all around with attention 

to such details as the space between the tresses and her shoulders and hands, her 

hair freed from possible flashes or other undesired metal accretions. The little 

curls on her neck behind her ears are also evidence of much care. 

The chocolate-brown metal was original covered with a translucent brown 

lacquer patina that is worn away in many areas. The surface coating does not 

hinder the reading of the surface. 

1.2 Relationships 

This work is closely related in style to the large group of bronze genre figures of 

nude women doing their toilette, as well as to the large marble sculptures and 

small bronze portraits of Henry IV by the Parisian sculptor Barthelemy Prieur. 

Figures from each of these groups are documented as being by the hand of this 
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artist. There are many versions of this bronze, one of which is the French, late 

sixteenth country woman Pla£ting Her Hair in The WaIters Art Gallery (Bowron, 

1978). 

1.3 Marks and Inscriptions (none) 

2. External Features 
2.1 Structure 

The composition of this cast puts no stress on the figure; the draped tree trunk of 

the Woman Braiding Her Hair is a stable base. 

2.1.1 Parts Cast Separately 

The figure was originally cast in one piece. 

2.1.2 Problem Areas, Flaws and Repairs 

This is an overall smooth hollow cast with some thinner areas in the thighs and 

porosity. The very fine, dense porosity is endemic, but remains mostly internal 

(Plate 24). The surface of the cast is lightly pocked. The numerous little dents on 

the surface of the back are characteristic of the "Emmentaler syndrome" of 

porous casts - i.e., the more one tries to pare down the area with holes, the more 

holes appear! The solid parts of the legs below the knees, particularly the left one, 

are also porous and appear to have "coring" - internal shrinkage (Plate 24). The 

recast left knee and square patch on the right calf may be a consequence of this. 

The right knee is cast on to the figure through what appear now as a large square 

patch on the left calf (ca. 1.1 cm x 1.25 cm, measured with calipers) and a round 

plug on the left knee (ca. 0.6 cm diameter, measured with calipers). 

There is a flattened area on the right shoulder. The big toe of the right foot is bent 

up and shortened. Both distortions must have occurred in the wax stage. 

2.2 Metal Surface 

The surface of the Woman Braiding her Hair was chased both for decoration and to 

conceal flaws and repairs. It is finished all around, including the less visible areas 

such as the space between the left braid and her chest. The metal surface is 

smooth and polished, and covered with cross-hatched wire brush marks: some 

follow the length of the figure and others run perpendicular to the first. The 
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surface is worn down to the bare metal in the more exposed areas. Fine file 

marks filled with darkened lacquer follow the length of the body in the less 

exposed areas. An engraver or chisel enhance the strands of hair in the braids 

and on her head and neck. 

2.3 Surface Coatings 

It is difficult to ascertain exactly how the three-toned surface is constructed. The 

golden reflections of the wire brushed surface shine through the lacquer in some 

areas. The first golden-brown translucent lacquer coating is uneven, flaked in 

areas, and worn in the more exposed parts: The lacquer is thicker in the recesses 

where it has turned opaque and reddish black. Many of the areas where the 

lacquer is missing are a fine, dark green. Upon closer examination, these appear 

to be densely covered with little spots of copper corrosion product now covered 

with the transparent layer of wax and/ or varnish applied over the lacquer. 

XRF analyses of the metal shows the presence of mercury on the tree stump that 

may be the remains of a mercury gilding. No gold is visible now. 

2.4 Base and Mount 

The figure is sitting on an integrally cast draped tree-stump. This is joined to the 

black stone mount with a long thin metal rod (ca. 0.3 cm diameter) attached to 

the front of the stump, and a smaller pin (ca. 0.2 cm diameter) at the back. It is not 

clear from the x-radiographs how these are joined to the stump. Both are set 

tightly into the base with an adhesive that oozes over the edge of the bronze. 

2.5 Measurements 

The following table reports measurements taken either with a string that was 

then measured against a ruler, or with Vernier calipers. 

height 18 

depth 9 

width 8.9 

between elbow tips 6.8 

between outer corners of eyes 1.2 
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bottom of knot on neck and middle of buttocks 

circumference of left leg below knee 

circumference of waist 

diameter of branch stump on left (inner circle) 

3. Method of Manufacture 
3.1 The Wax 
3.1.1 Description of the Original Wax Surface 

3.5 

9.9 

4.4 

9.7 

0.9 

There is an irregular thickening of the bronze in the thighs which has the shape 

of a very wide drip and suggests that the figure was slush moulded (Plate 24). 

The inner surface of the bronze seems smooth in the radiographs, with a few 

small amorphous accretions. The denser straight lines running up along the back 

sides of the figure are difficult to interpret. They may have been produced by a 

join or patch in the wax. The outer surface of the wax was probably modeled in 

detail, although it is difficult to tell how much it has been reworked after the 

casting. 

3.1.2 Type of Joins 

There may to be a wax-to-wax join in the neck and between the figure and the 

base, as there seems to be a change in density (both a thickening and thinning) in 

those areas, but neither of them is very clear in the radiographs. 

3.1.3 Separately Moulded Parts 

The arms and legs below the knees are solid and do not offer much evidence 

about their method of manufacture. The head, torso, thighs, and base are hollow 

(Plate 24). The metal thickness of these hollow parts is relatively even. The waxes 

of the arms, torso, legs, head, and base were probably moulded separately and 

joined in the wax. The left braid must have been modeled on. 
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3.2 The Core 
3.2.1 Description of the Samples 

No samples are available. At present there is no access to the inside of the figure 

because of the way it is mounted to the base. Judging from the x-radiographs, the 

core material was probably removed from the inside of the tree stump and the 

torso of the figure. 

3.2.2 Configuration and Relationship to the Wax 

The profile of the core conforms pretty closely with the outer surface of the 

bronze. Its corners are soft and rounded in the shoulders. The bulky accretion 

between the figure's legs in the thigh, and the small bubble-like accretions, may 

have been caused by air bubbles trapped in the originally partly liquid core 

material. 

3.3 The Metal Insertions 

A variety of pins, rods, wires, nails and other metal bits perform important tasks 

in the casting process. Some serve as a structural support that stabilizes the wax 

replica for the person who works on it. Others help to strengthen the often brittle 

core. Yet others act as separators that keep the core from moving around inside 

the mould after the bum-out. This part of the report gathers information on such 

metal insertions in categories based on their major functions. 

3.3.1 Armatures (no evidence) 

3.3.2 Core Pins 

None of the core pins survive, but there are eight plugs, and many of these 

obviously replace core pins. One set of corresponding holes is left by a pin that 

used to traverse the figure from the back to the chest. Another one traversed the 

base from side to side. Yet another pin went through the crown of the head. 

3.3.3 Internal Core Supports 

No evidence is left if there were any. (The pin that went through the figure's 

crown may have come down through the neck and into the body and acted as a 

core support as well.) 

205 



3.3.4 Plugs 

Eight plugs are visible in the radiographs of the figure, but none of them are 

visible from the surface (Plate 24). The first two, on the chest and back, are 

aligned and probably replace the holes left by a core pin that ran through the 

figure from front to back. The plugs are both 0.4 cm in diameter (on the 

radiograph) and one of them is very shallow and has a denser ring around the 

edge, like a flash of metal. The threaded plugs in the lower right side of her back 

and in the two aligned ones in the base have the same diameter. The threaded 

plug in her back between her shoulders is slightly larger (0.7 cm diameter). The 

two adjacent threaded plugs on the top of her head are 0.5 cm in diameter. Both 

of these are about 1 cm long. 

3.3.5 Other (no evidence) 

3.4 The Metal 
3.4.1 Composition 

The metal composition was analyzed in seven areas by x-ray fluorescence 

analysis; three spectra were quantified and normalized. The areas analyzed are: a 

repair on the right leg, an area on the left side of the middle of her back, a plug 

on the figure's knee and an area at the rear of the base. Theresults show that the 

figure is cast in a bronze with high lead content, some iron and nickel, and a 

trace of silver (see Table 2 in Appendix A). The repair on the right leg contains 

zinc. Two unquantified spectra taken on the back of the tree trunk show the 

presence of mercury and suggest that it may have been mercury gilded at some 

point in the past. 

3.4.2 Casting Orientation 

Some of the forms may have served as sprues to help circulate the metal; the left 

braid may have served just such a function. There is no evidence of the casting 

orientation. 

4. Analytical Studies 

The sculpture was examined at the J. Paul Getty Museum in 1991-92. It was 

radiographed by Linda Strauss at the time. XRF data was acquired at the Getty 

Conservation Institute's Museum Services Laboratory. The settings and 
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instrumentation have been described in Part IV. The data are reported in Table 2 

in Appendix A. 

s. Observations and Conclusions 

This freestanding figure of the Woman Braiding Her Hair is stylistically more 

accomplished than the other genre figures attributed to Prieur in the Huntington 

Art Collection. Like these other figures, however, the statuette is unsigned and 

unprovenanced. The radiographs reveal great similarities in the inner structure 

of this figure and the Woman Washing Her Foot (Hunt 9), particularly in the way 

the core pins were placed and subsequently plugged. Both figures are also 

slightly larger than the rest of the group. Their metal composition is, however, 

different. 

The figure and base were cast together by the lost wax method. The inner surface 

of the bronze presents the tell-tale characteristic of a slush-moulded wax: drips in 

the thighs from the liquid wax and bubble-like accretions from the liquid mould 

or wax. 

Traces of mercury, detected on the tree trunk during non-destructive analysis of 

the alloy suggest that the trunk may have been fire gilded at some point. Spectra 

of the other trunks showed no comparable mercury peaks. 

Further study of similar statuettes in other collections, as for example the replica 

in the WaIters Art Gallery, may help to substantiate the few similarities we have 

found between some of the Huntington's genre figures attributed to B. Prieur. 

6. Bibliography 

Huntington, 1974; Seelig-Teuwen, 1991; Metropolitan Museum of Art, 1984. 
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1. The Object 

Record No. 

Location 

Accession No. 

Title 

Attribution 

Provenance 

1.1 Description 

Hunt 9 (L.92.SB.87.9) 

Huntington Art Galleries, San Marino 

17.15 

Woman Washing Her Foot 

Italo-Flemish, ca. 1600 (Wark) 

Barthelemy Prieur 

Mannheim 

J. Pierpont Morgan Collection, 1917 

This freestanding sculpture, modeled in the round, but with a primary view from 

the front, represents a nude young woman sitting on an elaborately draped tree 

stump, washing her left foot, her left ankle crossed over her right knee (Plate 25). 

With her right hand she holds a wash cloth over the small raised oval basin 

beside her. Her hair is elegantly braided and coiled up on the back of her head. 

The Woman Washing Her Foot is cast in two pieces: the right leg from the knee 

down, and the rest of the figure. The bronze is heavily repaired. A translucent 

brown lacquer patina originally coats the polished scratch-brushed metal, but is 

now extensively worn away in many areas. It does not hinder the reading of the 

surface. 

1.2 Relationships 

This work is closely related in style to the large group of bronze genre figures of 

nude women doing their toilette, as well as to the large marble sculptures and 

small bronze portraits of Henry IV by the Parisian sculptor Barthelemy Prieur. 

Figures from each of these groups are documented as being by the hand of this 

artist. This figure exists in numerous versions. The motif is reminiscent of the 

bathing women on Adriaen de Vries' Hercules Fountain in Augsburg 

(Huntington, 1974). 

1.3 Marks and Inscriptions (none) 
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· External Features 
.1 Structure 

'he composition of this cast puts no stress on the figure: the draped tree trunk of 

he Woman Combing Her Hair is a stabile base. 

~.1.1 Parts Cast Separately 

['he figure was originally cast in one piece. The right leg from below the knee is 

:ast onto the figure. 

~.1.2 Problem Areas, Flaws and Repairs 

The hollow body and base and the solid arms are flawless, but the legs present a 

lot of problems. Both of them have what look like cracks and large porous areas. 

One such crack is visible on the surface of the left thigh. Upon closer examination 

of the radiograph, it looks like a large round plug was threaded into the middle 

of this area. The flaw in the right leg required that a new leg be cast on. The right 

leg from below the knee is a repair. The metal to metal join is visible from the 

surface, as is the opening - now filled - in the right thigh above the knee through 

which the metal was poured. The radiograph of the figure in profile clearly 

shows the cast-on repair (Plate 25). 

The little dents on the surface of the figure's back are characteristic of the 

"Emmentaler syndrome" of porous casts. The foot of the vessel is cracked and 

broken through. The flashes radiating from the plugs in the base were chiseled 

down. The core material must either have cracked when the pins were inserted, 

or during the drying process. There is a lacuna in the area where her buttocks 

meet the draped trunk. This corresponds to a thinner area in the bronze. 

2.2 Metal Surface 

The surface of the Woman Washing Her Foot, which was chased both to decorate 

and to conceal flaws and repairs, is also finished all around. The metal surface is 

smooth and polished, and covered with cross-hatched wire brush marks; some 

following the length of the figure, others running perpendicular to these. The 

surface, worn down to the bare metal in the more exposed areas like the back 

and left knee, has developed a natural patina. Fine file marks, filled with 

darkened lacquer, follow the length of the body in the less exposed areas. An 
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engraver or chisel enhance the strands of hair in the braids and on the head and 

neck. The repair, and some of the plugs, are visible from the surface. The rippled 

surface of the water is waxy and looks like it has not been cold-worked much. 

2.3 Surface Coatings 

It is difficult to ascertain exactly how the three-toned surface is constructed. The 

golden reflections of the wire brushed surface shine through the lacquer in many 

areas, indicating that the metal was probably not chemically patinated. The first 

layer, uneven, flaked in areas, and worn in the more exposed parts, is a golden

brown translucent lacquer coating. The thicker lacquer in the recesses has turned 

opaque and reddish black. Some areas where the lacquer is worn are a warm 

chocolate brown, and others, like the figure's right foot and left shoulder, are 

dark green. Upon closer examination, these appear to be densely covered with 

small spots of copper corrosion product trapped in the transparent layer of wax 

and/ or varnish which was applied over the lacquer. 

2.4 Base and Mount 

The figure is sitting on a solid, integrally cast support: a draped tree-stump. This 

is joined to the black stone mount with two long thin threaded metal rods that 

are sc:rewed into the sides of the stump. Both were set tightly into drilled holes in 

the base filled with plaster. The figure was removed from the base allowing 

closer examination of the inner surface. 

2.5 Measurements 

The following table reports measurements taken either with a string that was 

then measured against a ruler, or with Vernier calipers. 

height 16.7 

depth 8.9 

width 8.1 

between base of spine and base of hair 10.4 9.2 

between outer corners of eyes 1.2 1.1 

between tips of thumbs 5.3 5.3 

between tip of nose and tip of left thumb 6.8 6.8 
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between nipples 

between big toes 

between center of left knee and right big toe 

length of water vessel (top rim) 

circumference of neck 

circumference of waist 

3. Method of Manufacture 
3.1 The Wax 
3.1.1 Description of the Original Wax Surface 

2.4 2.4 

8.1 8.2 

9.3 9.2 

2.5 

3.8 

9.0 

The inner surface of the figure is smooth, that of the base is rougher. The denser 

straight lines running down the shoulder and along the sides of the back of the 

figure (Plate 25) look like they may be seams of some kind of repair in the wax. 

There is also a small rectangular shaped thinning in the upper left side of her 

torso. The outer surface was probably modeled in some detail, although it is 

difficult to tell how much it has been reworked after the casting. The surface of 

the water in the vessel may reproduce the original wax surface. 

3.1.2 Type of Joins 

The thin denser line in her neck in the x-radiograph may be a wax-to-wax join. 

The bulge that can be felt on the inside of the bronze, between the figure and the 

base, is a wax-to-wax join. The radiographs do not show clearly what is 

happening in the thighs. There may be a join between the torso and the thighs. 

The arms are solid and no join is visible. The metal to metal join of the right leg is 

visible both from the surface and in the x-radiographs. 

3.1.3 Separately Moulded Parts 

The arms and water vessel are solid and do not offer much evidence about their 

method of manufacture. The right leg was cast onto the leg at the knee. The head, 

torso, thighs, and base are hollow and were probably moulded separately and 

joined in the wax. The water vessel must have been modeled on directly. There 

are a lot of cracks and thinner areas on the inner surface of the cast. A wax of the 

right leg was remoulded, invested and cast onto the figure at the knee. 
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3.2 The Core 
3.2.1 Description of the Samples 

Most of the core material was removed from the inside of the tree stump and the 

torso of the figure. A sample, picked from the torso with a long thin tool, is a 

gray mixture made up mainly of plaster lumps with large pink quartz grains. 

The sample was not analyzed. 

3.2.2 Configuration and Relationship to the Wax 

The profile of the core of the figure conforms pretty closely with the outer surface 

of the bronze. Its corners are soft and rounded in the shoulders. The core was 

filled into the moulded hollow wax shell. The presence of plaster strongly 

suggests that the core was liquid and was poured into the hollow wax. 

3.3 The Metal Insertions 

A variety of pins, rods, wires, nails and other metal bits perform important tasks 

in the casting process. Some serve as a structural support that stabilizes the wax 

replica for the person who works on it. Others help to strengthen the often brittle 

core. Yet others act as separators that keep the core from moving around inside 

the mould after the bum-out. This part of the report gathers information on such 

metal insertions in categories based on their major functions. 

3.3.1 Armatures (no evidence) 

3.3.2 Core Pins 

None of the core pins survive, but there are ten plugs, and many of these 

obviously replace core pins. One set of corresponding holes is left by a pin that 

used to traverse the figure from the back to the chest. Another one traversed the 

base from front to back. The core support extending from her head down into her 

body also served as a core pin. It went through the crown of the head. It is now 

pushed in and bent at the top, and the hole is plugged. The plug in her lower 

back may also be the original location of a core pin .. 

3.3.3 Internal Core Supports 

A thin wire comes down from her head, through the figure's neck and into the 

body. 
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3.3.4 Plugs 

Seven plugs are visible in the radiographs of the figure (Plate 25), but only a few 

of them are visible from the surface. Three more are visible from the surface 

alone. Most of the plugs are ca. 0.5 cm in diameter (on the radiograph). The first 

two, on the chest and back, are aligned and probably replace the holes left by a 

core pin that ran through the figure from front to back. The one in her chest is not 

visible from the surface, the one on her back is. The one on her back is longer 

than the one in her chest and has a denser ring around the edge, like a metal 

flash. The two aligned ones in the base have the same diameter. The ones in the 

base probably replace the holes left by a core pin that ran through the base from 

front to back. The threaded plug on the top of her head is beautifully chased into 

the hair. A plug in her left knee, visible from the surface, is 0.5 cm. diameter 

(measured with calipers). The plug in her lower back is visible from the surface 

and looks slightly larger than the others, ca. 0.6 cm diameter. 

The three redder areas on her abdomen look like plugs, but these areas are 

obscured by multiple overlapping areas in the x-radiographs, and it is difficult to 

ascertain what is happening for sure. The larger one (0.6 cm diameter) around 

her belly button probably corresponds to the other larger plug in her lower back. . 

The one on her right hip bone is 0.3 cm in diameter. The other one is 0.4 cm in 

diameter. A large, shallow, round plug (ca. 0.7 cm diameter) can be detected in 

the middle of the cracked area in the figure's left thigh. 

3.3.5 Other 

The large round "plug" above the figure's left ankle is probably the opening 

through which the right leg was cast-on, or is in some way part of that join. 

3.4 The Metal 
3.4.1 Composition 

The metal composition was analyzed in seven areas by x-ray fluorescence 

analysis. The results of three areas of analysis were quantified: the cast-on repair 

on the middle of the figure's back, an area on the upper chest and the cast-on 

repair in the right thigh.The results show that the alloy is a leaded bronze with 

some iron, nickel, antimony, a bit of zinc, and a trace of silver (see Table 2 in 
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· Appendix A). The metal composition of the right leg is similar to that of the rest 

of the body. 

3.4.2 Casting Orientation 

A flat thicker area on the rear inner surface of the base looks like the chased end 

of a sprue. The figure was probably cast upside down. 

4. Analytical Studies 

The sculpture was examined at the J. Paul Getty Museum in 1991-92. It was 

radiographed by Linda Strauss at the time. XRF data was acquired at the Getty 

Conservation Institute's Museum Services Laboratory. The settings and 

instrumentation have been described in Part IV. The data are reported in Table 2 

in Appendix A. 

5. Observations and Conclusions 

This freestanding statuette of a Woman Washing Her Foot is closely related in style 

to the large group of bronze genre figures of nude women doing their toilette and 

small bronze portraits of Henry IV by Barthelemy Prieur. Figures from each of 

these groups are documented as being by the hand of this artist (Seelig-Teuwen, 

1991). Like the other women attributed to the same sculptor in the Huntington 

Collection, it is unsigned and unprovenanced. 

The radiographs reveal great similarities in the inner structure of this figure and 

the Woman Braiding Her Hair (Hunt 8), particularly in the way the core pins were 

placed and subsequently plugged. Both figures are also slightly larger than the 

rest of the group. Their metal composition is, however, different. This is a leaded 

bronze with a bit of zinc, similar in composition to the alloy of the Woman 

Touching Her Foot (Hunt 7) The figure and base were cast together by the lost wax 

method. The inner surface of the bronze presents the tell-tale characteristic of a 

slush-moulded wax: drips from the liquid wax and bubble-like accretions from 

the liquid mould or wax. 

The examination of the Huntington's Prieur bronzes has split the group into two 

smaller ones. Further study of similar statuettes in other collections may 
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substantiate the few similarities we have found between certain figures in the 

group. 

6. Bibliography 

Huntington, 1974; Seelig-Teuwen, 1991; Metropolitan Museum of Art, 1984. 
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1. The Object 

Record No. 

Location 

Accession No. 

Title 

Attribution 

Provenance 

1.1 Description 

Hunt 10 (L.92.SB.87.10) 

Huntington Art Galleries, San Marino 

17.8 

Man Carrying Child 

Italo-Flemish, ca. 1600 (Wark) 

Domenico Poggini (1520-1590) 

Barthelemy Prieur 

J. Pierpont Morgan Collection, 1917 

This sculptural group, modeled in the round, and intended to be seen from 

various angles, depicts a nude man carrying a naked boy child on his left 

shoulder (Plates 26). The man advances with a large stride, left foot forward, 

right leg back, his weight mostly on the former. The back of his right hand 

rests on his hip clasping a folded piece of cloth, his left one holds the child's 

left arm to balance him. The child sits on the man's left shoulder and looks 

down at the man. He holds an apple in his left hand, and the man's head 

with his right one. The iconography of the group is obscure. It would be 

unusual to depict a St. Christopher without a loin cloth. Perhaps the figures 

depict Hercules and Telemacus, but the man carries no distinguishing 

attribute. The group is freestanding and cast without a base. The flaked surface 

coating conceals much of the metal surface, but not all of the details. 

1.2 Relationships 

The artist must have been familiar with work of Bartolomeo Ammannati. 

The group is also similar in style to other Huntington Art Collection genre 

figures attributed to Barthelemy Prieur and to the Gladiator (Hunt 11) 

(Huntington, 1974). A less good replica of the Man Carrying A Child is in the 

Metropolitan Museum of Art. 

1.3 Marks and Inscriptions (none) 

217 



2. External Features 
2.1 Structure 
2.1.1 Parts Cast Separately 

The group appears to be cast in one piece, although there is a small chance 

that the boy could have been brazed onto the man. In the obvious join areas 

the black surface coating has turned to pale green and peeling in obvious join 

areas, suggesting that a different chemical reaction may be occurring here 

than in the rest of the figure. This may be due to a difference in alloys. The 

colour of the metal, however, is similar to the surrounding alloy. The man's 

right foot and the child's left foot are soldered on. These joins are barely 

visible. 

2.1.2 Problem Areas, Flaws, and Repairs 

Cracks run around the child's left ankle. The foot is soldered on. The man's 

right foot is soldered on as well, and its heel is patched with a different 

coloured copper alloy. The trace of a flash or mould seam follows along the 

child's crown. The metal surface appears pitted where the surface coating has 

flaked off. 

2.2 Metal Surface 

The man's curls and drape in his right hand are meticulously modeled, finely 

chased, and polished. The entire surface of the group is finished all around. 

Hammer and files mark the right heel. The slightly etched dendrites on the 

man's left shin suggest chemical treatment of the surface: either cleaning or 

patination. 

2.3 Surface Coatings 

A streaky golden brown chemical patination of the metal underlies a thin, 

dark brown translucent lacquer coating that is flaking off the surface. Copper 

corrosion appears to be causing the flaking of the surface coating. Green 

copper corrosion products are visible on the exposed metal on the child's 

right wrist. Shellac drips bespeckle the surface of the group; the most visible is 

a red drip on the man's abdomen. Red-brown waxy accretions fill some of the 

more recessed areas in the child such as the space between his legs. 
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2.4 Base and Mount 

The group is mounted to the stone base by the original sprues in the man's 

feet. These are set into holes in the base and held in with plaster, like many of 

the other Huntington statuettes. The sprue in the left foot is visible without 

removing the base, and the other one can be distinguished in the radiographs 

(Plate 26). 

2.5 Measurements 

The following table reports measurements taken with a string that was then 

measured against a ruler. 

height 23.2 

width (right elbow to left heel) 10.6 

depth (child's head to man's right foot) 11.1 

between tips of big toes 10.9 

between center of heels 9.4 

length of right leg (buttock outside to floor) 9.6 

between base and left elbow 1 7 

between base and left heel 0.1 

between base and right heel 2.2 

between tips of elbows (behind back) 11.9 

circumference of man's waist above drapery 1 0 

circumference of man's neck 5.2 

between outer corners of eyes 1.7 

between tips of nose and penis 10.2 

between tips of nose and left big toe 19.2 

of boy's right ear to man's shoulder (through crack between 6.1 

circumference of boy's neck 3.3 

circumference of boy's waist 5.3 
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3. Method of Manufacture 
3.1 The Wax 
3.1.1 Description of the Original Wax Surface 

The child is solid metal, and there is no evidence to suggest how detailed the 

modeling was at the time of the casting. The inner surface of the man is 

smooth with some accretions, but not very conformal with the outer surface 

(Plate 26). His head, torso, and legs to the knees are hollow thick-walled casts. 

His arms from below the shoulders and lower legs are solid. His J?ack and the 

right side of his head are very thin casts. 

3.1.2 Type of Joins 

There appears to be the remnant of a raised mould seam or join on back of 

the man's neck, but there is no evidence of join here in the radiographs. In 

fact there are no visible joins in either the radiographs or the surface of either 

of the figures. These must have been joined in the wax before casting in three 

areas: between the child's right hand and the top of the man's head; between 

the man's left shoulder and the child's buttocks; and between the child's left 

arm and the man's right hand. The metal-to-metal joins in the man's ankle 

and the child's foot are repairs. 

3.1.3 Separately Moulded Parts 

The waxes of the child and the man were prepared separately, joined, and cast 

together. The repaired feet may have been remoulded, or they could be the 

originals that broke off. 

3.2 The Core 
3.2.1 Description of the Samples 

The inside of the cast is inaccessible, excepting through the small hole in the 

man's right ear. During the present examination, lumpy samples of grayish 

brown core material were dug out of here. These are a mixture of clay and 

quartz grains. The colour of the clay suggests that the core was fired at a low 

temperature. The sample has not been analyzed. 
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3.2.2 Configuration and Relationship to the Wax 

The profile of the core follows the contours of the outer surface. The core 

could have been premodeled, but is more likely filled into a slush moulded 

wax. 

3.3 The Metal Insertions 

3.3.1 Armature (no evidence) 

3.3.2 Core Pins 

Examination of the surface reveals only one hole in the man's right ear, that 

may be the remains of a core pin that originally went through his head. Less 

dense spots (ca. 0.2 cm diameter) in the radiographs of the man correspond to 

where thin wire core pins originally traversed the figure: from the breast bone 

to the back, through the belly button to the back, and from side to side 

through the ribs, where a bit of wire remains pushed into his side (Plate 26). 

The wire was probably similar to that used for the internal core supports. 

3.3.3 Internal Core Supports 

Magnetic attraction in the man's shoulder reveals the presence of iron close 

to the surface of the sculpture. This could either be a core pin or a core 

support. There is no evidence of the former, but the radiographs show three 

thin wires (ca. 0.2 cm diameter) inside the figure (Plate 26). One runs from the 

man's neck, through his hollow torso and into the solid part of his right leg 

above his knee. It may run through the entire leg, but the radiographs do not 

show this. The second wire runs from his left shoulder through his torso and 

into his right leg. Here too, it is impossible to say whether it runs through the 

entire leg, since the solid metal below the knee would obscure such 

information in the radiographs. The third wire, curved into a loose S-shape, 

runs between the man's shoulders and disappears into the solid metal of the 

arms at each end. The magnet probably detected this wire. Judging from the 

similarity of their appearance in the radiographs, the three wires are iron. 
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3.3.4 Plugs 

Surface examination reveals no core pin holes (except for the one in the ear) 

or plugs. The numerous core pin holes in the radiographs may have been 

filled with thin plugs, patches, or some non-metallic material. 

3.3.5 Other (none) 

3.4 The Metal 
3.4.1 Composition 

The metal composition was analyzed in seven areas by X-ray fluorescence 

analysis; four spectra were quantified and normalized. The analyzed areas are: 

an area on the man's chest, the join between the man and the boy, a plug on 

the boy's left arm and the middle of the boy's back. The results show that the 

metal is a copper alloy with 10% zinc, 5% tin, as well as lead, iron, nickel, and 

traces of antimony and silver (see Table 2 in Appendix A) 

3.4.2 Casting Orientation 

The join between the man's hair and the child's thigh is probably an 

intentional connection between the two figures to help the flow of the metal 

during the casting. Sprue ends on the soles of the man's feet are not evidence 

enough of the casting disposition, since they could have been vents. 

4. Analytical Studies 

The sculpture was examined at the J. Paul Getty Museum in 1991-92. It was 

radiographed by Linda Strauss at the time. XRF data was acquired at the Getty 

Conservation Institute's Museum Services Laboratory. The settings and 

instrumentation have been described in Part IV. The data are reported in 

Table 2 in Appendix A. 

5. Conclusions and Recommendations 

Upon visual examination the freestanding statuette of the Man Carrying A 

Child bears little similarity to theMan With A Sword (Hunt 11) that it was 

grouped with in the Huntington Collection. His mannered stride is closer to 

that of the Woman Returning From Market (Hunt 12), and its modeling is 
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much finer. However, the x-radiographs of the two male figures reveal a very 

similar internal core support system, and both are accomplished thin-walled, 

hollow casts. There is no conclusive evidence that the wax was modeled over 

a pre-fashioned core. It could have been expertly slush moulded. The core 

material does not contain any plaster; this excludes the use of a liquid core 

material. 

The figure is highly polished and chemically patinate~ unlike the other genre 

figures attributed to Prieur. The metal composition of the figure is a brassy 

gun metal with traces of antimony and silver, often found in Renaissance 

bronzes. It is unlike the composition of any of the other genre figures in the 

Huntington Collection. 

In conclusion, there is no evidence to discredit a sixteenth century attribution 

to this statuette, but there is not enough comparative technological data 

available to make any more precise attributions at the moment. However, 

both stylistically and technically it does not fit into the Prieur group from the 

Huntington Collection. 

A technical examination of the other version in the Metropolitan Museum of 

Art would allow a comparison of measurements, radiographs, and analyses of 

materials that may help to clarify the relationship between these statuettes. 

The iconography of this bronze is unclear, making it difficult to place the 

piece in a broader visual context. It is also unsigned and unprovenanced and 

lacks an obvious coherent group of stylistically related pieces to compare it 

with. 

6. Bibliography 

Huntington, 1974. 
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1. The Object 

Record No. 

Location 

Accession No. 

Title 

Attribution 

Provenance 

1.1 Description 

Hunt 11 (L.92.SB.87.11) 

Huntington Art Galleries, San Marino 

17.7 

Gladiator 

Man With Sword 

Italo-Flemish, ca. 1600 (Wark) 

Barthelemy Prieur 

pfungst Collection 

J. Pierpont Morgan Collection, 1917 

This small figure, modeled in the round, but with a primary view from the 

front depicts a young nude man (Plate 27). It looks as if he was originally 

meant to be drawing a sword from its scabbard, but in fact, given the present 

angle of what is left of the broken sword in his right hand, he would be 

butchering his left hip. The broken sword must therefore either be an 

incorrect replacement or the arm was bent at the wax stage. The latter seems 

more likely. His unusually wide stride, and the angle of his hips and feet 

make him look unbalanced. The figure has a rubbery and awkward 

appearance and looks as if the wax had been distorted. The waist seems to 

have been twisted, the left side of the abdomen pushed in and the wrists, 

ankles and scabbard bent. 

The overall anatomical modeling of the figure is weak, as are the proportions. 

The man's hands are too big, but his right index finger is too small for his 

hand. The hair looks like a wig. Some features, however, were modeled with 

care: the face is sweet - not a gladiator's expression - and each of the toenails 

are modeled. The scabbard was cast separately and pinned into the figure's fist, 

possibly at a later date. The leaf covering the genitals may be a later addition 

as well. The chocolate-brown metal was original covered with a translucent 

brown lacquer patina that is worn away in many areas. The surface coating 

does not distort the reading of the piece. 
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1.2 Relationships 

Many replicas of this figure exist in collections around the world (Wixom, 

1975). All of them look awkward like this one. 

1.3 Marks and Inscriptions 

An old accession no. "18A", painted onto the figure's back in white letters was 

crossed out with a red line, and the new no. "7." was written in red beneath it. 

Under UV light the red paint fluoresces bright orange, evidence that it is 

shellac-based. A crowned "e" is stamped on the figure's right buttock (Plate 

27). 

2. External Features 
2.1 Structure 
2.1.1 Parts Cast Separately 

The Man With Sword was cast in one piece, except for the scabbard, and 

possibly the fig leaf. 

2.1.2 Problem Areas, Flaws and Repairs 

This is a very smooth cast with no porosity or particular problems except for 

the awkward posture of the figure which may have been caused by excessive 

exposure of the wax model to heat. Strangely enough the other versions of 

this model are also rubbery, like "Gumby." The scabbard is pinned into his left 

hand and is possibly a later repair. The fig leaf may also be a later addition. 

2.2 Metal Surface 

The surface of the Man With Sword was heavily chased both for decoration 

and to conceal flaws and repairs. It is finished all around, including the 

undercuts. Dense, fine file marks and deep wire brush marks run across the 

entire surface of the figure, parallel to the ground. Details of the face and hair 

were enhanced with chisel or engraver. Rounded hammer or punch marks 

can be seen on his back and feet. His curls are enhanced either with a 

modeling tool with a rounded tip, or with a rounded punch. Tiny round 

punch marks texture the fig leaf", 
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2.3 Surface Coatings 

Islands of opaque, uneven brown coating conceal much of the metal surface. 

The exposed golden brown metal is gray where it has oxidized. Its appearance 

suggests that it was chemically patinated, then lacquered with a translucent 

golden brown lacquer. The darker reddish brown areas could be denser 

applications of lacquer. The lacquer has flaked off and cracked in areas, and 

may also have been dissolved in others. Where the surface is no longer 

covered with lacquer on the lower legs and his left arm and shoulder, it has 

turned green-gray. A waxy surface coating, streaked by what appear to be the 

marks of a hard brush, embeds green accretions. These are probably copper 

corrosion products. A thick dark green and black deposit covers the fig leaf. A 

sample of this was taken during the present examination for future analysis. 

The metal has turned pinker below the right ear. 

2.4 Base and Mount 

The figure is mounted to a simple black stone base. Both feet have been 

drilled and threaded in two locations on the soles: in the front and in the 

back. The holes in the front are not in use. Two pins (diam 0.5 cm and length 

ca. 3 cm) are threaded into the feet (Plate 27) and set into hole in the base with 

plaster like many of the other Huntington bronzes. This mounting is 

probably not original. 

2.5 Measurements 

The following table reports measurements taken with a string that was then 

measured against a ruler. 

height 

depth (hilt of sword to left heel) 7.2 

width (tip of hilt to right foot) 9.6 

between corners of big toenails 1 1 

between nose tip and 1 st knuckle right mid finger 7.35 

between nose tip and 1 st knuckle left index 8.25 

between heels 6.7-
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between corners of eyes 

between outermost edge of feet 

circumference of waist 

circumference of neck 

length of right leg (middle of heel to buttock) 

length of left leg (middle of heel to buttock) 

length of right ear 

3. Method of Manufacture 
3.1 The Wax 
3.1.1 Description of the Original Wax Surface 

1.2+ 

8.7 

9 

4.3 

8.9 

9 

0.6 

The drip-like changes in density along the left inner surface of the figure and 

the little denser accretions around its right shoulder may be evidence of slush 

moulding (Plate 27). The "drips" could, however, also be flashes. 

3.1.2 Type of Joins 

A thin jagged crack runs across the front of the man's neck. The crack is not 

visible in the radiographs. However, a dense flash cuts across the inside of the 

neck (Plate 27). This corresponds to a wax-to-wax join between the head and 

torso. The scabbard is pinned into the figure's left fist with a small threaded 

pin. A metal-to-metal join is visible between the fist and handle upon closer 

scrutiny of the surface. The leaf in the figure's pubic area looks like a later . 

addition, but evidence of how it was joined to the body is lacking. There are 

no obvious metal-to-metal joins, or pins; it may have been brazed on. 

3.1.3 Separately Moulded Parts 

There are no visible joins between the torso, legs and left arm, suggesting that 

they were moulded or built-up in the wax together. The right arm was joined 

onto the torso just below the shoulder: the change of density is typical of wax

to-wax joins (Plate 27). The head was ~oulded separately; its core does not 

match up with the core in the neck and there is a denser, flash-like area in the 

neck, which could be expected n: such a join area. 
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3.2 The Core 
3.2.1 Description of the Samples 

The cast preserves its core material. The less dense areas in the radiograph 

(Plate 27), such as the top of his head, the neck and top of the torso, and the 

right leg may have been partially cleaned out as often happens where there is 

access to the core. A small sample of reddish powdery core material was 

removed for future analysis during the current examination through a small 

hole in the figures head by pushing a small wire around inside the figure at a 

depth of ca. 1 cm. 

3.2.2 Configuration and Relationship to the Wax 

The core does not follow the configuration of the outer surface of the bronze 

exactly. It is simpler. The texture of the inner surface of the metal as seen in 

the radiographs, is very smooth. This suggests that the core material was quite 

fine. The core of both legs extends to the feet. This suggests that the wax was 

slushed in through the feet. Had the wax been slushed through the neck, it 

would surely have filled the ankles. Furthermore, the configuration of the 

core is too delicate to have been preformed and coated with wax. The arms are 

almost entirely solid. The profile of the core conforms pretty closely with the 

outer surface of the bronze. Its corners are soft and rounded in the shoulders. 

The core of the head is not centered. This could easily occur with the slush 

moulding process. 

3.3 The Metal Insertions 
3.3.1 Armatures (none) 

3.3.2 Core Pins 

The wire core supports probably extended beyond the wax originally, thus 

serving as core pins as well as supports. There may have been other core pins, 

but the radiographs show no evidence of pins, plugs, or holes. 

3.3.3 Internal Core Supports 

Three long thin wires (ca. 0.15 cm diameter) run through the core of the 

figure. In the radiographs they form a two-legged cross (Plate 27). The first 

wire runs through his torso horizontally, in one shoulder and out through 

the other. fhe wire was pushed in and the holes plugged. The second wire 
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runs from inside the top of his neck, straight down through his torso, left leg 

and to his sole. The third one starts from the height of the first and runs 

down through the core of the right leg and foot. The ends of the wires coming 

through his feet were probably cut before the figure was mounted. Magnetic 

attraction on the figure's throat and around both ankles indicates that these 

are iron wires 

3.3.4 Plugs 

The horizontal core support was pushed in and plugged with a thin threaded 

plug in the left shoulder (ca. 0.35 cm diameter and 1 cm length) and a pin in 

the right one. The radiographs show a plug in his head as well, but both the 

chasing and the opaque surface coating conceal all plugs. 

3.3.5 Other (none) 

3.4 The Metal 
3.4.1 Composition 

Non-destructive XRF analysis was performed on the patinated surface. The 

analyzed areas are: back of right thigh, left breast, front of left thigh. The data 

was quantified and normalized to 100% and are reported in Table 2 in 

Appendix A. The results show that the figure is cast in a leaded brass with 

traces of silver, antimony, iron, nickel, and calcium. 

3.4.2 Casting Orientation (no evidence) 

4. Analytical Studies 

The sculpture was examined at the J. Paul Getty Museum in 1991-92. It was 

radiographed by Linda Strauss at the time. XRF data was acquired at the Getty 

Conservation Institute's Museum Services Laboratory. The settings and 

instrumentation have been described in Part IV. The data are reported in 

Table 2 in Appendix A. 

5. Observations and Conclusions 

Upon visual examination, the Man with a Sword looks like a much less 

accomplished work than the finer genre figures that it was grouped with in 
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the Huntington Collection. The figure is distorted, disproportional, and the 

composition is flat. However, the radiographs show that despite of its 

awkward appearance, the figure is a fine example of a hollow lost wax cast. 

Neither the varying conformality of the surface nor the geometrical shape of 

the core are conclusive evidence that the wax was modeled over a 

prefashioned core. It could have been expertly slush moulded. 

The distortion of the figure must have occurred at the wax stage. The wax 

probably lay in a warm environment, or close to a source of heat, face down 

and must have collapsed gradually, pushing the right arm in and bending the 

ankles. The distortion of the torso suggests that the wax figure was hollow, 

without core. It would be difficult to push sunken volumes out again. The 

drippy denser areas in the torso and the left leg could correspond to areas 

where additional wax was added to make up for the flattened areas. 

11te crowned "C" stamped on the figure's right buttock is a mark of control 

established in 1745 by an edict of Louis XV, and canceled in 1749. It was to be 

used on "all works, old or new, of pure copper, cast bronze, brass and so forth, 
I 

m~ed copper, cast ground, beaten, forged, engraved, gilded, silvered over and 

coloured, with no exception whatever" (Verlet, 1937). The crowned "C" was 

stamped onto copper-containing objects that were either made, or on the 

market during those four years. Although such marks can be reproduced by 

casting, the crispness of the stamp, or poin~on, on the figure's buttock is 

characteristic of a punched mark, and therefore surely original to this figure. 

The "C" does not help us to establish the actual date of manufacture of the 

piece, but it is evidence that the Man with a Sword was on the market 

between 1745 and 1749. Whether in fact it is a Renaissance bronze that was 

stamped later is difficult to say. 

The leaded brass alloy is closest to that of the Woman Combing her Hair 

(Hunt 13). Without further comparative data, this information is 

inconclusive. A technical examination of other versions would allow a 

comparison of measurements, x-radiographs, and analyses of materials that 

may help to clarify the relationship between these statuettes. However, as an 
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"unknown", this group is not an obvious candidate for further study at this 

point in the Renaissance Bronze Project. 

6. Bibliography 

Huntington, 1974. 
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1. The Object 

Record No. 

Location 

Accession No. 

Title 

Attribution 

Provenance 

1.1 Description 

Hunt 12 (L.92.SB.87.12) 

Huntington Art Collection, San Marino 

17.20 

Woman Returning From Market 

Barthelemy Prieur (Seelig-Teuwen) 

Italo-Flemish, ca. 1600 (Herbert Keutner; Wark) 

Franco-Flemish (Bode) 

Flemish (Weihrauch) 

Northern Netherlandish (Yvonne Hackenbrock) 

Mannheim 

J. Pierpont Morgan Collection, 1917 

'This sculptural group,modeled in the round, and intended to be seen from 

various angles, represents a young woman gaily striding along, holding a closed 
I 

basket over her left arm, and a piece of fruit in her left hand (Plates 28). Her dress 

is characteristic of Flemish genre figures (Seelig Teuwen, 1991). Her high collar 

opens out stiffly, the kerchief around her head and bunched hair flows out 

behind her shoulders, her laced bodice tightly holds her waist. The bow of her 

ankle-length skirt flows back on her belly with the movement of her stride. Her 

left foot forward, she pushes off on her right one. The 90° angle of the right foot 

to the direction of the stride gives her movement a dance-like quality. 

The Woman Returning from Market is cast in one piece. The modeling and finish 

are very detailed. The three-toned surface consists of a worn translucent lacquer 

coating. The flaking, thickened lacquer in the face inhibits the reading of the 

surface from close up. 

1.2 Relationships 

This work is closely related in style to the large group of bronze genre figures of 

nude women doing their toilette, as well as to the large marble sculptures and 

small bronze portraits of Henry IV by the Parisian sculptor Barthelemy Prieur 

(Seelig-Teuwen, 1991). Figures from each of these groups are documented as 

being by the hand of this artist. There are numerous versions of the Woman 
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Returning from Market in collections around the world. This is among the finer 

ones (Seelig-Teuwen, 1991; Huntington, 1994). 

1.3 Marks and Inscriptions 

A faint "6" is painted in red on the back of her bodice. 

2. External Features 
2.1 Structure 
2.1.1 Parts Cast Separately 

The figure was cast in one piece. 

2.1.2 Problem Areas, Flaws and Repairs 

This is a good but porous cast as can be seen in the radiographs (Plate 28). The 

very fine, dense porosity is endemic, but remains mostly internal. The surface of 

the cast is virtually unblemished, except for a few dents. The only visible casting 

flaw is a concealed hole, or lacuna, in the kerchief fold above her right shoulder. 

This corresponds to a thin area that the metal could not fully fill before 

solidifying. 

2.2 Metal Surface 

The modeling is very detailed. The surface was chased for decoration and 

finished all around, including the less visible areas. The metal surface is smooth 

and polished, and covered with wire brush marks that follow the length of the 

figure. It is only worn down to the bare metal on the left knee. 

Chiseling helped to reduce the discontinuous surfaces on the basket that were 

either caused by a collapse of the mould material or by an unaligned piece

mould. Fine file marks follow the length of the folds in her dress and kerchief. 

These are filled with darkened lacquer. An engraver or chisel enhance the 

prominent eyelids and the woven texture of the basket. The bodice is textured 

with a punch consisting of rows of small rectangles, and the fruit with a convex 

punch. 

2.3 Surface Coatings 

It is difficult to ascertain exactly how the three-toned surface is constructed. The 

first layer is a reddish-brown franslucent lacquer coating. This is uneven and 
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splotchy, flaked in areas, and worn in the more exposed parts. Splashes where 

some kind of solvent has dissolved the lacquer further distort this layer. Many of 

the areas where the lacquer is missing are a fine, dark green. Upon closer 

examination, these appear to be densely covered with little spots of copper 

corrosion product trapped in the transparent layer of wax and/or varnish which 

was applied over the lacquer. 

2.4 Base and Mount 

It is directly joined to the black stone mount with a metal rod. One end of this 

was set into the inside of the figure with molten lead (Plate 28). The other end is 

set into shellac-filled hole drilled in the base. A smaller threaded pin in the sole 

of the right foot and set into the base with shellac is either meant to keep the 

figure from twisting on the stone mount or is the remnant of an older mounting 

arrangement. The figure is firmly set in its base and removing it would require a 

lot of work. 

2.5 Measurements 

The following table reports measurements taken either with a string that was 
i 

then measured against a ruler, or with Vernier calipers. 

depth 8.25 

width 8.5 

between elbow tips 4.6 

between outer corners of eyes 1.0 

between 1 st lace hole on right and 2nd one on L 0.9 

between armpits (over front top of bodice) 2.9 

between tip of nose and tip of left foot 18.5 

betwEe.n right big toe and left heel 4.8 

between center of right heel and left elbow 12.3 

between tips of collar 2.4 

between left thumb and nose 5.8 
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circumference of head (cloth to forehead) 

circumference of waist 

length of 1 st layer of kerchief folds on back 

diameter of basket from join with skirt 

3. Method of Manufacture 
3.1 The Wax 
3.1.1 Description of the Original Wax Surface 

6.1 

7.8 

2.3 

2.6 

Judging from the x-radiographs, the inner surface of the wax is smooth (Plate 21). 

The outer surface was probably modeled in detail, although it is difficult to tell 

how much it has been reworked after the casting. 

3.1.2 Type of Joins (none visible) 

3.1.3 Separately Molded Parts 

The arms, feet, and basket are solid and do not offer much evidence about their 

method of manufacture. The basket and feet were probably moulded separately 

and joined in the wax. The one, or both of the arms could have been joined in the 

wax, or moulded with the rest of the body. The metal thickness of the hollow 

torso and head is uneven (Plate 28). 

3.2 The Core 
3.2.1 Description of the Samples 

The lead fill seals the open bottom of the figure and hinders access to the inner 

surface of the cast. No core material is available although some of it may remain 

and hold the surviving internal core support in place. 

3.2.2 Configuration and Relationship to the Wax 

The contours of the core are plain and the thickness of the wax is greater on one 

side of the figure (Plate 28). This suggests either 1) that the slushed wax built up 

more on one side, or 2) that the preformed core was originally uncentered, or 3) 

that the core was badly secured and moved slightly in the hollow outer core. 
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3.3 The Metal Insertions 
3.3.1 Armature (none) 

3.3.2 Core Pins 

There is no visible trace of core pins, suggesting that the main support was along 

the vertical axis: the extension of the wire core support running through the head 

and down into the body of the figure, and out the open bottom of the figure. 

3.3.3 Internal Core Supports 

A thin rod or thick wire runs from the head, through the neck, and down in to 

the body of the figure, to the height of her thighs (Plate 28). It may have extended 

even further, down through her skirt. If so, it would have been removed or 

covered by the lead fill. The rod is pushed into her head and the hole is plugged. 

3.3.4 Plugs 

I 
The only plug visible in the x-radiographs fills the hole left by the core support in 

, , 

th~ figure's crown (Plate 28). No plugs are visible from the surface. 
I 

3.3.5 Other 

The core has been partially removed and may have taken evidence of metal 

insertions with it.. 

3.4 The Metal 
3.4.1 Composition 

The metal composition was analyzed in seven areas by XRF and the data of two 

of the spectra were quantified and normalized. The areas of measurement were: 

the front of the figure's dress and an area on her back above the waist. The 

results show that the figure is made of a leaded brass with tin, iron, and traces of 

silver, antimony, and nickel (see Table 2 in Appendix A). 

3.4.2 Casting Orientation 

The very end of two sprues are still visible, one on the ball of the right foot, the 

other on the sole of the left one. The figure was probably cast upside down. 

Except for the left hand that sticks out, the composition of the figure is easy to fill 

with metal: most of the forms flow into one another, and there are not many 

dead ends for air and gas to get trapped in. 
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4. Analytical Studies 

The sculpture was examined at the J. Paul Getty Museum in 1991-92. It was 

radiographed by Linda Strauss at the time. XRF data was acquired at the Getty 

Conservation Institute's Museum Services Laboratory. The settings and 

instrumentation have been described in Part IV. The data are reported in Table 2 

in Appendix A. 

5. Conclusions and Recommendations 

The Woman Returning from Market is usually paired with a male counterpart in 

costume (Seelig-Teuwen, 1991), but the cast in the Huntington Collection is 

single. The figure is stylistically related to a number of documented sculptures 

by Barthelemy Prieur. Among these are the genre figures of nude women doing 

their toilette, of which the Huntington Art Collection has a good sampling. This 

cast is among the finer ones (Huntington, 1974). The quality of chasing and 

attention to surface detail are similar to that of the Woman Combing Her Hair 

(Hunt 13) and of the Woman Braiding Her Hair (Hunt 8). The large lead fill and 

permanent mmmt conceal many areas from the technical sleuth's investigation. 

However, the radiographs show a structure similar to that of the Woman Braiding 

Her Hair and Woman Washing Her Foot (Hunt 9). The metal composition, a leaded 

brass, though, is different from that of the other Prieur figures. It is closest to the 

alloy of the Spinario's base (Hunt 14). It does contain traces of silver and 

antimony, often found in Renaissance casts. 

A technical examination of the Louvre's signed bronze statuettes of Henry IV 

and Maria de' Medici as Jupiter and Juno, of the small bronze portraits of Henry 

IV, and of other versions of this figure and its companion piece (the man in 

costume holding gloves) would allow a useful comparison of measurements, x

radiographs, and analyses of materials. This would help to clarify the 

relationship between these statuettes, and distinguish between the original and 

many later copies of these popular figures. Its connection with a group of signed 

and provenance sculptures makes this figure a good candidate for further study, 

although none of the Prieur figures examined thus far present particularly 

idiosyncratic methods of manufacture. 
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1. The Object 

. Record No. 

Location 

Accession No. 

Title 

Attribution 

Provenance 

1.1 Description 

Hunt 13 (L.92.SB.87.13) 

Huntington Art Collection, San Marino 

17.19 

Woman Combing Her Hair 

Barthelemy Prieur 

Italo-Flemish, ca. 1600 (Wark 1975) 

J. Pierpont Morgan Collection, 1917 

This sculptural group, modeled in the round, and intended to be seen from 

various angles, represents a young woman sitting on an elaborately draped tree 

stump, combing her hair (Plates 29). Her left braid is draped behind her neck and 

over her right shoulder. She is combing out the other loose plait with a double

sided comb in her left hand. She holds the end of the long curly locks in her left 
, 

h~md in such a way that it does not touch her right arm. Her feet are crossed, the 
, 

left one resting on the toes and against the stump, the right one hovering just 
, 

a~ove the ground before it. The details are modeled and finished with great 

precision. The Woman Combing her Hair is cast in two pieces, possibly three. Her 

right leg is joined on almost invisibly at the thigh. The comb and loose hair were 

almost surely joined onto the cast figure; the quality of detail in the undercuts 

would be hard to achieve in situ. 

The chocolate-brown metal was original covered with a translucent brown 

lacquer patina that has darkened in the recesses and is worn away in the more 

exposed areas. The surface coating does not distort the reading of the piece. 

1.2 Relationships 

Many replicas of this sculpture exist in collections around the world. This figure 

is based on the same model as the Huntington Collection's other Woman Combing 

Her Hair (Hunt 6), but shows much more care in the details and chasing. This 

work is closely related in style to the large group of bronze genre figures of nude 

women doing their toilette, as well as to the large marble sculptures and small 

bronze portraits of Henry IV by the Parisian sculptor Barthelemy Prieur (Seelig-
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Teuwen, 1991). Figures from each of these groups are documented as being by 

the hand of this artist. 

1.3 Marks and Inscriptions 

The Huntington accession number "17.19" is painted in red on the black stone 

mount. There are no marks on the figure itself. 

2. External Features 
2.1 Structure 
2.1.1 Parts Cast Separately 

The figure was cast in three pieces. The right leg was joined at the thigh. The 

comb and lock of loose hair were probably cast separately as well. 

2.~.2 Problem Areas, Flaws and Repairs 

The right leg may be a repair. The mounting resembles that of many of the other 

Huntington bronzes and is probably not original. 

2.2 Metal Surface 

The surface of the Woman Braiding her Hair was chased both for dec;oration and to . 

conceal flaws and repairs. It is meticulously finished all around, including the 

less visible areas such as the underside of the hair she is combing and the comb 

itself. The individual teeth of the comb are defined on the underside (Plate 29)! 

The metal surface is smooth and polished, except for the texture of the tree trunk 

that appears much rougher than the rest of the bronze. The surface is worn down 

to the bare metal in the more exposed areas, but there are no polished bare metal 

areas. Hammer marks cover some of the more exposed areas, like the knees and 

elbows. Chisels removed some of the flashes on the base, and left marks on the 

inside of the figure's left sole. Fine, dense file marks filled with darkened lacquer 

follow the curves of the limbs in the less exposed areas. An engraver or chisel 

enhanced the strands of hair in the braids and on her head and neck. 

2.3 Surface Coatings 

It is difficult to ascertain exactly how the four-toned surface is constructed. The 

metal may have been chemically patinated. The first layer of coating is a golden 
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brown translucent lacquer that turns an opaque reddish-brown and black in the 

recesses. It is uneven, and worn in the more exposed parts. Where the lacquer is 

worn through, the metal has turned light brown, and red in some areas - mainly 

on the right side (leg and arm). 

Many of the areas where the lacquer is missing are a fine, dark green. Upon 

closer examination, these areas appear densely covered with outcroppings of 

copper corrosion product that appear to be trapped in the-transparent layer of 

wax and/ or varnish applied over the lacquer. Fine opaque gray accretions abide 

in some of the recesses on the base and legs. 

2.4 Base and Mount 

The figure is cast integrally with its support, in the form of a tree stump. This is 

mounted to the black stone base. A metal bar is soldered across the inside bottom 

e,dge of the stump. Two threaded rods are screwed into this and set into plaster

filled holes in the stone base. The thread of the main rod is metric 1.5 mm, and it 

measures 0.8 cm in diameter. 

2~5 Measurements 

The following table reports m2asurements taken either with a string that was 

then measured against a ruler, or with Vernier calipers. 

height 17 

depth 7.6 

width 7.5 

width of comb 1.3 

between corners of eyes 1.1 

between L index finger and R elbow 1.1 

length of R foot 2.5 

length of R leg from back of butt to knee 6.3 

between outside edge of her (mid) thighs 4.2+ 

between tip of nose and R big toe 12 

length of face from hairline to neck/chin 2.2 

circumference of waist 8.3 

circumference of R leg below knee 3.9 
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3. Method of Manufacture 
3.1 The Wax 
3.1.1 Description of the Original Wax Surface 

The inner surface of the bronze presents the tell-tale characteristic of a slush

moulded wax: drips in the thighs from the liquid wax. It is difficult to tell how 

much the outer surface has been reshaped after the casting. 

3.1.2 Type of Joins 

The figure and base must have been joined in the wax. The right leg is joined on 

at the thigh with solder, and the comb and the strand of hair must have been 

joined on either mechanIcally, or by soldering as well. These metal-to-metal joins 

are almost invisible. 

3.1.3 Separately Moulded Parts 

The base and the figure were moulded separately, as was the right leg. The leg 

could be a repair. The comb and strand of hair were either moulded separately or 

directly modeled in wax. 

3.2 The Core 
I 

3.2.1 Description of the Samples 

No samples are available because there is no access to the inside of the figure. 

3.2.2 Configuration and Relationship to the Wax 

The profile of the core conforms pretty closely with the outer surface of the 

bronze. Its corners are soft and rounded in the shoulders (Plate 29). This suggests 

that it was made by the slush-moulding technique. 

3.3 The Metal Insertions 
3.3.1 Armature (none) 

3.3.2 Core Pins (no visible evidence) 

3.3.3 Internal Core Supports (no visible evidence) 

3.3.4 Plugs 

A plug in her crown may replace a pin that went through the figure's crown 

(Plate 29) through her neck and bto her chest. 
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3.3.5 Other 

Any evidence of metal insertions was removed with the core. The pin that was 

originally in the figure's crown may have come down through the neck and into 

the body and acted as a core support as well. 

3.4 The Metal 
3.4.1 Composition 

The metal composition was analyzed in seven areas by XRF. The data of three 

spectra were quantified and normalized and the results are reported in Table 2 in 

Appendix A. The three areas analyzed were: the repair in the left leg, an area on 

the lower back and one on the left shoulder. The figure is cast in a bronze with a 

high lead content, iron and nickel, and a trace of silver. 

3.4.2 Casting Orientation 

Like many figures with integrally cast bases, the Woman Combing Her Hair was 

probably cast upside down. 

4. Analytical Studies 

The sculpture was examined at the J. Paul Getty Museum in 1991-92. It was 

radiographed by Linda Strauss at the time. XRF data was acquired at the Getty 

Conservation Institute's Museum Services Laboratory. The settings and 

instrumentation have been described in Part IV. The data are reported in Table 2 

in Appendix A. 

5. Observations and Conclusions 

This freestanding figure is based on the same model as the other Woman Combing 

Her Hair (Hunt 6). Like the other Huntington Collection's figures of seated 

women doing their toilette attributed to Barthelemy Prieur, neither of these 

statuettes is signed or provenanced. The x-rays do not reveal much difference in 

the inner structure of the two statuettes. The figure and base were cast together 

by the lost wax method. The underside of the trunk is cast open, the core and any 

metal insertions have been removed. The right leg of this figure was cast 

separately. This frees the heel from the tree trunk. This replica is much more 
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detailed, both in modeling and chasing. The measurements do not clarify the 

relationship between the two replicas. 

The metal composition of the group is closest to that of the Man With Sword 

(Hunt 11). The trace of silver is commonly found in Renaissance bronzes. A 

technical examination of some of the signed statuettes by Barthelemy Prieur 

would allow a useful basis for comparison of methods of manufacture and 

materials. The most obvious candidates for this are the Louvre's signed bronze 

statuettes of Henry IV and Maria de' Medici as Jupiter and Juno, of the small 

bronze portraits of Henry IV (Seelig-Teuwen, 1991). Examining other versions of 

this figure would provide comparative measurements, x-rays and alloy analyses 

as well. This would help to clarify the relationship between these statuettes, and 

distinguish between the original and many later copies of these popular figures. 

The figure's connection with a group of signed and provenance sculptures makes 

this figure a good candidate for further study, although all of the Prieur figures 

examined thus far are quite small and do not present particularly idiosyncratic 

methods of manufacture. 

6. Bibliography 

Huntington, 1974; Metropolitan Museum of Art, 1984; Seelig-Teuwen, 1991; 

Radcliffe, 1994. 
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1. The Object 

Record No. 

Location 

Accession No. 

Title 

Attribution 

Provenance 

1.1 Description 

Hunt 14 (L.92.SB.87.14) 

Huntington Art Collection, San Marino 

17.4 

Spinario 

Boy Pulling A Thorn From His Foot 

follower of Andrea Briosco, called Riccio (Huntington, 

1975) 

Severo da Ravenna 

J. Pierpont Morgan Collection, 1917 

This sculptural group was modeled in the round, and was intended to be seen 

f~om various angles. It represents a seated boy, hunched over and drawing a 

thorn from his left heel (Plate 30). He appears to be cast in one piece. The 
, 

figure is well proportioned and finely modeled. The anatomical modeling of 

the back, the delicate face, the intricate deep curls, the fine feet and hands are 

meticulous. The youth is uncomfortably mounted on top of a round, ornate, 

column-like base that was cast separately and is too large for the figure. This 

all suggests a later marriage between the two. 

1.2 Relationships 

Many versions of this sculpture by different artists exist in collections around 

the world. The composition of this figure is based on a c1assicallarger bronze 

sculpture - now in the Palazzo dei Conservatori, Musei Capitolini, Rome -

that was much loved, reproduced and adapted in the Renaissance (Bober and 

Rubinstein, 1986; Beck and Bol eds., 1985). 

1.3 Marks and Inscriptions 

The number "87" is painted in white on the underside of his right buttock. A 

faint "196" is painted in red on the inside of his left hip just above his knee. 

PM 196 is painted in red on the sole of his left foot. The red letters do not 

fluoresce under UV illumination. "17.4" is written in red letters on side of the 

small square stone base. A small rectangular paper label with" 2" written on 
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it adheres to this same base. 11 436.A" is written in pencil on the wooden insert 

in the base. 

2. External Features 
2.1 Structure 
2.1.1 Parts Cast Separately 

The figure was cast in one piece. 

2.1.2 Problem Areas, Flaws and Repairs 

No repairs are apparent from the surface of the bronze; the chasing and black 

surface coating conceal most of the surface from view. The radiographs show 

that the limbs are very poorly cast, probably due to the large iron pins that run 

lengthwise from the knees down towards the feet (Plates 30 and 31). The 

expansion of the iron pin embedded in the left leg has caused the bronze to 

crack. The crack may at some point have been filled with shellac, as traces of 

this material are visible in and around the break under UV illumination. 

2.2 Metal Surface 

Much of the metal surface is concealed by the dark opaque surface coating, but 

traces of cold working are preserved and visible in the areas where the coating 

is worn. The figure of the Spinario is finely modeled and its surface is heavily 

chased. The grooves of the hair are deep but are now filled with black deposits 

of the surface coating and build-up of wax, dust and other unidentified 

deposits. Details like the figure's eyes, finger and toenails and hair have been 

sharpened all around with much care. 

Dense diagonal file marks cover the more hidden areas such as the back of the 

legs. Scraper marks filled with black surface coating criss-cross over most of 

the surface. Many of them show characteristic miniature parallel lines, called 

chatter marks. Such scraper marks are often found on early Renaissance 

bronzes and are characteristic of Severo bronzes. Evidence suggests that the 

surface was first filed and chiseled, and then scraped. 
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The dendritic structure of a square-section plug on the figure's left shoulder 

blade is visible under magnification. It is more compressed around the edges, 

evidence that it was hammered in. 

2.3 Surface Coatings 

A golden-red metallic sheen in areas where the dark opaque coating has worn 

thin suggests that originally the freshly scraped and worked surface was 

lacquered. The dark brown almost black opaque layer-which covers much of 

the surface of the bronze appears to be applied over this. This layer has flaked 

and worn off in many areas exposing the metal that has developed a 

chocolate brown natural patina over time. The greenish tint in some areas 

appears, upon closer examination, to be due to little spots of copper corrosion 

product trapped in the transparent layer of wax and/or varnish applied over 

the lacquer. 

2.4 Base and Mount 

~e figure of the seated boy is mounted on a separately cast base that has the 

shape of a column (Plate 30). The base is cast in two parts, the ornate foot of 

the column, and the drum of the column. These are joined together 

mechanically. It is not possible at the moment to specify how they were 

joined. The leaf and vine decoration of the base is reminiscent of other ornate 

Severo bases. The two-part metal base is fixed to a low square black stone base. 

A cylindrical wooden block fits into the thin walled drum of the column. A 

stainless steel threaded pin in the wooden cylinder threads into the hole in 

the boy's bottom (ca. 0.6 cm diameter). A broken end of a threaded pin can be 

seen in the radiographs and rattles around inside the hollow figure. This may 

be left over from the previous mounting arrangement. 

2.5 Measurements 

The following table reports measurements taken either with a string that was 

then measured against a ruler, or with Vernier calipers. 
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width (right thigh to left small finger) 

depth (toe to back) 

between corners of eyes 

between tip of nose and "thorn" 

length of left foot 

length of right leg from knee to heel 

length of face 

circumference of neck 

circumference of waist 

circumference of right thigh top 

thickness of metal at hole in buttocks 

thickness of metal at hole in waist 

diameter of top of column 

diameter of body of column 

diameter of top of base of column 

diameter of ornate base of column 

3. Method of Manufacture 
3.1 The Wax 
3.1.1 Description of the Original Wax Surface 

9.2 

14.5 

1.8 

4.8 

3.8 

7.9 

2.7+ 

7.1 

12.3 

9.4 

0.3-0.6 

0.1 

8.6 

5.9 

10.3 

9.4 

It is difficult to assess how detailed the modeling of the original wax surface 

was. The outer surface is heavily chased and largely concealed by the surface 

coating. The inner surface has the tell-tale signs of a slush-moulded wax that 

is filled with liquid core. 

3.1.2 Type of Joins 

The separately moulded wax parts were joined together in the wax leaving 

the characteristic ring shaped thickenings that run around the circumference 

of the limb on the inner surface. These are clearly visible in the radiographs 

(Plates 30 and 31). 
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3.1.3 Separately Moulded Parts 

. The limbs were moulded separately and joined in the wax to the torso and 

head. 

3.2 The Core 
3.2.1 Description of the Samples 

The core was cleaned out of the cast through the hole in his buttocks during 

the chasing process. A small sample of the gray powdery core still adhering to 

the inner surface C?f the head, was removed during this technical examination 

from a little hole in the hair with a thin wire. This gray core sample contains 

clay, sand and plaster. The plaster is evidence that the core was liquid at some 

stage and therefore certainly poured into the hollow wax. The sample has not 

been analyzed by polarized light microscopy. 

3.2.2 Configuration and Relationship to the Wax 
i . 

The inner surface is conformal with the outer surface of the cast in the head 

and torso. The figure's forearms and legs below the knees are solid. Perhaps 

the large iron pins stopped the core from filling these areas (Plates 30 and 31). 
i 

3.3 The Metal Insertions 
3.3.1 Armature (no evidence remains) 

3.3.2 Core Pins 

The symmetrically placed square plugs in the figure's shoulders and lower 

back are the original location of core pins. These were probably iron nails 

similar to those still inside the legs and arms of the figure. These nails may 

also originally have been conceived as core pin/core supports. Both the 

location and shape of these plugs and pins are characteristic of Severo's 

bronzes. 

3.3.3 Internal Core Supports 

The numerous tapering iron pins in the figure's arms and legs (Plates 30 and 

31) may originally have served as core supports/core pins. Another internal 

core support may have gone through the entire figure from his head through 

his buttocks. 
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3.3.4 Plugs 

The symmetrically placed square plugs in the figure's shoulders and lower 

back are probably the original location of core pins similar in shape to the 

tapering iron nails still inside the legs and arms of the figure. The plugs are 

lighter than the surrounding metal, suggesting that they may be made of a 

slightly different alloy. The microstructure of the plug on the figure'S left 

shoulder blade is visible under the binocular microscope: the grains are 

flattened along the edges by the pressure exerted in hammering the plug into 

the hole. 

3.3.5 Other 

The core was removed with possible evidence of an armature or core 

supports. The numerous tapering iron pins in his arms and legs may 

Originally have served as core supports/core pins. 

3.4 The Metal 
3.4.1 Composition 

XRF analysis was done of the statuette and the base. Seven areas were 

analyzed: a worn area on the right thigh, a worn area on the left thigh, 

patinated back, the left shoulder blade, the left shoulder, an area on the top 

rim of the base and an area on the column of the base. The results show that 

the alloy of the figure is a leaded brass with tin and traces of iron, nickel and 

antimony. The base has three times as much zinc, and more'lead and tin than 

the figure (see results in Table 2 in Appendix A). This may be an indication 

that they were made at a different time. 

3.4.2 Casting Orientation (no evidence) 

4. Analytical Studies 

The sculpture was examined at the J. Paul Getty Museum in 1991-92. It was 

radiographed by Linda Strauss at the time. XRF data was acquired at the Getty 

Conservation Institute's Museum Services Laboratory. The settings and 

instrumentation have been described in Part IV. The data are reported in 

Table 2 in Appendix A. 
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5. Observations and Conclusions 

. This hollow cast of the Spinario, modeled in the round and cast in one piece 

is a reduced and reversed version of the larger ancient bronze sculpture in 

Rome that was well-known to Renaissance artists and humanist patrons. 

Many of them are reversed, suggesting that they were perhaps inspired by 

graphic reproductions, prints of the original. A number of these have been 

attributed to Severo, as for example, the one in the collection of Robert Smith 

(Radcliffe, 1994). None of them are signed. 

The Huntington version is more delicately modeled than the others. The 

hands, for example are finer, the hair is more detailed. In many respects this 

sculpture is reminiscent of Riccio bronzes. In facture, however, this statuette 

is very similar to other bronzes attributed to Severo da Ravenna. Richard 

Stone at the Metropolitan Museum of Art has been examining bronzes 
i 

attributed to Severo da Ravenna for many years and has found consistent use 
, 

o~ square-sectioned tapering iron core pins and threaded holes in the buttocks 

t~rough which the core has been removed (personal communication). 

Another cast of the Spinario at the Victoria and Albert Museum (4533-1858) 

which the researcher has examined also has the idiosyncratic tapering pins in 
! 

its limbs, the threaded hole in its buttocks, and the heavily filed and cold 

worked surface. 

The silhouette of the core, and the tell-tale rings around the circumference of 

the hollow thighs and arms point to the indirect lost wax process. The wax-to

wax joins in the Huntington figure's thighs suggest that the limbs and torso 

were moulded separately in the wax, joined, and cast as one. The 

characteristic long tapering iron nails in the figure's limbs may have served 

either as internal core supports or "chills." The scraper marks and heavy cold 

working are characteristic of Severo bronzes. 

The base is in all probability a pastiche that was married to the figure at a later 

date: it is too big for the bronze, but the decoration on its ornate component is 

characteristic of Severo bases. The brass alloy of the base is different from that 

of the Spinario, but close to the metal composition of the base of the 
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Cleveland Museum of Art's Satyress (Cleveland 1992, unpublished report). 

The metal composition of the figure does not compare closely to any of the 

analyzed pieces attributed to Severo in the Cleveland collection, except 

perhaps to the Crucified Christ (see Table 2 in Appendix A). 

Much comparative material on Severo sculpture has already been gathered by 

Richard Stone, although, unfortunately, it is not yet published. The 

Cleveland Museum of Art's technical data on its Renaissance bronzes has 

been shared with the Renaissance Bronze Project. The current report will be 

shared both with Richard Stone and the CMA and for integration into their 

work. Such communication is a good example of the collaboration necessary 

to help further knowledge in this field. 

6. Bibliography 

Huntington, 1974; Radcliffe, 1994. 
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PART VI. CASE STUDY Two: TECHNOLOGICAL REPORTS OF BRONZE 

STATUETTES AFTER GIAMBOLOGNA'S MODELS 

Introduction 

Since the late sixteenth century, art patrons and collectors have coveted the 

bronze statuettes designed by the Flemish born sculptor Jehan Boulogne (1529-

1608) - better' known by his Italianate name Giambologna - for their sensuous 

beauty. Generations of sculptors have drawn upon his style, models and moulds. 

Hundreds of statuettes attributed to him, or made in his style can be seen in 

collections around the world. Some were reproduced as late as the nineteenth 

century by art foundries such as Crozatier in Paris, Hatfield in London and 

Chiurazzi and de Angelis in Naples (Chiurazzi, 1929). For over half a century, 

Giambologna's creations have occupied connoisseurs of European sculpture 

keen to understand more about the man. These same connoisseurs, 

u.nder~tandably, have also been quite keen to distinguish his autograph work 

from that of others in his wide circle of influence (Avery, 1987). 

This study focuses on a selection of bronze statuettes produced after 

Giambologna's models and is devoted to clarifying the technical skills that 

Giambologna's workshop members applied to making bronze statuettes. The 

study combines technological examination with descriptions of sixteenth-century 

practices as well as experimental casting. The criteria by which objects were . 
included in this study are relatively arbitrary. The choice of bronzes depends 

primarily on access to the bronzes and availability of existing technological 

information. The selection includes signed bronzes as well as b,ronzes by 

Antonio Susini, a number of unattributed workshop bronzes, a few bronzes by of 

followers of Giambologna and some pieces of questionable date. The 

examination and analytical techniques employed are those that can provide the 

most information with the least amount of sampling: visual and microscopic 

examination and x-ray radiography. Metal analysis was restricted by lack of 
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availability to a few pieces, but core material was gathered when possible for 

mineralogical identification and, in a few cases, microprobe analysis. 

The Giambologna exhibition of 1978-79 showed clearly how important the study 

of replicas is in the field of bronze sculpture, given the collaborative and 

reproductive nature of the casting process. The exhibition presented a unique 

opportunity to closely compare the bronzes side by side, to undertake some 

preliminary technological investigations and to reassess attributions. Dr. 

Jonathan Ashley Smith, Head of Conservation at the Victoria and Albert 

Museum, radiographed many of the bronzes and took core material samples 

when possible. The examination of the radiographs revealed much about the 

manufacturing of the bronzes and formed the basis for the didactic display of the 

casting process which was produced for the exhibition. A number of 

technological insights also resulted, some 6f which are mentioned by Lars Olof 

Larsson (1979) in his review of the exhibition. 

What should be considered a 'sure' Giambologna bronze? A few, like the gilt 

Astronomy in Vienna, the Birdcatcher and the Crouching Venus in the Bargello 

are accepted as autograph bronzes, rare cases in which Giambologna worked the 

wax and finisltAthe bronze himself (Dhanens, 1956; Watson, 1978). The larger 

autograph bronze statuettes of the Apollo in the Palazzo Vecchio, the Neptune 

in Bologna and the two-figure Rape of a Sabine Woman in Naples are not 

included in this discussion for lack of technological evidence to date. 

Giambologna began producing bronze statuettes around 1560, and over the 

decades his work came into increasing demand, particularly by foreign patrons, 

largely because Ferdinand I used sculpture as an important tool for political 

propaganda (Watson, 1983,24). By the early 1590's, in the studio and foundry, 

especially set up for him by his patron the Grand Duke Ferdinand I of Tuscany, 

Giambologna employed a number of gifted assistants from different regions of 

Northern Europe and Italy to produce his monumental commissions in marble 

and bronze as well as a large quantity of high quality statuettes. When 
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Giambologna first organized his workshop he borrowed upon methods the 

Dukes Galleria officials had utilized in order to achieve high quality and high 

quantity levels of production. Giambologna preferred bronze for commissions of 

small sculptures because he could consign his models to assistants and focus 

more on monumental pieces. As he grew older, the sculptor focused more on 

the conception of his works and entrusted the physical aspects of their 

produ~tion to collaborators. Bronze presented an ideal medium for 

Giambologna's sculptural style, a style that blended the anatomical and technical 

virtuosity of the ancients with the exaggerated, twisted movement popularized 

by Michelangelo and his mannerist followers. 

Prior to 1590, experienced founders such as Fra Domenico Portigiani cast works 

of all sizes in the grand ducal foundries, the chief of which was at San Marco 

(Watson, 1983,20). From the late 1590's, Giambologna had his own studio which 

serVed as a storehouse for sculptures and models and also included a foundry 

with a large furnace. His studio was also set up for large casts, although the 

sculptor still had to call upon the expertise of cannon casters such as Giovanni 

Alberghetti, Portigiani and others to assist him (Badia, 1868; Dhanens, 1956, 359f) 
I 

Antonio Susini's opinion as a fine founder was also sought at least on one 

occasion (Watson, 1983,47). 

Giambologna had not been trained in metalworking himself, and he owed a 

great deal to the experience of others for the production of his bronzes. The two 

most important collaborators in Giambologna's production of bronze statuettes 

were Antonio Susini, and Pietro Tacca. The master brought the Florentine 

sculptor Antonio Susini (active 1580; died 1624) from the workshop of the 

goldsmith Felice Traballesi, where he was apprenticing, to his own workshop in 

the later 1570's in order to help him with the chasing of his figures (Avery, 

Radcliffe and Leithe-Jasper eds., 1978, 118). Susini became the specialist for bronze 

statuettes in Giambologna's workshop and continued to make casts of the 

sculptor's pieces even after he left to open his own workshop in 1600 (Avery, 

Radcliffe and Leithe-Jasper eds., 1978,52). Private families like the Salviati were 

257 



his patrons and ordered many bronze statuettes of both his own and 

Giambologna's models (Watson, 1983, 46). Susini's experience with small 

delicate forms and precious metals was invaluable in producing bronze statuettes 

and must have contributed to the refining of the lost wax casting process in the 

workshop. Stone has discussed what Antico's goldsmith's experience brought to 

bear on the development of fifteenth century casting technology (Stone, 1982) 

Pietro Tacca (1577-1640), a marble sculptor from Carrara, joined Giambologna's 

workshop in 1592 and began to specialize in bronze work. By the end of the 1590's 

he also acted as Giambologna's secretary in the workshop (Watson, 1983, 69). He 

became Giambologna's chief assistant and was responsible for technical 

innovations in the production of large bronzes. Tacca took on the direction of 

large bronze commissions starting with the equestrian statue of Ferdinand I in 

1601 (Watson, 1983,99). He was appointed director of the Borgo Pinti studio and 

Grand Ducal sculptor in 1608 at Giambologna's death. 

Did different people involved in the production of his bronze statuettes over the 

years, develop an overall workshop method of producing these bronzes? Or is it 

possible to find technical characteristics that would help to distinguish the work 

of one person from another? In order to answer these questions it is important to 

begin with a core group of 'sure' bronzes that will serve as a basis for later 

comparisons with less firmly attributed pieces. The documents and stylistic 

analyses provide evidence that most of Giambologna's bronzes were made by 

others, one of the main reasons for which the attribution and authentication of 

so-called 'Giambologna' bronzes has been so difficult. At the outset of this 

research it is, therefore, necessary to accept that many of the 'sure' Giambologna 

bronzes may have been made by his assistant Antonio Susini. This study, 

therefore, also includes a number of bronzes that are signed or documented as 

being by Antonio Susini. Other unattributed early casts, as well as a number of 

later ones, some of which are attributed to later followers or descendants of 

Giambologna's assistants, such as Giovanni Francesco Susini and Ferdinando 

Tacca, are also included here for comparative purposes. The comparison of 

258 



statuettes made by various generations of sculptors following in Giambologna's 

tradition is expected to reveal more about their method of production and show 

whether there was an evolution in the casting technology between the sixteenth 

and seventeenth centuries in the workshop which Giambologna established. 
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Report No. GB 1 

Kunsthistorisches Museum, Vienna (5874) 

Giovanni Bologna probably cast by Antonio Susini 

Venus Drying Herself after the Bath 

1580's (Radcliffe); 1564-65 (Wixom, 1975) 

1. Description 

This bronze statuette, represents a standing nude woman twisting to her left, 

her left foot resting on a plinth that is almost knee-high (Plate 32). Absorbed 

in her toilette, she looks down at her left hand in which she holds a piece of 

cloth with which she dries her left breast. Her right hand gathers the cloth 

that is draped across her left thigh and falls between her legs. The drapery is 

schematic and tightly pulled to the body. The spiraling composition is typical 

of Giambologna's sculpture. The exquisitely modeled figure is detailed all 
i . 

around. Giambologna's name is inscribed in the base of the plinth. The figure 

is cast integrally with a small flat rectangular base. Her eyelids are big and 

droopy but she has no pupils and the teeth are not defined. The philtrum is 
, I 

modeled. 

1.1 Type. 

This freestanding statuette was designed as an independent work of art. 

1.2 Cursory Description of Materials and Fabrication Technique 

The entire figure is modeled and finished in a similar fashion overall. The 

statuette is a thin but sound cast (Plate 32). The Venus, and the base were cast 

together in one piece but the radiographs show that the limbs and body were 

moulded separately in the wax. A thin translucent golden brown lacquer-like 

coating - and a reddish brown one over that - cover the highly polished 

surface. 

1.3 Metal 

Lisha Glinsman at the National Gallery of Art, Washington, D.e. analyzed 

the bronze by XRF analysis during the Cesarini Venus exhibition in 1993-94. 

The results show that it is made of a tin bronze with small amounts of lead 
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and zinc and trace amounts of antimony, nickel, silver and iron (see Table 2 

in Appendix A). 

2. Dimensions 

Height: 24.9 cm (Radcliffe, 1993) 

3. Marks and Inscriptions 

"IOANNES /BOLOGNA.BELGA" is engraved in the metal on two faces of the 

base of the plinth upon which the figure rests her left foot. The museum 

number is written in red at the back of the plinth. 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The statuette's outer surface was heavily chased and finished all around, 

including the undercut areas. The cold working does not conceal the round 

plugs that are slightly darker than the body metal and some of the lacunae are 

visible. Chiseling enhanced the details. The surface is highly polished with '. 

fine scratch brush marks or abrasive marks following the length of the limbs 

and cover the entire surface of the figure. The tiny scratches are filled with 

lacquer catch the light and give the surface its subtle metallic sheen. The sides 

of the flat base preserve coarse, diagonal file marks. 

4.1.2 Surface Coatings 

The golden brown translucent surface coating is worn and exposes an olive 

yellow coloured metal. Traces of an additional layer of reddish-brown lacquer

like coating remain in some areas, for example in the face and neck, top of 

chest, outside of left arm and left armpit. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

This is a light-weight, fine, hollow cast with very few flaws. The radiographs 

show that the profile of the core conforms closely with that of the outer 

surface and the thickness of the metal is only slightly more dense in the torso 
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than in the limbs (Plate 32). The "step" in the right arm at the wax-to-wax join 

suggests that additional core may have been packed in between that of the 

arm and of the torso. 

4.2.2 Core Material 

The figure appears to have been cleaned out; prodding through the lacunae 

produced no material and the radiographs reveal few internal features that 

would be associated with an extant core. 

4.2.3 Metal Insertions 
4.2.3.1 Annature and Internal Core Supports 

The radiographs show one thin, slightly bent long thin wire that spans 

between the shoulders of the figure through her upper chest (Plate 32). This 

may served as both a core pin and core support. The core was removed from 

the body taking with it any other existing internal core supports. 
i 

, 

4.2.3.2 Core Pins 

The long thin wire inside the figure's upper chest may have served as both a 
I , 

core pin and core support. One can barely detect a thinning in the metal 

s~rface at both ends of the wire where the wire was cut and pushed in and the 

holes in the metal were plugged or patched. The rest of the core pins were 

removed but the numerous symmetrically positioned small round plugged 

holes are, for the most part, the original location of core pin holes. 

4.2.3.3 Other 

Numerous round threaded plugs were used to repair the porosity or plug core 

pin holes. 

4.3 Method of Assembly and Joining 

The ring-like features below the shoulders and barely perceptible in the thighs 

are evidence of wax-to-wax joins (Plate 32). The thickening in the left ankle 

may also be a'join; it looks like a discontinuity in the core and would make 

sense as a join area. There may also be a join in the left wrist. 
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5. Base and Mount 

A thin flat rectangular base was cast integrally with the figure. It is not clear 

whether it opens into the figure. The flat metal base has three holes (one in 

each corner except for the front right) by means of which it is screwed onto 

the wooden base. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

The few repairs necessary in this bronze are all made using threaded plugs of 

varying sizes. Some of these are visible as darker round areas on the surface: 

on the left hip and calf, and a larger one on the back of the right thigh and on 

the right shoulder (Shelley Sturman measured 0.32 and 0.54 cm diam.). The 

ones used to plug core pin holes are all of the same size. 

The cast is very sound except for a few small areas of large vacuole porosity 

and a few areas where the wax was too thin causing lacunae in the cast. The 

porosity in the head that is visible in the radiographs does not seem to break 

through to the surface (Plate 32). A large vacuole is visible in the radiographs 

in the right thigh and is repaired with a threaded plug. There are a couple of, -

small lacunae in the metal that can be seen upon surface examination: a hole 

between the right hand, the drape and the leg, one in the drape near the right 

heel and another behind the left knee. 

6.2 Present Condition 

The surface coating is worn and appears to have been recoated with another 

layer of translucent brown lacquer-like material. 

7. Analytical Work 

The bronze was X-radiographed at the Victoria and Albert Museum in 1978 at 

the time of the Giambologna exhibition (labeled: 25.9.78/1). The researcher 

examined the bronze by naked eye at the Kunsthistorisches Museum in 1992. 

Shelley Sturman examined it at the National Gallery of Art, Washington, D. 

C. at the time of the Cesarini Venus exhibition in 1994. Lisha Glinsman of the 
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National Gallery of Art, Washington, D. C. performed XRF analysis of the 

bronze at the time as well (see Table 2 in Appendix A for results). 

8. History 
8.1 Relationships Between Sculptures 

The composition of the statuette is essentially identical to that of the marble 

Cesarini Venus which is in the Palazzo Margherita in Rome. There are 

numerous replicas of this model. Some of these are slightly large than this 

one and are considered reductions of the Cesarini Venus. None of the replicas 

are signed or come close to this bronze in quality of casting and finishing 

(Avery, Radcliffe and Leithe-Jasper eds. 1978) 

8.2 Provenance 

Habsburg collections; mentioned in inventory of Ambras collection of 1730. 
I 

9. Observations and Conclusions 

The facture of this bronze is similar to that of a few of the other autograph 
I I 

b:ronzes by Giambologna; the Bargello's Crouching Venus (report GB 8) and 

the Museum of Fine Art's Architecture (report GB 7)are also fine casts, 

produced from separately moulded wax parts and cast in one. The long thin 

wire that traverses the core of the upper chest is unusual in a bronze from 

Giambologna's workshop; the only other instance the researcher can think of 

is the Crouching Venus from the Bargello which has such a wire going from 

front to back of the figure's upper chest. Wires were used more prevalently 

later in the seventeenth century, by Ferdinando Tacca. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 1; Avery, 1987; Radcliffe, 

1993, cat. 6. 
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11. Other 

There are remains of silicone rubber in the recesses from recent surmoulage 

done at the Kunsthistorisches Museum in order to make museum 

reprod uctions. 
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Report No. GB 2 

Cleveland Museum of Art, Cleveland (93.230) 

attributed to the workshop of Giambologna 

Venus After the Bath 

1. Description 

This bronze statuette, represents a standing nude woman twisting to her left, 

her left foot resting on a plinth that is almost knee-high (Plate 33). Absorbed 

in her toilette, she looks down at her left hand in which she holds a piece of 

cloth with which she dries her left breast. Her right hand gathers the cloth 

that is draped across her left thigh and falls between her legs. The drapery is 

schematic and tightly pulled to the body. The spiraling composition is typical 

of Giambologna's sculpture. The figure is detailed all around. The figure is 

cast integrally with a small flat rectangular base. 
i . 

1.1 Type 
I 

This freestanding statuette was designed as an independent work of art. 
I, 

1.2 Cursory Description of Materials and Fabrication Technique 

The radiograph reveals that the thin-walled, hollow figure was cast by the 

indirect lost wax process. The figure was moulded in parts that were joined at 

the wax stage (Plate 33). Numerous cast-on repairs are visible in the 

radiograph and the surface is heavily patched. The copper alloy was not 

analyzed. 

1.3 Metal (no data) 

2. Dimensions 

The measurements were recorded in the Cleveland Museum of Art's 

unpublished technical report on the sculpture and are given in centimeters. 

Height 25.7 

Width (from left elbow to drapery on the right side) 8.6 

Depth (from buttocks to left knee 9.5 
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3. Marks and Inscriptions (none) 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The surface was cold worked to correct flaws. It has been filed and hammered. 

The file marks are often cross-hatched and all appear darkened by the surface 

coating. The hair preserves the waxy quality of the model and does not appear 

to have been chased but the facial features have been sharpened:-The surface 

may have been burnished. A number of rectangular repairs are visible from 

the examination of the surface as is a join' line on the outer surface of the 

figure's neck. The dendritic structure characteristic of cast alloys is visible in 

some areas. 

4.1.2 Surface Coatings 

The surface of the figure is a deep, rich red brown which may have been 

achieved with a thin translucent coating. In some areas a dark brown, thin 

lacquer-like coating is present and in a number of recess this appears to have 

turned a mat grey. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

The ring-shaped features of greater density that are visible in the radiographs 

in the shoulders and neck are evidence that the arms and head were prepared 

separately in the wax (Plate 33). In fact, the density of the join in the neck, 

paired with the fact that a crack runs around the neck, suggests that it may be 

a metal-to-metal join. A flash slopes up from the right hip to her waist on the 

right and corresponds to an abrupt change in density - from 0.4 to 0.5 cm on 

her right side. This is probably due to a break and shifting of the core during 

the casting process. Drips on the inside of her right leg are evidence that it was 

slush-moulded. The wide, dense area inside the right upper arm is a cast-on 

repair. 

4.2.2 Core Material (no data) 
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4.2.3 Metal Insertions 
4.2.3.1 Annature and Internal Core Supports 

Thin wires run through the extended arm and leg, the latter extending up 

through the ring, and shorter wires starting from the knee and the elbow run 

up to joins on the left side. 

4.2.3.2 Core Pins 

The radiographs show two core-pin wires at hip-height: One traverses the 

figure from front to back, and the other from hip to hip (Plate 33). These are 

made of iron as was detected by their magnetic attraction. Other pin holes are 

scattered through the body: the one on the back and on her chest may 

originally have been the location of one of those run-through wires as well. 

,The 0.2 cm wide hole in the top of her head was probably also a pin hole. The 

pin holes are covered with small rectangular patches that can be detected on 

the surface of the figure. They look slightly lighter that the surrounding 

metal. The patches are numerous, although some of them are not readily 

distinguishable in the radiographs. On her rear right side alone there are two 

on her ribs, two on her hip and four on her buttock. There is also a round 
, I j 

plug or ~ire end on her right hip which is slightly greener due to copper 

corrosion. 

4.2.3.3 Other 

i 
The patches and plugs are described in section 6.1 below. 

4.3 Method of Assembly and Joining 
'11i 

I1 

The figure was originally cast in one piece but moulded in parts that were 

joined in the ~ax. Wax-to-wax joins can be detected in the radiographs in the 

left arm and in the neck. The head may have been cast-on at the neck. A crack 

runs around the neck and a dense flash in the area may be due to a repair. 

The surface coating conceals much of the area. 

5. Base and Mount 

The figure is cast integrally with a flat rectangular base. The radiographs show 

that the sculpture is mounted to the granite base by means of a tapering, 
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threaded pin. This was fixed into the hollow plinth with lead which is 

recognizable in the radiographs by its higher density. Lead shot is visible 

inside the plinth. The mounting system and granite base are not original. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

A number of casting flaws are visible from the surface of the bronze: some 

porosity on the base and the top of the plinth; a hole on the figure's neck and 

at the back of her right knee. A big rectangular repair on the biceps of her right 

arm (ca. 1.3 x 1.8 cm) stands slightly proud of the surface. It appears to be the 

same color metal as the rest of the figure and corresponds to the cast-on repair 

visible in the radiograph (Plate 33). A plug appears to be present under the 

chin of the figure, on the left side of the neck. This may correspond to a repair 

of the crack in the neck which is visible in the radiograph but concealed on 

the outer surface by a heavy layer of dark lacquer or molten metal. The large 

flash that runs across the figure's hips is due to a break and shift in the 

mould. 

6.2 Present Condition 

The object is in good condition. White efflorescence between her right calf 

and drapery may be related to a lead fill in the base. 

7. Analytical Work 

The bronze was examined and radiographed (two views) by a team of 

conservators at the Cleveland Museum of Art in 1991 (CMA, unpublished 

report). The researcher examined the bronze by naked eye in 1992. 

8. History 
8.1 Relationships Between Sculptures 

This bronze is a fine replica - with some variations - of the signed bronze 

in Vienna Venus after the Bath. The composition of the statuette is 

essentially identical to that of the marble Cesarini Venus which is in the 

Palazzo Margherita in Rome. There are numerous replicas of this model. 
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Wixom lists twenty six (Wixom, 1975). Some of these are slightly large than 

this one and are considered reductions of the Cesarini Venus. None of the 

replicas are signed or come close to the Vienna bronze in quality of casting 

and finishing (Avery, Radcliffe and Leithe-Jasper eds. 1978) 

8.2 Provenance 

Family of Constance Mather Bishop 

9. Observations and Conclusions 

This bronze is a fine cast, and is similar in this respect to the signed Vienna 

version (report GB 1). Both sculptures also have fine wires that traverse the 
\ 

bronze as well. There is an additional piece of drapery that extends from the 

figure's lap to her breast, which exists in the Bargello's cast but not on many of 

the other replicas of the same model. The technical data is not sufficient to 

draw any conclusions about the date of the cast; it would be interesting to take 

measurements form the Vienna and Bargello versions, to radiograph the 

Bargello bronze and to analyze and compare the core and metal compositions 
I 

of these bronzes. 
: I 

10. Bibliography 

Wixom, 1976, cat. 148. 

I 
11. Other (none) 

\' 
\\ 

\ 
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Report No. GB 3 

Kunsthistorisches Museum, Vienna (5893) 

Giambologna 

Astronomy or Venus Urania 

1. Description 

This gilt statuette represents a naked young woman standing on a tight, 

integrally-cast circular base, her left foot on a prism next- to which stands a 

small globe inscribed with the signs of the zodiac and stars, the names of the 

sun and moon (Plate 34). With her right shoulder she leans on a textured 

drape hanging over an upright square that also rests on the prism and which 

she steadies with her left hand. In her right hand she holds a part of the belt 

that is loosely draped over her left shoulder and comes up under her right 

arm. Giambologna's name is inscribed on her back on this belt (Plate 34). The 

woman's hair is done up in an elaborately braided coiffure that is held up 
1 

with a filet. She looks off to the right, over her shoulder. The figure is 

modeled in great detail in the round in a spiraling fashion in such a way that 

invites the viewer to move around her. Each angle is important. The 
I, 

modeling is superb but the casting is flawed and visibly repaired even 

through the gilding. The composition mirrors that of Giambologna's larger 

bronze Apollo, designed for Francesco 1's studiolo. 

1.1 Type 

\ 

This statuette was designed as a freestanding independent work of art. 
\1 

1\ 

1.2 Cursory De~cription of Materials and Fabrication Technique 

\ 
The gilt figure yvas cast by the indirect lost wax process. The finely modeled 

wax was moulded in separate parts and joined at the wax stage. The metal cast 

is heavy and thick-walled with numerous flaws and repairs, many of which 

are visible through the mercury gilding. The drape and the stars on the globe 

are textured in the metal and the inscriptions in the globe are engraved. 

273 



1.3 Metal 

Quantitative XRF analysis of the metal was not done at the National Gallery 

of Art at the time of the Master Bronzes exhibition in 1986 because of the 

interference of the gilt surface. The colour of the worn metal on her left elbow 

is pink suggesting that it is a tin bronze. 

2. Dimensions 

Height: 38.8 cm (Avery, Radcliffe and Leithe-Jasper eds., 1978). 

3. Marks and Inscriptions 

"GIO BOLONGE" is inscribed in the belt slung over her left shoulder and 

around her back (Plate 34). "VENNUS, LUNNA [and] SOL" is engraved on 

the globe. 

4. Technique of Fabrication and Coating 

4.1 External Evidence 
4.1.1 Metal Surface 

The statuette is finished all around although it is left rougher on the 

underside of the square. Cold working was used both to conceal the flaws and 

to decorate the surface but did not succeed in hiding numerous cracks and 

plugs. The drapery is textured with a punch. Some of the hair on her face is 

engraved into the skin. "VENNUS, LUNNA [and] SOL", as well as signs of 

the zodiac and meridians, are engraved on the globe and the stars and dots are 

punched into the metal surface. Scraper or file marks on the back are 

evidence of an attempt to polish the area. 

4.1.2 Surface Coatings 

The entire surface is highly finished and mercury gilded. The areas where the 

fire gilding is worn have been retouched with gold paint. 
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4.2 Internal Evidence 
4.2.1 Metal Surface 

Radiographs of the Astronomy show that she is a hollow cast of varying 

thickness with metal walls that are up to 0.7 cm thick in some areas, e.g. the 

thighs (Plates 34 and 35). The tell-tale rings of different density at the top of 

the thighs and arms are evidence that the limbs and torso were separately 

moulded parts joined in the wax before being cast. The thickening that runs 

across the square at the same height as the ring in the legs suggests that the 

lower part of the entire sculpture may have been moulded together as one 

piece. The flash in the neck may also result from a weakness in the core in 

this area due to a wax-to-wax join. There appears to be a drip resulting from 
, 

slush moulding in the supporting leg. 

4.2.2 Core Material 

A core sample was taken from between the figure's legs. Another core sample 

was taken at the V&A at the time of the exhibition from an unspecified 

location (KVA 2). The sample has the appearance of a fine red clay, in clumps 

of up td 4.0 mm in length, with 45% well-rounded 0.1 - 0.5 mm immature 
; I 

sand (Plate 94). Its distinguishing features, noted from analysis with the 

polarized light microscope, are 45% dark red clay, and 45% 0.1- 0.2 mm sub

rounde~ to sub-angular quartz sand (Plate 94). One 0.8 mm very angular 

quartz grain is also present, and quartz with inclusions, undulating quartz 
\ 

and feldspar comprise the bulk of the sand grains. Muscovite, chert, garnet, 
\ 

and hematite ~rains are also present among the sand. Up to 5% of the sample 

is composed of, organic materials, such as white fibers, a few black scaly hairs, 

and wood fraJnents. Also, 5% of the sample is gold leaf, wrapped around 

wood fragments up to 3.0 mm in length. The photomicrograph shows large 

rounded red cl~y clumps, white and black fibers, and gold leaf (Plate 94). 

Polarized light microscope reveals rounded feldspar grains and angular 

quartz grains in deep red, almost opaque clay matrix. 

Microprobe analysis of the sample showed that it is mainly composed of 

quartz, clay, and lots of feldsparswith some hornblende, muscovite, slag, 

rutile, biotite and organic remains - possibly straw (Plate 94). This is 

evidence of the use of an immature sand and that the core did not reach very 
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high temperatures since there are still bits of organic remains that did not 

bum out. The core sample also contains a number of very fine copper alloy 

wires (see section 11 below). X-ray diffraction analysis of the core showed the 

characteristic lines of quartz and feldspars. 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The absence of most of the internal core supports and chaplets is-a result of 

the piece having been partially emptied of its core material through the many 

lacunae. The radiographs show a rod running through the join in the 

supporting leg, the 11 ghost" of a rod in the square and thin rods in both upper 

arms (Plates 34 and 35). No magnetic attraction was detected except in part of 

the square which the figure is leaning on, which corresponds to the rod in the 

radiograph. 

4.2.3.2 Core Pins 

Most of the core pins have been removed and replaced with round threaded 

plugs. Because a number of these have been used as repairs for flaws as well, 

it is difficult to know exactly which ones were used to plug the core pin holes .. 

4.2.3.3 Other 

Threaded plugs of different sizes were used to plug the core pin holes and 

repair flaws. Some of these, such as the plugs in cracks on the figure's back are 

visible through the gilding. 

4.3 Method of Assembly and Joining 

The denser rings at the top of the thighs and arms in the radiographs of the 

figure are evidence that the limbs and torso were separately moulded parts 

joined in the wax before being cast (Plates 34 and 35). The thickening across 

the square at the same height as in the ring in the legs suggests that the lower 

part of the entire sculpture may have been moulded together as one piece. 
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5. Base and Mount 

The figure is cast with a small, flat, circular base. It is not clear how this is 

attached to its stone base. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

This is a heavy cast with holes, cracks and dents due ta....porosity, lacunae from 

metal cooling in the thinner areas. The porosity breaks through to the surface 

and is visible under her arm and on her belly. The belt slung over her 

shoulder nearly failed to cast on the figure's chest, probably due to cooling of 

the metal. Visible cracks run down her back and around the belt on her 

abdomen and are due to shrinkage. The radiographs show that the numerous 

plugs that were used to repair the flawed cast and pin holes are threaded 

(Plates 34 and 35). The denser areas in the left elbow and the right hand are 
I 

cast-in repairs. The cracks that run down her back and around the belt on her 

abdomen are partially repaired with strings of round plugs of different sizes. 

The gilding may have served to conceal some of these flaws, although with 
I 

only limited success. The integrally cast circular base has two or more layers 

riveted on to the bottom of it in order to correct the angle of the base. 

6.2 Present Condition 

Scraper or file marks on the back are evidence of an attempt to polish the 
\ 

area. There are numerous scratches on the surface from rough handling. 

\\ 
1' 
I' 

7. Analytical Work 
\ 

The bronze was radiographed at the Victoria and Albert Museum in 1978 at 

the time of the Giambologna exhibition (labeled: 2.5.78/3&4; 28.9.78/1 and 2 

unnumbered undated ones). At the time, Jonathan Ashley-Smith took a core 

sample of the bronze from an unidentified location. The sculpture was also 

radiographed in Los Angeles at the time of the Master Bronzes show at the 

LACMA in 1986 (8 mA, 250 kV, 6 min. 50" distance). The researcher examined 

the bronze by naked eye in Vienna in 1992 at which time she also took a core 

sample which has since been examined under stereo-microscope and 
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prepared into a thin section and a microprobe round. Ron Schmidtling has 

analyzed the sample by polarized light microscopy at the GCI and Eric Doehne 

of the GCI examined it in the microprobe. Chandra Reedy took a sample of 

core material and did mineralogical analysis on a thin section (Milam, Reedy 

and Sussman, 1986). Hope Gumprecht of the Cleveland Museum of Art 

analyzed a sample of core material by XRD (unpublished report). F. Bewer 

also performed XRD analysis of a sample of core material at the GCI Museum 

Services Laboratory with David Scott and at the LACMA with John Twilley. 

B. History 
B.1 Relationships Between Sculptures 

The figure is stylistically close to the Apollo in Francesco 1's studiolo, 

suggesting that it was designed around the same period, ca. 1573. The 

Astronomy is similar to goldsmith's work in its fine finish and detail. It was 

Described as "Venus Urania" in the 1750 Schatzkammer inventory. All of the 

copies of this composition are simpler and smaller (Radcliffe 1993), e.g., the 

gilt replica in Berlin Dahlem (SMPK M39/7), and none are as fine in quality. 

B.2 Provenance 

The bronze comes from Austrian imperial collections but was first 

mentioned in an identifiable fashion in the 1750 inventory of the 

Schatzkammer. 

9. Observations and Conclusions 

This finely modeled figure is considered an autograph bronze by 

Giambologna. It is signed in the wax. It is unusual in that it is gilt, unlike 

most Giambologna bronzes except for the signed "Trustman" Mars. 

Giambologna's gilt Astronomy is thought to have been gilt to underline its 

value as an extraordinary work of sculpture. It may also illustrate how gold 

can be used to unify a surface although at present the flaws are conspicuous 

through the gilding. Both the gilding and texturing of the surface are 

uncharacteristic of Giambologna bronzes. The latter may be accounted for by 

the gilding; the material of her drapery was punched in order to differentiate 
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it from the smooth skin. In other ways the cast resembles many other 

Giambologna bronzes: the figure is cast in one piece but was moulded in parts 

that were joined in the wax; the rods through the wax-to-wax joins and the 

use of threaded plugs are recognizable in other bronzes from Giambologna's 

immediate surrounding. The wax-to-wax join across the thighs and the 

square is an ingenious way of separating the model for moulding and in 

keeping with other bronzes. Indeed, a similar method of separating the piece 

was used to mould the Bargello's Crouching Venus (see-report GB 8). The 

statuette required a considerable amount of repair work and the repairs are, 

despite the gilding, visible from the outer surface. Such lack of 

meticulousness in the finishing would be uncharacteristic of Antonio Susini. 

The combination of superb modeling with loose chasing are more 

characteristic of an autograph Giambologna bronze. Unlike the majority of 

Giambologna's bronzes, the core was removed from this figure since the 

opportunity presented itself through the flaw openings. 

The core sample has rounded grains of hematitic clay chunks. Igneous 

plutonic-derived lithic sands are present, and due to the lithic components 
! . 

and the 'amount of rounding, it is likely that the source rock is nearby, 

perhaps within 100 km. The components in this sample are characteristic of 

Giambologna and Susini cores. 

\ 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 12; Leithe-Jasper, 1986, cat. 50; 
,. 

Avery, 1987; Radcliffe, 1993, cat. 4. 
\ 

11. Other 

One of the core samples contains remains of silicone rubber mould used to 

cast reproductions for the Kunsthistorisches Museum. Gold was found on a 

piece of wood and some grains of the core material. The core sample also 

contains four bits of copper-alloy wire that are coated with corrosion products. 

One of these was mounted and polished into a metallographic thin section 

which was also analyzed by XRF. The wire is made of brass and its highly 
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flattened and elongated, parallel microstructure is evidence that it was 

formed by drawing. This was a common method of forming wires from the 

Middle Ages on. The intergranular corrosion found in the sample could only 

have been formed over time, proof that the wire bits are not a recent artifact 

in the core. 
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Report No. GB 4 

Musee du Louvre, Paris (OA 10598) 

Antonio Susini after Giambologna 

Fortuna 

1. Description 

This bronze statuette of a nude young woman, sculpted in the round, represents 

the allegorical figure of Fortuna (Plate 36). The figure looks up at her left arm 

which is raised. She may originally have borne a sail flying over her head, 

however, the figure was cast holding only the ends of the fabric -looking more 

like torch handles - and finished as such. Her right foot bears the weight as she 

lifts the left, as if she were about to take a step. The eyes do not have pupils. 

1.1 Type 

This statuette was designed as a freestanding independent work of art and may 

have been designed as a pendant to the Flying Mercury. 

i 

~.2 Cursory Description of Materials and Fabrication Technique 

The bronze figure is hollow and was cast by the indirect, lost wax slush

moulding process. It is a fine cast with a beautifully finished surface all around, 

overall thin walls and few flaws. The lacquer-like coating does not conceal the 

details of the metal surface. 

\ 

1.3 Metal (no data) 
1\ 
\1 

2. Dimensions \ 

The height was taken from Avery, Radcliffe and Leithe-Jasper eds., 1978. The 

other measurements were taken with a string and are reported in centimeters. 

height 46.7 

distance between right thumb and left middle finger 27 

distance between left shoulder and top of thumb 12 

distance between middle of buttocks and middle of small finger 9 
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3. Marks and Inscriptions 

The inventory number "N(inverted)O 68" of the French Crown Collection is 

engraved on the top of the base. 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The figure is modeled in detail in the wax, as can be seen, for example, in the 

hair. The skin is beautifully chased and polished. There appear to be faint traces 

of a piece mould seam in the back of her head that have been chased into the 

curls. Fine wire brush marks follow the contours of the figure lengthwise. 

4.1.2 Surface Coatings 

A translucent reddish-golden brown lacquer-like coating covers the surface. 

Where this has been worn away the metal surface is oxidized greyish brown. The 

golden lacquer is caught in the fine grooves of the wire brush marks which 

reflect a golden color in the light. Some areas are coated with a denser, more 

opaque, dark brown coating which could be the same lacquer-like material 

which has deteriorated, and has also gathered dust and dirt. The greenish 

accretions around the pubic area are copper corrosion products mixed with wax; 

they are easily removed. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

There is no access to the inside of the bronze to examine the inner surface by 

naked eye. The radiographs of the bronze show that it is a thin hollow cast with a 

relatively smooth inner surface (Plate 37). The extremities are also hollow, 

evidence that they were made by an experienced wax maker. The cast is of 

uniform thickness throughout, with some porosity and accretions. The ring-like 

changes of density in the figure's shoulders are typical of wax-ta-wax joins. 

Numerous fluid changes of density can be seen in the radiograph throughout the 

figure. These are wax drips on the inner surface and are evidence that the wax 

layer was formed in a mold by slush-moulding before a soft core was inserted. 

One of the drips runs from the head to the knee; another one runs diagonally 

across her chest or back and -down through her right leg. 
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The small, round, denser spots around the figure's right hip (Plate 37) may be 

accretions caused by air bubbles trapped in the core against the inner surface of 

the wax. According to Dick Stone this would be evidence that the core was liquid 

(Stone, 1982). However, analysis of the core material from this figure shows that 

it is composed of a sandy clay material which would not have been very liquid. 

The accretions must, therefore, be splatters produced either in the wax stage or as 

a result of metal cast-on later. The cast-on repair of a hole or perhaps solder may 

have dripped down through the hollow leg from the base:-Unfortunately the 

radiographs cut her feet off, making it difficult to confirm this. The stump which 

her foot rests on is hollow and cleaned out. Without further examination of the 

piece it is difficult to assess how the stump was joined to the base. 
, 

4.2.2 Core Material 

Powdery core material is deposited around a little hole in the pubic hair. The 

bronze has been hollowed of most of its core material as is evidenced by the 

pieces of unidentified material that rattle around inside the piece when it is 

turned over. The figure may have been cleaned of its core through the feet which 

seem to' have been cast with the core exposed through the open soles. 
! I 

, I 

A sample of tan clay was taken from the hole in the pubic area (LPF 4) and 

examined under the stereo-microscope (Plate 94). It has the appearance of a tan 

clay in 1.0-2.0 mm clumps. Its distinguishing features, noted from analysis of a 

thin section of the sample with the polarized light microscope (Plate 94), are 56% 
\ 

tan calcareous,clay,38% angular-rounded 0.2-0.4 mm sand, and 6% gypsum. The 
I 

sand is composed of 16% feldspar, 14% quartz, 6% metamorphic lithics, and 2% 

hematite gra~L Calcite and mica are also present in the sand. Organic 

substances fourd are a tarry substance with 1.0 mm long cotton fibers protruding 

from it. A grey 'metallic nodule is also present in the sample. 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

There is no evidence that the figure had an armature. The metal bits rattling 

around are likely to be the long thin, probably iron, wire core supports or pins 

that are trapped inside the otherwise hollowed out bronze and visible in the 

radiographs (Plate 37). These wires, measured on the radiograph, are 
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respectively 4.2,6.3 and 6.8 cm long. The internal supports (0.1 cm diam.) are 

still in place in the raised left arm. There is a "ghost" of an internal support in the 

right side of the neck just below the flash. 

4.2.3.2 Core Pins 

Judging from the radiographs, most of the core pins have been removed and 

plugged. The only ones still in place are the two fine wires (ca. 0.1 cm diam.) 

running across her left upper arm and below her right knee. The latter looks 

more like the "ghost" of a wire: two parallel lines with a hollow "core". Most of 

the small core pin holes appear to be paired up in the radiographs. The plugged 

holes are located 3-4 pins per arm, and 4-5 per leg and are spaced at relatively 

regular intervals. There are holes corresponding to two pins in the chest, front to 

back, one going through the waist from side to side and one in the lower 

abdomen that goes through her buttock. Another pin hole of ca. 0.2 cm diameter 

is clearly visible in the head. The measurements were taken on the radiographs. 

4.2.3.3 Other (none) 

4.3 Method of Assembly and Joining 

The ring-shaped denser areas and flashes below the shoulders are evidence that. 

the arms were moulded separately and joined to the torso in the wax. It is not 

clear whether the head was also moulded separately. 

5. Base and Mount 

The figure appears to have been cast with an integral flat oval base. A denser 

blob of material is visible at the bottom of the right foot in the radiograph. This is 

probably solder used to fix the bronze base to its support, however, without 

further examination it is difficult to ascertain this. There are two screws in the 

oval base as well that probably serve to fix it to its support. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

There is a slight crack in the metal of the smallest finger of her right hand. The 

radiographs show that her raised left arm and the left side of her torso have 
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suffered from porosity (most vacuoles ranging in size (0.1 - 0.8 cm diam.). Some 

of these break through the entire thickness of the metal and are repaired with 

threaded plugs. A lacuna in the heel of her right hand was probably caused by 

air trapped in the mould. The inside of the figure's thighs are denser and look as 

if the wax had been reinforced or as if they have been repaired with metal. The 

large, oval shaped, denser accretion in her right shoulder is probably a cast-in 

repair. The flash in her neck may correspond to a weakening in the core where 

the wax parts were joined. There are other flashes through the waist and the 

knees that do not seem to correspond to joins. The figure of Fortuna would 

originally have a fluttering sail/ drape flying overhead (A very, Radcliffe and 

Leithe-Jasper eds., 1978). The figure was intentionally cast without it since it 

would h~ve been easier to cast the drapery separately and join it later. This does 

not seem to have occurred since the ends of the drapery were finished to look 

like little scrolls in both of her hands. Areas of porosity ~hich break through the 

entire thickness of the metal have been repaired with threaded plugs of varying 

diameter (0.3-0.6 cm). The lacuna in the heel of her right hand was repaired with 

a large tapering plug (0.75-0.45 cm diam. x 0.9 cm). Most of the plugs are 

approximately the same thickness of the metal or less dense. 

6.2 Present Condition 

The general condition of the sculpture is excellent. There is no structural damage 

or serio~s surface damage. Green accretion in the pubic area may be some copper 

corrosion product. 

\ 
1 

\, 
1\ 

7. Analytical Work 
\! 

France Drilhon'! of the Laboratoires de Recherche des Musees de France X-ray 
. I 

radiographed the bronze in 1990 using a Seifert "750" instrument with a tube of 

420 KV maximum capacity. The frontal exposure was taken at 240 KV and the 

profile at 250 KV, 10 mA, respectively for 60 and 80 seconds, at 130 cm distance. 

The Kodak Industrex type B film was loaded in standard cassettes with 0.01 cm . 

lead sheets at front and 0.02 cm lead sheets at back. Additional filters were used 

at the source (0.2 cm copper and 0.2 cm aluminum). The researcher examined the 

bronze by naked eye in 1990 and took a sample of the core material at the time. 

The sample was examined with a binocular microscope, chemically tested, sent 
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out for thin section preparation and examined by polarized light microscope by 

Ron Schmidtling at the Getty Conservation Institute in 1995. 

8. History 
8.1 Relationships Between Sculptures 

There are numerous casts after Giambologna's model. Other versions include: 

Metropolitan Museum of Art (24.212.5); formerly Salviati collection, 1609; 

Girardon Collection (on a ball), University Museum, Stanford, California 

(62.235). There are numerous variants representing Venus Marina holding a shell: 

National Museum of Wales, Cardiff (ex. Castiglione and Nettelfold collections); 

Museo Nazionale, Bargello, Florence (attributed to Danese Cattaneo); Venetian 

Venus Marina in the Kunsthistorisches Museum, Vienna (5885); Fortuna (on a 

ball) Metropolitan Museum of Art (1970.57). 

8.2 Provenance 

King Louis IV of France by 1684; French Crown Collections; Jacques de 

Chapeaurouge, Hamburg, 1796; given the Louvre by Paul Salmon, 1976. 

9. Observations and Conclusions 

The facture of this bronze is similar to that of the Fortuna in the Metropolitan 

Museum of Art (report GB 5); both are very fine casts with few flaws, both have 

similar-size core pin holes in similar locations, thin wire internal core supports, 

waxy drips from the slush-moulding process and a few large but compact cast

on repairs. Unlike many of Giambologna's figures, however, the Louvre cast 

shows no evidence of wax-ta-wax joins at the top of the thighs. Both Pietro Tacca 

and Antonio Susini cast replicas of this model (A very, Radcliffe and Leithe

Jasper eds., 1978) but Jestaz (1978) has shown that the Louvre Fortuna was 

probably cast and finished during Giambologna's lifetime. Ulrich Middledorf 

thought that the model for this was Venetian rather than Florentine and by 

Giambologna which does not preclude that Susini may have cast it. 

The analysis of the core sample shows a very distinct calcareous clay that is 

bright yellow under polarized light - not red - and shows a flowing texture. 

The grains are uniformly coarse-grained in size but also of igneous plutonic 

origin. It is unlike the cores more characteristically found in Giambologna and 
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Susini bronzes but the grains are similar in rounding to those in core sample 2 of 

Giovanni Francesco Susini's Abduction ofHelen by Paris (see report GB 40). 

10. Bibliography 

Watson, 1973; Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 13; Jestaz, 1978. 

11. Other (none) 
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Report No. GB 5 

Metropolitan Museum of Art, New York (24.212.5) 

Antonio Susini 

Fortuna 

1. Description 

This bronze statuette of a nude young woman, sculpted in the round, represents 

Fortuna (Plate 38). The figure looks up at her left arm which is raised. She may 

originally have borne a sail flying over her head, however, the figure was cast 

holding only the ends of the fabric - looking more like torch handles - and 

finished as such. Her right foot bears the weight as she lifts the left, as if she were 

about to take a step. 

1.1 Type 

This freestanding bronze statuette was designed as an independent work of art 

and may have been designed as a pendant to the Flying Mercury. 

/ 

1.2 Cursory Description of Materials and Fabrication Technique 
, I 

i 

The bronze figure is hollow and was cast by the indirect, lost wax slush-

moulding process. It is a fine cast with a beautifully finished surface, overall thin 

walls and few flaws. 

1.3 Metal 

According to EDS analysis done at the Metropolitan Museum of Art the metal 

composition of the bronze is an unusual composition of a copper-lead alloy (see 

Table 2 in Appendix A) containing over 40% lead and a small percentage of tin 

(Stone, White and Indictor, 1990). The absence of zinc indicates that it is a bronze. 

Given the size of the sample and the heterogeneous nature of copper alloys these 

results most likely correspond to an area with a lead globule and are not 

representative of the sculpture. 

2. Measurements 

Height: 48 cm (Avery, Radcliffe and Leithe-Jasper eds., 1978) 
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3. Marks and Inscriptions (none) 

4. Technique of Fabrication·and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The figure was modeled in great detail in the wax as can be seen from the details 

of the hair and finger nails. The cast is highly finished with fine parallel 

directional wire brush and file marks that follow the length of the fi...gure. 

4.1.2 Surface Coatings 

The brown translucent surface coating of the cast is worn from handling in many 

areas. The Metropolitan Museum of Art performed GC-MS analysis of the 

surface coating which shows traces of an unspecified conifer resin and traces of 

oil, possibly walnut (Stone, White and Indictor, 1990). 

4.2 Internal Evidence 
4.2.1 Metal surface 

There is no access to the inside of the bronze but the radiographs show that it is a 

very fine thin-walled cast (Plates 38 and 39). Even the hands are hollow which is 

a sign of great skill. The inner surface of the metal is conformal with the outer . 

one except for a number of large accretions and waxy drips. Indeed, there are 

numerous drips throughout the body that were formed by the wax as it 

solidified during the slush-moulding process. The ones in the upper thighs and 

the lower abdomen are the most noticeable. The small dense round accretions in 

the torso may be wax splashes or evidence of air bubbles trapped in the core. The 

denser areas and flashes at the top of the arms correspond to wax-to-wax joins 

and the flash in the neck may as well. The unusual line that appears to cut 

through the tops of both thighs look like the wax was perhaps cut and rejoined in 

this area. 

4.2.2 Core Material 

There is no access to the inside of the hollow sculpture that appears to have been 

emptied of most of its core judging from the sound of an unidentified object that 

rattles inside it when the bronze is shaken. 
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4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

Most of the internal core supports have been removed with the core material, 

however, two thin wire core supports remain. One runs from the right elbow 

into the hand, the other runs inside the left arm. 

4.2.3.2 Core Pins 

The core pins have been removed along with the core material but the core pin 

holes are easily recognized in the radiographs. Some of them are paired. From 

the outside most of them aren't visible; one on outer side of proper right calf 

seems to be hammered. 

4.2.3.3 Other (none) 

4.3 Method of Assembly and Joining 

The arms and torso were moulded separately and joined in the wax at the top of 

the arms where a denser ring or flash accompanied by a change of density visible 

in the radiographs are evidence of wax-ta-wax joins (Plate 38). There is an 

unusual feature at the top of the thighs: a very fine regular denser line that 

angles slightly near the outside of the thighs and cuts across the thighs. This may 

be a very clean wax-ta-wax join. 

5. Base and Mount 

The figure is cast with a flat round metal base, her left foot rests on a small stump 

that rises from it. It is unclear how the base is attached to the small wooden base. 
" ., 

I 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

The radiographs show that the inner surface of the otherwise very smooth, clean 

cast also has a few flashes that are due to cracking in the core: one runs around 

most of the waist, another across the neck and a few more can be seen in the legs 

(Plates 38 and 39). There are a number of unexplained accretions of various sizes 

in the bronze: in the right upper arm, in the left arm, in the right hip, and in the 

legs. These may be cast-on repairs. Very fine pin-hole porosity is visible in the 
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right thigh and in the chest. A number of small round copper alloy plugs are 

visible in the left hip, the front of the right thigh and the left calf upon naked eye 

examination of the surface. Many more are visible in the radiographs and, 

judging from their symmetrical disposition, most of them served to fill core pin 

holes. 

6.2 Present Condition 

The general condition of the sculpture is good. There is no structural-damage or 

serious surface damage. 

7. Analytical Work 

The Victoria and Albert Museum X-ray radiographed the bronze in 1978 at the 

time of the Giambologna exhibition. The researcher undertook a brief naked eye 

examination of the bronze in 1988. The Metropolitan Museum of Art performed 

EDS analysis on the metal and GC-MS on the surface coating (Stone, White and 

Indictor 1990). 

8. History 
8.1 Relationships Between Sculptures 

The model for this bronze was designed by Giambologna as a pendant to the 

Flying Mercury but the bronzes were cast by Antonio Susini (Corti, 1976). This 

bronze is similar to the one in the Louvre. There are other variants, some of 

which represent Venus Marina who holds a shell and walks on waves. Others 

represent Fortuna holding a sail and standing on a ball, like the other cast in the 

Metropolitan Museum of Art (1970.57). (See Avery, Radc1iffe and Leithe-Jasper 

eds., 1978 for a !T'_ore comprehensive list of variants.) 

8.2 Provenance 

Ogden Mills collection, 1924 

9. Observations and Conclusions 

This bronze is similar in facture to the cast of the Fortuna in the Louvre (see 

report GB 4). The main difference is the fine denser line at the top of the figure's 
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thighs which is not apparent in the Louvre version. This feature may be a clean

cut wax-to-wax join similar to the one in the Venetian Venus Marina in the 

Kunsthistorisches Museum, Vienna (5885). The radiograph of the Vienna piece 

shows that the join line is, however, less dense than the surrounding metal (Plate 

39). 

10. Bibliography 

Avery, Radc1iffe and Leithe-Jasper eds., 1978, cat. 14; Jestaz, 1978; Stone, White 
and Indictor, 1990. 

11. Other (none) 
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Report No. GB 6 

Metropolitan Museum of Art, New York (1970.57) 

after Giambologna 

Fortuna 

1. Description 

The bronze statuette of a nude young woman, sculpted in the round, 

represents Fortuna (Plate 40). The figure looks up at her left arm which is 

raised. She may originally have borne a sail flying over her head, however, 

the figure was cast holding only the ends of the fabric - looking more like 

torch handles - and finished as such. Her right foot stands on a sphere and 

bears her weight. She lifts the left foot, as if she were about to take a step. 

1.1 Type 

This freestanding statuette was designed as an independent work of art and 

may have been designed as a pendant to the Flying Mercury. 

1.2 Cursory Description of Materials and Fabrication Technique 

The bronze figure is a heavy, almost solid hollow cast and appears to have 

been cast in one piece. The density of the figure makes it difficult to interpret 

the radiograph. 

1.3 Metal (no data) 

2. Dimensions 

Height: 54 cm (Avery, Radcliffe and Leithe-Jasper eds., 1978) 

3. Marks and Inscriptions (none) 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface (no data) 

4.1.2 Surface Coatings 

The metal is covered with a..reddish brown coating. 
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4.2. Internal Evidence 
4.2.1 Metal Surface 

The bronze is a very heavy cast. The radiographs reveal that it is cast hollow 

although with uneven dense walls. 

4.2.2 Core Material (none available) 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The density of the cast stands in the way of much of the evidence one might 

find in the radiograph but there appear to be wire internal core supports in 

the right forearm and in the left thigh (Plate 40). 

4.2.3.2 Core Pins 

The density of the cast stands in the way of evidence one might find in the 

radiograph. 

4.2.3.3 Other 

The repairs are described in section 6.1. 

4.3 Method of Assembly and Joining 

The radiographs show that the raised left forearm is joined to the rest of the 

arm in the metal (Plate 40). The density of the cast stands in the way of clearly 

interpreting the radiograph but there seems to be a slight change of density at 

the top of the figure's thighs which may be the location of wax-to-wax joins. 

5. Base and Mount 

The figure stands on an integrally cast ball (Plate 40). No data was gathered on 

the method by which it was mounted to the base. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

The radiographs show that the figure has cast~on repairs in the left arm and 

in the neck (Plate 40). It is difficult to assess whether the less dense areas are 

porosity or the location of plugged core pin holes. A plug is visible in the 

right elbow. 
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6.2 Present Condition (no data) 

7. Analytical Work 

The sculpture was radiographed at the Victoria and Albert Museum at the 

time of the Giambologna exhibition in 1978. The researcher examined the 

sculpture by naked eye in 1988. 

8. History 
8.1 Relationships Between Sculptures 

The model for this bronze was designed by Giambologna as a pendant to the 

Flying Mercury but the bronzes were cast by Antonio Susini (Corti, 1976) or by 

others. This bronze is similar to the Fortuna holding a sail and standing on a 

globe of which there is a version in the Kunsthistorisches Museum (5885) 

which is attributed to an unknown sixteenth-century Venetian artist. (See 

Avery, Radcliffe and Leithe-Jasper eds., 1978 for a more comprehensive list of 

variants.) There are many others that do not stand on a ball, such as the 

version attributed to A. Susini in the Metropolitan Museum of Art (report 

GB 5) and the one in the Louvre (report GB 4). There are other variants, some 

of which represent Venus Marina who holds a shell and walks on waves. 

8.2 Provenance (no data) 

9. Observations and Conclusions 

Although the statuette is based on the model by Giambologna, the style of the 

sculpture and its facture do not resemble those of bronzes attributed to 

Giambologna or Antonio Susini. Without further technical data and 

comparative material it is difficult to draw more firm conclusions about the 

date and place of manufacture of the bronze. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 14. 

11. Other (none) 
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Report No. GB 7 

Museum of Fine Arts, Boston (40.23) 

Giambologna, probably cast by Antonio Susini (Radcliffe 1993) 

Architecture 

1. Description 

This freestanding sculpture represents a nude female figure sitting on a 

rectangular-section pedestal holding architects' design tools on her lap in her 

right hand: a framing square, protractor and compasses (Plate 41). In her left 

hand, which hangs down by her side, she holds a rectangular board behind 

her on the underside of which is inscribed Giambologna's signature. A 

plummet line with a plummet hangs around her neck as a necklace. She sits 

with her right foot crossed behind her left calf, a drape swathed over her right 

thigh, across the top of the pedestal, and down its left side to the ground. In 

her hair is a simple tiara. She turns her head to the left. 

1.1 Type 

This statuette was designed as an independent work of art. 

1.2 Cursory Description of Materials and Fabrication Technique 

The bronze figure is hollow and was cast by the indirect, lost wax slush

moulding process. The wax parts were joined in the wax and the figure was 

cast in one pIece. The statuette is finished all around. It is a fine cast with a 
,I 

beautifully finished surface and overall thin walls. The lower half of the 

figure is extremely porous. 

1.3 Metal 

Lisha Glinsman at the National Gallery of Art, Washington, D.e. analyzed 

the bronze by XRF analysis during the Giambologna's Cesarini Venus 

exhibition in 1993-94. The results show that it is made of a leaded tin bronze 

with trace amounts of zinc, antimony, nickel, silver and iron (see Table 2 in 

Appendix A). 
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2. Dimensions 

Height: 35.5 cm (Avery, Radcliffe and Leithe -Jasper eds., 1978). 

3. Marks and Inscriptions 

"GIO BOLONGE" is engraved in the underside of the board that the figure 

holds behind her. 

4. Technique of Fabrication and Coating 

4.1 External Evidence 

4.1.1 Metal Surface 

The bronze is modeled and finished in great detail. The figure has deeply cut 

eyelids and grooves in the drapery. 

4.1.2 Surface Coatings 

Museum records show that the surface coating of the bronze is not original. 

The bronze was stripped and repatinated. Oddly enough Radcliffe's (1993) 

recent description of it says that it preserves "substantial traces of its original 

red translucent lacquer." 

4.2 Internal Evidence 
4.2.1 Metal Surface 

The radiographs show that it is a thin-walled hollow cast (Plate 41). It is 

unclear whether it is open at the base as the sculpture could not be removed 

from its stone base. The tell-tale ring-shaped change of density below the 

shoulders and at the top of the thighs are evidence that the limbs and torso 

were cast separately in the wax and joined in the wax. The denser ring in the 

left elbow may be solder but is more likely a flash caused by cracking in the 

core. What at first sight looks like a metal-to-metal soldered join reinforced 

with an internal sleeve just below the wax-to-wax join on the left arm, is in 

fact an accretion and a core pin going through the arm. The torso is also 

slightly denser than the limbs. The subtle vertical line that is a change of 

density in the torso may be an area where the parts of the piece-mould joined, 

or may be a form of "drip" qmsed by the slush moulding process. It may also 
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just be the modeling of the muscles and spine. (An x-radiograph taken from a 

different angle could help to clarify what this is.) 

4.2.2 Core Material 

The absence of rods or core pins is evidence that the core material was 

removed although the researcher was not able to gain access to the inside of 

the bronze to check whether there might still be some remains clinging to the 

metal. Access might be possible through the bottom ofThe plinth. 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The absence of rods or core pins is evidence that the core material was 

removed. 

4.2.3.2 Core Pins 

The core pins were removed with the core material, leaving holes that were 

plugged with thin, round threaded copper alloy plugs. 

4.2.3.3 Other 

The radiograph shows that thin, round threaded plugs were used for most 

repairs. These are not visible from the surface. 

4.3 Method o~ Assembly and Joining 

The tell-tale rings of different density in the radiograph, at the top of the 

thighs and a~ins (Plate 41), are evidence that the limbs and torso were 

separately moulded parts joined in the wax before being cast. Thickening 
I 

across the square at the same height as in the ring in the legs suggests that the 

lower part of the entire sculpture may have been moulded together as one 

piece. 

5. Base and Mount 

The figure is cast integrally with the pedestal she sits on. There are no records 

describing the manner in which the bronze is attached to its modem base. 
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The radiographs show a very dense area at the bottom of the base which may 

be solder. 

6. Condition of the Sculpture 

Only a frontal radiograph was available for this study and certain areas were 

concealed by the angle of the exposure and overlays. The right forearm, the 

tools, the left leg, the base, the rectangular board and the right foot are 

illegible. It is, therefore, not possible to give a full description of the condition 

of the sculpture. 

6.1 Casting Flaws and Foundry Repairs 

The cast is very porous with very large vacuoles, particularly in the arms, 

abdomen and legs. There are few visible repairs in these areas, which suggests 

that the porosity is generally internal. The porosity in the legs may account 

for the cast-on patch which is visible from the outer surface of the left shin. 

The radiograph shows a cast-on repair in the left hand whereby a number of 

fingers were repaired. The angle at which the radiograph was taken does not 

allow one to determine exactly which fingers were cast-on. The radiograph 

shows a few fine flashes running horizontally to the ground in the waist and' 

left elbow. 

6.2 Present Condition 

The surface was stripped of its original patina. 

7. Analytical Work 

The researcher examined the sculpture by naked eye at the Museum of Fine 

Arts in 1988. The bronze was radiographed at the Victoria and Albert 

Museum in 1978 at the time of the Giambologna exhibition (labeled: 

27.9.78/15.16). Shelley Sturman examined the bronze at the National Gallery 

of Art, Washington, D. C. at the time of the Cesarini Venus exhibition in 1994 

and Lisha Glinsman did XRF analysis of the sculpture at that time (see Table 2 

in Appendix A). 
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8. History 
8.1 Relationships Between Sculptures 

There are numerous versions of the composition that vary in quality and 

facture. The Architecture that was formerly in the collection of the cardinal 

Richelieu and is now in the Louvre is the only other replica of the 

composition which has the plummet at the end of the plummet line. Many 

of the casts also lack the cross-piece of the framing square. Such alterations 

show a misinterpretation of the features which would-not have occurred in 

Giambologna's workshop. Three of them were inventoried in the collection 

of Louis XIV of France in 1684. The version in the Bargello is one of these. 

The Boston statuette is almost identical in composition to a marble sculpture 

in the Bargello which Radc1iffe (1993) now considers to be a mechanically 

enlarged copy of the bronze. 

A hollow-cast wax statuette of the Architecture (Victoria and Albert Museum, 

Anon. loan 12), slightly smaller than the bronze, may have been taken from a 

clay sketch model of the figure. Seams of separately-cast parts are visible in 
i 

the wrist of the left hand, across the thighs, and in the left ankle. 

8.2 Provenance 

Knoedler?; Seligrnan, Rey and Co.; (1938); Clendening J. Ryan-Auction, New 

York, 1940 (see Avery, Radc1iffe and Leithe-Jasper eds., 1978) 
! 

\ 

9. Observations and Conclusions 

The facture of the bronze is similar to that of other Giambologna bronzes and 

the quality of the finishing suggests that it was made by Antonio Susini. The 

signature is similar to that of the Astronomy in Vienna. The wax cast of the 

Architecture on loan at the Victoria and Albert Museum is joined in very 

similar areas at the top of the thighs, which is evidence that this is an obvious 

place to break down the figure for moulding purposes. The metal 

composition of the figure falls within the range of tin bronzes characteristic of 

Giambologna and Susini casts. . 
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10. Bibliography 
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Report No. GB 8 

Museo Nazionale del Bargello, Florence (inv. 62) 

Giambologna 

Crouching Venus or Kneeling Woman Drying Herself 
ca. 1565-66 (Keutner and Avery) 

1. Description 

The statuette represents a nude woman crouching andJn the act of drying 

herself (Plate 42). She twists her torso and head to the left, left arm raised, 

holding her hair back with one end of her drape in her left hand while she 

dries her left breast with the other bunched up end in her right. Her right 

elbow r~sts on her left thigh as she crouches on the left foot, her right shin 

resting on the drape on the integrally-cast, compact, round base. The figure 

has no pupils, irises or teeth but has a philtrum (Sturman, personal 

communication). The bracelet on her upper right arm bears Giambologna's 

initials. The composition is based on that of the antique marble sculpture of 

the Venus Doidalsas but has a more pronounced serpentine twist of the body. 

Although the figure is designed to be seen in the round, it has a distinct 

frontal view. 

1.1 Type 

This statuette was designed as a free-standing independent work of art. 

\ 

1.2 Cursory Description of Materials and Fabrication Technique 
\ 

The entire fig:ure is modeled and finished in a similar fashion overall. This 

bronze is a h~llow, thin-walled, sound cast. The Crouching Venus and the 
i 

base were cast together in one piece. The wax torso, arms, head, legs and base 

were moulded separately but joined in the wax. This is typical of 

Giambologna bronzes. A thin translucent golden brown and black lacquer 

finish coats the smooth surface. 

1.3 Metal 

Lisha Glinsman at the National Gallery of Art, Washington, D.e. ~nalyzed 

the bronze by XRF analysis during the Giambologna's Cesarini Venus 

exhibition in 1993-94. The results show that it is made of a tin bronze with 
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small amounts of lead and zinc and trace amounts of antimony, nickel, silver 

and iron (see Table 2 in Appendix A). 

2. Dimensions 

The measurements were taken with a string except for the first which was 

taken from the catalogue of the Giambologna exhibition (Avery, Radcliffe and 

Leithe-Jasper eds., 1978) and those marked "*" which were measured by 

Shelley Sturman at the National Gallery of Art. They are all reported in 

cen timeters 

height 25.5 

from tip of big toe to nose 18 

from armpit to left elbow 6 

diameter of base 8.8 

hole ends in base? 6.3 

height to top of left elbow* 25.4 

from top of head to ground * 23.8 

from elbow to elbow* 15.6 

height of base* 1.6 

circumference of waist* 16.9 . 

circumference of neck* 8.8 

3. Marks and Inscriptions 

Giambologna's monogram "I.B.F." is inscribed in the bracelet around the 

figure's right upper arm. The number 62 is painted in white on the base and 

there are traces of another number on the base as well. 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The bronze is cold worked to conceal flaws and for decoration highly finished 

and well-chased but many small flaws are still visible from the surface. The 

drapery shows evidence of hammering. The crisp outlines of the signature 

suggest that it was enhanced by engraving. Fine scratch brush marks follow 

the contours of the figure:" 

304 



4.1.2 Surface Coatings 

The sculpture appears to have a worn darker brown coating over a 

translucent golden red lacquer-like coating. Remains over the earlier red 

coating can be found on the top of the shoulders, on the left arm and in some 

of the recesses. A trace of red paint on her back may be a drip from an earlier 

numbering process. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

The inner surface of the bronze is inaccessible because the bronze is mounted 

to its base and the researcher did not have permission to remove it. From the 

radiographs, however, it appears to be an extremely fine cast with a very 

smooth inner surface that is conformal with the outer surface. There is a drip

like formation on the inside of the left arm that would have been formed by 

the slush-moulding process. Denser areas below the shoulders, at the top of 

the thighs and in the neck are evidence that the parts were molded separately 

and joined in the wax. 

4.2.2 Core Material 

The figure had previously been emptied of its core material and there was no 

access into the figure during the examination, for it was screwed to its base. 

However, a small sample of refractory material was removed from the hole 

between her fingers. The sample had the appearance of predominantly being 
\ 

made of reddish- brown clay material with rock fragments. The sample was 

removed from the hole between the figure's fingers and may have been 
'I 

contaminated by a plaster piece-mould used to make the surmoulage. 
I , 
I 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The radiograph shows no evidence of such metal insertions; the bronze 

appears to have been emptied of the core and any internal supports would 

have been removed in the process. 
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4.2.3.2 Core Pins 

The radiographs reveal a number of short plugs or pins on the inner surface 

of the bronze and there is a longer tapering wire end at the height of the 

figure's right hand that is surely a core pin (Plate 42). There is no magnetic 

attraction and without further evidence it is difficult to say what material the 

pins are made of. 

4.2.3.3 Other 

A number of small round copper alloy plugs (ca. 0.3 cm diam., measured on 

the sculpture) are visible from the surface and there appears to be one on the 

right heel. 

4.3 Method of Assembly and Joining 

A zigzagging darker line on the Bargello figure's left arm may be a break. The 

radiograph shows that there is a denser cast-on patch in that shoulder and the 

line may be one edge of the repair (Plate 42). The limbs and head of the figure 

are joined to the torso in the wax as is evidenced by the denser and thinner 

rings in the radiographs. 

5. Base and Mount 

The figure is integrally cast kneeling on a draped cloth on a round base. The 

hollow base opens into the figure through the leg and foot and is also open 

on the bottom, however it is currently attached to a stone base by means of a 

modem threaded pin and inaccessible for examination. It is not clear from the 

radiograph how this pin attaches the bronze. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

There is some porosity in the left arm. There are cracks in the metal due to 

shrinkage (e.g., on the figure's right leg) and small casting flaws such as the 

lacuna between the fingers of the left hand and at the join of the right elbow 

to the thigh. Thinning in the metal is visible in the radiograph (Plate 42). 

There are a number of visible small round plugs and the radiographs show 
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that there are numerous cast-on repairs: in the left shoulder, in the both 

knees and in the right calf. 

6.2 Present Condition 

The surface is worn down to the metal in a number of areas. A series of long 

scratches in the surface coating are surmoulage marks, evidence that a mould 

was taken from the bronze at some point. 

7. Analytical Work 

The researcher examined the bronze by naked eye at the Bargello in 1992. 

ShelleY,Sturman examined and radiographed it at the National Gallery of 

Art, Washington, D. C. at the time of the Cesarini Venus exhibition in 1994. 

The x-ray parameters were: 300 kV, 2.2 mA, 8 minutes, ca. 300 cm from tube to 

film, using a small focus, lead filters above and below the film and one lead 

filter on the beam. Lisha Glinsman of the National Gallery of Art, 

Washington, D. C. performed XRF analysis of the bronze at the time as well 

(see Table 2 in Appendix A for results). 

8. History 
8.1 Relationships Between Sculptures 

The composition is based on that of the antique marble sculpture of the 

Venus Doidalsas, of which four versions were known in Rome at the time of 

Giambologmt's stay there and is closest to the one that used to be in the 

Palazzo MecHci Madama and now in the National Museum in Naples 

(Radcliffe, 1994). This bronze is considered to be an autograph cast of 

Giambologna's that has been identified with the one described in the 

inventory of Cardinal Ferdinando de' Medici's collection in Rome and later 

exhibited in the Tribuna of the Uffizi (Radcliffe, 1994). 

There are numerous variants of this model (see Avery, Radcliffe and Leithe

Jasper eds., 1978 for list of variants) but none of the other casts are of the same 

size or quality. 
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8.2 Provenance 

Cardinal Ferdinando de' Medici's collection (1584 inventory); Tribuna degli 

Uffizi (1589); Galleria degli Uffizi. 

9. Observations and Conclusions 

This beautifully modeled bronze is similar to other Giambologna bronzes in 

facture; it is moulded in parts that were joined in the wax. It is a-fine, almost 

flawless cast like the signed Venus Drying Herself after the Bath (see report 

GB 1) thought to be cast by Antonio Susini. It is unlike other much more 

flawed autograph Giambologna bronzes such as the Astronomy (see report 

GB 3) and Flying Mercury (see report GB 11). Comparison of the facture of this 

bronze with that of the Huntington's similar figure reveals numerous 

similarities, e.g., the location of the wax-to-wax joins and certain areas that 

tend to be flawed. There are also noticeable differences: the large cast-on repair-

at the neck and hand in the Huntington figure, the fact that there is no 

signature on the bracelet, the more pedestrian modeling. Also, the 

comparable measurements of the Huntington's piece are smaller than that of 

the Bargello's version. Although this cannot firmly establish whether there is 

any direct relationship between the two sculptures, it does suggest that the 

Huntington bronze is a later generation. 

The alloy of the figure is a tin bronze with some lead. The small amount of 

zinc may be due to scrap metal or impurities. The antimony level, although 

lower than 1%, is high and is probably due to an antimony rich copper ore. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978; Avery, 1987; Radcliffe, 1993. 

11. Other (none) 
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Report No. GB 9 

Holburne of Menstrie Museum, University of Bath, Bath (c. 904) 

Antonio Susini? after model by Giambologna 

Crouching Venus or Kneeling Woman Drying Herself 

1. Description 

This bronze statuette, represents a crouching nude woman twisting to her left 

and absorbed in her toilette. Kneeling with her right knee on a pile of drapery, 

and not quite sitting back on her left heel, she raises her left arm while she 

washes her left breast with her right hand, using the unraveled end of the 

head-cl?th. With her left hand she holds the drape still wrapped around her 

head. Her right elbow rests on her left thigh. The spiraling composition is 

typical of Giambologna's sculpture although here, unlike other compositions, 

there is a main view. This invites the viewer to look at it from different 

angles. Consequently, the modeling is detailed all around. The small finger of 

the right hand is missing. The slender proportions, elongated and stiffer 

composition are characteristic of Antonio Susini (Avery, Radcliffe and Leithe

Jasper eds. 1978). 

1.1 Type 

This freestanding statuette was designed as an independent work of art. 

1.2 Cursory Description of Materials and Fabrication Technique 

The entire figure is modeled and finished in a similar fashion overall. The 

statuette is a ~elatively thin but sound cast. The body and limbs of the 

Crouching Venus, and the base were cast together in one piece. 

1.3 Metal (no data) 

2. Dimensions 

Height: 24.9 cm (Avery, Radcliffe and Leithe-Jasper eds. 1978). 
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3. Marks and Inscriptions 

The French Crown collection 1684 inventory number "No. 35" is engraved 

below the left shoulder blade (Avery, Radcliffe and Leithe-Jasper eds. 1978). 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The researcher has not had an opportunity to examine this bronze in person 

and has no data on the metal surface. 

4.1.2 Surface Coatings 

The light brown metal surface is covered with a greenish brown coating 

(Avery, Radcliffe and Leithe-Jasper eds. 1978). 

4.2 Internal Evidence 
4.2.1 Metal Surface 

Radiographs of the bronze show that the bronze is hollow and cast in one 

piece. The torso and head, legs and arms were moulded separately in the wax. 

The bronze appears to be equally thick overall except for the porous areas and . " 

the right foot. From halfway down the shin, the metal is less dense. The front 

half of the foot is solid, as if the wax was left to cool longer in the mould. It is 

possible that this denser area is a cast-on repair. There is also a thickening in 

the right knee which is difficult to interpret from the radiograph alone. 

4.2.2 Core Material 

The core material appears to have been removed. The researcher did not 

have an opportunity to examine this bronze in person and was therefore 

unable to ascertain whether any material remains inside the bronze. 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The core has been removed and there is no evidence of internal core 

supports. 
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4.2.3.2 Core Pins 

One radiograph of the figure shows a thin bent wire that joins two small 

round holes in the upper left side of the figure's torso (Plate 43). Another one 

is barely visible in the right forearm close to the wrist. The figure is otherwise 

emptied of its core and metal insertions. Small round paired holes similar to 

the ones joined by the wire are visible in other parts of the bronze in both 

radiographs: in the thighs, the right elbow, the legs, the left arm (Plate 43). 

The pin holes are plugged. 

4.2.3.3 Other 

Larger threaded plugs are used for repairs. 

4.3 Method of Assembly and Joining 

Ring-like formations visible in the radiographs below the shoulders and at 

the top of the thighs are evidence of wax-to-wax joins. The flash in the neck 

may also be the result of a wax-to-wax join. 

5. Base and Mount 

The figure is cast integrally with a round base that appears, from the 

radiographs, to be open from the bottom allowing access into the figure, 

similarly to the other versions. The researcher has no data on how the base is . 

mounted. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

The only dat~ available is provided by the radiographs. Where the porosity 

breaks through to the surface it was repaired with threaded round plugs of 

varying sizes. There is a considerable amount of large vacuole porosity in the 

figure, especially in the torso. 

6.2 Present Condition 

The small finger of the left hand is missing but without further data the 

researcher can not ascertain whether it was broken off or whether it was 

miscast. 
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7. Analytical Work 

The researcher did not have an opportunity to examine this bronze 

personally. The bronze was radiographed at V&A at the time of the 

Giambologna exhibition (labeled 3.11.78/12) 

8. History 
8.1 Relationships Between Sculptures 

The bronze is based on a model by Giambologna. The composition and theme 

of this statuette are reminiscent of ancient Roman marble statues of Venus 

known and much admired in the Renaissance (Bober and Rubinstein, 1986). 

The Bath bronze is slightly smaller than the Bargello cast which is considered 

an autograph Giambologna bronze (report GB 8) and is closer to Antonio 

Susini in style. There are numerous other versions of this bronze, most of 

which are listed in the catalogue of the Giambologna exhibition (Avery, 

Radcliffe and Leithe-Jasper eds., 1978). 

8.2 Provenance 

The French Crown inventory number engraved on the bronze suggests that it 

may be identified with a bronze of this model that was in the collection of the 

Cardinal Richelieu (1642) or with one in the collection of the sculptor 

Fran<;ois Girardon (1710) (Avery, Radcliffe and Leithe-Jasper eds., 1978). The 

bronze was in the collection of the French crown through the reigns of Louis 

XV and Louis XVI, then passed into the hands of Sir Thomas William 

Holbume of Menstrie, Bath (died 1874) and given to the city of Bath by Mary 

Holburne in 1882. 

9. Observations and Conclusions 

This hollow cast figure was moulded in parts in a similar fashion to the 

Bargello (GB 8) and Huntington (Hunt 3) versions. All three casts also have 

small pin holes. Judging from the radiographs, there are no significant 

differences in the method of fabrication between the three casts. This cast is 

denser than the Bargello bronze and unlike the two others has large areas of 

porosity that are repaired with threaded plugs. Although the cast is not as fine 
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as the Bargello version, the modeling of the Bath figure is tighter than that of 

the autograph Bargello bronze and is deemed, from a stylistic point of view, 

to be closer to Antonio Susini in execution. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 20 

11. Other (none) 
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Report No. GB 10 

John Soane Museum, London 

after a model by Giambologna 

Flying Mercury 

1. Description 

The statuette represents Mercury, messenger of the gods, as a nude adolescent 

in flight. Poised on the tip of his left foot, he looks up at his right hand 

stretched almost vertically and pointing to the sky, his right leg raised up 

behind him. In his left hand he holds the handle of a caduceus the rest of 

which is now missing. His ankles and petasus are winged. He is poised on the 
\ 

head of a blowing Zephyr. 

1.1 Type 

This freestanding sculpture was designed as an independent work of art. 

1.2 Cursory Description of Materials and Fabrication Technique 

Radiographs show that the hollow, copper alloy sculpture was cast in one 

piece by the indirect lost wax process (Plate 63). The limbs and head were 

modeled separately from the torso and all the parts were joined together in 

the wax. 

1.3 Metal (no data) 

2. Measurements (no data) 

3. Marks and Inscriptions (no data) 
, 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The researcher did not have an opportunity to examine this bronze in person 

and does not have any data on the outer surface. The only evidence available 

is presented by the radiographs. 
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4.1.2 Surface Coatings (no data) 

4.2 Internal Evidence 
4.2.1 Metal Surface 

The inner surface of the fine-walled bronze is only visible in radiographs 

which show that it conforms closely with the outer surface (Plate 63). The 

bronze is hollow and the surface is relatively thin overall. Denser rings of 

metal run around the base of the neck, the middle of the thighs,cmd the top 

of the left arm. These are internal evidence that the different parts of the 

figure were modeled separately and joined in the wax. The inner surface of 

the torso appears to be denser than that of most of the limbs. There are 

however a few porous areas overall and some large vacuole shrinkage 

porosity in the solid heels. Numerous flashes run across the inner surface of 

the figure, evidence that the core cracked during the casting process. A few 

small cast-on repairs appear as denser shapes in the radiographs. 

4.2.2 Core Material (no data) 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The radiographs show that, as in many of Giambologna workshop bronzes, 

rods (that are of the same gauge) serve to reinforce the core across the wax-to

wax join areas. The long thin rods here also act as internal core support for 

the entire part of the body that they traverse (Plate 63). One of them runs from 

the top of the head down through the neck and is twisted together with 

another that runs through the entire length of the torso. The two rods in the 

legs run from below the knee up into the lower abdomen. The rods in the 

arms run from the elbows up into the shoulders. 

4.2.3.2 Core Pins 

Core pins are visible in the radiographs as pushed in bits of rod of the same 

gauge as the internal core supports (Plate 63). The radiographs also reveal a 

number of small hoes that appear to be the location of core pins that were 

removed. Such holes are easily distinguishable in the torso. In a few cases 

round plugs can be discerned over such holes. 
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4.2.3.3 Other 

The few cast-on repairs are described in section 6.1 below. 

4.3 Method of Assembly and Joining 

Irregular, denser, ring-shaped areas run around the base of the neck, the 

middle of the thighs, and the top of the arms (Plate 63). These are internal 

evidence that the different parts of the figure were modeled separately and 

joined in the wax. 

5. Base and Mount 

The figure is mounted onto the gust of wind blowing from the reclining 

hollow 'cast head of Zephyr. It is difficult to clearly interpret the prints of the 

radiographs but there seems to be a large threaded pin in this gust as well as a 

tube of metal. The left foot has been hollowed to receive the pin and mount 

the figure to the base. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

The inner surface of the relatively thin-walled cast is often interrupted by 

denser irregular accretions. These flashes are the result of the core cracking. 

There are a few areas of porosity in the cast, the most visible ones being in the 

heels of the solid cast feet. These large vacuoles are due to shrinkage of the 

metal. Small cast-on repairs fill a hole in the left heel and flaws in the head 

and neck (Plate 63). 
,! 

1 

6.2 Present Condition 

1 

The cast appears to be structurally sound but there is no data on the outer 

surface of the figure. From the radiographs it seems that the figure is missing 

its caduceus. 

7. Analytical Work 

The figure was radiographed at the Victoria and Albert Museum at the time 

of the Giambologna exhibition in 1978 (labeled: 14.6.77/1.2.3.4). The researcher 
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has not examined this bronze in person and no other analyses have been 

performed on it. 

8. History 
8.1 Relationships Between Sculptures 

The figure is poised on the head of a blowing Zephyr similar to the life size

variant of the Flying Mercury in the Bargello. 

8.2 Provenance (no data) 

9. Observations and Conclusions 

The wax-to-wax joins in the Flying Mercury from the Soane Museum are also 

located in similar places to those on the casts after the same model with 

secure provenances. This bronze is considered to be of a later date based on 

stylistic grounds (Avery, Radcliffe and Leithe-Jasper eds., 1978). Further 

analyses are necessary in order to formulate a conclusion on the possible 

dating of the bronze and on its relationship to other known versions. 

10. Bibliography 

no data 

11. Other (none) 
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Report No. GB 11 

Kunsthistorisches Museum, Vienna (5898) 

Giambologna 

Flying Mercury 

1. Description 

The statuette represents Mercury, messenger of the go~ as a nude adolescent 

in flight (Plates 60 and 62). Poised on the tip of his left foot, he looks up at his 

right hand stretched almost vertically and pointing to the sky, his right leg 

raised up behind him. In his left hand he holds the handle of a caduceus the 

rest of ~hich is now missing. His ankles and petasus are winged. 

1.1 Type 

This freestanding statuette was designed as an independent work of art. 

1.2 Cursory Description of Materials and Fabrication Technique 

The figure is highly polished and finished all around, even in the recesses. A 

number of plugs and repairs are visible through the translucent golden 

brown patina. Radiographs show that the figure is hollow and cast by the 

indirect lost wax process (Plates 60, 61, and 62). The limbs and head were 

modeled separately from the torso and all the parts were joined together in 

the wax and cast in one piece. The right hand was cast-on and there are other 
I 

cast-on repai~s. 

1.3 The Metal 

The qualitative results of the XRF spectra acquired by the National Gallery of 

Art from the figure's patinated right buttock show that it is a tin bronze with 

little else (see Table 2 in Appendix A). 

2. Dimensions 

Height: 62.7 cm (Avery, Radcliffe and Leithe-Jasper eds., 1978). No 

measurements were taken during the examination. 
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3. Marks and Inscriptions 

The monogram ".1. .B." is engraved in the underside of the petasus above 

Mercury's forehead. 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The bronze is finely modeled and cold worked. The modeling of the muscles 

is soft and in some instances cursory as, for example, the uncircumcised 

penis. The details of the hair and wings of the petasus are chiseled and 

hammered. The surface is highly polished and covered with file marks and 

fine scratch brush marks that generally follow the contours of the figure. 

Although the surface of the bronze is highly finished and smooth, most of 

the repairs are visible as lighter patches. 

4.1.2 Surface Coatings 

A warm golden-brown lacquer-like translucent coating covers the surface 

although there are colder areas, especially in the less exposed parts. Darker 

deposits of opaque material sit in the recesses. Some green splotches of copper 

corrosion speckle the surface of the bronze. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

The inner surface of the fine-walled bronze is not accessible, only visible in 

radiographs which show that it conforms closely with the outer surface 

(Plates 60, 61 and 62). The bronze is hollow and the surface is relatively thin 

overall. Denser rings of metal run around the base of the neck, the middle of 

the thighs, and the top of the left arm. These are internal evidence that the 

different parts of the figure were modeled separately and joined in the wax. 

Save for a large drippy flash in the figure's waist and one in his right leg, the 

inner surface of the cast is free of unexplainable accretions. There are 

however a few porous areas. Threaded plugs of various sizes are visible in the 

radiographs and some from the surface, and there are a number of cast-on 

repairs that appear as large denser shapes in the radiographs. 
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4.2.2 Core Material 

A sample was taken from a square-shaped pinhole in his forelock (KVA 1). It 

has the appearance of a coarse red sub-rounded sand made up of 50% red clay 

and 50% light greenish 0.3-0.5 mm sub-rounded sand (Plate 95). Flakes of rust 

are also present in the sample, as are numerous white, lime green, and forest 

green fibers, 3.0-5.0 mm long. Its distinguishing features, noted from analysis 

of a thin section of the sample with the polarized light microscope, are 50% 

0.13-0.3 mm sub-rounded sand made up of 35% quartz (some with apatite 

inclusions), 10% plagioclase feldspar, and some hornblende. Muscovite, 

tourmaline, and garnet are also present. 50% yellow-orange hematitic clay 

with some rust chunks makes up the rest of the sample. The 

photomicrograph (Plate 95) shows large chunks of orange red clay, darker rust 

bits (up to 1 mm diam.) and 0.5 mm greenish grains. Several green and white 

fibers are also visible in the sample. The ruler shows 1 mm increments. 

Polarized light microscope reveals a large lithic in the center, composed of a 

chert in the lower left, and a feldspar with inclusions in the center and upper 

right of the grain, coated with a rim of orange-yellow clay. A large thin 

muscovite grain showing second order interference colours is visible in the 

lower left-hand side of the photomicrograph (Plate 95). 

Microprobe analysis of some of another thin section of the sample (QTS 7) 

showed that the material contains flat micaceous grains that could be biotite, 

angular sand grains and zircon (Plate 95). 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

As in many of Giambologna workshop bronzes, rods that served to reinforce 
, 

the core cross the wax-to-wax join areas (Plate 61). Two thin straight wires run 

inside the core from the heels to below the knees of the figure. These serve as 

internal core supports for the areas that are not reached by the rods in the legs. 

Although similar to those in the Brunswick and Cleveland casts of the Mars 

(Plates 46-49), the wires in this figure do not go all the way up to the join. 
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4.2.3.2 Core Pins 

A few thin rod ends can be seen in the radiographs of the bronze and are the 

remains of chaplets that were cut off at the surface and pushed in and plugged 

over. Some of the round plugs corresponding to these are visible in the 

radiographs. A number of the other plugs, some of which appear paired up 

in the radiographs probably replace removed chaplets. 

4.2.3.3 Other 

The radiographs show a wire that runs straight down from the right shoulder 

into the figure's belly where it is bent into a loose jumble (Plate 61). 

4.3 Method of Assembly and Joining 

Irregular denser ring-shaped areas run around the base of the neck, the 

middle of the thighs, and the top of the left arm (Plates 60-62). These are 

internal evidence that the different parts of the figure were modeled 

separately and joined in the wax. There are a few metal-to-metal joins that 

correspond to repairs: the right hand was cast-on to the hollow arm and the 

repairs in the right elbow and shoulder as well as in the left arm were cast-on 

as well. 

5. Base and Mount 

The figure is cast without a base. A sprue end attached to the ball of his left 

foot serves as a tang to mount him to the stone base. A lead cushion supports 

the left foot. Such cushions, used in other sculptures such as the signed 

versions of Nessus and Dejanira served not only to mount the piece to the 

base but to stabilize them as well. Whether these are contemporary to the cast 

is difficult to say. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

From the surface two main defects are visible: a crack in the right shoulder 

and a crack in the left shin. It is not clear what caused the former but the 

radiographs show that the latter corresponds to a very porous area. The 
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weight of the bronze rests entirely on this leg and something must have 

strained the already weakened metal. Metal cast into the shoulder reinforces 

it internally. The radiographs show two porous areas: one in the left thigh 

just below the level of the wax-to-wax join, the other just below the left knee. 

The latter is also barely visible from the surface as a plug but does not show in 

the radiographs. It may be a thin metal patch or a wax patch. The porosity 

breaks through to the surface in many places. 

Although the surface of the bronze is highly finished and smooth, most of 

the repairs are visible as lighter patches. A rectangular hole in the central curl 

above the figure's forehead was most likely left by a chaplet. It is intriguing 

that it should have been left unplugged in such a visible place, although a 

patch may also have fallen out at a later date. Another hole is visible in the 

figure's right elbow appears to be the location of a plug that is now lost. The 

threaded plugs in the figure's left shin and above his right knee correspond to 

the patches of porosity in the radiograph. 

Radiographs show that the repair visible from the surface on his left arm 

above the elbow is a cast-on repair, and that the four plugs and patch in his 

right elbow are part of this repair. The numerous cast-on repairs on the left 

arm above the elbow, the right elbow and shoulder, the right knee and left 

thigh appear as denser irregular accretions on the inside of the bronze in the 

radiographs. They correspond to roughly oval-shaped patches on the surface. 

Smaller round plugs adjacent to the visible patch are often part of the cast-on 

repair; they serve as keys for the new metal to flow through and help hold it 
! 

in place (Plate 61). There are four such 'plugs' in the right elbow and one near 

the repair in the left arm. The two small plugs in the repair itself are possibly 

repairs of the cast-on patch. The metal-to-metal join at the right wrist is 

external evidence that the hand was cast-on to the hollow arm. Most of the 

plugs are threaded and tend to fall into three size categories. Two large 

threaded plugs are visible in the figure's right heel, and another one stands 

proud of the surface on the outer side of his right knee. 

6.2 Present Condition 
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The figure's caduceus is missing (Plate 60). 

7. Analytical Work 

The bronze was radiographed at the Victoria and Albert Museum in 1978 at 

the time of the Giambologna exhibition (labeled: 2.5.78/3&4; 28.9.78/1 and 2 

unnumbered undated ones). At the time, Jonathan Ashley-Smith took a core 

sample of the bronze from an unidentified location. The sculpture was also 

radiographed in Los Angeles at the time of the Master Bronzes show at the 

LACMA in 1986 (8 mA, 250 kV, 6 min. 50" distance). Lisha Glinsman of the 

National Gallery of Art, Washington, D. C. did XRF analysis in 1986 during 

the bronze's sojourn in Washington for the Master Bronzes exhibition there 

(see results in Table 2 in Appendix A). The researcher examined the bronze by 

naked eye in Vienna in 1992 at which time she also took a core sample which 

has since been examined under stereo-microscope and prepared into a thin 

section and a microprobe round. Ron Schmidtling has analyzed the sample by 

polarized light microscopy at the GCl and Eric Doehne of the GCl examined it 

in the microprobe. 

8. History 
8.1 Relationships Between Sculptures 

The reverse of a medal which Leone Leoni designed for King Maximilian II 

may have served as model for the iconography of the Vienna Mercury and 

would support the theory that this was the Mercury that Cosimo I 

commissioned Giambologna to make for Maximilian n. Giambologna may 

have adapted the unused design of the model for the Mercury now in 

Bologna which appears to be the closest to the medal and the first step in the 

evolution of the composition. It is not certain whether this sculpture is 

indeed the bronze Mercury that Borghini says was sent to Maximilian 

together with a bronze relief and another bronze statuette because his 

description is open to various interpretations (Avery et al. 1978). It has a 

different patina and is also more elongated and is slightly larger than the 

Naples variant sent to Ottavio Farnese in 1579. The close to life size-variant 

in the Bargello is poised on the head of a blowing Zephyr and is much more 
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robust in its proportions. It was probably made around 1580. The statuette of 

Mercury in Dresden is closest to this one. 

See the excursus by H. Keutner for the bronze's relationship with the other 

examples of the same model and for list of replicas (A very, Radcliffe and 

Leithe-Jasper eds., 1978) 

8.2 Provenance 

The figure is identified with a statuette in the inventory of Rudolph IT's 

Kunstkammer in Prague and then in the Schatzkammer in Vienna. Around 

1800 it was recorded in the Imperial collection of coins and antiquities whence 

it entered the Kunsthistorisches Museum's Sammlung fUr Plastik und , 

Kunstgewerbe in 1880. 

9. Observations and Conclusions 

The small freestanding bronze figure of Flying Mercury is the only signed one 

of three versions of this model that we know was made during 

Giambologna's lifetime (Leithe-Jasper, 1986). The Flying Mercury required a 

considerable amount of repair work which is visible from the outer surface. 

Keutner thinks that this bronze was surely chased by Giambologna himself, 

whereas the others may have been handed over to Antonio Susini (Avery, 

. Radcliffe and Leithe-Jasper eds., 1978). 

The factureof this bronze is similar to that of other Giambologna bronzes in 

many respects. It has the separately-moulded limbs, torso and head joined in 

the wax, the rods and wires used as internal core supports in the join areas 

and the threaded plugs. The bent wire in the torso is similar to the ones used 

in the St.· John, St. Matthew and Christ at the Metropolitan Museum of Art, 

and in the versions of the Mars in Cleveland and Brunswick. Indeed, they 

appear to be the remains of a wire that extended beyond the shoulder and 

serve a similar dual function: as an internal core support but also, and more 

importantly to hang the less stable, two-legged compositions on a support of 

some kind either for storage or for working .. The hook or squiggle in the end 

of the wire ensured that it remained anchored in the core. The bent rod in the 
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Naples Mercury served the same function. The same initials occur on the gilt 

Mars (Plate 44) and the Nessus and Dejanira in Dresden (report GB 24). 

The metal composition is a tin bronze with little else and falls within the 

range of compositions characteristic of Giambologna bronzes (Table 2 in 

Appendix A). Rounded grains of hematitic clay chunks are distinguishable for 

this sample. Igneous plutonic-derived lithic sands with mica are present, and 

due to the lithic components and the amount of rounding, it is -likely that the 

source rock is nearby, perhaps within 100 km. The components in this sample 

are characteristic of Giambologna and Susini cores. The core has affinities to 

core material from Adriaen de Vries' St. Sebastian in Liechtenstein (inv. no. 

562) and from Antonio Susini's Boar in the Skulpturensammlung of the 

SMPK, Berlin due to the compact red clay chunks and sub-rounded sand 

grains that are up to 0.6 mm in size. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 34; Leithe-Jasper, 1986, cat. 51; 

Avery, 1987. 

11. Other (none) 
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Report no. GB 12 

Museo e Gallerie di Capodimonte, Naples (10784) 

Giambologna 

Flying Mercury 

1. Description 

The statuette represents Mercury, messenger of the gods, as a nude adolescent 

in flight (Plate 64 and 65). Poised on the tip of his left foot, he looks up at his 

right hand stretched almost vertically and pointing to the sky, his right leg 

raised up behind him. In his left hand he holds the handle of a caduceus, the 

rest of, which is now missing. His ankles and petasus are winged. 

1.1 Type 

This freestanding statuette was designed as an independent work of art. 

1.2. Cursory Description of Materials and Fabrication Technique 

The figure is highly polished and finished all around, even in the recesses. 

The radiographs show that it was cast by the indirect process. The limbs and 

head were modeled separately from the torso and all the parts were joined 

together in the wax and cast in one piece . 

. 1.3 Metal 

AAS analysis was done on some drillings that were taken at the V&A at the 

time of the Giambologna exhibition during the restoration of the broken foot. 

The results show that the composition is a tin bronze with little else. The 

relatively high iron content may be due to contamination from an internal 

core support or a previous iron pin that may have been used to hold the foot 

and figure together. 

2. Measurements 

Height: 57 cm (Avery, Radcliffe and Leithe-Jasper eds., 1978). 
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3. Marks and Inscriptions 

An old Famese inventory number "19" is painted on the left thigh. 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

Not much data was recorded. The surface is rough - not very polished or 

chased. Repairs and casting flaws are visible. There appear to be the remains 

of an oval-shaped sprue on the sole of the left foot. 

4.1.2 Surface Coatings 

The surface is covered with a dark opaque coating that was used on most of 

the bronzes in the Capodimonte collection. Traces of a golden red lacquer-like 

coating, which is probably original, are visible as well. These coatings do not 

conceal the details in the metal surface. There are fingerprints in the surface 

coating. 

4.2 Internal Evidence 
4.2.1. Metal Surface 

Radiographs of the figure show that it is a hollow cast made by the indirect 

process: the density of the torso is greater than that of the limbs (Plates 64 and 

65). The difference in density is a result of the separate moulding of these 

parts. The slight change of density between the front and back of the 

supporting leg looks like a "drip" produced by the slush moulding process. 

The left hand is solid and the right one would have been as well, were it not 

for a large vacuole of porosity. There are numerous small flashes and 

accretions in the torso and legs. 

4.2.2 Core Material 

A sample was taken from the broken foot during the Giambologna exhibition 

in 1978 (eNI 1). It has the appearance of a red-black powder (Plate 95). The 

sample's distinguishing features are half red clay and half 0.5-1.0 mm quartz 

sand. White fibers, 2.0 mm long, a cat hair, and bronze and silvery metal 

fragments 2.0-4.0 mm long are also present in the sample. Microprobe data 

shows bronze, tin and copper metal, quartz, feldspar, clay, metamorphic rock 
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fragments, and ceramics (Plate 95). Ne plaster or carbonates were found by 

micro-chemical testing. 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The radiographs show that most of the metal insertions are preserved in the 

core (Plates 64 and 65). Rods run through the wax-to-wax join areas. These are 

all approximately 0.3 cm in diameter, ca. 4.5 cm long and extend halfway on 

either side of the join. In addition, there may have been thin wire core 

supports inside the core of the limbs. Although there are no wires between 

the knees and the heels as in the Vienna Mercury, the ghost of a wire is 

visible, in the ankle and heel on the left foot, suggesting that it may be a rusted 

iron wire internal core support. The thin wire that traverses the figure's head 

may be considered a core support and a core pin. 

4.2.3.2 Core Pins 

Numerous short bits of thin rod that acted as chaplets are preserved in the 

core (Plates 64 and 65); they are pushed in and the holes plugged. A long thin 

wire runs through the figure's head. 

4.2.3.3 Other 

The figure has a hook-shaped rod descending from the right shoulder into 

'the torso which served to suspend the wax model. Also visible in the 

radiographs are a tubular insert in the right shoulder and threaded lugs and 

patches which are described in section 6.1 below. 

4.3. Method of Assembly and Joining 

The tell-tale rings of different density at the top of the thighs and arms in the 

radiographs (Plates 64 and 65) are evidence that the limbs and torso were 

separately moulded parts joined in the wax before being cast. The thickening 

across the square at the same height as in the ring in the legs suggests that the 

lower part of the entire sculpture may have been moulded together as one 

piece. 

A sleeve join is visible in the radiograph of this Flying Mercury ; the metal

to-metal join of the figure's raised arm is reinforced with an internal tubular 
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sleeve that tightly fits inside the hollow~arm. Threaded pins or rivets 

reinforce the join. This join was probably a repair. 

5. Base and Mount 

The sculpture is mounted to a separate marble base. No data was gathered 

concerning the mounting method. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

Numerous round plugs are visible from the surface: in the left buttock, on 

the top of the head, on the belly above the pubic hairs and in the left shin. A 

small square plug, similar to square plugs seen on some of the Mars figures, is 

visible on the outside of the right thigh. There is a cast-in patch on the side of 

the head, in the right elbow and in the right upper arm. 

The metal-to-metal join in the right arm is visible from the surface. The 

radiographs show that it is a sleeve join - a tube that fits snugly inside the 

two parts of the arm and held in place by a number of threaded pins (Plates 64 

and 65). It is not clear whether this was a contemporary repair. Most bronzes 

produced by Giambologna and his workshop were repaired by the cast-on 

technique. 

Porosity breaks through to the surface in the belly and some of the flaws have 

not been repaired. There is a hole on the right side of the pubic hair, at the 

height of the wax-to-wax join in the left arm and one in front of the left ear. A 

break or lacuna in the right arm was repaired with solder. Flashes, such as 

those particularly noticeable in the legs and torso result from shrinkage of the 

core material as the clay dries (Plates 64 and 65). 

6.2 Present Condition 

The long regular scratch down the left side of the figure may be a trace of 

surmoulage. The darker coating is similar to that of many other bronzes in 

the Capodimonte collection and is a later addition applied sometime since the 

eighteenth century (Burrini 1995, personal communication). The caduceus is 
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missing, broken above the handle. The right index finger is missing showing 

a hole where a previous repair used to be plugged into the hand. No data was 

gathered on whether it was broken off or miscast. The left foot, broken at the 

ankle, was restored at the Victoria and Albert Museum at the time of the 

Giambologna exhibition. The sculpture was restored again recently by the 

conservation laboratory of the Opificio delle Pietre Dure in Florence (Burrini 

1995, personal communication). 

7. Analytical Work 

The bronze was radiographed at the Victoria and Albert Museum in 1978 at 

the ti~e of the Giambologna exhibition (labeled: n.n.). At the time, Jonathan 

Ashley-Smith took a core sample of the bronze from an unidentified location. 

It was prepared into a thin section and a microprobe round which Ron 

Schmidtling analyzed by polarized light microscopy at the Getty Conservation 

Institute's Museum Services Laboratory and Eric Doehne of the GCI analyzed 

by microprobe. The researcher examined the bronze by naked eye in Naples in 

1990. In 1992 Jesse Easter at the Getty Conservation Institute's Museum 

Services Laboratory did XRF analysis of the drillings taken from the foot 

during the restoration at the Victoria and Albert Museum in 1978 (see results 

in Table 2 in Appendix A). 

8. History 
8.1 Relationships Between Sculptures 

This figure is considered to be Giambologna's third version of Mercury after 

the one in Bologna and the one in Vienna and a precursor of the large 

Mercury in the Bargello. The Neapolitan version is slightly smaller and less 

elongated than the one in Vienna, and seems to have been used as a model 

for small bronze workshop reproductions (Avery, Radc1iffe and Leithe-Jasper 

eds., 1978). Other replicas of this model can be found in Dresden, Staaatliche 

Kunstsammlungen (IX,98); Florence, Museo Nazionale, Bargello; Berlin, 

Dahlem, Staatliche Museen (2244); Bremen, private collection; Vienna, 

Kunsthistorisches Museum (5817); Stiftung Klostemeuburg; and Oberlin, 

Ohio, AlIen Memorial Art Museums. 
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8.2 Provenance 

Ottavio Famese, Duke of Parma before 1579; Rome, Famese collection; 

Charles ill of Bourbon, King of the Kingdom of Two Sicilies (inherited the 

sculpture from Antonio Farnese and brought it to Naples in 1737-38); Naples, 

Museo Borbonico (1738-1750). 

9. Observations and Conclusions 

The bronze is similar in facture to the Mars in the Louvre but is a poorer 

quality cast and is less finished. The wax-to-wax joins are in the same place in 

both this version and the Vienna bronze, strongly suggesting that they were 

produced by the same mould. Rods run through the wax-to-wax join areas 

and probably served to reinforce the core in the potentially weaker area 

similar to those in the privately owned gilt Mars (report GB 14), the Flying 

Mercury in Vienna (report GB 11), the Mars from the Louvre (report GB 18) 

and the Flying Mercury in the Soane Museum (report GB 10). 

The hook-shaped rod in the figure's torso is similar to the wires in the 

Vienna Mercury (Plate 61) and the Evangelists (Plates 75 and 76) and Chris.t 

Resurrected (Plate 74) at the Metropolitan Museum and surely all served a 

similar purpose: to hang the less stable, two-legged compositions on a support 

of some kind either for storage or for working and they were bent in order to 

anchor them well in the core. The tubular insertion used to make the sleeve 

join in the figure's right arm is uncommon to Giambologna bronzes and may 

be a later repair. 

10. Bibliography 

Avery, Radc1iffe and Leithe-Jasper eds., 1978, cat. 35 (for full bibliography); 

Avery, 1987. 

11. Other (none) 
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Report No. GB 13 

Staatliche Kunstsammlungen, Skulpturensammlung, Dresden (IX, 98) 

Antonio Susini/ Giambologna 

Flying Mercury 

1. Description 

The statuette represents Mercury, messenger of the go@, as a nude adolescent 

in flight. Poised on his left toes, he looks up at his right hand stretched almost 

vertically and pointing to the sky, his right leg raised up behind him. In his 

left hand he holds the handle of a caduceus the rest of which is now missing. 

His ar;.kles are winged as is the petasus on his head. 

1.1 Type 

This freestanding statuette was designed as an independent work of art. 

1.2 Cursory Description of Materials and Fabrication Technique 

The bronze appears to have been cast in one piece and is finished all around, 

even in the less visible areas. The surface is highly finished and covered with 

a golden brown lacquer-like coating. A few patches are visible from the 

surface. 

,1.3 Metal 

No analyses have been done, but the color of the metal looks like a bronze, 

not a brass. 

2. Dimensions 

The measurements were all taken with a string and reported in centimeters. 

from the tip of right big toe to knee 12.8 

from tip of right big toe to the tip of the left one 27 

length of left leg (from the left buttock to the middle of the left 20.1 
heel) 
length of right leg 12.7 

from shoulder of right arm to right index 21 
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from between eyes (middle) to right thumb nail 

from middle of little finger to right heel 

from bottom of left knee to tip of nose 

from back rim of petasus to left elbow 

3. Marks and Inscriptions (none) 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

13.1 

16.8 

32 

11.6 

The surface is highly polished with scratch brush marks or fine abrasive 

marks that follow the contours of the body lengthwise. The features are cold 

worked as well and traces of hammering are visible in the figure's testicles. 

Neither the cold working nor the translucent patina conceal the two large 

irregular-shaped patches in the figure's right armpit and on his right 

shoulder. There is an almost invisible plug on the top of his head. 

4.1.2 Surface Coatings 

A fine translucent golden brown lacquer-like coating covers the surface 

without concealing the details in the metal. The coating is worn in many. 

areas and exposes the slightly oxidized olive brown metal. 

4.2 Internal Evidence 
4.2.1 Metal Surface (no data) 

4.2.2 Core Material (no access) 

4.2.3 Metal Insertions 

There is strong magnetic attraction on the right shoulder and some on the 

left, evidence of some iron insertion in the bronze, however, without 

radiographs it is impossible to assess whether this corresponds to the location 

of internal core supports or core pins. 

4.2.3.1 Armature and Internal Core Supports (no evidence) 
4.2.3.2 Core Pins (no evidence) 
4.2.3.3 Other (no evidence) 
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4.3 Method of Assembly and Joining 

Surface examination revealed no joins suggesting that the figure was cast in 

one piece and that the wax may have been prepared in parts like other 

Giambologna workshop bronzes. 

5. Base and Mount 

It was cast without a base. No data was gathered on th-e-method of mounting 

and on the base. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

The caduceus is missing as in other casts of this model. No data was recorded 

concerning whether this was a casting flaw or a break. There are two 

irregular-shaped patches in the right armpit an on the right shoulder there is 

not enough evidence to explain the reason for them. 

6.2 Present Condition 

The surface coating is worn down in many areas, exposing the bare metal that 

has oxidized. 

, 7. Analytical Work 

The researcher examined the bronze by naked eye in Dresden in 1992. No 

scientific analyses have been done. 

8. History 
8.1 Relationships Between Sculptures 

This cast is closest to the signed version of the Flying Mercury in Vienna (see 

report GB 11). 
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8.2 Provenance 

The bronze was first mentioned in the 1587 inventory of Christian I of 

Saxony. It is a replica of the cast in the Museo e Gallerie di Capodimonte, 

Naples (see report GB 12). 

9. Observations and Conclusions 

The outer appearance of the sculpture conforms with other bronzes from 

Giambologna's workshop but there is not enough data to assess how the 

sculpture was manufactured. A more in depth examination with radiographs 

would reveal much needed comparative data. 

10. Bibliography 

Holzhausen, 1933,55; Avery, Radcliffe and Leithe-Jasper eds., 1978, 116-118. 

11. Other (none) 
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Report No. GB 14 

Private collection 

Giambologna 

Mars 

1. Description 

This is a gilded figure of a muscular bearded nude male striding forward, 

clutching a saber in his left hand, his right arm swung out in front of him 

(Plate 44). The figure has been traditionally described as Mars, the god of war, 

or as a gladiator. His body is twisted into a spiraling composition. Seen from 

above, the limbs curve out from the torso in an elegant pattern, like soft 

spokes radiating from a compact center. The unnatural proportions of the 

figure are mannerist with the small head and large hands. He holds a scimitar 

in his right hand. The soles of the feet are not flush with the ground. The 

figure is initialed in the wax on the sole of his foot. 

1.1 Type 

This freestanding bronze statuette was designed as an independent work of 

art. 

1.2 Cursory Description of Materials and Fabrication Technique 

The surface is highly finished all around, even in the less visible areas, 

although many of the flaws are perceptible through the mercury gilding. The 

radiographs show that the figure was made by the indirect method: the limbs 

and head were moulded separately from the torso and joined in the wax. This 

hollow sculpture was cast by the lost wax process in one piece except for the 

sword and a repair in the left hand. 

1.3 Metal (no data) 

2. Dimensions 

Height: 39.4 cm (Avery et al. 1978). 
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3. Marks and Inscriptions 

'I.B.' is inscribed in the wax under the right sole (Plate 44). It was described as 

being inscribed with a chiseling tool in the Vienna catalogue but the soft 

contours and lip of metal on the sides of the lines forming the letters seem 

characteristic of lines drawn in wax. The I.B. initialing is found under the base 

of the Nessus and Dejanira in Dresden and on the Flying Mercury in Vienna. 

4. Technique of Fabrication and Coating 

4.1 External Evidence 
4.1.1 Metal Surface 

The surface is finished all around and in the undercuts. It is cold worked both 

to conceal the flaws and to enhance the details. The details in the face and 

hair are very crisp, as are the veins and nails on both the hands and the feet. 

The hair is tightly modeled in the wax both on his head and in his pubic area -

and sharpened in the metal. The surface appears slightly pocked, perhaps due 

to porosity concealed by the gilding. Scratch brush marks and some of the 

flaws are visible in the more exposed areas below the worn gilding. A series of 

cracks seem to irradiate from the plug in the left shin. Sprue ends are left on 

the soles of both feet and serve to attach the figure to the base. 

4.1.2 Surface Coatings 

The surface was mercury gilded. The previous description of the bronze in 

the Wittmann collection does not mention gilding although the surface is 

very reflective in the photographs. It may have had traces of an older gilding 

at the time which could be the reason for it having been regilded in the last 

thirty years; Anthony Radcliffe (personal communication) believes that it was 

done in London, possibly to conceal the numerous cracks and repairs. It is 

unclear what the original surface coating looked like. 

4.2 Internal Evidence 

4.2.1 Metal Surface 

There is no access allowing naked eye examination of the inner surface. The 

radiographs show that the figure was made by the indirect method. There are 
-, 

obvious changes of density at the top of the limbs and in the neck; the figure's 

338 



torso is thicker than the limbs, evidence that the different parts were 

moulded separately and joined in the wax. There are a number of 

unexplained irregularly-shaped denser areas, i.e., metal accretions in his left 

arm and on his back. The hood-shaped accretion at the top of the rod in his 

leg looks like it may have been a piece of wax spanning across the opening of 

the torso in the thigh that was pushed in by the rod when the parts were 

joined. Other denser areas correspond to cast-on repairs, such as those visible 

in the left foot and left hand. The sword is threaded into his right hand and 

does not appear in the earlier photo of the piece in the Wittmann collection; 

it is a recent restoration. The crack that is visible in the left leg from the outer 

surface is also visible in the radiographs. The chest area appears coarse, as if 

the inner surface was ruffled by tiny flashes, or perhaps due to porosity, it is 

difficult to say. 

4.2.2 Core Material (no data) 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

This figure has a number of internal core supports running through the wax

to-wax joins (Plate 45). These are metal rods, some of which appear quite faint 

in the radiographs, such as the "ghost" of a rod in the figure's left shoulder. 

This reduction in density compared to that in other bronzes by the workshop 

may be due to corrosion. Indeed, rusting iron wires embedded in bronze 

appear less dense in the radiographs. Wrought iron that is corroded splays, 

which may explain the striated or bundle-shaped configuration of some of the 

rods in the· radiographs. The radiograph shows a denser hood-like accretion 

that caps the top of the rod in his left leg (Plate 45). This may have been 

formed by the rod moving inside the core of the torso while it was soft. 

Alternatively it could represent a skin of wax that the rod may have gathered 

as it was pushed through the opening of the torso when the leg was joined at 

the thigh. Another long accretion runs from the left shin to the solid cast-in 

area in the foot and may be an additional wire internal core support. . 
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4.2.3.2 Core Pins 

A few core pins survive inside the figure's right leg and torso and are 

recognizable as small rod-ends close to rounded openings or plugs. 

Numerous threaded plugs can be seen in the radiographs and appear to be 

paired, suggesting that they may replace core pins that may have been pushed 

through the figure, e.g. in the neck, and in the torso. 

4.2.3.3 Other 

Numerous round, threaded, copper-a~loy plugs are visible in the radiographs 

and are described in section 6.1. 

4.3 Method of Assembly and Joining 

The ring-shaped areas of different densities at the top of the limbs and in the 

figure's neck are evidence that the parts were modeled separately and joined 

in the wax. There are also a few metal-to-metal joins in the sculpture, but 

these correspond to repairs: cast-in repairs in the torso, the left hand and foot 

(Plate 45). A threaded pin joins the sword to the right fist. 

5. Base and Mount 

The figure is cast without an integral base. Sprue-ends extending from the 

soles of the figure's feet serve to mount him to his porphyry base. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

A series of cracks appear to radiate from the plug on the figure's left shin. The 

outer surface appears, from the photographs, to be slightly pocked as if the 

cold working made dents where there is porosity just below the surface. The 

unexplained accretions on the inside of the bronze are the result of cracks or 

air pockets in the core. The sculpture was heavily plugged in order to fill core 

pin holes and repair other minor defects. The plugs vary in diameter; the 

biggest one is in the front of the figure's right thigh. Some of these plugs 

appear to be paired, e.g., in the neck, in the torso, and most likely replace core 

pins. Others are used to'repair casting flaws. The plug amidst the cracks in the 
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left shin was probably intended to reinforce that area. There are cast-in repairs 

in the left hand and foot, at the top of the head and in the belly, recognizable 

as dense areas in the radiographs. 

6.2 Present Condition 

The bronze has been regilded and a new sword was made for it since it was 

photographed in the Wittmann collection. The sword is threaded into his 

right hand. 

7. Analytical Work 

The researcher examined this bronze by naked eye in 1987 at Christie's. The 

figure was radiographed at the Victoria and Albert Museum at the time of the 

Giambologna exhibition (2.10.78/2&3). No other analyses have been done. 

8. History 
8.1 Relationships Between Sculptures 

A cast of Giambologna's model of Mars was first referred to in 1587 in the 

inventory of the Dresden Kunstkammer.1t was a gift presented by 

Giambologna to Christian I. On stylistic grounds the sculpture seems to date 

back to the seventies, which is supported by the existence of a replica of it by 

Pietro da Barga that dates back to the seventies. It is not mentioned in 

Baldinucci's list of models by Giambologna. There are numerous casts of this 

model of varying quality some of which date back at least to the beginning of 

the seventeenth century. See Avery, Radcliffe and Leithe-Jasper eds., 1978 and 

Wixom, 1975 for a comprehensive list of replicas in known collections). A 

few of them hold a ,bearded cut-off head in their outstretched open left hand. 

The relationship of this cast to Giambologna's original model and to the 

other casts is unclear, although on stylistic grounds it appears to be an early 

cast. 
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8.2 Provenance 

Marczibanyi collection, Szenic Castle, Hungary; Istvan Vagyon (d. 1926); Dr. 

Erno Wittmann, Budapest and Bath, Somerset (after 1938); London art 

market; Trustman collection; Christie's auction 17 June 1987, lot 22. 

9. Observations and Conclusions 

The facture of the sculpture is similar to that of other bronzes produced b 

Giambologna and his workshop, and particularly to that of the Mars in the 

Louvre (report GB 18) and the Flying Mercury in Naples (report GB 12) in the 

location of the joins and the rods going through the join area. There is, 

however, no evidence of a hook-shaped wire, although one may have been 

removed with the core. Like Giambologna's Astronomy in Vienna (report GB 

3), this bronze is signed and beautifully modeled yet flawed and not very well 

finished. Both figures are mercury gilded. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 42; Avery, 1987; Christie's, 

London, auction catalogue (17 June, 1987, lot 22). 

11. Other (none) 
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Report No. GB 15 

Herzog Anton-Ulrich Museum, Brunswick (Bro. 106) 

after Giambologna, Antonio Susini? 

Mars 

1. Description 

This is a figure of a muscular bearded nude male striding forward, clutching a 

sword in his left hand, his right arm swung out in front of him (Plate 48). The 

figure has been traditionally described as Mars, the god of war, or as a 

gladiator. His body is twisted into a spiraling composition. Seen from above, 

the limbs curve out from the torso in an elegant pattern, like soft spokes 
, 

radiating from a compact center (Plate 44). The unnatural proportions of the 

figure are mannerist with the small head and large hands. The figure 

originally held a weapon in his right hand; only the handle remains. 

1.2 Cursory Description of Materials and Fabrication Technique 

This sculpture was cast in one piece by the lost wax process except for the 

sword. The radiographs show that the figure was moulded in parts by the 

indirect method and reassembled in the wax (Plates 48 and 49). The wax was 

modeled in detail. It is a fine, hollow, thin-walled cast of relatively even 

thickness (the torso seems to be a little bit denser than the limbs) with few 

flaws except for some porosity and a few flashes in the torso. The surface is 

highly finished all around, even in the less visible areas and was recently 

recoated during a conservation treatment. 

1.3 Metal (no data) 

2. Measurements 

The measurements were taken with a string unless it is otherwise specified 

and are reported in centimeters. 
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between right heel and left toe (w / calipers) 

between nipple tips (w / calipers) 

between centers of heel 

inside of wrists 

length of right leg 

length of left leg 

inside corners of big toe nails 

from between eyes to tip of right thumb 

from between eyes to left index finger 

center of left index finger to right big toe 

left thumb to right big toe 

3. Marks and Inscriptions (none) 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

9.9 

6.6 

12.2 

16.1 

17 

17.4 

14.3 
- 22.6 

19.9 

21 

24.6 

The bronze has a highly polished waxy surface with deep grooves, beautiful 

chasing. A number of plugs are visible from the surface: above the nipples, on 

the belly, on the back, on the buttocks, on the back of the left shin, on the right 

ankle, on the right elbow and in the left hand. There is a solder or cast-on 

repair on the right side of the neck. No metal-to-metal joins are visible 

between the limbs and torso in the surface and the radiographs show that 

indeed the bronze is cast in one piece. 

4.1.2 Surface Coatings 

The surface coating of the bronze is not original. It was stripped and re coated 

in 1982 (see section 6.1 below). 

4.2 Internal Evidence 
4.2.1 Metal Surface 

The inner surface of the fine-walled bronze is not accessible, only visible in 

radiographs (Plates 48 and 49). It seems to conform very closely with the outer 

surface. The feet are hollow, the torso is slightly thicker than the rest of the 

body and both hands are solid. There are visible changes of density as well as 
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flashes below the shoulders, at the top of the thighs, across the neck; the 

"steps" in the thickness of the bronze are visible evidence that the head, arms, 

legs and torso are moulded separately and joined in the wax. 

4.2.2 Core Material 

The density of the torso in the radiographs suggest that there is core material 

inside the bronze, however, there was no access to the inside of the bronze in 

order to take a sample. 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

Radiographs show that metal rods serving as internal core supports stick 

through the joins from below the elbows to above the shoulder, below the 

knees to the level of the pubes and from inside the head to below the level of 

the collar bone (ca. 0.4 cm wide). The rods in the arms and head all protrude 

into the torso by ca. 2.5 cm, and 5.5 - 7 cm on the other side of the join; the two 

ones in the legs protrude by the same distance of ca. 5 cm into the torso and by 

7 and 8 cm into the legs. 

There are a number of straight wires with metal 'halos' inside the bronze that 

serve as internal core supports. One runs through the right arm from the 

external lower section somewhere near the join and runs into the metal of 

the hand where it corresponds to the less dense area (Plate 48). One runs from 

somewhere in the upper right arm between the inner side of the arm and the 

rod, down into the fist. The thin, elongated, less dense area in the otherwise 

solid left hand (Plate 49) is the location of an iron wire as well. Another wire 

runs from the level of the wax-to-wax join on the outside of the rod in the 

left leg and becomes indiscernible around the knee, although there are denser 

areas that follow/trace the extension of that line down into the foot. Yet 

another wire runs down from some level in the other leg from the front, 

down between the rod and inside the leg down through the metal of the sole 

of the foot. Another wire runs from the back of the neck down through 

denser metal in the torso and swirls around just below the level of the 

umbilicus. It looks striated with lighter lines on the outside. 
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4.2.3.2 Core Pins 

A number of thick wire bits are visible in the radiographs throughout the 

figure (Plates 48 and 49). These are remains of chaplets that have been cut off, 

pushed in and patched over. Some of these correspond to round plugs with 

reddish halos around them that are visible from the surface and when tested 

with a magnet exert some attraction, evidence that they are made of metal. A 

number of the round plugs visible in the radiographs probably serve to fill 

core pin holes. 

4.2.3.3 Other 

The radiograph shows the presence of a squiggly wire inside the torso that 

comes down from the left shoulder (Plate 48). This may serve as an internal 

core support but may also be the remains of a wire that extended beyond the 

shoulder and served to hang the wax up for storage. 

A long, large end of a rod or plug projects into the inside of the figure's waist 

on the right side. It is unclear what this is; it is bigger than all of the plugs and 

much larger than any of the wire-thin core pins. The threaded plugs and 

patches are described below in section 6.1. 

4.3 Method of Assembly and Joining 

The ring-shaped areas of different densities at the top of the limbs and in the 

figure's neck (in the radiographs) are evidence that the parts were modeled 

separately and joined in the wax (Plate 48 and 49). 

5. Base and Mount 

The figure, like all of the Mars figures was cast without a base. The textured, 

organic looking base that the version of the Mars in the Herzog Anton 

Ulrich-Museum used to be mounted on (Plate 48) bears no relationship to the 

aesthetic of Giambologna. Indeed, Caspar von Turkelstein, the eighteenth 

century goldsmith who produced numerous copies of Giambologna bronzes, 

many of which are now in the Brunswick collection, probably made the base 

at the same time (Herzog Anton Ulrich Museum, 1994). It has recently been 
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changed. Sprue ends extending from the soles of the figure's feet are used to 

mount him to the base. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

The radiographs show some porosity in the torso and in the ankle of the front 

leg. The radiographs show a number of round plugs in the figure: a plug in 

the back just above the center of the torso (0.65 - 0.7 cm diam.); a plug in the 

right arm between the elbow and the fist (0.55 cm diam. x 0.5 cm long); a plug 

in his right hip (0.55 cm diam. x 1.4 cm long). The latter is visible from the 

surface as a round plug of lighter metaL Small round areas with discoloured 

reddish halos around them are dispersed across the surface and visible by 

naked eye examination: two in the chest above the nipples, on the belly, on 

the back (with halo) on the buttocks, on the back of the left shin and on the 

right ankle. These are areas of magnetic attraction and could be core pins. 

There is a round plug (ca. 0.35 cm diam.) on right elbow and strong magnetic 

attraction on the right shin. Solder or some cast-on repair on the right side of 

the neck is visible from the surface which may correspond to the long 

irregularly-shaped drippy accretion in the radiograph that appears to start to 

the left of his neck. Lines on the outer surface of his shoulders may be 

surmoulage lines. One of the radiographs shows that the right hand is solid; . 

the straight line that defines the denser area may be evidence of a repair, but it 

may also be an artifact of the radiograph, i.e., the saber handle overlaying the 

hand. 

6.2 Present Condition 

The bronze was repatinated after the Giambologna exhibition by Ken Turner 

at the Victoria and Albert Museum in 1982 with a brownish-red patina. The 

V &A pre-treatment examination had revealed that it had already been 

repatinated. The treatment consisted in the object being heated in deionized 

water after cleaning with alkaline Rochelle salts (50 g. sodium dioxide/ 1lit('e 

distilled water in IM.S. then Incrala<) then sprayed with various pigments of 

Alkyd variety and waxed with microcrystalline wax and melted with warm 

blower. 
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7. Analytical Work 

The bronze was radiographed at the Victoria and Albert Museum in 1978 at 

the time of the Giambologna exhibition (labeled: 3.11.78/5&6). The researcher 

examined the figure by naked eye in 1992 in Brunswick. 

8. History 
8.1 Relationships Between Sculptures 

Giambologna gave a version of this model to the Duke of Saxony, Christian I 

in 1587 although it was probably cast in 1586 (Avery, Radcliffe and Leithe

Jasper eds., 1978). It is based on an original model probably made in the 1570's 

which is in a private collection in Germany. Evidence that Antonio Susini 

cast reproductions of this model is presented by the inventory of the Cardinal 

Richelieu. 

Over thirty casts of this model are known (see Wixom, 1975 and Avery, 

Radcliffe and Leithe-Jasper eds., 1978 for lists of other replicas). The 

relationship of this cast to Giambologna's original model and to the other 

casts is unclear. 

8.2 Provenance no data 

9. Observations and Conclusions 

This is a very finely modeled and chased cast. The facture of this bronze is 

very similar to that of other versions of Mars examined here and especially 

that of the one in Cleveland (report GB 16): the wax-to-wax joins, the rods and 

wires used as internal core supports, the squiggly wire coming down from the 

shoulder and the rectangular metal patches. The evidence suggests that the 

bronze was' cast by Antonio Susini. 

10. Bibliography 

Avery, Radcliffe, Leithe-Jasper eds., 1978, cat 42; Krahn, 1990; Herzog Anton 

Ulrich-Museum Braunschweig, 1994. 

11. Other (none) 
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Report No. GB 16 

Cleveland Museum of Art, Cleveland (64.421) 

after Giambologna 

Mars 

ca. 1587 (Wixom) 

1. Description 

This statuette represents a figure of a muscular bearded nude male striding 

forward, clutching a sword in his left hand, his right arm swung out in front 

of him (Plate 46). The figure has been traditionally described as Mars, the god 

of war. His body is twisted into a spiraling composition that was meant to be 

seen in the round. Seen from above, the limbs curve out from the torso in an 

elegant pattern, like soft spokes radiating from a compact center. The 

unnatural proportions of the figure are mannerist with the small head and 

large hands. He clutches the handle of a weapon in his right hand but the 

blade is missing. 

1.1 Type 

This statuette was made as an independent, free-standing work of art. 

1.2 Cursory Description of Materials and Fabrication Technique 

This sculpture is highly finished all around, even in the less visible areas. It 

was cast by the lost wax process in one piece except for the sword. The head, 

torso and limbs were all moulded separately by the indirect method and 

joined in the wax. It is a fine cast with few flaws. The figure is cast hollow and 

is partly emptied - 'the researcher can hear hard bits rattling around inside 

when shaken. This may, however, be the twisted wire in his belly that can be 

seen in the radiographs. The feet are hollow. The "pins" in the figure's feet 

are soldered to the base. The sprue on the front of the sole of the left foot has 

been sawed off. 
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1.3 Metal 

EDXRF analysis done at the Cleveland Museum of Art showed the alloy to be 

a leaded tin bronze. The area of the analysis on the bronze is unspecified but 

the data of the two polished areas are similar to those of the patinated one 

(see Table 2 Appendix A for the data). 

2. Dimensions 

Height: 39 cm (Wixom, 1975) 

3. Marks and Inscriptions (none) 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The surface is highly polished and scratch brush or pumice marks follow the 

contours of the muscles. The details have been enhanced by chasing. There 

seem to be mould lines on inside of the right thigh, limbs and head but it is 

not clear whether these are translated into bronze from the original wax or 

later wax seams form a surmoulage. Some of the repairs are visible from the 

surface because of their colour but they would otherwise not be visible 

because they have been beautifully worked into the metal surface. 

4.1.2 Surface Coatings 

The surface is reddish brown with darker brown areas in the recesses and in 

the file or scraper marks. The metal surface is visible through the thin 

translucent brown lacquer-like coating. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

The x-radiographs show that the inner and outer surfaces of the bronze walls 

are conformal and very fine (Plates 46 and 47). The exceptions are the ring

like denser areas in the neck, at the top of the thighs and of the arms. These 

provide evidence that the figure was composed of separately-moulded wax 

parts that were joined i~ the wax. The inner surface of the bronze is fairly 
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smooth with few flaws. The hands and feet appear to be solid in the 

radiographs. 

4.2.2 Core Material 

The core appears to have been preserved inside most of the figure except in 

the right arm which appears less dense in the radiograph, perhaps because it 

was emptied. The core holds all of the metal insertions in place. A sample of 

reddish core material was taken from a lacuna that was-found between the 

buttocks and was examined under the binocular microscope. The sample has 

the appearance of a fine red sand. Its distinguishing features are 80% quartz 

sand 0.1-0.3 mm in size, and coated with red clay. Euhedral mica flakes and a 

few lithic fragments are also present. A 1.0 mm long ramie fiber is found in 

the sample. A presence of gypsum or calcite is not detected in micro-chemical 

analysis. 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The radiographs show that internal core-support wires run through the limbs 

up to the join and slightly thicker iron rods run through all the joins (Plates 

46 and 47). According to the Cleveland Museum of Art's unpublished report 

there is some magnetic attraction in the knees where the rods end close to the 

bronze wall. 

4.2.3.2 Core Pins 

The radiographs show that the core pins or chaplets are thin, short pieces of 

wire many of which are preserved inside the core (Plates 46 and 47). The one 

in the left buttock attracts a magnet, suggesting that the core pins, like the core 

supports, are made of iron. One wire seems to traverse the figure's head, but 

most of them are just positioned in a symmetrical fashion. There are at least 

five per limb and in the torso and four in the head. The Cleveland report 

states that they are visible as small black or brassy dots on the surface; this was 

not noted by the researcher. Some of the rectangular patches correspond to 

the chaplet locations (e.g., shoulder and top of left buttock). 
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4.2.3.3 Other 

A squiggly wire descends from the shoulder into the torso and may have 

served to suspend the wax intermodel in the foundry in order to store it. 

4.3 Method of Assembly and Joining 

The thin, denser ring-like features visible in the radiographs at the top of the 

arms and thighs and in the neck (Plates 46 and 47) are evidence that the limbs, 

head and torso of the figure were moulded separately and joined in the wax. 

The sword blade was cast separately: the metal-to-metal join is visible under 

the microscope, however, the radiographs do not help to ascertain what kind 

of joining method was used. 

5. Base and Mount 

The right foot was drilled up into a cast-on repair in the ankle that is visible 

in the radiograph (Plate 47) and fitted with a threaded pin that serves to 

mount the figure on its base. The left foot was also originally drilled to be 

fitted with a pin; an older hole is filled with a copper alloy plug and a more 

modern hole is drilled partly into the plug. The base is stylistically unlike 

other known Giambologna bases and is not original. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

According to the Cleveland Museum of Art's report there are numerous 

sinall patches on the figure's back that do not appear in the radiographs. For 

the most part, judging from the radiographs, the figure is flawless. There is 

some shrinkage porosity in the solid left heel, some larger vacuole porosity in 

the right arm and a few small flashes throughout the figure. A small lacuna 

in the recess below the sacrum between the buttocks is due to a thinning of 

the metal (Plate 46). The surface imperfections have been repaired with 

copious well-chased rectangular plugs of varying sizes (shoulders and back, 

buttocks and thighs) that are visible upon close scrutiny as they are redder 

then the surrounding areas. Two larger round plugs in the left thigh and the 

right wrist are apparent!n the radiographs. No data has been recorded 
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concerning whether there is a metal-to-metal join around the ankle. The 

radiographs are not clear about this, but they show that there is a cast-on 

repair and that the metal of the foot and the metal of the repair are separate 

(Plates 46 and 47). Two round plug-like features (ca. 0.9 - 1.1 cm diam.) in the 

right ankle served to cast in the repair and also act as keys to hold the parts 

together. It is likely that the cast-in repair in the right ankle served to 

reinforce the area which was probably weakened by porosity as is the other 

ankle. The round plug on the bottom of the right foot fills a former mounting 

hole. A modem mounting hole was drilled into each foot. 

6.2 Present Conditions 

The general condition of the sculpture is excellent. There is no structural 

damage or serious surface damage. The blade of the sword may be a later 

addition. 

7. Analytical Work 

The Cleveland Museum of Art analyzed a core sample by XRD and performed 

EDXRF on the metal-locations unspecified - (64.421-1,2,3 see results in Table 

2 in Appendix A). The CMA also X-ray radiographed the bronze. The 

researcher examined the bronze in Cleveland in 1992 by naked eye and took a 

core sample. Ron Schmidtling analyzed this sample by PLM at the Getty 

Conservation Institute's Museum Services Laboratory. 

8. History 
8.1 Relationships Between Sculptures 

There are approximately thirty known variants of this piece. For a discussion 

of the model see Avery, Radcliffe and Leithe-Jasper eds., 1978 and for a 

comprehensive list of variants see Wixom, 1975. It is unclear how the CMA's 

cast relates to the original model. 

8.2 Provenance 

C. von Pannwitz, Bennebroek; [Rosenberg and Stiebel, New York]. 
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9. Observations and Conclusions 

Judging from the radiographs, the figure is very similar in facture to the 

Brunswick Mars (record GB 15, Plates 48 and 49): the head and limbs are 

moulded separately and joined to the torso in the wax at the same place; a 

squiggly wire descends from the shoulder into the torso; internal core-support 

wires run through the limbs up to the join; and slightly thicker iron rods run 

through all the joins. The radiographs of many other Giambologna bronzes 

(e.g., Vienna and Naples Mercury) also show similar features. The 

rectangular patcl).es of different colour are similar to the many small plugs on 

the Brunswick cast and on the Cleveland Museum of Art's Venus after the 

Bath (report GB 2). Hope Gumprecht (Cleveland 1992, unpublished report) 

notes that the Mars in Berlin Dahlem (inv. 4165) has the same kind of 

patches. 

There are a number of points in the Cleveland reports which this researcher 

does not fully agree with, based on my own experiments and analysis of 

materials. The core material is a clay and sand core and would therefore not 

have been cast into the wax shell in a liquid form because it would have 

taken a long time to dry and would also have tended to shrink. Therefore, it 

seems unlikely to the researcher that the wires in the limbs would have 

served to support the core-filled parts or that the larger rods would have 

served as 11 dowels" to help join the parts. The Cleveland Museum of Art 

report suggests that the two rectangular plugs in the palm of the left hand 

may repair a hole used to attach an element that is now lost in his hand based 

on the head held in tr.e later examples of the Executioner but this seems 

unlikely because none of the casts with a head are made in this way. The 

Cleveland report also suggests that the entire right foot is a cast-on repair. The 

researcher did not note whether there is a metal-to-metal join around the 

ankle, but from the radiographs it looks like the metal of the foot and the 

metal of the repair are separate. According to the CMA report, Volker Krahn 

thinks that the Dresden replica is by Giambologna, the Berlin and Brunswick 

ones by Antonio Susini. Without further comparative technical data on the 

unexamined pieces it is difficult to draw any conclusions. 
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10. Bibliography 

Wixom 1975, cat. 145; Cleveland Museum of Art 1992, unpublished report. 

11. Other (none) 
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Report No. GB 17 

Victoria and Albert Museum, London (A.99-1956) 

after Giambologna 

Mars 

1. Description 

This is a figure of a muscular bearded nude male striding forward, clutching a 

sword in his left hand, his right arm swung out in front of him (Plate 50). The 

figure has been traditionally described as Mars, the god of war. His body is 

twisted into a spiraling composition and was intended to be seen in the 

round. Seen from above, the limbs curve out from the torso in an elegant 

pattern, like soft spokes radiating from a compact center as can be seen from 

the photograph of a resin reproduction of this bronze in Plate 44. The 

unnatural proportions of the figure, with the small head and large hands, are 

mannerist. He originally held a sword or weapon of some kind in his right 

hand but the blade is missing. 

1.1 Type 

This freestanding bronze statuette was designed as an independent work of 
art. 

1.2 Cursory Description of Materials and Fabrication Technique 

The surface is coated with an uneven, damaged, thick layer of dark brown

black opaque material. This light weight, hollow, copper alloy sculpture was 

cast in one piece by the indirect lost wax process. The limbs and head were 

molded separately from the torso and joined in the wax. 

1.3 Metal (no data) 

2. Dimensions 

The measurements were taken with a string - except for the height, which 

was taken from the Giambologna catalogue (A very, Radcliffe and Leithe

Jasper eds., 1978) - and are reported in centimeters. 

I height 39.2 
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circumference of thigh below left buttock 

circumference of left calf 

circumference of right calf 

circumference of waist 

between centers of heels 

right heel to ground 

left heel to ground 

3. Marks and Inscriptions (none) 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

12.2 

9.7 

7.3 

18.2 

10.3 

0.25-.3 

0.3 

The surface of this sculpture is finely chased and highly polished. It is covered 

with very fine parallel marks that are probably scratch brush or pumice 

marks. No repairs are visible from the examination of the surface because 

much of the sculpture is covered with a dark, opaque coating. 

4.1.2 Surface Coatings 

The surface is covered with a dark coating of unidentified material that is 

deteriora ting. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

The radiographs show that this is an almost flawless, very fine, thin-walled 

cast (Plate 51); even the hands and feet are hollow. There is ample evidence 

that it was made by the indirect method. Wide drip marks in both legs and in 

the torso are evidence that it was slush moulded and the bubble like 

accretions in the torso suggest that the core material was poured in liquid. 

Obvious changes of density at the top of the limbs and in the neck and the fact 

that his torso is thicker than the limbs are proof that the body parts were 

molded separately and joined in the wax. 
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4.2.2 Core Material (none available) 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The bronze was emptied of its core material and no evidence of metal 

insertions remains. 

4.2.3.2 Core Pins 

Few core pins remain. The radiographs show that one fine wire crosses 

through the figure's left wrist and there seems to be another one in the 

figure's head. Otherwise, there are many small round plugs replacing them 

that are positioned symmetrically throughout the figure (Figure 51). 

4.2.3.3 Other 

Numerous round plugs of various diameters can be seen in the radiographs 

(Plate 51). The smaller ones are core pin repairs, but there are a number of 

larger threaded ones: above the right wrist, below the left elbow, in the right 

calf. None of the plugs are visible from examination of the outer surface. 

4.3 Method of Assembly and Joining 

The radiograph shows ring-shaped areas of different densities at the top of the 

limbs and the flash in the figure's neck. These are evidence that the parts 

were modeled separately but joined in the wax stage. The figure was cast in 

one piece. 

5. Base and Mount 

The figure is cast without an integral base and is mounted to it with sprue 

ends extending from the soles of both feet. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

The radiographs reveal numerous metal accretions on the inner surface of 

the cast: flashes in his legs and across his waist, an irregularly-shaped large 

one in his right armpit and a smooth long rounded one in his left calf (Plate 
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51). The flash in the belly is associated with core pin holes suggesting that the 

core cracked around the area of the core pins. The metal in his armpit may be 

a cast-in repair or a large flash. The smoother accretion may be part of a wax 

drip. There is some large-vacuole porosity in the right leg and in the right 

hand, some of which has been plugged. The repairs are all made with 

threaded plugs of various sizes and are invisible from the surface. 

6.2 Present Condition 

The dark opaque surface coating is turning grey in some areas, breaking out 

into green copper corrosion products In others and peeling off, thus 

producing a mottled surface. A red cup rite area is apparent on the back of 

right fist. The blade of his weapon is missing - there is a threaded hole for it in 

his right hand. 

7. Analytical Work 

The bronze was radiographed at the Victoria and Albert Museum in 1978 at 

the time of the Giambologna exhibition. The researcher examined the bronze 

at the V&A by naked eye. 

8. History 
8.1 Relationships Between Sculptures 

A cast of Giambologna's Mars model was first referred to in 1587 in the 

inventory of the Dresden Kunstkammer. It was a gift to Christian I. On 

stylistic grounds the sculpture seems to date back to the seventies, which is 

supported by the existence of a replica of it by Pietro da Barga that dates back to 

the seventies. It is not mentioned in Baldinucci's list of models by 

Giambologna. There are numerous casts of this model - Wixom (1975) lists 

approximately thirty - of varying quality, some of which date back at least to 

the beginning of the seventeenth century. A few of them hold a bearded cut

off head in their outstretched open left hand. The relationship of this cast to 

Giambologna's original model and to the other casts is unclear, although on 

stylistic grounds it is considered a later cast. 
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8.2 Provenance 

The bronze was bequeathed to the Victoria and Albert Museum by Dr. W. L. 

Hildburgh, FSA. 

9. Observations and Conclusions 

This is a fine cast that looks very much like other Giambologna bronzes in 

facture: the body parts were molded separately and joined in the wax. 

Without further analytical data, however, it is difficult to draw any 

conclusions about the date of manufacture of the bronze. 

10. Bibliography and Documentation 

Avery, Radcliffe and Leithe-Jasper eds., 1978, under cat. 42. 

11. Other 

In a number of recesses there are remains of red silicone rubber that was 

taken from the figure to make the reproductions for the didactic display for 

the Giambologna exhibition. 
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Report No. GB 18 

Musee du Louvre, Paris (OA 5439) 

Antonio Susini after Giambologna? 

Mars 

1. Description 

This statuettes represents a figure of a muscular bearded nude male striding 

forward, clutching a scimitar in his left hand, his right arm swung out in 

front of him (Plate 52). The figure has been traditionally described as Mars, the 

god of war. His body is twisted into a spiraling composition. Seen from above, 

the limbs curve out from the torso in an elegant pattern, like soft spokes 

radiating from a compact center. The unnatural proportions of the figure are 

mannerist with the small head and large hands. He originally held a weapon 

in his right hand but only the handle remains. Both heels are raised off the 

ground giving the figure a dynamic sense of motion. The tip of his penis 

seems to have been cut off and the groove between the testicles is not 

continuous. 

1.1 Type 

This statuette was made as an independent, free-standing work of art. 

1.2 Cursory Description of Materials and Fabrication Technique 

This sculpture is highly finished all around, even in the less visible areas. 

The figure was finely modeled in the wax and cast by the lost wax process in 

one piece except for the blade of the weapon. The head, torso and limbs were 

all moulded separately by the indirect method and joined in the wax. It is fine 

cast with few flaws. The figure is cast hollow and is partly emptied. The feet 

are hollow. The "pins" in the figure's feet are soldered to the base. The sprue 

on the front of the sole of the left foot has been sawed off. 

1.3 Metal 

No analytical data is available, but it the reddish colour suggests that it is not a 

brass, more likely a bronze. 
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2. Dimensions 

The height and measurement of the stride were taken from the Giambologna 

catalogue (Avery, Radcliffe and Leithe-Jasper eds., 1978) and the other 

measurements were taken with a string and measured in centimeters. 

height 39.3 

width of stride (unclear what points this was measured from) 9.3 

distance between right thumb tip and inside of left index tip - 17.5 

distance between right thumb and ground 16.1 

distance between right elbow and left heel 24 

distance between big toes of both feet 14.4 

distance between centers of heels 11.5 

distance between centers of knees 9 

distance between nose tip and tip of left index finger 18.9 

distance between left heel and ground 0.6 

distance between right heel and ground 0.2 

distance between left index finger and ground 20 

3. Marks and Inscriptions 

The inventory number "No. 243" of the French Royal Collection is engraved 

in the metal into the figure's lower left calf. 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The metal surface is highly finished and polished all around, even in the 

recesses. It was modeled in detail in the wax. The surface is covered with 

scratch brush marks that follow the general direction of the muscles. A few 

metal flashes remain in the hair, possibly from piece-mould seams in the 

wax. There are no visible metal joins in the surface. The groove in the 

scrotum is not continuous, perhaps as a result of the mould not having been 

aligned properly. 
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4.1.2 Surface Coatings 

The surface coating is a thin reddish-brown layer which appears to have been 

thinned and lightened by rubbing. What look like fine golden particles can be 

seen in different parts of the surface in particular on the back of the right 

shoulder, on the curls on the top of his head, and on the right nipple. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

There is no access to the inner surface of the bronze for naked eye 

examination but information can be gleaned from the radiographs. The inner 

surface of this thin-walled cast conforms very closely with the outer surface. 

There are no noticeable differences in density between the torso and the limbs 

except for slightly denser lines at the height of the join between the wax parts. 

The hands and feet are hollow, evidence of the work of an experienced wax 

maker. A number of drip-like accretions in the belly are proof that the wax 

shell was made before the core and that the wax was applied as liquid into a 

mould. There is an unusual change of density around a large rectangular area 

on the back of the torso which has the appearance of a wax-to-wax join and 

may be evidence'that a "window" was cut out of the wax. There is some 

porosity but overall this is a very fine cast with very few repairs and some 

unidentified accretions in the legs. 

4.2.2 Core Material 

Most of the core material appears to have been removed judging from the 

sound of pieces that rattle around inside it when it is turned over. A sample 

of core material was shaken out of a hole in a recess of his hair curls (LPF 3). It 

has the appearance of a coarse red sub-rounded sand (Plate 96). Its 

distinguishing features, noted from analysis of a thin section of the sample 

with the polarized light microscope, are 60% possibly bimodal sand (most of 

which is 0.1 - 0.21 mm sub-angular to angular grains, yet 1/5 is larger sub

rounded 0.4-0.6 mm grains), 30% yellow-orange hematitic clay coating the 

sand, and 10% dark reddish-black rust chunks. 50% of the sand is quartz, 

Plagioclase and microcline make up 5% of the sand, and muscovite, chert, 

undulose quartz, glass or ceramic chunks, a few lithic fragments, and 

hematite grains are also present among the sand. The photomicrograph of the 

365 



sample shows a large rounded red clay-coated sand grain among smaller bits 

of micaceous clay, dark rusted metal, and sand, some of which has no clay 

coating. The ruler shows 1 mm increments. Polarized light microscope 

reveals multiple phase quartz grains in the center, coated with a rim of 

orange-yellow clay. A thin muscovite grain is visible just to the left of the 

large central grain (Plate 96). 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The radiographs show that there is no armature but that there are metal 

(probably iron) rods that serve as internal core supports. These traverse the 

wax-ta-wax join areas between the limbs and the torso, but not between the 

torso and the head. 

4.2.3.2 Core Pins 

Magnetic attraction on both breasts, on the back of the left shoulder, on the 

left arm above the elbow, on both wrists, on the left abdomen, on the right 

shin, and on the left hip /buttock is evidence that there are remains of iron 

core pins below the surface. These are not visible from the surface but the 

radiographs show that they are wire ends of the same gauge as the internal 

core supports. The core pins are positioned symmetrically. In some cases there 

are "ghosts" of core pins; these areas where the density of the feature is 

fainter, as can be seen for example at the top of the figure's left outer thigh 

(Plate 53) may be the result of corrosion of the iron. A few of the core pins 

have been removed and the holes filled with less dense copper alloy plugs or 

patches. There's what looks like a rusty pin hole approximately 1 cm behind 

the left ear. 

4.2.3.3 Other 

A long mangled wire rests in the figure's belly (Plate 53) and may be the 

remains of a hook-shaped wire similar to those found in other casts of Mars 

which served to suspend the wax figure. A few metal repairs are visible from 

the surface and are described in section F.l. below. 
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4.3 Method of Assembly and Joining 

The rings of different density at the top of the thighs and arms and base of the 

neck are tell-tale signs that the limbs, head and torso were separately moulded 

parts joined in the wax before being cast. 

5. Base and Mount 

The figure could not be removed from its base during-the researcher's 

examination but both of the figure's heels are raised off of the separate base. 

Pins are visible in the figure's feet and appear to be soldered to the base. The 

sprue on the front of the sole of the left foot has been sawed off. The 

radiographs show that a metal rod is inserted through the bottom of the left 

foot up to the ankle and extends down into the base. The front of the right 

foot is cut off in the radiographs and there is not enough evidence to assess 

how the other pin fits into the bronze. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

The groove between the balls is not continuous, perhaps caused by an 

improperly assembled piece-mould. Seams of a piece-mould are visible in the 

front top curls. There is a lacuna in a recess of the curls and in the pubic hair. 

The later was repaired with a waxy brown substance. The tip of the penis 

appears to have been cut off; perhaps a vent extended from it and was cut off 

too close during fettling. The surface of the belly is slightly damaged with 

what look like it has been mauled; these indentations may be due to porosity. 

A crack runs along the front of the right arm below the shoulder. There is a 

threaded hole in the right hand. A round plug (ca. 0.6 cm diam.) on the first 

knuckle of the right index finger stands slightly proud of the surrounding 

metal. An irregularly shaped patch on the right shin is slightly lifted at the 

edges and corresponds to the denser accretion in the radiograph, evidence 

that it is a cast-on repair. 
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6.2 Present Condition 

The general condition of the sculpture is excellent. There is no structural 

damage or serious surface damage. The surface coating is worn in the more 

exposed areas. Grey and green speckles of corrosion products crop up on the 

surface and deposits in recesses of head. 

7. Analytical Work 

The researcher examined the bronze by naked eye in Paris in 1990 and took a 

small core sample at the time. This was examined by binocular microscope, 

micro-chemically tested for carbonates and gypsum. Ron Schmidtling 

analyzed a thin section by PLM. France Drilhon of the Laboratoires de 

Recherche des Musees de France X-ray radiographed the bronze in 1990 using 

a Seifert "750" instrument with a tube of 420 kV maximum capacity. Both the 

frontal and profile exposures were taken at 260 kV, 10 mA, for 90 seconds, at 

130 cm distance. The Kodak Industrex type B film was loaded in standard 

cassettes with 0.01 cm lead sheets at front and 0.02 cm lead sheets at back. 

Additional filters were used at the source (0.2 cm copper and 0.2 cm 

aluminium). 

8. History 
8.1 Relationships Between Sculptures 

The relationship of this cast to Giambologna's original model and to the 

other casts is unclear. Giambologna gave a version of this model to the Duke 

of Saxony, Christian I in 1587 although it was probably cast in 1586 (Avery, 

Radcliffe and Leithe-Jasper eds., 1978), and based on an original model 

probably made in the 70's as is in a private collection in Germany (Avery, 

Radcliffe and Leithe-Jasper eds., 1978, cat. 43). Evidence that Antonio Susini 

cast reproductions of this model is presented by the inventory of the Cardinal 

Richelieu (Avery, Radcliffe and Leithe-Jasper eds., 1978). See Wixom and 

Avery, Radcliffe and Leithe-Jasper for lists of other replicas of this model. 
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8.2 Provenance 

This bronze was first inventoried in the collection of Louis XIV and may be 

the same as the "gladiator" referred to in the inventory of Richelieu and later 

Girardon's collection was cast by Antonio Susini (Avery, Radc1iffe and Leithe

Jasper eds., 1978). 

9. Observations and Conclusions 

The bronze is similar in facture to other casts from the Giambologna 

workshop and has particular affinities to the Flying Mercury in Naples (see 

report GB 12). The scrunched-up twisted wire in the bottom of the torso of the 

Mars may originally have been intended to serve the same function as the 

ones found in a num~er of male figures. Since all of these rods and wires 

would have to have been inserted before the core was packed into the wax, it 

may have been pressed down into the body by mistake when the core was 

filled into the torso. 

Rounded grains of hematitic clay chunks are distinguishable for the core 

sample. Igneous plutonic-derived lithic sands are present, and due to the 

lithic components and the amount of rounding, it is likely that the source 

rock is nearby, perhaps within 100 km. The components in this sample are 

characteristic of cores from bronzes attributed to Giambologna and Antonio 

Susini. The sample has affinities to the core sample of the Three- figure Rape 

of a Sabine from the Kunsthistorisches Museum, Vienna (5899), to the 

sample from Giambologna's Neptune Fountain in Bologna and the one from 

Giambologna's Morgante on a Barrel in the Musee du Louvre, Paris (OA 

8973), due to the dark red clay and sub-rounded grains. 

10. Bibliography 

Avery, Radc1iffe and Leithe-Jasper eds., 1978, cat. 44. 

11. Other (none) 
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Report No. GB 19 

National Museum of Scotland, Edinburgh (1960.910) 

after Giambologna 

Mars 

1. Description 

This is a figure of a muscular bearded nude male striding forward, clutching 

the handle of a sword in his left hand, his right arm stretched out in front of 

him, hand open (Plate 54). The figure has been traditionally described as Mars, 

the god of war. The unnatural proportions of the figure are mannerist with 

the small head and large hands. The muscle definition is slightly worn. 

1.1 Type 

This is a freestanding bronze statuette, designed as an independent work of 

art. 

1.2 Cursory Description of Materials and Fabrication Technique 

The figure was cast hollow by the indirect lost wax process. The radiographs 

show that the limbs, torso and head were moulded separately and the entire 

figure except for the head which was joined on in the metal, was cast in one 

piece (Plates 54 and 55). It is very possible that the separate join was the result 

of a repair. The metal surface is thinly covered with a translucent coating and 

most of the surface is visible. 

1.3 Metal 

The exposed metal is reddish which suggests that it is a tin bronze rather than 

a brass. No analyses have been done. 

2. Measurements 

The figures for the height and stride were taken from the Giambologna 

catalogue (Avery, Radcliffe and Leithe-Jasper eds., 1978) and the other 

measurements were taken with a string that was measured against a tape 

measure and are reported in centimeters. 
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height 

stride (location of measurement not specified) 

left thumb tip to right big toe 

mid left index to right big toe 

length of right leg (buttock to ground) 

between center of heels 

between eyes to right thumb tip 

between internal corner of big toes 

inside of left wrist to right wrist 

length of left leg 

between eyes and left thumb 

between right heel and left toe 

between nipple tips 

left heel from ground 

3. Marks and Inscriptions (none) 

4. Technique of Fabrication and Coating 

4.1 External Evidence 
4.1.1 Metal Surface 

38.5 

9 

19.9 

19.6 

16.7 

12.1 

22.4 
I- 13.9 

15.7 

17 

18.6 

8.9 

6.6 

0.3 

The surface of the entire figure is highly polished and has file marks and 

possibly scratch brush marks following the direction of the muscles. The 

details on the figure are very crisply modeled and finished: the nails, veins, 

genitals and pubic hair, hair (deep grooves) and umbilicus. The testicles are 
" 

modeled separate and chiseled to sharpen the separation. There appears to be 

the remains of a sprue end on the left sole. The soles are closed but have an 

uneven surface which may be evidence that the wax was cast through the 

feet. Some porosity shows through to the surface as do a number of repairs. 

4.1.2 Surface Coatings 

The surface is coated with a reddish brown translucent coating that is more 

golden in the more worn areas. The metal is a grayish brown. There are a few 

accretions in the recesses: green-black between the buttocks and a resinous fill 

around the edges of the patches. 
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4.2 Internal Evidence 
4.2.1 Metal Surface 

The cast is hollow, the metal wall is thin, the internal surface is conformal to 

the outer one. The torso appears to be slightly denser than the limbs which 

may be due to the fact that the parts were cast separately in the wax; there are 

dense metal accretions in the join areas which may be the result of the cores 

not having joined perfectly. The head is cast separately. 

4.2.2 Core Material 

A sample of core material was taken from under the figure's foot and a red 

sample was taken from the hole in the left ankle (RES 1). Examination with 

the binocular microscope showed that the coarse red sand is in fact quartz 

arenite predominantly covered with iron oxides. The image (Plate 96) shows 

mainly sand grains and yellow-tan clays. the black specks are mainly dark iron 

oxides. A 6.0 mm long wood fiber is shown in the upper left of the screen, and 

a blue curly cotton fiber clings to the ruler in the lower left. The ruler shows 1 

mm increments. The distinguishing features, noted from the analysis with 

the polarized microscope, are 70% 0.3 mm or smaller angular sand (made up 

of 45% quartz and 25% feldspar), 20% hematitic clay, and 10% pure 0.4 mm 

grains of angular, striated, deep red, partially opaque hematite, which might 

be rust chunks. Iron oxides cover most of the sand, and there are a few mica 

crystals to be found. The photomicrograph of the thin section (Plate 96) shows 

multiple phase quartz grains in the center, coated with a rim of orange-yellow 

clay. A red hematite grain is visible in the upper right corner of the slide. 

Chemical tests show that there is some carbonate in the clays. Microprobe 

analysis showed the presence of glassy slag, a round preformed clay inclusion 

and the feldspar albite (Plate 96). The microprobe image shows iron oxides, 

quartz, slag glass, rust chunk, Aluminium- rich clay and grains of albite. 

4.2.3 Metal h1.sertions 
4.2.3.1 Armature and Internal Core Supports 

Thin wires run from the join areas into the limbs and there seems to be a rod 

in the head (Plate 55). These are probably made out of iron. There is no 

armature. 
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4.2.3.2 Core Pins 

There are remains of a number of fine rods on the inside of the figure, visible 

in the radiographs. For the most part they seem to have been removed and 

plugged. 

4.2.3.3 Other 

The radiographs show that a doubled squiggly wire, similar to that found in 

other standing male figures of the Giambologna workshop, descends from the 

shoulder into the belly of the figure (Plates 55). A number of plugs and 

patches of different sizes and shapes are visible from the surface and are 

described below in section 6.1. 

4.3 Method of Assembly and Joining 

The radiographs show that the limbs are joined to the torso in the wax and 

the head is joined with a cast-on metal join. There are thick metal accretions 

in the limb joins which may be due to the cores not joining fully in the wax 

stage thus leaving gaps of air that were filled by the metal. 

5. Base and Mount 

A screw holds the piece to the separate base. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

There are a number of large patches that are visible form the surface: a large 

round patch with uneven edges on the figure's back between the shoulder 

blades (ca. 1.5 cm diam.), a similar one at the base of the left tendon on the 

neck an a large elongated one on the left shoulder. The latter has moved 

slightly leaving a gap which is filled with resinous material. The plugs 

include two small round ones on the outer side of the left knee (0.3 cm diam.) 

and one on the thigh above the same knee and a larger round one (ca. 0.5 cm 

diam.) overlapping a lighter coloured square one on the left buttock. An 

oblong plug (0.45 cm long) is visible on the left arm below the height of the 

nipple. There are also numerous small rectangular patches on the rear of the 
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right arm and a very small square one on the underside of the left wrist. A 

small threaded hole on the underside of the left foot next to the last toe and 

also at the bottom of the handle hole are most likely recent as the metal is still 

shiny. There is a round hole in the inside of the left ankle (0.3 cm diam.) The 

cast is porous overall and there is a dent in the left upper arm that may be a 

result of cold working a porous area. 

6.2 Present Condition 

The general condition of the sculpture is excellent. There is no structural 

damage or serious surface damage. 

7. Analytical Work 

The bronze was radiographed at the Victoria and Albert Museum at the time 

of the Giambologna exhibition in 1978. The researcher examined the bronze 

by naked eye in 1992 and took a small sample of core material at the time. 

This has been examined by naked eye, binocular microscope, chemically 

tested for the presence of gypsum plaster and calcium carbonate. Eric Doehne 

analyzed a thin section in the electron microprobe at the Getty Conservation 

Institute and Ron Schmidtling analyzed it by polarized light microscopy at the 

GCl's Museum Services Laboratory. 

B. History 
B.1 Relationships Between Sculptures 

For a discussion of the model see Avery, Radcliffe and Leithe-Jasper and 

Wixom for a comprehensive list of casts after this model. There are over 

thirty known versions of this piece and it is unclear how this cast relates to 

the original model. 

B.2 Provenance 

Art market 1960. 
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9. Observations and Conclusions 

The facture of this bronze bears some similarities to that of other versions of 

the Mars examined here: the separately moulded torso, limbs and head that 

are joined in the wax, the squiggly wire that descends into the torso from the 

shoulder, the threaded core pin holes and the wire core supports in the limbs. 

Unlike the other versions, however, this bronze does not have the shorter 

rods that traverse the wax-to-wax joins and serve to reinforce the core in this 

area. Perhaps this was seen as unnecessary if the cores were not meant to join 

as is indeed the case, which presents a small deviation from the pattern found 

among the other bronzes. The head was cast on as was that of the Huntington 

Collection's Crouching Venus (see report Hunt 3). The components in the 

core sample are characteristic of Giambologna and Susini cores. Rounded 

grains of hematitic clay chunks are distinguishable. Igneous plutonic-derived 

lithic sands are present, and due to the lithic components and the amount of 

rounding, it is likely that the source rock of the sand is nearby, perhaps within 

100 km. The similarity of many technical features in this bronze with those of 

other Giambologna bronzes suggests that this cast may have been produced in 

Giambologna's workshop or by Susini. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 47; Wixom, 1975. 

11. Other (none) 
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Report No. GB 20 

National Gallery of Ireland, Dublin (8122) 

Massimiliano Soldani Benzi 

Executioner with Head of St. John the Baptist or Mars 

1. Description 

This is a figure of a muscular bearded nude male striding forward, clutching a 

sword in his left hand, his right arm stretched out in front of him, holding a 

bleeding, severed, bearded head (Plate 56). The face is carefully modeled. The 

pupils are defined in the eyes. The figure has bushy eyebrows, big lips, veins 

defined on his feet, hands and neck. The body of the figure is twisted into a 

spiraling composition. Seen from above, the limbs curve out from the torso 

in an elegant pattern, like soft spokes radiating from a compact center. The 

unnatural proportions of the figure are mannerist with the small head and 

large hands. The figure is based on the Giambologna model traditionally 

described as Mars. The unusual severed head in the figure's left hand has 

been interpreted as that of St. John's, hence the name Executioner with Head 

of St. John the Baptist. The figure has a slightly stiffer posture than some of 

the Mars versions, perhaps due to the stance. The sword guard has a Baroque 

form. 

1.1 Type 

This free-standing bronze statuette was designed as an independent work of 

art. 

1.2 Cursory Description of Materials and Fabrication Technique 

This light, hollow bronze was cast in numerous parts by the lost wax 

technique. The limbs were joined to the head and torso with metal-to-metal 

joins as were the beard and head of the saint and the Executioner's left hand. 

A thin surface coating covers the metaL 

1.3 Metal (none) 
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2. Dimensions. 

The figures for the height and stride were taken from the Giambologna 

catalogue (Avery, Radcliffe and Leithe-Jasper eds., 1978) and the other 

measurements were taken with a string that was measured against a tape 

measure and are reported in centimeters. 

height without the socle 

stride (location of measurement is not specified) 

left thumb and right big toe (over head) 

mid left index to right big toe 

length of right leg 

heels 

forehead between eyes and right thumb tip 

inside corner of big toe nail 

inside of wrists 

length of left leg 

forehead between eyes and left thumb tip 

right heel and left toe 

left heel and ground 

nipples 

circumference of waist 

circumference of neck 

3. Marks and Inscriptions (none) 

4. Technique of Fabrication and Coating 

4.1 External Evidence 
4.1.1 Metal Surface 

38.1 
- 9.8 

17.4 

15.4 

17.2 

12.4 

21.3 

14.2 

11.5 

17.5 

18.4 

10 

0.3 ca. 

6.5 

18.4 

9 

The surface is heavily polished and cold worked, and covered with fine, 

horizontal scratch brush marks. The hair is textured, the nails chiseled and 

similar to those of Susini and Giambologna bronzes. On examining the 

surface, it is difficult to tell the metal-to-metal joins - detected by 

radiography - from accretions in the varnish. The pubic hair line is extended 

straight across the abdomen half way up to the umbilicus with chisel and 

punch. The testicles are only separated in front. The inner and outer sides of 

the sword handle in hIS right hand are decorated in different fashions. 
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4.1.2 Surface Coatings 

The surface is covered with a thin brown lacquer-like coating that is darker 

and more opaque in the recesses. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

The internal surface of this thin-walled hollow cast is conformal with its 

outer surface (Plate 56). There are a number of drips that start from the core 

pin holes and a big drip that runs from the foot up into the leg. These drips 

are evidence that the core pins were heated before they were pushed into the 

hollow wax shell. 

4.2.2 Core Material (none available) 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The limbs were cast separately from the head and torso and joined in the 

metal. Therefore there was not much need for core supports or armatures. 

Should there have been any metal insertions in ~e core of the separate limbs, 

they would have been removed with the core material. 

4.2.3.2 Core Pins 

There is no magnetic attraction and the radiographs show that only a few core 

pins remain (Plate 56). For the most part they were removed and plugged 

over with threaded plugs. 

4.2.3.3 Other (none) 

4.3 Method of Assembly and Joining 

Both arms are joined to the torso high on the shoulder just above the nipple 

with what, in the radiographs, appears to be cast-on metal (Plate 56). The left 

foot was joined to the leg below the calf and the amorphous dense area of the 

cast-on metal repair is visible in the radiographs. There is a corresponding 

plug-like feature in the area which may have been the opening through 

which the metal was poured into the area. There is a visible metal-to-metal 

join on the left thigh, and in the radiographs it becomes apparent that the legs 
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are joined with an internal sleeve that was reinforced with cast metal inside 

the join area and perhaps additional pins. Radiographs confirm the 

observations gathered from the visual examination: the beard was cast-on to 

the head and the head cast-on to the hand and the hand cast-on to the arm. 

The sword blade looks like it may have been soldered on. 

5. Base and Mount 

The examination of the underside of the thin-walled, separately-cast oval base 

shows that two thin, long tangs from the soles of the feet are held into the 

base with iron wedges. A sprue-end is visible on the rim of the base, evidence 

that it too was cast by the lost wax process. For comparative material on 

Sold ani's method of mounting his sculptures to the base, see Avery, 1976. 

Figure 4. Executioner with Head of St. John the Baptist, M. Soldani Benzi (National Gallery of 
Ireland, Dublin, 8122) view of underside of the base showing method of attachment. 

sprue 

end 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

inbase 

There is a flash in the left leg below the knee and some porosity in the right 

leg. A break in the metal above the ankle suggests that perhaps the right foot 

was cast separately or broken and rejoined to the leg. There is a square plug on 

the shin in the break. A small round plug in the left elbow and a larger round 

one below it may be re1~ted to the casting-on of the left hand that holds St. 
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John's head. A large rectangular patch and a small round plug on the left 

inner forearm are certainly part of the join. 

6.2 Present Condition 

The right big toe is limp, as if by a different hand, and it may be a later 

restoration. 

7. Analytical Work 

The researcher briefly examined the bronze by naked eye in 1992. The bronze 

was radiographed at the Victoria and Albert Museum at the time of the 

Giambologna exhibition in 1978 (labeled 3.11.78/1&2). 

8. History 
8.1 Relationships Between Sculptures 

This is a rare variant of Giambologna's Mars. There are a few other versions 

of this model that vary in size and quality (Avery, Radc1iffe and Leithe-Jasper 

eds., 1978). The question of whether indeed the head reflects the lost original 

has not been resolved. For a list of other recorded versions see Avery, 

Radc1iffe and Leithe-Jasper. Radc1iffe has noted that the sword guard has a 

Baroque form that is similar to that on Sold ani's tomb. 

8.2 Provenance 

Joseph Leeson, first Earl of Milltown (1701-1783), Russborough, Co. Wicklow; 

gift from Geraldine, Countess of Milltown, 1902. 

9. Observations and Conclusions 

The method of manufacture of this statuette is different from that of the 

other Giambologna bronzes cast after the model of Mars that have been 

examined here. The figure is cast in separate metal parts that are joined. The 

joins are in similar areas to those of the single piece casts from Giambologna's 

workshop. Since Soldani had access to models and moulds of sculptures from 

the Medici collections, he may well have used existing moulds that were still 

being used by Giovanni Battista Foggini who took over the Borgo Pinti 
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workshop from Pietro Tacca's son Ferdinando (Watson, 1978; Schulze, 1986). 

This researcher's technical examinations of other bronzes by Soldani and 

Foggini have revealed that they also were cast by the indirect lost-wax method 

in separate pieces and joined mechanically in a manner that is very distinct 

from bronzes cast by Giambologna's workshop GPGM, 1995, unpublished 

laboratory reports). The base, the mounting technique, the punching and the 

patina are characteristic of Soldani's bronzes (Avery, Radcliffe and Leithe

Jasper eds., 1978). 

10. Bibliography 

Avery 1976; Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 49 

11. Other (none) 
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Report No. GB 21 

Musee du Louvre, Paris (OA 8973) 

Giambologna 

Morgante on a Barrel 

before 1582 Gestaz) 

1. Description 

This large statuette represents Morgante, the Medici's court dwarf, as Bacchus. 

He is seated on a barrel holding up the foot of a broken drinking glass in his 

left hand and an unidentified cylinder in his right (Plate 58). The 

composition, although modeled in the round has a primary view. Engraved 

marks on the barrel, and a slight unevenness in the surface where they join, 

suggest that it may have been attached to something else previously. The four 

legs of the barrel are sprue-ends. The middle toe of the left foot is flattened 

out at the end. 

1.1 Type 

This freestanding statuette may have been designed as part of a fountain. 

1.2 Cursory Description of Materials and Fabrication Technique 

From the outer examination, the barrel and Morgante appear to have been· 

cast in one, as there are no visible metal-to-metal joins. The radiographs 

show that the hollow figure was moulded in a number of wax parts that were 

joined at the wax stage (Plates 58 and 59). This is evidence that the figure was 

cast by the indirect lost wax process. The barrel is also a thin-walled cast. The 

radiographs do not clarify whether the figure and the barrel were cast in one 

piece or separately. There are no obvious metal-ta-metal joins. The central 

disk in the back of the barrel is a repair. 

1.3 Metal (no data) 

2. Dimensions 

Height: 41 cm (Avery, Radcliffe and Leithe-Jasper eds., 1978) 
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3. Marks and Inscriptions (none) 

4. Technique of'Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The entire figure is highly finished all around. It is covered with heavy hairy 

lookirlg file marks. Hammer marks are visible in the hair. The middle toe of 

the left foot is flattened out at the end and looks like a sprue may-have been 

sawed off there. The feet of the barrel are sprue ends. There are three 

engraved vertical lines in the barrelr and a slight unevenness in the surface 

where they join, suggesting that it may have been attached to something else 

previously. 

4.1.2 Surface Coatings 

The surface is covered with golden brown lacquer-like coating. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

There is no access to the inside of the barrel or figure but the radiographs 

show that it is a thin, even-walled cast in which the inner and outer surface 

are conformal (Plates 58 and 59). Accretions at the top of the figure's arms and 

in his thighs are evidence that these parts were joined to the torso in the wax. 

The thin line in the left thigh that is visible in the frontal radiograph is the 

location of a wax-to-wax join. The line in the left shoulder is also such a join. 

It is not clear what caused the unusual large, dense accretions at the joins in 

the figure's shoulders. The barrel is an extremely fine cast with a few slightly 

denser areas that are reminiscent of irregularities formed in the wax as it 

cools. The feet are hollow. 

4.2.2 Core Material 

The barrel has been emptied of core material, although some of it can be 

heard rolling around inside. A sample (LPF 2) was removed from a lacuna in 

the barrel. The sample has the appearance of a fine red angular sand (Plate 96). 

Its distinguishing features, noted from analysis of a thin section of the sample 

with the polarized light microscope, are: 60% 0.1-0.4 mm sub-angular to sub

rounded sand and 40oio hematitic clay. The sand is composed of 32% quartz, 
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20% feldspars including microcline, 4% mica, and 4% metal bits. Some fibers 

are found, and the presence of carbonate is revealed through micro-chemical 

testing, yet no gypsum plaster is present. 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The radiographs show that internal core supports traverse the wax-to-wax 

joins in the figure's shoulders and thighs (Plate 58 ancL?9). The ones in the 

left shoulder and thighs are rods. Instead, in the right arm there are two 

thinner wires. 

4.2.3.2 Core Pins 

Core pins are preserved in the figure. These are visible in the radiographs as 

bits of rod and wire of two size gauges. The pins correspond to copper alloy 

plugs that are visible from the surface (described below in section 6.1) and 

exert strong magnetic attraction, evidence that they are made of iron. 

4.2.3.3 Other (none) 

4.3 Method of Assembly and Joining 

Both the figure and the barrel were cast in one piece although it is not clear 

whether they were cast together. The arms and legs of the figure were 

moulded into separate wax parts that were reassembled before casting. The . 

characteristic changes of density of the wax-to-wax joins are visible in the 

radiographs (plate 58 and 59). The central disk of the back of the barrel was cast 

separately but it is not clear how it is held into place. 

5. Base and Mount 

The figure is not mounted to a base. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

Surface examination of the sculpture shows that the left thigh and hip are 

slightly porous~ as is the bottom side of the barrel. There are numerous plugs, 

most of which correspond to iron plugs that exert strong magnetic attraction. 
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Most of the plugs are large and round. The one at the center of the barrel is 

made of a lighter metal (0.6 cm diam.). A plug in the right arm below the 

upper side of the elbow (1.2 cm diam.) and one on the left shoulder blade near 

spine (1.2 cm diam.) have slightly elevated black rims. Another plug on left 

side of the lower back (1 cm diam.) is made of a slightly lighter metal and is 

almost invisible were it not for its black rim. Other plugs are visible on the 

back of right shoulder (1 cm diam.), on the right wrist (0.8 cm diam.) and on 

the right calf (1.3 cm diam.). The figure also has several oval-shaped patches: 

on the outside of the left foot above the ankle (0.4 x 0.8 cm), on the outside top 

of the left forearm (1 x 0.3 cm), below the chin (1 x 1.7 cm) and between the left 

elbow and shoulder. There appears to be a metal repair below the left buttock. 

A crack in the right elbow starts from below and travels jaggedly around into 

the inside of the elbow. The central disk in the back of the barrel is redder 

than the rest of the sculpture and the radiographs reveal that it was, indeed, 

cast separately. 

6.2 Present Condition 

The sculpture is structurally sound. The originally translucent, golden brown 

surface coating of the sculpture is uneven, due in part to wear, and to . 

degradation into darker opaque patches. A few areas on the surface are 

reddish and covered with black-green accretions. 

7. Analytical Work 

France Drilhon of the Laboratoires de Recherche des Musees de France 

Radiograph radiographed the bronze in 1990 using a Seifert "750" instrument 

with a tube of 420 KV maximum capacity. The frontal exposure was taken at 

285 KV and the profile at 300 KV, 10 mA, for 105 seconds, at 130 cm distance. 

The Kodak Industrex type B film was loaded in standard cassettes with 0.01 

cm lead sheets at front and 0.02 cm lead sheets at back. Additional filters were 

used at the source (0.2 cm eu and 0.2 cm aluminium). The researcher 

examined the bronze by naked eye in 1990 and took a sample of the core 

material at the time. The sample was examined with a binocular microscope 

and chemically tested by Ron Schmidtling. 
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8. History 
8.1 Relationships Between Sculptures 

There are no other known bronze versions of this sculpture. A sugar 

sculpture of Morgante on a Barrel was made as a decoration for the wedding 

banquet of Prince Cosimo de Medici and Maria Magdalena of Austria in 1608 

and was probably made by Pietro Tacca based on a model by Giambologna. 

Bertrand Jestaz ijestaz, 1979) attributes the high quality of the bronze's 

finishing to Antonio Susini. There is a terra-cotta version of the sculpture in 

the Museo Stibbert , Florence which may be a copy of the bronze. 

8.2 Provenance 

Dorotheum, Vienna auction 31 March - 1 April, 1916 (lot 518); bought from 

Hackenbrock, Frankfurt-am-Main in 1936 

9. Observations and Conclusions 

The bronze is larger than most of the Giambologna bronzes examined here 

but it shows a similar facture. It was moulded in parts that were joined in the 

wax and cast in one piece and it has similar core supports to other 

Giambologna bronzes. Analysis of the core material has revealed that 

rounded grains of hematitic clay chunks are distinguishable for this sample. 

Igneous plutonic-derived lithic sands with mica are present, and due to the 

lithic components and the amount of rounding, it is likely that the source 

rock is nearby, perhaps within 100 km. The components in this sample are 

characteristic of cores from other bronzes attributed to Giambologna and 

Susini. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 51; Jestaz, 1979; Avery, 1987. 

11. Other (none) 

387 



388 



Report No. GB 22 
Victoria and Albert Museum, London (A-65.1865) 

after Giambologna 
Morgante 

1. Description 

The figure portrays Morgante the court dwarf of the Medici (Plate 57). The fat, 

nude figure stands on an integrally cast oval base, his left hand resting on a 

stick, blowing a cornetto which he holds in his left hand. 

1.1 Type 

This small statuette was designed as an independent, freestanding work of art. 

1.2 Cursory Description of Materials and Fabrication Technique 

This finely-chased, hollow bronze figure was integrally cast with the base by 

the lost wax process and is covered with a red brown translucent patina that is 

worn in parts. The central part of the cometto's shaft is joined in the metal. 

1.3 Metal (no data) 

2. Dimensions 

The measurements were taken with a string except for the height which was 

reported in the catalogue of the Giambologna exhibition (A very, Radc1iffe and 

Leithe-Jasper eds., 1978) and are reported in centimeters. 

height 13 

between left side of mouth and inside center of right wrist 3.8 

between left side of mouth and inside center of right wrist 5.1 

between left side of mouth and inside of belly button 4.3 

between inside tips of big toes 2.1 

length of base 4.3 

depth of base 3 
length of right leg from the buttock to the base 3.9 
circumference of top of right thigh 6.3 
circumference of head above ears 7-
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3. Marks and Inscriptions (none) 

4. Technique of Fabrication and Coating 

4.1 External Evidence 
4.1.1 Metal Surface 

Chiseling and some file marks are visible on the figure and in the hair 

although the cold work does not fully conceal the cast-on patch on the head 

and a number of plugs stand out slightly because they are a different colour 

from the surrounding surface. 

4.1.2 Surface Coatings 

A dark red-brown lacquer-like coating covers the surface. In some areas it is 

worn down to the bare metal that has oxidized to a gray-beige. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

There is no access to the inside of the figure and the body of this small cast is 

very thin but the arms and legs are solid. There is no evidence of joins on the 

outer surface or in the radiographs (Plate 57). 

4.2.2 Core Material (none available) 
4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal core supports 

The core was emptied and there is no evidence of internal core supports. 

4.2.3.2 Core Pins 

The core was emptied and no evidence of core pins remains. 

4.2.3.3 Other 

Numerous plugs are faintly visible from surface examination. The plug in 

the neck is undetectable by visual examination but is clearly visible in the 

radiograph. 
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4.3 Method of Assembly and Joining 

The figure appears to have been cast in one piece except for the central part of 

the pipe which is joined in the metal to the mouth and hand. It is not clear 

from the naked eye examination how this was achieved. 

5. Base and Mount 

The flat oval base is cast integrally with the figure, and-what appear to be the 

remains of a sprue sticks out from the bottom of the center of the base. This 

sprue may have served to mount the bronze. There are traces of a red waxy 

substance that may be sealing wax under the base, and in all likelihood, 

served to attach it to a tone or wood base in the past. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

There is a miscast in the back of the figure's head which was filled with a cast

on repair that is barely visible from the outer surface but appears as a large 

amorphous accretion on the inside of the bronze in the radiographs. 

6.2 Present Condition 

The surface of the bronze has undergone visible chemical alteration, perhaps 

due to aggressive chemical cleaning. 

7. Analytical Work 

The researcher examined the bronze by naked eye in 1992. The figure was 

radiographed at Victoria and Albert Museum in 1976 (labeled: 23.7.76/5.8). 

B. History 
B.l Relationships Between Sculptures 

Since the Morgante on a Dragon in the Bargello was ascribed to Giambologna, 

most authorities have agreed that these smaller models are by analogy 

Giambologna's as well. This model is known in two variants: (variant A) 

with the cornetto and (variant B) with a wine cup and grapes. The earliest 
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recorded example of the model is the gilt version in Copenhagen, 

inventoried in the Danish Royal Cabinet of Curiosities in 1673-74. The V&A's 

version is the only one with a complete cornetto. Another version is in the 

Kunsthistorisches Museum in Vienna (10.001). For a list of further versions 

see Avery, Radcliffe and Leithe-Jasper eds., 1978. 

8.2 Provenance 

Count of Pourtales-Gorgier (sale, Paris, 7 March, 1865, no. 1593) 

9. Observations and Conclusions 

The fine cast was produced by the lost wax process. The integrally-cast oval 

base is found on other small genre figures of Giambologna's. The cast-on 

repair is typical of the sixteenth century. Based on the existing evidence it is 

not possible to draw any firm conclusions on the date of manufacture of the 

statuette. It would be interesting to compare the location of the join in the 

cornetto pipe in this figure with the end of the incomplete one in 

Copenhagen. Should the location be identical it might suggest that this one 

was modeled after the Copenhagen one or from the same model. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 52; Avery, 1987, cat. 114. 

11. Other (none) 
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Report No. GB 23 

Musee du Louvre, Paris (Cour. 176) 

Giambologna 

Nessus and Dejanira type A 

1. Description 

This sculptural group, modeled in the round to be seen from multiple view 

points, depicts the centaur Nessus carrying off the nude nymph Dejanira on 

his back (Plate 66). Rearing on both hind legs, he grabs her around the chest 

with his right arm and with his left hand he pulls the drape around her waist. 

Dejanira, precariously balanced on his back, struggles and screams out, arms 

flailing. The centaur's hind legs bear the weight of these two figures. The eyes 

are modeled without pupils. The cast is covered with a translucent warm 

brown coating. 

1.1 Type 

This is a freestanding group of statuettes that was designed as an independent 

work of art. 

1.2 Cursory Description of Materials and Fabrication Technique 

Radiographs show that the group is a one-piece lost wax cast with a 

translucent warm brown coating. Both figures are hollow except for both 

figures' legs. The two figures were fashioned in wax separately but joined and 

cast in one piece except for the repairs to Dejanira's arms and Nessus's tail. 

The bronze seems to weigh a lot, as do the other signed versions of this 

model, but how much of this weight is due to the base is hard to say. 

1.3 Metal (no data) 

2. Dimensions 

The measurements were taken with a string except for the height which was 

reported in the catalogue of the Giambologna exhibition (Avery, Radcliffe and 

Leithe-Jasper eds., 1978) and are reported centi.'1leters. 
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height 42.1 

depth 39.5 

distance between the top of Nessus' tail and the tip of his right 26.5 
front hoof 

3. Marks and Inscriptions 

The signature on the fillet around Nessus' head is most visibly engraved in 

the metal, judging from the sharp edges and interrupted lines o!-the 

inscription typical of cut metal. The inscription reads: "lOA BOLONGIE" 

(Plate 66). NO 176, the inventory number of the French Crown Collection, is 

engraved on N essus' left flank and a fleur de lis above the letters "TH" are 

stamped on the right flank. 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

Giambologna modeled both figures in great detail in the wax. Both Nessus 

and Dejanira show much care in the sharpening of the details; the hair, facial 

features, Nessus's hands and hooves, and the inscription on his headband are 

crisp. The bronze has been heavily chased and the surface is very smooth and 

covered with fine wire brush marks that follow the direction of the muscles 

and of the centaur's hair. Nessus' fingernails are detailed and shovel-shaped, 

but not very deeply cut. Dejanira's hands do not have detailed fingernails. 

Her armlet, however, is beautifully chased. The difference in quality is 

probably due to the fact that her arms are cast-on repairs. 

4.1.2 Surface Coatings 

The lacquer-like deep red-brown translucent surface coating lets the golden 

metal of the wire-brushed surface reflect through it. It is similar in appearance 

to that of other bronzes attributed to Giambologna and Susini. The surface 

coating of the two figures is uneven; the light brown metal shows through in 

worn areas and there appear to be varnish drips on his back. 
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4.2 Internal Evidence 
4.2.1 Metal Surface 

There is no access into the bronze but the radiographs confirm that both 

figures are hollow except for their legs (Plate 67). The group was cast in one 

piece except for the repairs to Dejanira's arms and Nessus's tail. Nessus and 

Dejanira each have separate cores; the wax figures were made separately, then 

joined in the wax and cast together. Looking at the two available radiographs 

(Plate 67), only one of Dejanira's arms presents a distinct change in density 

that is characteristic evidence of separately moulded wax parts joined together 

in the wax. The group appears, from the radiographs, to be rather dense. The 

thickness of the walls and the surviving core material may account for part of 

this; the lead in the alloy may also be a factor. Except for Dejanira's upper 

arms, the thickness of the bronze group is considerably greater than that of 

other Giambologna-Susini bronzes such as the Louvre's Mars and Fortuna, 

and even the Huntington's Nessus and Dejanira. 

4.2.2 Core Material 

The core survives intact in the Louvre group, as in many Giambologna 

bronzes. No obvious access was found during the examination. 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The L-shaped rod visible in the centaur's belly in the radiograph (Plate 67) is a 

remnant of an armature that also served as an internal core support. The 

armatare extends beyond the core into the bronze between the two figures, 

evidence, perhaps, that the armature and core were inserted into a hollow 

wax shell. Indeed, had the wax been modeled onto an existing core on the 

armature, the armature would probably have been more centered in the core. 

The thin rods running from Dejanira's head to her abdomen and down her 

arms serve to reinforce the core. 

4.2.3.2 Core Pins 

The core preserves a number of core pin remains. Small, tapering rods and 
t, • 

wire bits adjacent to the round plugs can be observed in the radiographs of the 
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centaur's belly and abdomen and in Dejanira's hip (Plate 67). The pins were 

cut at the surface of the bronze, pushed in and concealed with round bronze 

plugs that are mostly invisible from the surface. There is magnetic attraction 

that corresponds to tapering iron core pins similar to the ones visible in the 

radiographs in Nessus's side and arm and Dejanira's hip. Square plugs are 

visible from the surface under his belly button in the hair, on her hip, under 

his right front hoof and on her neck. The round plugs that are visible in the 

radiographs in Nessus's belly (0.4 cm diam.) cannot be seen fronrthe surface. 

The hollow in the crown of his head, which is visible in the radiograph (Plate 

67), was left by a rod or pin. 

4.2.3.3 Other 

Plugs are discussed in section 6.1. 

4.3 Method of Assembly and Joining 

The few metal-to-metal joins - in Dejanira's extremities and Nessus' tail -

are most likely repairs. Radiographs confirm that both figures are hollow 

except for their legs and are indeed cast in one piece except for the repairs. The 

figures have separate cores, evidence that the wax figures were made 

separately, then joined in the wax and cast together. The drapery between the 

two figures provides a..., ideal a!"ea to join them. The drapery that Nessus 

winds round her chest may be another such area. The radiographs show a 

change of density one of Dejanira's arms that is characteristic evidence of 

separately moulded wax parts joined together in the wax. 

Dejanira's left hand was broken at the wrist and appears to be soldered on. 

Her right arm is joined on at elbow level, and there is a plug between the join 

and the armlet to the right of the ring. This may be a cast-on join. The bottom 

part of Nessus's tail was joined on almost invisibly with an iron pin, judging 

from the magnetic attraction in that area. 

5. Base and Mount 

The sprues go through the bronze base and are used to mount the group. 

Thin metal pins are inserted through holes to rivet them to the base (see 

figure below). The top of the rectangular beveled base is soldered to the 
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bottom part. The base is probably a later marriage. Not only are there holes 

from previous use, but the two other signed versions in Dresden and San 

Marino are oval, which is typical both in style and proportion of 

Giambologna bronzes. 

Figure 5. Nessus and Dejanira, Giambologna (Musee du Louvre, Cour. 176) diagram of the base. 

a) view of underside of base 

filled holes from 
previous 
sculpture 

~----------~=-sprueends 

pin 

b) view of top of base 

~i-----,\--t---=-Iead solder 
cushion under 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

The round plugs on either side of Dejanira's left arm one cm below the elbow 

are probably the location of core pins. Her right arm is joined on at elbow 

level, and there is a plug between the join and the armlet to the right of the 

ring. This may be cast-on, a method of repair commonly found in 

Renaissance bronzes. The bottom part of Nessus's tail was joined on almost 

invisibly with an iron pin, judging from the magnetic attraction in that area. 

The radiographs show that there is endemic porosity in the cast which may 

account for the numerous repairs to the extremities. Dejanira's left hand was 

broken at the wrist (ca. 0.3 cm below bracelet). All of her fingers are broken at 

the hand. Her right big toe is repaired. Extremities are often flawed in bronzes, 

both because it is more difficult to control the flow and cooling of the metal in 

these areas and because, once cast, they are more easily subject to blows and 

ensuing deformation. Both of Nessus's ankles are broken and repaired with 

iron pins. This is a common weakness in all three signed versions. 
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Giambologna chose to rest the full weight of the two figures on the centaur's 

slim hind legs, sacrificing greater stability for a more dramatic effect. 

Unfortunately, at the chosen angle the legs could not bear the considerable 

weight. The radiograph reveals the extreme porosity of the cast, which may 

account for part of the weakness of the ankles. The Louvre group, like the 

other signed versions has little soft-solder cushions under the hooves. These 

help to hold the figures to their bases, to reduce the strain created by the 

extreme angle of the legs and the weight of the groups, and re-balance the 

figures. Radiography shows a denser line at the join between the base and the 

hoof which is almost certainly solder. 

6.2 Present Condition 

There is some damage to the metal surface under the centaur's belly. Nessus's 

ankles are broken and repaired with iron pins, detected by magnetic attraction 

in that area. Dejanira's left hand was broken at the wrist and appears to be 

soldered on. All of her fingers are broken at the hand. Her left small and 

middle finger are soldered on, and the thumb is repaired as well. Her right big 

toe is repaired. 

7. Analytical Work 

The Louvre's Nessus and Dejanira group was x-radiographed by France 

Drilhon with a 420 kV Seifert "750 Volt" system by the Laboratoires de 

Recherche des Musees de France. The x-radiographs of the group were taken 

at 350 kV with either 10 mA at 120 seconds at a distance of approximately 1.3 

meters, using high contrast industrial quality film Kodak Industrex A and B 

held in cassettes lined with lead foil screens (0.1 mm foil in front of film and 

0.2 mm foil in back). Two mm copper and aluminum filters were used at the 

tube. 

8. History 
8.1 Relationships Between Sculptures 

This and the two signed groups in San Marino and in Dresden are considered 

to be autograph bronzes by Giambologna. This is considered to be the earliest, -. 
the Huntington version comes next, and the Dresden version, which is 
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tighter in composition, appears to be the latest of the three (Leithe-Jasper, 

1986). According to archival documents in the Salviati family, the casting and 

chasing of a group by Giambologna that represents a centaur carrying off a 

young woman was in process in December of 1575 (A very, Radcliffe and 

Leithe-Jasper eds., 1978). In 1577 Giambologna was paid for a bronze centaur. 

In 1581 Giambologna's agent mentions statuettes of centaurs, which are 

owned by the Cavaliere Gaddi and Jacopo Salviati, in a letter to the Duke of 

Urbino (Dhanens, 1956). The 1609 inventory of Lorenzo-Salviati, Jacopo's son, 

describes two slightly different groups of a centaur carrying off a young 

woman, one attributed to Giambologna, the other to Susini (Watson and 

Avery, 1973). 

According to the seventeenth century art chronicler Francesco Baldinucci, 

Antonio Susini cast a Nessus and Dejanira after a model by Giambologna. 

Giambologna greatly admired it and sent Pietro Tacca to buy it from him for 

the large sum of two hundred scudi which spurred Susini on to produce 

many more. (Baldinucci, 1978) Baldinucci also writes that Giovanni Francesco 

Susini, Antonio's nephew, also made aftercasts after this model. There are 

many aftercasts with vague attributions 11 after Giambologna", in collections 

around the world (see Avery, Radcliffe, Leithe-Jasper eds., 1978 for list of 

replicas). 

8.2 Provenance 

This bronze was bequeathed by Andre Le Notre to Louis XIV of France in 1693 

and passed from the French Crown collection into the Louvre. 

9. Observations and Conclusions 

The method of manufacture of this bronze is very similar to that of the 

Huntington's signed version of this model (see report Hunt 2). It is a heavy 

and dense statuette which was cast in one piece. The structure of the armature 

is similar to that of the group in San Marino and the location of some of the 

core pins is identical as well. The hollow in the head of the Louvre's Nessus, 

which is visible in the radiograph corresponds to the location of a threaded 

plug in the Huntington's Nessus (Plate 17). 
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The three signed versions of the Nessus and Dejanira in the Louvre, the 

Huntington Art Collection and the Skulpturensammlung have soft-solder 

cushions under the hooves. In addition to helping to hold the figure to the 

base, they probably reduce some of the stress created by the extreme angle of 

the leg and the weight of the group. Furthermore, the two rear hooves in 

each bronze are not always at the same angle to the ground, in which case the 

cushion helps to re-balance the figure. In the Huntington version the wedge

shaped cushions clearly change the angle of the group in relatiorrto the 

ground. It is not clear when this adjustment was made. 

The rectangular base of the Paris version of the Nessus and Dejanira is almost 

surely a later mount. It is unlike the more familiar oval or round metal bases 

most often associated with Giambologna bronzes. There are a number of 

other holes in the base, suggesting that it was recycled. Furthermore, the 

method of pinning the sprues parallel to the base is often found in later 

bronzes, like Massimiliano Soldani Benzi's Executioner (see report GB 20). 

The core survives intact in the Louvre group, as in many Giambologna 

bronzes. No obvious access was found during my examination. It would be 

very interesting to remove a small sample of core material from this group 

since there is considerable comparative material available from the 

Huntington version and other Giambologna bronzes. XRF or AAS analysis of 

the metal alloy of the different areas and solder would be interesting for 

comparison with analyses done on other Giambologna workshop bronzes. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 60; Avery, 1987. 

11. Other (none) 
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Report No. GB 24 

Staatliche Kunstsammlungen, Dresden (H.23/95) 

Giambologna 

Nessus and Dejanira 

1. Description 

This sculptural group, modeled in the round to be seen from multiple view 

points, depicts the centaur Nessus carrying off the nude nymph Dejanira on 

his back (Plate 68). Rearing on both hind legs, he grabs her around the chest 

with his right arm and with his left hand he pulls the drape around her waist. 

Dejanira, precariously balanced on his back, struggles and screams out, arms 

flailing. The drape she sits on is loosely modeled 'and flows down along the 

side of the centaur's belly. The centaur's hind legs bear the weight of these 

two figures. The eyes are modeled without pupils. The cast is covered with a 

golden brown lacquer-like coating. The back of the right rear hoof is slightly 

lifted at the front 

1.1 Type 

This group of figures was cast as a freestanding statuette and designed as an 

independent work of art. 

1.2 Cursory Description of Materials and Fabrication Technique 

This is a very heavy cast. The external evidence is confusing without further 

information. There are numerous metal-to-metal joins all of which appear to 

be repairs rather than intentional joins. Radiographs would reveal more 

about the original method of fabrication. 

1.3 Metal (no data) 

2. Dimensions 

The measurements were taken with a string and are reported in centimeters. 

between tip of Nessus' right elbow and tip of the 2nd toe of 10.9 
Dejanira's left foot 
length of oval base 14.6 
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between center of front hoofs 7.3 

between center of rear hooves 6.9 

tip of Nessus' nose to Dejanira's left elbow 14 

tip of Dejanira's toe to her chin 26 

3. Marks and Inscriptions 

The monogram" I.B." is inscribed in the wax on the underside..o.f the oval 
base. 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The surface of the bronze is superbly modeled and finely finished. Fine 

scratch brush marks cover the surface of the bronze following the direction of 

the centaur's hair growth and of the figure's muscles. Deep grooves define the 

curls of the hair and the folds of the drapery. 

4.1.2 Surface Coatings 

The golden lacquer-like coating is darkened to an opaque brown layer in some 
areas. 

4.2 Internal Evidence 
4.2.1 Metal Surface (no evidence) 

4.2.2 Core Material (none available) 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The strong magnetic attraction on the centaur's belly is almost surely 

evidence of a T- or L-shaped armature such as those found in the other 

known signed versions of the cast. 

4.2.3.2 Core Pins 

A small hole in Dejanira's arm may be the original location of a wire core pin. 

No other data was recorded. 

4.2.3.3 Other (no dat~) 
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4.3 Method of Assembly and Joining 

Without radiographs one cannot ascertain how the bronze was originally 

constructed. However, a few metal-to-metal joins are visible from the outer 

surface. These appear to be later soldered repairs rather than original joins. 

5. Base and Mount 

The separately cast oval base is similar to that of the Huntington's Nessus and 

Dejanira (Plate 16). It has similar reinforcements around the holes that 

receive the sprues in the rear hooves on the underside of the base. The 

hooves are also supported with lead cushions that serve to hold the figure in 

place. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

The back of the right rear hoof is slightly lifted at the front, reflecting a 

distortion in the wax model. There is a rectangular patch on Dejanira's right 

leg. Numerous repairs are visible from the examination of the outer surface 

of the cast. It is sometimes difficult to ascertain which of these may have been 

original and which of later date. Dejanira's right arm is joined, possibly by 

soldering, above her arm band. A crescent of material that is not bronze is 

visible in this area. Her left arm is joined in the metal below the elbow, 

perhaps with solder and/or a sleeve join. Two large round plug-like features 

are visible on either side of the join. A small round plug stands proud of the 

surface in the crack on her left arm and another round plug goes through her 

right palm. Her right hand is soldered on at wrist. A small hole in her arm 

may be a pin hole or a casting flaw. 

Both of Nessus's ankles are broken and repaired with solder. This is a 

common weakness in all three signed versions. Giambologna chose to rest 

the full weight of the two figures on the centaur's slim hind legs, sacrificing 

greater stability for a more dramatic effect. Unfortunately, at the chosen angle 

the legs could not bear the considerable weight. 
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6.2 Present Condition 

The overall darkened surface coating is worn away in many areas. The 

sculpture, in spite of its beautiful modeling is not in very good condition. It 

has numerous poorly executed repairs that are visible from the surface and 

have damaged the existing surface coating. For example, Dejanira's right foot 

was soldered on recently and the operation has darkened the patina. 

7. Analytical Work 

The researcher examined the bronze by naked eye in Dresden in 1992. No 

analytical work has been done. 

8. History 
8.1 Relationships Between Sculptures 

This and the two signed groups in San Marino (Hunt 2) and in Paris (report 

GB 23) are considered to be autograph bronzes by Giambologna. The cast in 

the Louvre is considered to be the earliest, the Huntington version comes 

next, and the Dresden version, which is tighter in composition, appears to be 

the latest of the three (Leithe-Jasper 1986). According to archival documents 

in the Salviati family, the casting and chasing of a group by Giambologna that 

represents a centaur carrying off a young woman was in process in December 

of 1575 (Avery, Radcliffe and Leithe-Jasper eds., 1978). In 1577 Giambologna 

was paid for a bronze centaur. In 1581 Giambologna's agent mentions 

statuettes of centaurs, which are owned by the Cavaliere Gaddi and Jacopo 

Salviati, in a letter to the Duke of Urbino (Dhanens, 1956). The 1609 inventory 

of Lorenzo Salviati, Jacopo's son, describes two slightly different groups of a 

centaur carrying off a young woman, one attributed to Giambologna, the 

other to Susini (Watson and Avery, 1973). 

According to the seventeenth century art chronicler Francesco Baldinucci, 

Antonio Susini cast a Nessus and Dejanira after a model by Giambologna. 

Giambologna greatly admired it and sent Pietro Tacca to buy it from him for , 

the large sum of two hundred scudi which spurred Susini on to produce 

many more (Baldinucci, 1978). Baldinucci also writes that Giovanni Francesco 

Susini, Antonio's nephew, also made aftercasts after this model. There are 
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many aftercasts with vague attributions 11 after Giambologna" in collections 

around the world. Avery, Radcliffe, Leithe-Jasper (1978) list ten of them in the 

Giambologna catalogue but many casts of varying quality have appeared on 

the art market over the years. 

8.2 Provenance 

from the collection of the Elector's Kunstkammer, Dresden. 

9. Observations and Conclusions 

Without further evidence from radiographs it is difficult to say much about 

the facture of the statuette. 

10. Bibliography 

Avery, Raclcliffe and Leithe-Jasper eds., 1978, cat. 61. 

11. Other (none) 
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Report No. GB 25 

Kunsthistorisches Museum, Vienna (5847) 

Antonio Susini after Giambologna 

Nessus and Dejanira 

1. Description 

This sculptural group, modeled in the round to be seen from multiple view 

points (Plate 68), depicts the centaur Nessus carrying off the nude nymph 

Dejanira, wife of Hercules, on his back. Rearing on both hind legs, he holds 

her across the chest with his right arm and a tightly pulled drape in his left. 

Dejanira, precariously balanced on his back, struggles and screams out, arms 

flailing, as Nessus leaps forward, his hind legs bearing the weight of both 

figures. The group is modeled in great detail in the wax; both Nessus and 

Dejanira show much care in the sharpening of the details, e.g., hair, facial 

features, veins and hooves. 

1.1 Type 

This group of figures was designed as an independent, free-standing work of 

art. 

1.2 Cursory Description of Materials and Fabrication Technique 

The group is a hollow one-piece cast, but the composition of the group 

suggests that the two figures were moulded separately, and in parts. The 

group is beautifully modeled and a crisply finished. Many of the areas are 

hollow and the two figures appear, from the radiographs, to have separate 

cores. They were moulded separately and joined in the wax. The brown 

surface coating is drippy and heavily scratched. The metal below is an olive 

bronze colour. The middle finger on Dejanira's right hand is broken. 

1.3 Metal 

The qualitative results of the XRF spectra acquired from the Nessus' proper 

right front hoof by the National Gallery of Art show that it is a leaded tin

bronze (see Table 2 in Appendix A). 

407 



2. Dimensions 

Height: 42.4 cm (Leithe-Jasper, 1986). No measurements were taken during 

the examination. 

3. Marks and Inscriptions (none) 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The group is beautifully modeled and finished. The metal surface is relatively 

smooth. Most of the file marks follow the contours of the bodies and drapes, 

and cover the group, although in varying depth and coarseness; they are 

often irregular. The wire brush marks that cover the surface generally follow 

the length of the body. The group was chased on all sides and in most of the 

undercuts. 

4.1.2 Surface Coatings 

The reddish-brown lacquer-like surface coating is worn in some areas and 

drippy and heavily scratched in many places. The metal below it has an olive

bronze colour although this may be exposed metal that has naturally 

oxidized. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

There is no access to the inside of the group to examine the inner surface. The 

radiograph shows that the heavy cast is hollow except for the figures' 

extremities (Plate 69): Dejanira's legs and her raised arm (the left arm is 

overlaid in the radiograph and cannot be seen), Nessus's legs. The outer edges 

of the bronze are blown out in the radiographs, making it difficult to say with 

great precision how thick and conformal the inner and outer surfaces of the 

metal walls are. The inner surface is smooth. There are no visible wax-to-wax 

joins in the radiographs but a thinning below Dejanira's breasts may be a join 

area. 
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4.2.2 Core Material 

From the radiograph it appears that the core is still extant, but there is no 

access to the inside of the bronze, therefore, it was impossible to obtain core 

samples. A small sample of whitish material was taken from the grooves in 

the drapery (see section 11). 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The radiograph reveals a large T-shaped metal insertion that seems to be 

bound together with a thick wire (Plate 69). This is what remains of an 

armature that would have extended down into the base while the wax was 

being worked on. There is a strong magnetic attraction on the centaur's belly 

which corresponds to the end of this T-bar, evidence that it is made of iron. 

No internal core supports are visible, unless the thick wire that appears to 

emerge from the centaur's front leg in the radiograph is such a support (it 

may be a core pin). 

4.2.3.2 Core Pins 

Numerous core pins are visible in the radiographs, mainly in the centaur 

(Plate 69). These thick wire bits, which are slimmer than the wire bent around 

the armature, are pushed into the core and plugged over. 

4.2.3.3 Other 

A rectangular plug or patch is visible from the outer surface in Nessus's right 

hand. 

4.3 Method of Assembly and Joining 

The figures were most likely moulded separately and joined in the wax before 

being cast in one piece. There are no irrefutable metal-to-metal or wax-to-wax 

joins in the radiographs but a thinning both in Dejanira's chest and around 

her hips may be join areas. 
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5. Base and Mount 

The sprues on the hind legs have been used to mount the group to its 

wooden base. The style of the base suggests that it was married to the bronze 

at a later date. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

Nessus's legs are very porous. The radiograph shows that there is also small 

vacuole porosity in the front half of the centaur's body. A rectangular copper 

alloy plug or patch is visible in Nessus's right hand. 

6.2 Present Condition 

The middle and ring fingers of Dejanira's right hand are broken off. The 

surface coating is heavily scratched. A crack runs across the centaur's right 

foreleg above the carpus and in the nymph's left upper arm. 

7. Analytical Work 

The researcher examined the bronze by naked eye in 1992. A small sample of 

what may be investment material was taken from the grooves in the drapery 

at the time. The group was radiographed by the V &A at the time of the 

Giambologna exhibition in 1978 (labeled: 26.9.78) and again in 1986 by the 

LACMA at the time of the Master Bronzes from the Kunsthistorisches 

Museum show (250 kV, 8 mA, 8 minutes, 50 11 distance). Lisha Glinsman at 

the National Gallery of Art in Washington, D. C. analyzed the composition of 

the alloy by XRF when the latter exhibition was at the NGA. 

8. History 
8.1 Relationships Between Sculptures 

According to the seventeenth century art chronicler Francesco Baldinucci, 

Antonio Susini cast a Nessus and Dejanira after a model by Giambologna. 

Giambologna greatly admired it and sent Pietro Tacca to buy it from him for 

the large sum of two hundred scudi. Susini than produced many more which 

he sold for the same p'rice (Avery, Radcliffe and Leithe-Jasper, 1978). 

Baldinucci also writes that Giovanni Francesco Susini, Antonio's nephew, 

410 



also made aftercasts after this model. There are many aftercasts with vague 

attributions "after Giambologna" in collections around the world, and the 

other replica in the Kunsthistorisches Museum (inv. PI. 5849) is a workshop 

or later product. 

This group is closest to the signed group of the same subject in Dresden 

although it is different in a number of ways: the modeling is sharper and 

more taught; the centaur leaps at a sharper angle; the torsion of the bodies is 

different; the drapery falls closer to the body. Leithe-Jasper (1986) believes that 

this bronze is a product of Antonio Susini, who is known to have cast 

numerous versions of this group. The alterations in the composition and 

details are, in his insightful view, a result of a simplification that would have 

allowed Susini to reproduce the group more easily. 

8.2 Provenance 

Emperor Rudolph II owned three versions of this subject, one of which was 

in silver; this bronze is presumably one of the other two (Leithe-Jasper 1986). 

From the Kunstkammer it passed onto the collection of the Kunsthistorisches 

Museum. 

9. Observations and Conclusions 

The group has the qualities of modeling and chasing of a Susini bronze. The 

facture is similar to other bronzes from the Giambologna and Susini 

workshops: the thick wire ends for core supports that are pushed into the core 

and plugged over; the structure of the armature; the composition of the 

metal. The surface coating may not be original; it is very messy for a work by 

Antonio Susini. 

10. Bibliography and Documentation 

Avery, Radcliffe and Leithe-Jasper, 1978, cat. 62; Leithe-Jasper, 1986, cat. 52. 
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11. Other 

A sample of reddish powdery material was taken from the outer surface of 

the sculpture in the recesses under Dejanira's left ankle (KVA 13) and 

Nessus's belly and right hind leg. A microchemical test with hydrochloric acid 
showed the presence of carbonate which are 50% white flaky material with a 

clay-like texture and 50% white powdery material with 0.1 mm grains. The 

sample also contains a 0.5 mm green glass shard. This sample could either be 

the remains of investment material, materials used for later moulding or for 

polishing. It is not clear. 
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Report No. GB 26 

National Gallery of Ireland, Dublin (8124) 

Ferdinando Tacca? after Giambologna 

Hercules and Nemean Lion 

17th century cast? (Radc1iffe) 

1. Description 

This group represents Hercules struggling with the Nemean Lion (Plate 70). 

The lion is raised on its rear paws, its front paws wrapped around Hercules' 

legs. Hercules struggles to push the head of the lion away with both hands. 

The details of the bronze are uncharacteristic of Giambologna and Susini 

bronzes. The figure has shovel-shaped nails similar to those found on later 

casts. The claw marks are deep cut. Hercules has heavy eyelids. 

1.1 Type 

This freestanding group of figures was designed as an independent work of 

art and as part of a group of bronzes representing the labors of Hercules. 

1.2 Cursory Description of Materials and Fabrication Technique 

The group was cast by the indirect lost wax process. The hollow figures were 

moulded separately, joined in the wax and cast together in one piece. The 

surface is covered with a dark golden brown, lacquer-like coating. 

1.3 Metal (no data) 

2. Dimensions 

The measurements were taken with a string and are reported in centimeters. 

height 31.8 

between heels 12 

between heel and toe 12 

between big toes 15.9 

length of left leg 12.7 

length of right leg 12.9 

between lion's left rear paw and ground 0.25 
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from forehead between eyes to left index finger 

between nose and nipple 

between lion's back "knees" 

between tip of lion's nose and rear left hind claw 

3. Marks and Inscriptions (none) 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

14.7 

5.1 

8.3 

21.1 

The bronze was heavily chased overall. Dense file marks go across the chest 

and down the limbs. The lion's tail has punch marks. 

4.1.2 Surface Coatings 

The bronze is coated with a dark golden brown, lacquer-like patina which 

turns opaque and black and is mixed with dust in the recesses. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

There is no access into the bronze figures but the radiographs show that it is a 

thin-walled cast in which the inner and outer surfaces of the metal are 

conformal (Plates 71 and 72). There are wax-to-wax joins in the figure's head, 

arms and the lion's belly. An unusual feature can be seen at the join of the 

lion's belly with Hercules' left thigh and hip: a wax-to-wax join in the lion's 

belly that has the shape of the surface of the join. This is a pentimento, 

evidence that the composition was rethought at the wax stage. 

4.2.2 Core Material (none) 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The radiographs show that there are a number of thin wire internal core 

supports in both figures (Plates 71 and 72). 
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4.2.3.2 Core Pins 

The core pins have been removed but most of the numerous round plugs 

visible in the radiographs replace core pins. 

4.2.3.3 Other 

The plugs and patches are described in section 6.1 below. 

4.3 Method of Assembly and Joining 

The radiographs show that the figures were cast in one piece although they 

were original moulded separately. The wax-to-wax joins in Hercules' 

forearms suggest that they were molded together with the lion (Plates 71 and 

72). The figures were joined where the lion's belly meets Hercules' left side 

and the extra wax-to-wax join in that area is a pentimento. 

5. Base and Mount 

The radiographs show a small threaded pin in Hercules' hollow feet that 

serve to mount the figure to the base. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

There are lacunae in the lion's front right paw where it joins Hercules' arm. 

Porosity is visible in the radiographs in the legs of the figure and in the back 

of the lion (Plates 71 and 72). The radiographs also show that there are two 

large cat-on repairs, one in the lion's right rear leg, and the other in its left 

rear paw. Large round, threaded plugs are visible in the radiograph, but not 

on the surface and many of these replace core pins. 

6.2 Present Condition (no data) 

7. Analytical Work 

The researcher briefly examined the bronze by naked eye in 1992. The bronze 

was radiographed at the Victoria and Albert Museum in 1978 at the time of 

the Giambologna exhibition (labeled: 20/11/78/3, nn). 
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8. History 
8.1 Relationships Between Sculptures 

A silver version of a model of the Hercules and the Nemean Lion was cast by 

Michele Mazzafirri in 1580. This was one of a series of six silver labors of 

Hercules that were cast after models by Giambologna and exhibited in the 

Tribuna of the Uffizi (Avery, Radcliffe and Leithe-Jasper eds., 1978). These are 

lost and it is not clear what Giambologna's original models looked like. The 

present bronze is one of a group of four labors now in the National Gallery of 

Ireland that are attributed to a later hand, perhaps Ferdinando Tacca. Two 

other replicas are listed in the Giambologna catalogue: one in the Museo 

Nazionale del Bargello and one formerly in the French Crown Collection. 

The Bargello's bronze is a poor cast. 

8.2 Provenance 

This is one of a series of four labors of Hercules from the Earl of Milltown's 

collection. 

9. Observations and Conclusions 

From a stylistic point of view this bronze was not produced by Giamboiogna's 

workshop. This is confirmed by the technological data. The direction of the 

file marks and the presence of punch marks suggests a later date of 

manufacture. The disposition of the internal core supports does not follow 

the pattern of bronzes produced by Giambologna's workshop either. 

The pentimento visible in the radiographs of the bronze group is rare 

evidence of a change of mind in a bronze cast by the indirect method. This 

patch has the same shape as the current join between the lion's belly and 

Hercules' leg. It shows how the composition was slightly altered in the wax 

stage. It is all the more intriguing as this group is a reproduction of one of a 

series of statuettes representing the labors of Hercules that Giambologna 

produced for Francesco I that are now lost. Not having an earlier model to 

compare it to we can only wonder who decided to make that change and why. 
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10. Bibliography 

Avery, Radcliffe and Leithe-Jasper ed., 1978, cat. 75; Watson and Avery, 1973. 

11. Other (none) 
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Report No. GB 27 

Metropolitan Museum of Art, N. Y. (63.39) 

Antonio Susini after model by Giambologna 

Christ Resurrected 

1. Description 

This freestanding cloaked figure represents the resurrected Christ (Plate 74). 

Clutching his loin cloth to his left hip, he looks up beyond his right hand 

which he reaches up and out to his right. His left foot bears his weight. 

1.1 Type 

This statuette was designed as part of a group of figures. 

1.2 Cursory Description of Materials and Fabrication Technique 

The hollow bronze figure is cast in one piece by the indirect lost wax process. 

His beard and throat were cast on. The surface is covered with a translucent 

dark brown coating. 

1.3 Metal 

EDS analysis of the metal, performed at the Metropolitan Museum of Art 

(Stone, White and Indictor, 1990) showed that the sculpture is composed of a 

leaded bronze (see Table 2 in Appendix A). 

2. Dimensions 

Height: 30.3 cm (Avery, Radc1iffe and Leithe-Jasper eds., 1978) 

3. MaIks and Inscriptions (none) 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The surface was chased overall in the same fashion to conceal flaws and 

finish it. The surface reproduces much of the detail from the modeling in the 

wax. No other data was recorded on the condition of the surface. 
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4.1.2 Surface Coatings 

The dark brown patina was analyzed by the Metropolitan Museum of Art by 

GC/MS and seems to contain pine resin, Venice turpentine and a drying oil, 

possibly linseed oil (Stone, White and Indictor 1990). It is not possible by this 

method to ascertain which of these was part of the origiilal patina and in 

what sequence or mixtures they were applied to the surface. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

In the radiographs there appears to be a wax-to-wax join at the top of the right 

leg, above the ankle of the right foot, and in the left upper arm (Plate 74). This 

last join looks like a bracelet but is a thickening of the wax that is invisible 

from the outer surface. The legs seem much thicker than the rest of the body 

in the frontal radiograph. The top of the right leg seems extremely thin when 

seen in the side view (not reproduced). 

4.2.2 Core Material (not available) 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

A few short wires that appear to be internal core supports are visible in the 

frontal radiograph of the figure (Plate 74). There is one in the top of the right 

thigh and one in the right shoulder. 

4.2.3.2 Core Pins 

A few core pins are visible in the radiographs and appear to be made of the 

same gauge wire as the internal core supports (Plate 74). There are two in the 

figure's chest and one in his head. A number of small round plugged holes in 

the upper body are probably also the location of core pins that have been 

removed. 

4.2.3.3 Other 

A hook-shaped wire descends from the shoulder into the torso, into the drape 

and probably served to suspend the wax inter-model in the foundry in order 

to store it. 
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4.3 Method of Assembly and J aining 

The denser ring-like features visible in the radiographs at the top of the arms 

(Plate 74) are evidence that the arms were moulded separately and joined in 

the wax. The angle of the frontal radiograph conceals the possible join area of 

the legs at the top of the thighs but there is a change of density in this area 

which is surely evidence of wax-to-wax joining. 

5. Base and Mount 

The flat irregularly-shaped base is cast integrally with the figure. The 

underside of the base was cast open but has been filled with a white plaster

like material, perhaps as part of a previous mounting process. No data was 

gathered on how the sculpture is mounted to its stone base. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

A break is visible in the right wrist and the radiographs show that the hand 

was cast on. The beard and throat were also cast on. This repair is visible from 

the surface and in the radiographs (Plate 74). A number of flashes are visible 

in the radiographs at the bottom of the drape. 

6.2 Present Condition (no data) 

7. Analytical Work 

The resea.rcher examined the bronze by naked eye in 1988. The bronze was 

radiographed at the Victoria and Albert Museum at the time of Giambologna 

exhibition (labeled 17.11.78/5) and at the Metropolitan Museum of Art 

(MMA). The metal was analyzed by EDS at the MMA and the surface coatings 

were analyzed for organic materials by GC/MS (Stone, White and Indictor 

1990). 

8. History 
8.1 Relationships Between Sculptures 

The Christ Resurrected and the two Evangelists were made as part of a larger 
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group with four evangelists and six angels for the ciborium of the Certosa del 

Galluzzo. Archival documents show that Giambologna received the payment 

for them in 1596 but that they were actually produced by Antonio Susini 

(Avery, Radcliffe and Leithe-Jasper eds., 1978). The Christ Resurrected is 

closely related to Giambologna's existing marble statue of Christ Resurrected 

of the Altare della Libertll in Lucca. 

8.2 Provenance 

Certosa del Galluzzo until ca. 1799; Julius B6hler, Munich. 

9. Observations and Conclusions 

The bronze is similar in facture to other bronzes attributed to Antonio Susini 

and Giambologna. It is cast in one piece but was originally moulded in parts 

that were assembled in the wax. The core pins and internal core supports are 

also similar to those of other Susini bronzes. The hook-shaped wire that 

descends into the torso and into his cloak is similar to that in the two other 

bronzes from the same group in the Metropolitan Museum of Art (MMA) 

and to other bronzes examined here. In fact, the extension of the wire into the 

drape confirmed the theory that these wires served to suspend the cored wax 

models for storage (see Conclusion). It is strange however, that the finishing 

of this bronze is not as meticulous as that of the two accompanying 

Evangelists in the MMA. Whereas they were so finely chased that none of the 

plugs could be seen from the surface, the repair on this figure's face is quite 

visible. It is possible that another person was involved in the production of 

this piece, or that it suffered an accident later in its life which was not repaired 

with the care and skill of a Susini. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 112; Stone, White and 

Indictor, 1990. 

11. Other (none) 
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Report No. GB 28 

Metropolitan Museum of Art, New York (57.136.1) 

cast by Antonio Susini after a design by Giambologna 

St. John 

ca. 1596 

1. Description 

The figure represents the evangelist St. John looking at his gospel which he 

holds in his left hand (Plate 76). The bearded figure stands with his left foot 

resting on a tree stump that emerges from the flat integrally-cast base. His 

attribute, the eagle sits at his feet to his right. ~e figure is covered with a dark 

brown translucent coating. 

1.1 Type 

This statuette was designed as part of a group of figures. 

1.2 Cursory Description of Materials and Fabrication Technique 

The hollow bronze figure is cast in one piece by the indirect lost wax process. 

His beard and throat were cast on. The eagle was probably molded separately 

and joined to the base in the wax. The surface is covered with a translucent 

dark brown coating. 

1.3 Metal 

According to the results of EDS analysis performed at the Metropolitan 

Museum of Art (Stone, White and Indictor, 1990), the sculpture is made of a 

heavily leaded copper alloy with a few percent of tin (see Table 2 in Appendix 

A). These results must be interpreted with caution because of the nature of 

the method; indeed, the analysis may have been done in an area containing a 

large lead globule. 

2. Dimensions 

Height: 27.9 cm (Avery, Radcliffe and Leithe-Jasper eds., 1978). 
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3. Marks and Inscriptions (none) 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The figure was finished all around in a similar fashion. The chasing is 

impeccable and all trace of the manufacturing process is invisible. No data 

was recorded on tool marks. 

4.1.2 Surface Coatings 

The dark brown patina was analyzed by the Metropolitan Museum of Art by 

GC/MS and revealed that it contains organic materials: pine pitch, beeswax, 

shellac and possibly Venice turpentine and linseed oil (Stone, White and 

Indictor 1990). It is not possible by this method to ascertain which of these was 

part of the original patina and in what sequence or mixtures they were 

applied to the surface. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

The radiographs show that the figure is cast hollow in one piece (Plate 76). 

The figure's head and right arm, and the eagle appear to be much less dense 

than the rest of the cast. Without knowing whether the core was removed 

from the entire figure, it is difficult to draw any conclusions from this 

difference in density. The abrupt step in density in the right shoulder is, 

however, evidence that the limb and torso were cast separately in the wax. 

The left foot and tree stump that it rests on are also hollow. 

4.2.2 Core Material 

Naked eye examination of the core material by the Metropolitan Museum of 

Art produced a description of the core as "yellowish sandy" and still intact 

inside the bronze (Stone, White and Indictor 1990). A sample was taken by the 

researcher many years ago at the time of the Giambologna exhibition and the 

location from which it was taken was not recorded. The sample has the 

appearance a red clay with very immature sand. Its distinguishing features, 

noted from semi-quantitative analysis with the polarized light microscope, 
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are 70% angular 0.1-0.3 mm sand, 26% hematitic clay, and 4% grey clay. The 

sand is composed of 50% quartz, 10% feldspar, 2% glass, and 8% metal bits and 

rust chunks. Zircon is also present in the sand. Microchemical analysis 

showed that there are no carbonates or gypsum plaster. No organic matter is 

present. 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The radiograph shows that there are thin wire internal core supports that 

traverse the wax-to-wax join in the right arm and neck (Plate 76). The 

numerous overlapping features make it difficult to read much detail in the 

main body of the figure but there appears to be a faint trace of a wire at the top 

of the left thigh which may be an internal core support as well. 

4.2.3.2 Core Pins 

No core pins are visible from the surface but the radiograph reveals a few 

round plugs in the figure's left shoulder and right side of the chest (Plate 76). 

4.2.3.3 Other 

The faint trace of a hook-shaped wire that descends from the left shoulder 

into the body of the figure is visible in the original radiograph but is lost in 

the reproduction. This probably served to hang the wax model up for storage. 

The plugs and repairs are described in section 6.1 below. 

4.3 Method of Assembly and Joining 

The head, arms and body of the figure were moulded separately and joined in 

the wax as is evidenced by the tell-tale rings of different density, and an abrupt 

change of density in the right shoulder which are visible in the radiographs 

but not on the surface (Plate 76). The radiographs do not show how the eagle 

was joined to the base. 

5. Base and Mount 

The figure stands on an integrally-cast flat, irregularly shaped base with a tree 

stump growing out of it. 
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6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

. ' . porosity in the 
The radiOgraph shows that there are a few areas of shnnkage t 

f ce either, bu 
drapes (Plate 76). No repairs or plugs are visible from the sur a e 

. the bronZ . 
the radiographs reveal that there are a number of such features 1n . 
.. in his nght 

There 1S a cast-on repal! on the crown of his head, another one 
but these 

hand, one in his torso and one in the eagle. There may be more 

cannot be discerned in the radiograph. 

6.2 Present Condition 

.fully chased. No 
The surface of the bronze is in excellent condition and beautl 

flaws were recorded. 

7. Analytical Work 

The researcher examined the bronze by naked eye in 1988. The bronze was 

radiographed at the Victoria and Albert Museum at the time of Giambologna 

exhibition (labeled 17.11.78/5) and at the Metropolitan Museum of Art 

(MMA). The metal was analyzed by EDS at the MMA and the surface coatings 

were analyzed for organic materials by GC/MS (Stone, White and Indictor 

1990). The core material was analyzed by Ron Schmidtling at the Getty 

Conservation Institute's (GCI) Museum Services Laboratory by binocular 

microscope, microchemical analysis and polarized light microscope. 

8. History 
8.1 Relationships Between Sculptures 

This cast of St. John, together with the St. Matthew and the Christ Resurrected 

in the same collection, were made as part of a larger group with four 

evangelists and six angels for the ciborium of the Certosa del Galluzzo. 

Archival documents show that Giambologna received the payment or them 

in 1596 but that they were actually produced by Antonio Susini (Avery, 

Radcliffe and Leithe-Jasper eds., 1978). The St. John is believed to have been a 

readaptation of a now lost silver statue that Giambologna made for the 

Lateran Basilica in ~ome. There are two extant, complete, series of the four 

Evangelists: a group in the Herzog Anton Ulrich-Museum, Brunswick and a 
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gilt group in the Museo Lazaro Galdiano, Madrid. A number of single casts of 

this model are also known (Avery, Radcliffe and Leithe-Jasper eds., 1978). 

8.2 Provenance 

Certosa del Galluzzo until ca. 1799; Julius B6hler, Munich. 

9. Observations and Conclusions 

This very fine cast is similar in facture to other bronze; attributed to Antonio 

Susini and Giambologna. It is cast in one piece but was originally moulded in 

parts that were assembled in the wax. The core pins and internal core 

supports are also similar to those of other Susini bronzes and the hook

shaped wire that descends into the torso and into his cloak is similar to that 

in the two other bronzes from the same group in the Metropolitan Museum 

of Art (MMA) and to other bronzes examined here. The work's meticulous 

chaSing is also characteristic of Antonio Susini. 

Analysis of the core showed that rounded grains of hematitic clay chunks are 

distinguishable for this sample. Igneous plutonic-derived lithic sands are 

present, and due to the lithic components and the amount of rounding, it is 

likely that the source rock is nearby, perhaps within 100 km. The components 

in this sample are characteristic of cores from bronzes attributed to 

Giambologna and Susini. The core sample from the St. John has affinities to 

that of Giambologna's signed gilt Astronomy in Vienna (report GB 3), of the 

Reclining Nymph attributed to Antonio Susini in the SMPK, Berlin (2743) 

and of the St. Matthew also cast by Antonio Susini in the MMA (report GB 29) 

because of the dark red clay and angular grains. 

The metal composition falls within the tin bronze group characteristic of 

Giambologna and Susini bronzes (see Conclusion) despite the unusually high 

lead content of the alloy composition which is probably a result of the method 

used. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 113; Avery, 1987. 
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11. Other (none) 
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Report No. GB 29 

Metropolitan Museum of Art, New York (57.136.2) 

made by Antonio Susini after a design of Giambologna's 

St. Matthew 

ca. 1596 

1. Description 

The figure represents the evangelist St. Matthew looking down at his 

attribute, the book, which a putto bears on his back (Plate 75). The bearded 

figure stands with his right foot resting on a tree stump that emerges from the 

flat integrally-cast base. The figure is covered with a dark brown translucent 

coating. 

1.1 Type 

This statuette was designed as part of a group of figures. 

1.2 Cursory Description of Materials and Fabrication Technique 

The hollow bronze figure is cast in one piece by the indirect lost wax process. 

The putto bearing the book was probably moulded separately and joined to 

the base in the wax. The figure's beard was repaired. The surface is covered 

with a translucent dark brown coating. 

1.3 Metal 

Accordirlg to the results of EDS analysis performed at the Metropolitan 

Museum. of Art (Stone, White and Indictor 1990), the sculpture is made of a 

heavily leaded tin bronze (see Table 2 in Appendix A). These results must be 

interpreted with caution because of the nature of the method; indeed, the 

analysis may have been done in an area containing a large lead globule. 

2. Dimensions 

Height: 27.3 cm (Avery, Radc1iffe and Leithe-Jasper eds., 1978). 

3. Marks and Inscriptions (none) 
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4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The figures of the putto and of the Saint were finished all around in a similar 

fashion. The chasing is impeccable and most traces of the manufacturing 

process are invisible. The cast-on repair in the beard is well concealed. No 

data was recorded on tool marks. 

4.1.2 Surface Coatings 

The dark brown patina was analyzed by the Metropolitan Museum of Art by 

GC/MS and revealed that it contains organic materials: beeswax and fats 

(Stone, White and Indictor 1990). It is not possible by this method to ascertain 

which of these was part of the original patina and in what sequence or 

mixtures they were applied to the surface. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

The radiographs show that both figures are cast hollow in one piece (Plate 75). 

The saint's head and upper body appear to be much less dense than the rest of 

the cast. Without knowing whether the core was removed from the entire 

figure, it is difficult to draw any conclusions from this difference in density. 

The wax-to-wax join in the right shoulder is, however, evidence that the limb 

and torso were cast separately in the wax. 

4.2.2 Core Material 

Naked eye examination of the core material by the Metropolitan Museum of 

Art produced a description of the core as "yellowish sandy" and still intact 

inside the bronze (Stone, White and Indictor 1990). A sample was taken at the 

time of the Giambologna exhibition and the location from which it was taken 

was not recorded. The sample (MNU 2) has the appearance a red clay with 

very immature sand (Plate 99). Its distinguishing features, noted from semi

quantitative analysis of a thin section of the sample with the polarized light 

microscope, are: 78% sub-angular to sub-rounded 0.1-0.3 mm sand and 22% 

hematitic clay. The sand is composed of 34% quartz, 18% feldspar, 8% vitrified 

material and 18% lithics. Muscovite is also present in the sand. These 
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components are also visible in the microprobe image (Plate 99). No organic 

matter is present. 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The numerous overlapping features make it difficult to read much detail in 

the main body of the figure. No evidence remains of internal core supports in 

the saint but a thin wire is visible in the torso of the putto. 

4.2.3.2 Core Pins 

No core pins are visible from the surface but the radiograph reveals a few 

stubs of wire that are plugged over and a number of round plugs (Plate 75). 

4.2.3.3 Other 

The radiograph shows a hook-shaped wire that descends from the left 

shoulder into the body of the figure. This probably served to hang the wax 

model up for storage. The plugs and repairs are described in section 6.1 below. 

4.3 Method of Assembly and Joining 

The head, arms and body of the figure were moulded separately and joined in 

the wax as is evidenced by the tell-tale rings of different density which are 

visible in the radiographs but not on the surface (Plate 75). The radiographs 

do not show how the putto with the book is joined to the base 

5. Base and Mount 

The figure stands on an integrally-cast flat, irregularly shaped base. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

The radiograph shows that there are a few areas of shrinkage porosity in the 

drapes (Plate 76). No repairs or plugs are visible from the surface either, but 

the radiographs reveal that there are a number of such features in the bronze. 

There is a cast-on repair in the figure's chin and beard and a number of plugs 
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in the figure's body. There may be more but these cannot be discerned in the 

radiograph. 

6.2 Present Condition 

The surface of the bronze is in excellent condition and beautifully chased. No 

flaws were recorded. 

7. Analytical Work 

The researcher examined the bronze by naked eye in 1988. The bronze was 

radiographed at the Victoria and Albert Museum at the time of Giambologna 

exhibition (labeled 17.1l.78/nn) and at the Metropolitan Museum of Art 

(MMA). The metal was analyzed by EDS at the MMA and the surface coatings 

were analyzed for organic materials by GC/MS (Stone, White and Indictor 

1990). The core material was analyzed by Ron Schmidtling at the Getty 

Conservation Institute's (GCI) Museum Services Laboratory by binocular 

microscope, microchemical analysis and polarized light microscope. Eric 

Doehne of the GCI performed electron microprobe analysis of a part of the 

core sample. 

8. History 
8.1 Relationships Between Sculptures 

This cast of St. Matthew, together with the St. John and the Christ Resurrected 

in the same collection, were made as part of a larger group with four 

evangelists and six angels for the ciborium of the Certosa del Galluzzo. 

Archival documents show that Giambologna received the payment or them 

in 1596 but that they were actually produced by Antonio Susini (Avery, 

Radcliffe and Leithe-Jasper eds., 1978). The St. Matthew may have been based 

on an unused model which Giambologna had made for a sculpture of St. 

Matthew for Orvieto. There are two extant, complete, series of the four 

evangelists: a group in the Herzog Anton Ulrich-Museum, Brunswick and a 

gilt group in the Museo Lazaro Galdiano, Madrid. A number of single casts of 

this model are also known (Avery, Radcliffe and Leithe-Jasper eds., 1978). 
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8.2 Provenance 

Certosa del Galluzzo until ca. 1799; Julius B6hler, Munich. 

9. Observations and Conclusions 

This very fine cast is similar in facture to other bronzes attributed to Antonio 

Susini and Giambologna. It is cast in one piece but was originally moulded in 

parts that were assembled in the wax. The core pins and internal core 

supports are also similar to those of other Susini bronzes and the hook

shaped wire that descends into the torso and into his cloak is similar to that 

in the two other bronzes from the same group in the Metropolitan Museum 

of Art (MMA) and to other bronzes examined here. Its meticulous chasing is 

also characteristic of Antonio Susini. 

Analysis of the core showed that rounded grains of hematitic clay chunks are 

distinguishable for this sample. Igneous plutonic-derived lithic sands are 

present, and due to the lithic components and the amount of rounding, it is 

likely that the source rock is nearby, perhaps within 100 km. The components 

in this sample are characteristic of cores from bronzes attributed to 

Giambologna and Susini. The core sample from the St. Matthew has affinities 

to that of Giambologna's signed gilt Astronomy in Vienna (report GB 3), of 

the Reclining Nymph attributed to Antonio Susini in the SMPK, Berlin . 

(2743) and of the St. John also cast by Antonio Susini in the MMA (report GB 

28) because of the dark red clay and angular grains. 

The results of the GC/MS analysis of the surface coating showed that it does 

not contain the same materials as those of the Christ Resurrected and the St. 

John from the same group. The metal composition falls within the tin bronze 

group characteristic of Giambologna and Susini bronzes (see Conclusion) 

despite the unusually high lead content of the alloy composition which is 

probably a result of the method used. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978; Avery, 1987; Herzog Anton 

Ulrich-Museum, 1994. 
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11. Other (none) 
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Report No. GB 30 

Victoria and Albert Museum, London (A148.1910) 

after Giambologna 

Pacing Horse 

1. Description 

The figure represents a horse pacing with its left front leg and rear right leg 

raised (Plate 78). All of the details are modeled and finished with care: the 

hair, the bulging eyeballs and well-defined eyelids, the nails on the horse 

shoes, the calluses and the wrinkles in the skin. The veins in the face, limbs, 

belly and side of the chest are well-defined. The mane is loose and curly and 

the top of the tail is bound with an elaborately tied ribbon. The bronze is 

finished in the recesses, even between the tail and the horse's body. The front 

left leg is bent ever so slightly inwards and the right rear hoof lifts up at the 

front. 

1.1 Type 

This freestanding statuette was designed as an independent work of art. 

1.1.2 Cursory Description of Materials and Fabrication Technique 

The horse was cast in one piece by the indirect lost wax process. The 

radiographs show that the head and neck appear to have been moulded 

separately and joined to the body in the wax. The figure is hollow and fairly 

heavy. The translucent brownish black patina does not entirely conceal the 

metal surface and all of the finely finished details are visible. The figure is 

meticulously chased even in the recesses. 

1.1.3 Metal (no data) 

2. Dimensions 

The measurements were all taken with a string and are reported in 
centimeters. 

I height 
width 
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length 29.5 

front top teeth to tip of front left hoof 14.6 

max. circumference of belly 25.5 

between tips of right hooves 14.5 

between tips of left hooves 9.7 

front tip of top teeth to tail ribbon (over right shoulder) 21.9 

front teeth to tip front left hoof 14.6 

inner length of front left leg 9.7 

between tip of right hoof to ground 2.8 

between rear left hoof and ground 1.3 

between tips of ears 2.4 

3. Marks and Inscriptions 

There is none on the horse, but the base bears an unidentified coat of arms 

(Plate 78). 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The surface is finely finished. Parallel scratch brush marks follow the 

contours of the body and may have given the surface the appearance of a 

sleek pelt. Some strands of the mane are engraved in the neck. The buttocks 

are highly finished in the area behind the tail, suggesting that the tail may 

have been cast separately and joined after chasing. 

4.1.2 Surface Coatings 

The brown translucent lacquer-like surface coating is worn down to a warm 

light brown naturally patinated metal in the more exposed areas. In some 

areas the coatbg has developed darker spots. There are a number of greenish 

drip marks on the belly and inside the legs 

4.2 Internal Evidence 
4.2.1 Metal Surface 

The radiograph shows that the internal surface of the horse's body, neck and 

head conforms closely to the outer one (Plates 77 and 78 ). There is a denser 
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jagged ring of metal at the base of the horse's neck that corresponds to a join 

between the neck and the body. The head appears to be less dense than the 

body in the radiographs. This may reflect the difference in density of two 

separately moulded parts but the greater density in the body may also be due 

to core remains. Indeed, the less dense head and neck appear to have been 

emptied of much of the core. The legs and tail are solid. The radiographs also 

reveal a number of large geometrically-shaped areas that are slightly denser 

than the rest of the metal: a large one on the side of the-horse's body, a 

smaller one near the tail and one at the top of the neck. These may be the 

result of wax patches. There are a very few small flashes and a tiny bit of 

porosity, but for the most part this is a very clean cast. 

4.2.2 Core Material 

The Victoria and Albert Museum sent a sample of core material to the Oxford 

Laboratories for TL dating (Fleming, 1981) and the results conform with the 

expected period of manufacture, around 1605. 

A sample of core material (VLG 13) was taken from the hole in the mane. The 

sample has the appearance of fine red sand. Its distinguishing features, noted 

from semi-quantitative point-count analysis with the polarized light 

microscope, are 40% dark red clay, and 60% 0.1 - 0.3 mm sub-rounded to 

angular sand. The sand is made up of 28% quartz including stressed quartz, 

quartz with undulose extinction, and chert, 16% feldspar, glass, garnet (green 

and red varieties), tremolite, calcite, muscovite, and copper carbonate. 

Metamorphic fragments, hornblende, tourmaline, and zircon are also present 

in the sand. Cotton fibers, which may be contaminants, are present in the 

sample, as well as some 3.0 mm long blue synthetic fibers. The 

photomicrograph of the loose sample shows small loose grains, a greenish 

copper carbonate grain just below center, mica reflecting light just above 

center and near some sub-rounded lithics, and a larger red clay chunk in the 

lower right (Plate 98). Polarized light microscope with crossed polars reveals a 

rounded garnet amid quartz and feldspar grains that are coated in reddish

brown clay matrix (Plate 98). The garnet goes extinct, and quartz and feldspars 

show first order colours. Reddish clay is enhanced. 
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4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The unusual wire and rod insertion in the belly of the horse which can be 

seen in the radiograph (Plates 77 and 78) may have served as an internal core 

support; it could not have served as an armature. 

4.2.3.2 Core Pins 

Numerous thin rod ends are visible in the radiographs, e.g., on tl:le horse's 

rump, in his hind legs, in his chest, and even in his neck. These are core pins. 

The round holes in the less dense areas of the horse's neck and head are 

almost without a doubt core pin holes, where the core pins were removed. 

There is no noticeable magnetic attraction. Without more evidence it is 

difficult to ascertain what material these were made of. 

4.2.3.3 Other 

The wire and rod construction visible in the radiograph is unlike any other 

insertion in the Giambologna bronzes examined thus far. The horizontal 

metal rod appears to be suspended on the wire in the horse's belly and is not 

an armature (Plates 77 and 78). The wire descends from the back, wraps 
, . 

around the rod and extends below it. In the absence of noticeable magnetic' 

attraction from the outer surface, it is not possible to identify the metal of 

which these inclusions are made. 

4.3 Method of Assembly and Joining 

The radiographs show that there is a denser ring with metal flashes around 

the base of the horse's neck that is not visible from the outer surface (Plates 77 

and 78). This appears to be the remains of a wax-to-wax join. 

5. Base and Mount 

The horse is mounted on a tall wooden base painted black with fine gold lines 

and a coat of arms (Plate 78). 1he proportions of the base are similar to those 

of Giambologna' s equestria~ monuments and is considered to be from the 

sixteenth century (Avery, Radcliffe and Leithe-Jasper eds., 1978). 
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6. Alterations, Mutilations and Modifications 
6.1 Casting Flaws and Foundry Repairs 

Only one plug is visible from the outer surface, on the right haunch. 

Otherwise, no repairs are visible either in the radiographs or the surface 

examination. The lacuna in the horse's mane is due to a thinning in the 

metal, probably a high point in the mould. The front curl on the horse's 

forehead seems to stop abruptly and may have miscast. There is also some 

evidence of. The front left leg is bent inwards slightly aRd the right rear hoof 

lifts up at the front; both features reflect distortions of the wax model that was 

used for the casting. 

6.2 Present Condition 

The green drip marks on the inside of the legs and belly suggest that the 

bronze was treated with an unknown solution that attacked the coating and 

reacted with the metal. The surface is slightly scratched. 

7. Analytical Work 

The Victoria and Albert Museum had the core material TL dated by the 

Oxford Research Laboratories in 1978 and the results were ca. 1605 (see V&A 

files). The V&A also radiographed the bronze in 1977 for the occasion of the 

the Giambologna exhibition in 1978 (labeled as: 27.2.77/2,4,6 and 9). The 

researcher examined the bronze by naked eye in 1990 at which time she took a 

sample of core material. This was examined under the stereo-microscope and 

mounted into a thin section which was analyzed by microprobe by Eric 

Doehne in 1992. Ron Schmidtling analyzed it by PLM in 1995. 

B. History 
B.l Relationships Between Sculptures 

The TL dating of the core material from this bronze has placed it's date of 

manufacture within Giambologna's lifetime, thereby increasing the 

connection between this small bronze and the monument to Cosimo I 

(Avery, Radcliffe and Leithe-Jasper eds., 1978). For a list of replicas of this 

bronze see Avery, Radcliffeand Leithe-Jasper eds., 1978. 
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8.2 Provenance 

George Salting, London; bequest to the Museum in 1910. 

9. Observations and Conclusions 

The horse was produced by the indirect lost wax process in a fashion similar 

to other Giambologna bronzes. The veins are almost identical to those on the 

Pacing Horse attributed to Antonio Susini in the V&A (Plate 81).-lt does 

however present an unusual feature: a metal wire and rod construction in 

the belly that is unlike the armatures encountered in other four-legged 

figures. It is tempting to speculate that the rod and wire were floating around 

in the emptied bronze and landed in this strange configuration but the 

evidence suggests that the core has not been removed from the body. 

Therefore, one can only conclude that the wire and rod were embedded in the 

core and served to suspend the horse from above. This distinctive 

characteristic in a bronze, which according to TL dating was made during 

Giambologna's lifetime, may be evidence that someone other than the 

person(s) usually responsible for the four-legged figures made this bronze. 

Whether this person worked within or outside of the workshop is not clear. 

The TL analysis dates this bronze to 1605, but such accuracy is not possible. 

The conclusions drawn on the basis of this data must be taken with caution. 

10. Bibliography and Documentation 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 151; The Horses of San 

Mareo, 1979, no. 54; Avery, 1987, cat. 132; Fleming, 1981. 

11. Other (none) 
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Report No. GB 31 

Kunsthistorisches Museum, Vienna (5843) 

after Giambologna 

(Planiscig had ascribed it to Adriaen de Vries) 

Pacing Horse 

1. Description 

The figure represents a pacing horse whose right front leg and rear left leg are 

raised in a well-balanced pose (Plate 77). The composition is similar to the 

horse in the equestrian monument to Cosimo I as are details such as the 

rippling mane, the braided top of the tail. The details are slightly softened and 

the surface appears to have been overworked. 

1.1 Type 

This freestanding statuette was designed as an independent work of art. 

1.2 Cursory Description of Materials and Fabrication Technique 

The sculpture appears to be cast in one piece but there is not enough data to 

say much about its method of fabrication. 

1.3 Metal (no data) 

2. Dimensions 

Height: 24.1 cm (Avery, Radc1iffe and Leithe-Jasper eds., 1978) 

3. Marks and Inscriptions (none) 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The metal surface is finished all around, however, the details are bland. The 

surface appears to be slightly rippled, perhaps from overworking. Scratch 

brush marks follow the contours of the body. 
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4.1.2 Surface Coatings 

The surface coating is thick, dark brown and gritty. It has popped off in many 

areas letting the bronze coloured metal show through and giving the surface 

a mottled appearance. 

4.2 Internal Evidence 
4.2.1 Metal Surface (no data) 

4.2.2 Core Material 

The hollow bronze has been emptied of its core material although some loose 

pieces rattle around inside it when the sculpture is shaken and a bit of grayish 

powdery material dropped out of the hole in the mane behind the right ear. 

This core sample has the appearance of black carbonaceous material. Its 

distinguishing features are 80% black carbonaceous material, 10% grey-white 

powdery material, 5% 1.5 mm copper shards, 1.0 mm grey metal shards, and 

2.0 mm long red and green fibers. Bits of 0.2 mm red and green glass are 

present. No other sand grains are apparent in the sample. 

4.2.3 Metal Insertions 

There is no perceptible magnetic attraction and no data. 

4.3 Method of Assembly and Joining 

The bronze appears to have been cast in one piece. There is no visible 

evidence of metal-to-metal joins from the surface examination and no other 

data on the structure of the piece. 

5. Base and Mount (no data) 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

A number of small unrepaired casting flaws or lacunae are visible in the 

mouth, behind the right ear and in the raised right hoof. There is also a break 

in the right hind leg above the "knee." Several plugs are visible on the 

horse's rump. 
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6.2 Present Condition 

The surface coating is deteriorated and has popped off in many areas, creating 

an incoherent mottled surface. 

7. Analytical Work 

The researcher examined the bronze by naked eye in Vienna in 1992 at which 

time she took a small sample of core material. This was-examined under the 

stereo-microscope and prepared into a thin section that was analyzed by Ron 

Schmidtling at the Getty Conservation Institute in 1995. 

8. History 
8.1 Relationships Between Sculptures 

The figure seems to be a slightly simplified version of the Pacing Horse in the 

V&A (see report GB 30). It's composition is similar to that of the horse in the 

equestrian monument to Cosimo I in Florence. The type was mentioned by 

Baldinucci among the list of Giambologna's bronze statuettes and was 

frequently reproduced over the centuries (see Avery, Radcliffe and Leithe

Jasper eds., 1978 for list of other versions). 

8.2 Provenance 

The bronze is recorded in the inventory of the Kunstkammer of Grand Duke 

Leopold William and later in the imperial Schatzkammer. 

9. Observations and Conclusions 

The analysis of the core material shows that it is not characteristic of 

Giambologna and Susini bronzes. Without radiographs and more analytical 

data it is difficult to draw any conclusions about the bronze other than that is 

of less fine quality than the version in the Victoria and Albert Museum (see 

report GB 30) and that it may be a later cast. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 151a. 
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11. Other (none) 
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Report No. GB 32 

Me.tropolitan Museum of Art, New York (24.212.23) 

Giambologna 

Pacing Horse with Cropped Mane 

1580's? 

1. Description 

The figure represents a pacing horse whose right front leg and rear left leg are 

raised in a well-balanced pose (Plate 79). The stylized mane is cropped except 

for the top which is gathered and is reminiscent of the monumental bronze 

Horses of San Marco in Venice. All of the details are modeled and finished 

with care, e.g., the hair, pronounced eyelids and bulging eyeballs. The veins 

are, however, not very crisp. The figure is mounted on an oval base that 

could be original. 

1.1 Type 

This freestanding statuette was designed as an independent work of art. 

1.2 Cursory Description of Materials and Fabrication Technique 

The fInely modeled horse was cast by the indirect lost wax process. It is 

hollow, cast in one piece, but made up of separately-moulded parts. The 

surface is coated with a brown translucent coating. 

1.3 Metal 

EDS analyses of the metal composition show that it is a leaded tin bronze (see 

Table 2 in Appendix A). 

2. Dimensions 

The dimensions were taken from the Giambologna catalogue (Avery, 

Radcliffe and Leithe-Jasper eds., 1978) and are reported in centimeters. 

Height 24.3 

Width 28.3 

width of oval base 8.6 

depth of oval base 18.4 
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3. Marks and Inscriptions (none) 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The researcher did not have the opportunity to examine this sculpture closely 

and to gather much detail on the surface appearance of this piece:-

4.1.2 Surface Coatings 

No data was recorded on the surface appearance of this piece. Analysis of the 

fine brown surface coating by GC/MS indicates the presence of triterpenoid 

resin that may be mastic, pine colophony and linseed oil (Stone, White and 

Indictor, 1990). 

4.2 Internal Evidence 
4.2.1 Metal Surface 

There is no access to the inside of the bronze which would allow naked eye 

examination of the surface. The radiographs reveal that the cast is hollow 

except for the legs (Plates 77 and 79). The head appears to be a very thin cast 

and hollow except for the very end of the muzzle. The head and neck are 

much less dense than the rest of the body in the radiograph. This difference in 

density may be due in part to the core having been removed from this area 

and not from the belly and to the fact that the head and body were moulded 

separately and joined in the wax. 

4.2.2 Core Material (no data) 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The figure has an armature that also served as a core support. Indeed, a metal 

(probably iron) tapering rod is visible in the radiograph (Plates 77 and 79). It is 

bent into an L-shape and fit into the horse's belly. This must originally have 

extended down through the belly into a base and later cut off and covered 

over. A rod traverses the join between the neck and the body of the horse and 

served to reinforce the core in the join area. 
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4.2.3.2 Core Pins 

A number of core pins in the form of short rod ends (probably iron) are 

embedded in the core material and can be detected in the radiographs (Plates 

77 and 79). They are patched over on the surface. Some core pins must have 

been removed and the holes plugged. 

4.2.3.3 Other 

There are a number of copper-alloy repairs in the cast that are described below 

in section F.l. 

4.3 Method of Assembly and Joining 

The bronze was cast in one piece and the radiographs show that the head and 

neck were moulded separately from the rest of the body and joined in the wax 

(Plates 77 and 79). The radiographs show the changes of density in the join 

area at the base of the neck. The tail was probably moulded separately as well; 

the angle of the radiographs does not allow the researcher to ascertain how it 

was joined to the body. 

5. Base and Mount 

The shallow oval base is described in the catalogue as original. It's shape is 

reminiscent of the base of the Huntington Art Galleries' Nessus and Dejanira 

(see Hunt 2). 

6. Alterations, Mutilations and Modifications 
6.1 Casting Flaws and Foundry Repairs 

Some of the plugs on the horse's rump are repairs of porosity, others served 

to plug core pin holes. Cast-on repairs were also used and appear as large, 

amorphous, denser ?lreas in the radiographs, e.g., in the horse's head and 

belly (Plates 77 and 79). A few copper alloy metal patches were used as well: a 

small rectangular one and a larger irregularly-shaped one both in the horse's 

chest above the front legs. The radiographs show that there are numerous 

localized areas of large-vacuole porosity throughout the figure and there 

appears to be a crack in the back of the horse's right rear thigh. 

447 



6.2 Present Condition (no data) 

7. Analytical Work 

The researcher did not have a chance to examined the bronze outside of its 

glass case in the gallery. The Victoria and Albert Museum X-ray radiographed 

the sculpture at the time of the Giambologna exhibition in London 

(radiograph labeled 17.11.78/7).The Metropolitan Museum of Art analyzed 

the metal composition by EDS and the surface coating by GC-MS(Stone, 

White and Indictor 1990). 

8. History 
8.1 Relationships Between Sculptures 

The clipped mane and bound forelock of this horse are inspired by classical 

prototypes such as the Horses of San Marco in Venice. The figure is similar in 

composition to the monument to Cosimo I and also to the horses with 

saddle-cloths attributed to Giambologna. Pacing horses - some with clipped 

manes - can also be found in a number of Giambologna's reliefs (Avery, 

Radcliffe and Leithe-Jasper eds., 1978). 

8.2 Provenance 

C. Bowyer; Ogden Mills Esq., given to the Metropolitan Museum of Art in 

1924 

9. Observations and Conclusions 

This bronze is similar in facture to other four-legged bronze figures attributed 

to Giambologna's workshop: the wax-to-wax join at the bottom of the neck, 

the rod internal core support going through the join, the L-shaped thick rod 

armature in the belly and the rod core-pin ends preserved in the core. 

The alloy is a leaded tin bronze as are the few other Giambologna bronzes 

analyzed. The surface coating is similar, although not identical, to the coating 

found on Antonio Susini's Christ Resurrected, St. John and St. Matthew that 

are also in the rvfetropolitan Museum of Art (reports GB 27-29). 
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10. Bibliography 

Avery, Radc1iffe and Leithe-Jasper eds., 1978, cat. 154; Avery, 1987; Stone, 

White and Indictor, 1990. 
'. 

11. Other (none) 
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Report No. GB 33 

Kunsthistorisches Museum, Vienna (5839) 

after Giambologna, perhaps Antonio Susini 

Pacing Horse with Saddle Cloth 

1. Description 

The figure represents a pacing horse whose right front kg and rear left leg are 

raised in motion (Plate 80). The stylized mane is cropped except for the 

forelock which is gathered on the top of his head. The details are modeled 

and finished with care, e.g., the hair, the bridle, the saddle-blanket, the band 

tied around the top of the tail, the pronounced eyelids and bulging eyeballs. 

The figure is mounted on a rectangular base. 

1.1 Type 

This freestanding bronze statuette was cast as an independent work of art. 

1.2 Cursory Description of Materials and Fabrication Technique 

This bronze is a heavy cast. It is finished all around, even in the recesses. The 

radiographs show that the head and the rest of the horse were moulded 

separately but joined in the wax; the figure was cast in one piece. An uneven 

and damaged dark red-brown lacquer-like coating covers the surface. 

1.3 Metal (no data) 

2. Measurements 

Height: 24.5 cm (Avery, Radc1iffe and Leithe-Jasper eds., 1978). 

3. Marks and Inscriptions (none) 
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4. Technique of Fabrication and Coating 
4.1. External Evidence 
4.1.1 Metal Surface 

This figure is beautifully modeled and finished in great detail (e.g., tail band 

and hoofs). Sprue ends were preserved on the bottom of the two supporting 

hooves and serve to mount the figure to its base. 

4.1.2 Surface Coatings 

The olive bronze metal is coated with a red-brown lacquer patina that is 

darker in some areas. The catalogue describes it as a light brown natural 

patina with a red-brown lacquer under a later dark brown lacquer. The coating 

is worn, scratched and flaked off in many areas exposing the metal, which 

probably resulted in the natural patina. There is no evidence that the metal 

was intentionally patinated before it was coated. The coating was applied 

unevenly and in some areas it is very thick and drippy. A sample of what 

may be shellac was taken from the drip on the belly but has not yet been 

analyzed. It is impossible to say with certainty at what date the surface coating 

was applied. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

There is no access for naked eye examination of the inner surface cjf the 

bronze. The radiographs show that the figure is a thin-walled, hollow cast and 

that the inner and outer metal surfaces of the head, neck and body are 

conformal (Plates 77 and 80). The head is hollow as are the thighs, but the rest 

of the limbs are solid as is to be expected for such fine parts. The entire figure 

is speckled with fine porosity and a few fine accretions. 

4.2.2 Core Material 

There is no access to the inside of the cast. The presence of many of the core 

pins and internal core supports suggests that most of the core material is still 

extant which may account for some of the weight of the bronze. 
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4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

There is a strong magnetic attraction on the underside of the belly that 

corresponds to where the iron armature ends. The radiographs show that this 

is composed of two large rods in the shape of a "T" (Plates 77 and 80). This 

armature used to extend beyond the wax model and into the top of a base and 

is now cut down and covered over with a copper-alloy patch. A long wire or 

thin rod traverses the join area extending both up into-the neck and down 

into the chest and served to reinforce the core in the join area. It is of 

approximately the same diameter as the core pins and both were probably 

made out of iron. 

4.2.3.2 Core Pins 

The core material appears to have been preserved and contains many core 

pins that are visible in the radiographs. The thin wire bits are all cut to a 

similar length and have been pushed in and plugged over (Plates 77 and 80). 

4.2.3.3 Other 

There are only a few plugs and patches in this bronze and these are described 

in section F.1 below. 

4.3 Method of Assembly and Joining 

The bronze was cast in one piece but the radiographs show that the head and 

neck were joined to the rest of the body at the base of the neck at the wax stage 

(Plates 77 and 80). The ring-shaped thickening of the metal in this area is 

evidence of such a join. The tail appears to have been cast in one piece with 

the body as well as there is no evidence of metal-to-metal join at the top of 

the tail. 

5. Base and Mount 

Sprue ends in the two supporting hooves are used to mount the horse onto 

the base. The rectangular base is not made of metal and is a later addition. 
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6. Alterations, Mutilations and Modifications 
6.1 Casting Flaws and Foundry Repairs 

The radiographs show that there are few repairs in this fine cast: small round 

thin plugs over the core pin holes and one small square plug on the left side 

of the horse's neck. The radiograph shows that there is small-vacuole 

porosity throughout the bronze and a few areas of large-vacuole porosity 

(Plates 77 and 80). The otherwise clean cast also has a number of small flashes 

or other denser metal accretions formed during casting on the irmer surface 

due to imperfections in the core. 

6.2 Present Condition 

The surface coating is scratched and worn. An unusual small, dark, 

rectangular area on the left shoulder looks like the former location of an 

adhesive label. 

7. Analytical Work _ 

The figure was X-ray radiographed at the Victoria and Albert Museum at the 

time of the Giambologna exhibition (radiographs labeled: 26.9.78/12,14). The 

researcher examined the sculpture by naked eye during a trip to Vierula in 

1992. No other analyses have been done. 

8. History 
8.1 Relationships Between Sculptures 

This bronze is similar in composition and detail to the cast in the Bargello 

which is ascribed to Giambologna (Avery, Radcliffe and Leithe-Jasper eds., 

1978). It is related in composition to some of Giambologna's studies for 

monumental bronzes and to a horse on the relief of Cosimo 1's Triumphal 

Entry into Siena (Avery, Radcliffe and Leithe-Jasper eds., 1978). There is 

another gilt version in Glasgow that seems, however, to be a later cast (see 

report GB 35). 

8.2 Provenance 

The bronze is an old~ Habsburg possession, probably from Rudolph Il' s 

Kunstkammer, and may be identified with inventory no. 1902 or 1911. The 
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Horse subsequently entered the Schatzkammer in Vienna (Avery, Radc1iffe 

and Leithe-Jasper eds., 1978). 

9. Observations and Conclusions 

The small square patch on the side of the neck and the placement of the 

chaplets and the internal supports are similar to. those in the Metropolitan 

Museum's Horse (see report 32) and fall within the method of construction of 

other four-legged figures from Giambologna's workshop. The striated 

structure of the material that forms the cross-bar of the T -shaped armature 

appears to be similar to that of the rod in the Metropolitan Museum's 

Fortuna (see report GB 5) which is possibly made of rusting wrought iron. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 156; Avery, 1987. 

11. Other (none) 
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Report No. GB 34 

Victoria and Albert Museum, London (A.11-1924) 

Antonio Susini 

Pacing Horse 

1. Description 

The figure represents a pacing horse with bridle, reins and a saddle belt (Plate 

81). The proper left front leg and rear right leg are raised. The loose and curly 

mane falls to the right side of the neck. All of the details are modeled and 

finished with care: the hair, the pronounced eyelids and bulging eyeballs, the 

reins and the saddle belt. The veins in the face, limbs, belly and side of the 

chest are well-defined and are almost identical to those on the Pacing Horse 

after Giambologna that is also in the Victoria and Albert Museum (see report 

GB 30). The horse must originally have had a saddle and rider that would 

have slotted into a rectangular hole in the horse's back which is now patched. 

The tail stands out at an awkward angle as a result of a poor repair job. The 

left rear hoof is bent up slightly at the front. 

1.1. Type 

This freestanding statuette was designed as an independent work of art. 

1.2 Cursory Description of Materials and Fabrication Technique 

The finely modeled horse was cast by the indirect lost wax process. The reins 

seem to have been cast in one with the figure, which would be a casting feat. 

The radiograph shows that the figure was molded in parts that were 

assembled in the wax (Plates 77 and 81). The figure is a thin-walled hollow 

cast and has been emptied of its core (something rattles around in the empty 

belly), as a result of which it is very light. The saddle belt is modeled only half 

way up the sides of the horse and would have been covered by a saddle 

probably bearing a rider. The bottom part of the mane was cut away to make 

room for the saddle which would originally have slotted into a hole that is 

now a large rectangular patch on the horse's back. The translucent brownish 

black patina does not entirely conceal the metal surface and all of the finely 

finished details are visible. 
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1.3 Metal (no data) 

2. Dimensions 

The measurements, except for the height which was reported in the 

Giambologna catalogue (Avery, Radcliffe and Leithe-Jasper eds., 1978), were 

taken with a string and are reported in centimeters. 

height t- 29 

between front tips of right hooves 12.3 

between front tips of left hooves 17.1 

from front top teeth to reverse knee of right hind leg 30 

tip of right rear hoof to ground 0.5 

tip of left front hoof to ground 4.7 

circumference of body behind belt 28.9 

between ear tips 2.7 

front of top teeth to tip of front right hoof 21 

3. Marks and Inscriptions 

'ANTII:SVSINII FLORI:FE." is inscribed on the saddle strap under the horse's 

belly between the "arm pits." 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The surface of the horse is finely modeled and finished. Scratch brush and file 

marks follow the contours of the body; most of them run parallel to each 

other but some of them are cross hatched. Among the file marks there are 

different types: coarser on the shoulder, smooth finer ones on the neck and 

both around the patch on the horse's back. The horse's rump is slightly 

faceted either from hammering or filing, and the tail and mane are textured 

with a punch. The bottom end of the mane preserves chisel marks from 

where it was altered in the metal to accommodate the now-lost saddle and 

rider. Sprue ends were preserved on the supporting legs. 
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4.1.2 Surface Coatings 

The metal surface is covered with a thin dark brown-black surface coating 

which does not conceal the details of the modeling and chasing except for in 

the area where the tail joins the body. The black may have been added to 

conceal the repair. It is worn away in the more exposed areas, exposing the 

patinated metal which is heterogeneous in color: an olive-gold in the less 

worn areas and a pinker in worn areas; looks like it's been cast-on in the 

haunches. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

The radiograph shows that the inner surface of the cast is conformal with the 

outer one although the metal appears to be thicker in the horse's body than in 

the head (Plates 77 and 81). The inner surface is smooth for the most part 

except for a number of features that all indicate that it was cast by the indirect 

process. The thinner and thicker lines around the base of the neck are a wax

to-wax join. The small round, bubble-like accretions in the belly and a large 

drip that runs up from under the belly were formed on the inside of the 

hollow wax shell. The drip begins in the area that corresponds to where the 

armature of the horse would have been inserted in the hollow wax model. 

There are a number of flashes and areas of localized porosity in the cast that 

are described below in section 6.1. 

4.2.2 Core Material 

A reddish core sample was taken from a lacuna in mane (VLG 15). It has the 

appearance of a coarse red heterogeneous sand (Plate 99). Its distinguishing 

features, noted from semi-quantitative point-count analysis of a thin section 

with the polarized light microscope are: 32% gypsum, 32% red clay, 26% 0.1-

0.3 mm sub-rounded sand, 4% bronze fragments with green corrosion, 4% 

cotton fibers (probable contaminants in thin section), and 2% organic polymer 

bits. The sand is composed of 18% quartz, 2% feldspar, 2% mica, 2% calcite, 

and 2% hematite grains. Chert and orthopyroxene grains, and minute organic 

fibers in the red clay are also present in the sample. 
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4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

There is no magnetic attraction; most of the core material has been removed 

from the inside of the bronze and in the process, so have any metal 

insertions. 

4.2.3.2 Core Pins 

There is no magnetic attraction; the removal of the core material-took any 

remaining core pins with it. However, the radiograph shows that there are a 

number of similar-size threaded plugs throughout the bronze many of which 

plug core pin holes (Plates 77 and 81). 

4.2.3.3 Other 

The removal of the core material took any remaining core pins with it. The 

plugs and patches are described below in section 6.1. 

4.3 Method of Assembly and Joining 

There are a couple of ring-like, parallel denser and thinner lines around the 

base of the horse's neck that are invisible from the outer surface but visible in 

the radiograph (Plates 77 and 81). These are the remains of a wax-to-wax join. 

A large square patch was cast separately and joined mechanically on the 

horse's back. The tail is joined to the body of the horse with a sleeve join: a 

long metal tube is inserted into the horse's rump and a threaded pin passes 

through the tail and fits into this tube. There also appears to be an accretion of 

cast-on metal inside the bronze in this area which is probably how the tube is 

held in place. The left ear is joined to the head in the metal and is most likely 

a repair. 

5. Base and Mount 

Sprues on the supporting hooves serve to mount the horse to the marble 

base. 
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6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

The rear left hoof bends up slightly at the front; it was probably distorted at 

the wax stage. Some small vacuole porosity is visible on the surface of the 

belly and there are numerous lacunae in the metal: on the testicles, in the 

mane, and in the tail. The radiographs show several flashes in the horse's 

neck and three main areas of localized porosity in the cast (Plate 81). The large 

vacuoles of porosity both at the base of the neck and in-the horse's rump do 

not see to have broken through to the surface much. 

From the surface examination one can observe a couple of round plugs of 

different sizes. The radiograph shows that some are threaded and were used 
, 

to fill lacunae in the horse's tail. Two round plugs are visible on the horse's 

back. The left ear is joined to the head with a metal-to-metal join and may be 

a repair. The lack of magnetic attraction in the ear suggests that it is not held 

in place with an iron pin. The end of the mane was chiseled off to make room 

for a saddle which is now replaced by a large square patch that was joined 

mechanically on back. The saddle originally sat over or slotted into the hole 

in the horse's back. 

6.2 Present Condition 

Surface examination has revealed that there are numerous accretions of 

organic material on the surface. The tail is attached at an unnatural angle and 

was, indeed, joined to the body in the metal, perhaps as a result of a later 

repair. 

7. Analytical Work 

The bronze was radiographed at the Victoria and Albert Museum in 1978 at 

the time of the Giambologna exhibition (labeled as: 11.11.77/6). The researcher 

examined the bronze by naked eye at the V&A in 1990. A sample of core 

material was taken at the time. Ron Schmidtling examined it, performed 

microchemical tests on it and analyzed a thin section by polarized light 

microscope. 
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8. History 
8.1 Relationships Between Sculptures 

The horse may be a rejected model for the equestrian monument to Cosimo I 

or of Ferdinando I. The horses of the equestrian statues of Henry IV, Philip III 

and Charles Emmanuel of Savoy are based on Antonio Susini's model 

(Avery, Radcliffe and Leithe-Jasper eds., 1978). 

8.2 Provenance 

Art market, London 1924. 

9. Observations and Conclusions 

The facture of this finely cast and signed horse is similar to that of other 

bronze horses produced by Giambologna and Susini's workshop. The wax-to

wax join at the base of the neck and the evidence of the metal armature in the 

belly are typical of these horses. In some respects, however, it is different. The 

rectangular patch on the back is unusual and probably due to the removal of a 

saddle and rider. Furthermore, analysis of the core sample revealed that it is 

uncharacteristic of Susini cores. Crystalline calcite and grains of gypsum as a 

large component in the sand whereas the other bronzes attributed to Susini 

do not have such grains (see Plates 97, 99 and 102 for comparison). Large 

quantities of gypsum are present, not as a matrix, but rather as crystalline sub

angular grains, which are unique to this sample. The presence of several 

orthopyroxenes is also unusual. Rounded grains of hematitic clay chunks and 

igneous plutonic-derived lithic sands are present, and due to the lithic 

components and the amount of rounding, it is likely that the source rock is 

nearby, perhaps within 100 km. The results of the analyses must remain 

inconclusive without further comparative material on the core material and 

a closer examination of the sculpture. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 162; The Horses of San 

Mareo, 1979. 

11. Other (none) 
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Report No. GB 35 

National Galleries of Scotland, Pollock House, Glasgow (E 49 113 107) 

after Antonio Susini 

Pacing Horse 

1. Description 

This sculpture represents a pacing horse with saddle cloth and clipped mane 

is reminiscent of the of the San Marco horses (Plate 79). The surface is finely 

chased and very highly polished. Attention was given to details such as the 

finely engraved hair strands of the tail, lines on saddle, bridle, ribbon and tail. 

The horse has no bit (reins?), but could have in the past. His testicles are well

modeled but aren't finished. The inside of the ears is textured but not very 

deep. The horse is mounted on an oval base. 

1.1 Type 

This freestanding statuette was designed as a independent work of art. 

1.2 Cursory Description of Materials and Fabrication Technique 

The Glasgow Horse is a hollow cast judging from its weight and from the 

lacunae in the metal. 

1.3 Metal (non data) 

2. Dimensions 

The measurements were taken with a string, except for those with the n*n 

which are reported in the curatorial files, and are reported in 'centimeters. 

between front tip of right hooves 13.3 

between front tip of left hooves 10.4 

from tip of top teeth to left carpus 23.9 

from tip of rear left hoof to ground 1.4 

from ground to front right hoof 2.9 

circumference of body in front of belt 25.0 

distance between tips of ears 3.9 
from tip of teeth to left front hoof tip 16.0 
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from top teeth to tail band 

inner length of front left leg 

total height* 

max. length head to tail* 

height of bronze base* 

wid th of bronze base* 

length of bronze base* 

h. of bronze w / bronze base* 

h. w / out base* 

3. Marks and Inscriptions (none) 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

22.2 

10.0 

30.8 

34.3 

3.4 

10.5 

18.4 

27.6 

24.1 

Scratch brush marks run over the surface erratically, except for on the legs, 

hooves, and saddle blanket. The file marks on the horse's belly are fairly deep 

on the proper right side. 

4.1.2 Surface Coatings 

The surface is "water-gilt" according to the curatorial files. The gilt bronze was 

coated with a fine translucent lacquer-like layer and has developed brown 

spots that are probably due to its deterioration. Without further analyses it is 

difficult to draw any conclusions about the surface coatings. 

4.2 Internal Evidence 
4.2.1 Metal Surface (no evidence) 

4.2.2 Core Material 

Samples of the gray powdery core material were taken from a corner under 

the Horse's base and from a small hole in the mane. It has the appearance of 

mainly plaster- very fine powder, and no fibers (Plate 99). Analysis of a thin 

section of the sample under polarized microscope reveals 76% gypsum, 12% 

red clay, 6% metal bits, 4% rust bits, and 2% quartz. Carbon black, greenish 

clay, hornblende, and microcline are also present in the sparse sands. Micro

chemical testing confirmed the presence of carbonate. No organic matter is 

present. 
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4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 
4.2.3.2 Core Pins 

Whether any of the plugs in the bronze correspond to core pin holes is hard 

to say without a radiograph, especially since there is no magnetic attraction 

which would indicate the presence of iron pins, rods or wires. 

4.2.3.3 Other (no evidence available) 

4.3 Method of Assembly and Joining 

There is no evidence of metal-to-metal joins from the surface and without 

radiographs it is impossible to tell whether there are wax-to-wax joins. 
, 

5. Base and Mount 

The figure is mounted on an oval metal base which has the proportions of a 

Giambologna base. The front left and rear right hooves are filed flat and holes 

drilled into them to receive the modem screws that mount them to the base. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

The only flaws recorded are the lacunae in horse's mane. A few plugs and 

patches are visible despite the gilding: a round plug of 1.2 cm diam. on the 

right buttock and possibly another round one on the left buttock; round plugs 

on the nose and on the belly. Rectangular patches are visible on the animal's 

rump and one possibly on the top left side of the saddle blanket. 

6.2 Present Condition 

In some areas black and light green corrosion products snake over surface. 

7. Analytical Work 

The researcher examined the bronze by naked eye in Glasgow in 1992 and 

took a core sample at the time which was mounted into a microprobe round 

and thin section. It was examined by Eric Doehne with the microprobe at the 
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Getty Conservation Institute and a thin section was analyzed under the stereo 

microscope and with polarized light by Ron Schmidtling who also performed 

microchemical tests on it. 

8. History 
8.1 Relationships Between Sculptures 

Other casts after the same model include those in the: Bargello (inv. 348), 

attributed to Giambologna or Antonio Susini; Kunsthistorisches Museum 

(5839) which is described in report GB 33; Chicago Art Institute (possibly later 

cast); Museo Archeologico, Madrid; Nationalmuseum, Stockholm. 

8.2 Provenance (no data) 

9. Observations and Conclusions 

The details of this sculpture are more cursory than those of other bronzes 

attributed to Antonio Susini; it has no hoof nails, a detail which is often 

found in pieces such as the Vienna version of the Pacing Horse (5839) 

attributed to Susini whose training as a goldsmith seems to have contr~buted 

to his meticulous care for details. It would be interesting to analyze the alloy 

of the Horse to see whether indeed it was water gilt because of its alloy. 

Indeed, certain alloys, such as leaded tin copper alloys are not fit for fire 

gilding. Biringucci refers to this (Biringucci, 1966, 210) and Theophilus also 

makes the distinction between copper alloys that are meant to be gilded 

(aurichalcum) and those that are not (aes) (Theophilus, 1961, 125). 

The few comparable measurements taken of the Bargello Horse are slightly 

bigger than those of the Glasgow version but no firm conclusions about the 

relationship between the two pieces can be established from these few 

measurements alone. 

The analysis of the core material showed that it is distinct from the red sandy 

clay core used by Giambologna's workshop and Antonio Susini. The gypsum 

plaster based core is rr~ore similar to that of later Florentine bronzes or later 

casts. Indeed, the sample has affinities with the core from the Hercules and 
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Hydra attributed to Ferdinando Tacca (Plate 97) due to the large grains of 

milky plaster granules. 

10. Bibliography and Documentation 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 155 

11. Other 

The curatorial files have a record of the weight of horse (3.252 kg and of the 

bronze base w / nuts and washers (0.973 kg) 
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Report No. GB 36 

Detroit Institute of Art, Detroit (25.20) 

Antonio Susini after a model by Giambologna 

Lion Attacking a Horse 

1. Description 

This signed sculpture portrays a lion attacking a reclining horse (Plate 82). It is 

inspired by the remains of the antique marble sculpture, now in the Palazzo 

dei Conservatori. The horse has collapsed under the weight of the lion who 

has hurled himself onto the panic stricken animal's back. The horse's head is 

thrown back and it bellows as the lion sinks its claws and teeth into its 

flesh. The group is modeled in the round and finished in great detail. The 

surface is covered with a fine golden brown translucent coating. The 

sculpture appears to be cast in one piece but is, in fact, cast in a few separate 

parts. 

1.1 Type 

This is a freestanding group of figures that was made as an independent work 

of art and was often paired with another group of a Lion Attacking a Bull (see 

reports GB 38 and 39). 

1.2 Cursory Description of Materials and Fabrication Technique 

The hollow bronze group was produced by the indirect lost wax process. The 

figures were moulded in a number of separate parts that were joined in the 

wax and originally cast in at least two pieces: the horse's head, chest and front 

legs; the base, the lion and the horse's back half. The lion's tail may be cast 

separately as well. Much of the fine detail seems to have been produced in the 

wax and merely enhanced in the metal. The surface is covered with a 

translucent golden brown lacquer-like coating. 

1.3 Metal (no data) 
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2. Dimensions 

The following dimensions are reported in the Detroit Institute of Art's 

curatorial file in centimeters. 

30.5 I Diameter 
Height 24.1 

3. Marks and Inscriptions 

The sculpture is signed on the underside of the lion's right rear paw: "AN~ 

SVSINI/FLORE . OPVS" (Plate 85). The researcher did not have an 

opportunity to examine the signature in person and can therefore not assess 

whether it was drawn in the wax or engraved in the metal. Judging from the 

photograph it was inscribed in the wax and some letters were re carved in the 

metal. The DIA accession number 1/25.20" is written in white paint on the 

inner surface of the base. 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The sculpture was modeled in great detail in the wax and in some areas there 

are still soft rounded traces of a modeling tool, as for example in the mane. 

The surface was cold worked both to conceal flaws and for decoration and to 

sharpen some of the details. The claw marks, for example are sharpened in 

the metal. The metal surface is finished in all areas, even in the undercuts 

and recesses. There are some traces of chisel work in the recesses and on 

flashes, some hammer marks on rounded surfaces and fine file marks that 

are now filled with darkened surface coating. The surface of the bodies is 

polished and covered with wire brush marks that follow the direction of the 
fur. 

4.1.2 Surface Coatings 

The golden brown surface coating has been largely worn down to a thin layer 

but traces of it are v~sible (Anna Jolly, 1995, personal communication). 
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4.2 Internal Evidence 
4.2.1 Metal Surface 

This is a thin-walled cast. The inner surface of both figures in the group 

conforms closely with the outer surface and has very few flaws. Naked eye 

examination of the underside of the base shows that it was, for the most part, 

cleaned out, although there appear to be some core material remains. The 

surface preserves waxy drips, such as those on the inner surface of the horse's 

chest and belly, brush strokes and seams due to wax-to-wax joins, all of which 

are evidence that the bronze was made by the indirect process (Plate 85): the 

wax shell was built up by the slush-moulding process and partly painted into 

the mould. The underside of the base also shows various areas that have been 

hammered and chiseled. The radiograph shows bronze replacements of waxy 

accretions in the horse's chest and in its belly (Plates 82 and 85). 

4.2.2 Core Material 

Judging from the evidence produced by the inner surface and structure of the 

bronze, the core material was filled into the wax shell. The base is open and 

easily accessible for sampling of core material. Most of the core has been 

removed but a few recesses still preserve bits of terra cotta coloured material. 

The researcher did not examine the bronze in person but a core sample had 

been removed at the time of the Giambologna exhibition. 

The sample has the appearance of a minute amount of fused red clay (Plate 

102). Its distinguishing features, noted from analysis of a thin section of the 

sample with the polarized light microscope, are: 50% sub-angular 0.1-0.4 mm 

sand, 42% red clay, and 8% minute fibers in the clay. The sand is composed of 

32% quartz, 12% feldspar, 4% chert, and 2% metamorphic lithics. Mica, zircon, 

and hematite grains are also present. A 1.0 mm long ramie fiber is found in 

the s"ample. Gypsum is not detected, but the minute presence of calcite is 

noted in micro-chemical testing. 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

No evidence of metal insertions remains. 
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4.2.3.2 Core Pins 

The removal of the core material also took any remaining core pins with it. 

However, there are a number of similar-size threaded plugs throughout the 

bronze, many of which plug core pin holes (Plates 82 and 85). 

4.2.3.3 Other 

Numerous round plugs are visible in the radiographs and are described in 

section 6.1. 

4.3 Method of Assembly and Joining 

The group was modeled in parts in the wax. Wax-to-wax joins are visible in 

the radiograph, e.g., in the lion's waist (Plates 82 and 85). What appears to be 

another join is situated near the shoulder of the lion's right forepaw (Anna 

Jolly 1995, personal communication). It is not clear whether this is a wax-to

wax or a metal-to-metal join. The lion is cast in one piece together with the 

back of the horse. The front part of the horse, however, was cast separately 

and joined in the metal (Plates 82 and 85). The very slight line of the metal-to

metal join is almost invisible from the outer surface, but in the radiographs it 

appears as a dense band. Through the opening in the base of the group is 

visible a thick, smooth oxidized lip of unidentified metal. There is another 

irregularly-shaped metal accretion under the base that corresponds to where 

the horse's front left hoof is joined to the base. 

5. Base and Mount 

The group is cast integrally with a small hollow base that is modeled to look 

like an earthen mound. The underside of the base is open and allows access to 

the inside of the horse. Three unplugged threaded holes in the side of the 

base originally served to mount it to a socle but the bronze now sits 

unmounted on its present base. 
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6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

The round threaded plugs that can be seen in the radiographs are invisible 

from the outer surface. Some of these plug core pin holes. One of these plugs 

is visible in the photograph taken from under the base (Plate 85). The horse's 

left rear leg is cast-on (the metal is visible from below the base) and may be a 

repair. There are numerous round plugs (ca. 2.5-4 mm diam.) throughout the 

piece: in the horse's head, in its neck, chest and leg, and in the lion's front 

right arm, body and leg. The radiographs show that there is some internal 

porosity in a couple of areas, e.g., the lion's front left paw and back and the 

horse's legs (Plates 82 and 85). There are also a few flashes: in the horse's neck 

and belly. A number of breaks are present in the metal: in the horse's rear left 

leg, in the lion's front left wrist. 

6.2 Present Condition 

The sculpture is in good condition but the surface coating is worn. 

7. Analytical Work 

The bronze was radiographed at the Victoria and Albert Museum in 1978 at 

the time of the Giambologna exhibition. A sample of core material was taken 

at the time. Ron Schmidtling examined it under the stereo- microscope, 

micro-chemically tested it and analyzed a thin section by polarized light 

microscope. The researcher did not have an opportunity to examine the 

bronze in person but Anna Jolly examined it briefly per the author's request. 

8. History 
8.1 Relationships Between Sculptures 

The antique prototype for the group of the Lion Attacking a Horse was a 

marble fragmentary torso located in Rome on the Capitoline in the sixteenth 

century. Giambologna must have seen the sculpture before it was restored in 

1594, for his own adaptation is much more dramatic. The modeling of the 

areas that were missing before the restoration may have been inspired by an 

engraving of a lion hunt orca. 1540-1545 by Jan Ewoutsz. Muller, possibly after 

Jan van Scorel (Radc1iffe, 1994). The group of the Lion Attacking a Bull was 
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probably conceived as a pendant for this one and both bronzes were produced 

repeatedly. A number of these casts are signed; some are signed by Antonio 

Susini (Musee du Louvre and in the Palazzo Venezia in Rome), and some by 

Giovanni Francesco Susini. Later casts were also produced, sometimes 

slightly altered and of a different facture. For example, the two component 

figures in the replicas in the Bayerisches Nationalmuseum in Munich 

(3230R) were cast separately. The catalogue of the Giambologna exhibition in 

1978 lists eight other related versions. 

8.2 Provenance 

Julius Goldschmidt. 

9. Observations and Conclusions 

The Detroit Institute of Art's Horse and Lion is partly joined in the wax and 

part in the metal. This combination of methods may have been required by 

the complex composition of the piece. It would have been difficult to cast the 

group and chase the areas between the two figures well. The combination of 

joining methods found in the Detroit Institute of Art's Horse and Lion also 

occurs in the JPGM's two groups. The bronzes are made in an identical 

fashion. The many common traits between the bronzes suggests that the 

method - and perhaps the moulds - was passed down from Antonio to his 

nephew Giovanni Francesco. 

The core materials of the two bronzes are also similar as well. The rounded 

grains of hematitic clay chunks are distinguishable for this sample. Igneous 

plutonic-derived lithic sands are present, and due to the lithic components 

and the amount of rounding, it is likely that the source rock is nearby, 

perhaps within 100 km. The components in this sample are characteristic of 

Giambologna and Susini cores. The core sample also bears similarities to that 

of the Lion Attacking a Bull attributed to Antonio Susini in Vienna (see 

report GB 39). 
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The many common traits between the bronzes suggests that the method -

and perhaps the moulds - was passed down from Antonio to his nephew 

Giovanni Francesco. 

10. Bibliography and Documentation 

Avery, Radc1iffe and Leithe-Jasper eds., 1978; Leithe-Jasper, 1986; Radc1iffe, 

1994; Anna Jolly's report in the JPGM's object files for full bibliography on 

these groups. 

11. Other (none) 
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Report No. GB 37 

J. Paul Getty Museum, Malibu (94.SB.ll.1) 

attributed to Giovanni Francesco Susini 

(Antonio Susini) 

Lion Attacking a Horse 

first quarter of 17th century 

1. Description 

This sculpture portrays a lion attacking a reclining horse and is inspired by 

the remains of the antique marble sculpture, now in the Palazzo dei 

Conservatori, Rome. The horse has collapsed under the weight of the lion 

who has hurled himself onto the panic stricken animal's back (Plates 83 and 

84). The horse's head is thrown back and it bellows as the lion sinks its claws 

and teeth into its flesh. The group is modeled in the round and finished in 

great detail. The surface is covered with a fine golden brown translucent 

surface coating. 

1.1 Type 

This is a freestanding group of figures that was made as an independent work 

of art and was often paired with another group of a Lion Attacking a Bull as it 

is in this collection (GB 38). 

1.2 Cursory Description of Materials and Fabrication Technique 

The hollow bronze group was produced by the indirect lost wax process. The 

figures were moulded in a number of separate parts that were joined in the 

wax and originally cast in three pieces: the horse's head, chest and front legs; 

the base, 'the lion and the horse's back half; and the lion's tail. Much of the 

fine detail seems to have been produced in the wax and merely enhanced in 

the metal. The surface is covered with a translucent reddish-golden lacquer

like coating. The horse's rear left leg is repaired. 

1.3 Metal 

Three samples were taken for AAS analysis by drilling at the JPGM: 
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1. from the metal join between the horse's halves; 

2. from the rock below the lion's right rear paw; 

3. from the cast on part on the base. 

The samples were analyzed at the Getty Conservation Institute, and the 

results show that the group is made of a leaded tin bronze with trace amounts 

of nickel, antimony, iron, zinc and silver. The metal of the thick join in the 

horse's midriff has a slightly higher tin content than that of the rest of the cast 

(see Table 2 in Appendix A for data). 

2. Dimensions 

Height: 24.2 cm (from curatorial report). 

3. Marks and Inscriptions 

There is an 'A' loosely painted in a thin dark, opaque and perhaps pigmented 

varnish on the lion's back. 

4. Technique of Fabrication and Coating 
4.1 External Evidence 

4.1.1 Metal Surface 

The sculpture was modeled in great detail in the wax and in some areas there 

are still soft rounded traces of a modeling tool, as for example in ~he mane. 

The surface was cold worked to conceal flaws, for decoration and to sharpen 

some of the details. The metal surface is finished in all areas, even in the 

undercuts and recesses. There are some traces of chisel work in the recesses 

and on flashes, some hammer marks on rounded surfaces and fine file marks 

that are now filled with blackened surface coating. A punch with small 

texturing was used in the mane and in the lion's whiskers. The surface of the 

bodies is polished and covered with wire brush marks that follow the 

contours of the muscles. 
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4.1.2 Surface Coatings 

A golden brown translucent lacquer-like coating covers the surface of both 

figures. It is darker and more opaque in the recesses and small dark spots 

have formed in certain areas. There is also a thick wax layer over the surface. 

Two samples were taken for analysis: the golden brown lacquer-like coating 

and a representative sample of the darker spots that can be found over all the 

surface. FT-IR analysis of the surface coating indicated that the samples 

contain several organic and inorganic compounds: wax, possibly some oil, 

protein, copper compounds, and an acrylic polymer (butyl acrylate polymer). 

GC-MS was suggested for more specific characterization of the sample. 

4.2 Internal Evidence 

4.2.1 Metal Surface 

The inner surface of both figures is smooth and conforms closely with the 

outer surface. There are very few irregularities or flaws. The ring-like features 

visible in the radiographs (Plates 83 and 84) in various parts of the group 

(described below in section 4.3) are evidence that the figures were cast by the 

indirect process and joined in the wax except for the thick ring of metal in the 

horse's midriff which is the location of the metal-ta-metal join. The different 

parts are all similarly thin-walled. 

4.2.2 Core Material 

Since the inner surface conforms so closely to the outer one and the wax-to

wax joins are preserved in the metal, it is apparent that the core material was 

filled into the wax shell. Closer examination of the core material remains on 

the inside of the different parts of the bronze which are accessible through the 

underside of the base, reveal different types and layers of refractory material. 

There is an underlying red core in the lion's body, horse's head and some 

parts of the horse's body (leg and ribs). A yellow layer of flakier material 

overlays the red remains. In some areas, however, particularly around the big 

metal-ta-metal join in the horse's body, the' yellow core material is adjacent to 

the horse's body. The visual evidence suggests that the original red core 

material of base and adjoining rear part of the horse were scooped out in 

order to join the wax and cast the front of the horse from the inside. The 
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yellow material appears to be a second core used for the cast-on joining 

process. Eleven samples were taken from. the different parts of the body which 

the radiographic evidence showed were moulded separately and from the 

areas around the join: 

1. from the end of the very hard, fine red clay lump in the protruding rock 

under the lion's right rear paw 

2. red lump from inside the horse's rump. The lump was not in direct contact 

with the metal but the side closest to it is more grey. 

3. fine yellow, flaky film from behind the thick ring join in the horse. 

4. yellow material over coarse red material that is less hard than sample 1, 

taken from the lion's front paw. 

5. soft grey material taken from along the inside of the front of the horse's 

neck; 

6. red material from between the horse's front legs under the base - the 

redder side was closer to the metal; 

7. red clay from inside the rear part of the lion's body; 

8. red clay from back of the lion's head. The greyer part was closer to the 

metal; 

9. reddish chunks with flakes of grey clay and fibers from the horse's tail; 

10. red clay lump from the horse's chest below the flash; 

11. yellow over red material from the horse's ribs; 

12. dark grey material was taken from a lock in the lion's mane below the 

horse's mouth (possibly investment material). 

Only a few of these were mounted into thin sections. Eventually all of them 

will be analyzed in order to compare the materials used for the different parts 

of the body. Under the stereo-microscope, core sample 1 (JLU 7.1.1) has the 

appearance of mainly large fused chunks of reddish tan clay with 1.0 mm 

chunks of rounded white calcareous clay and sand (Plate 100). The white 

material forms drusy crystals on the surfaces. The core's distinguishing 

features, noted from semi-quantitative analysis of a thin section of the sample 

with the polarized light microscope, are: 68% hematitic clay and 32% sand, 

consisting of 18% sub-angular 0.1-0.2 mm quartz grains with a few large 

rounded 1.0 mm poly-crystalline grains (perhaps evidence of a bimodal 
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mixture of red clay with small angular grains and large calcareous rounded 

sand), 8% rounded 1.0 mm granular calcite chunks, 2% rock fragments, 2% 

feldspars, and 2% hematitic rust fragments. Mica and organic fibers (black and 

white hairs, 2.0 mm ball of fibers) are also present. No gypsum is found in 

using micro-chemical testing. 

Sample 3 ULU 7.1.3) has the appearance of flakes of fine-grained tan clay with 

many fibers, and some tiny white granules (Plate 100).Jhe core's 

distinguishing features, noted from semi-quantitative analysis of its thin 

section with the polarized light microscope, are: 32% 0.1 mm angular specks 

of quartz (one grain up to 0.3 mm), 22% brown loamy (fibrous) clay, 16% 

calcareous clay, 10% 0.1 mm feldspars, 6% hematitic clay, 4% fibers,2% 0.1 
\ 

mm glass, 2% 0.1 mm mica, 2% 0.1 mm hornblende, 2% 0.1 mm black metal, 

and 2% blue plant fibers (Plate). Black, white, clear, green and red fibers, 3-4.0 

mm long and 0.05 mm thick are present. These have not been identified yet. 

A faint presence of gypsum is detected in the tiny white granules amid a 

strong carbonate reaction, in micro-chemical analysis. 

Sample 5 ULU 7.1.5) has the appearance of powdery grey clay coating sand 

(Plate 100). The core's distinguishing features, noted from semi-quantitative 

analysis with the polarized light microscope, are: 40% hematitic clay, 36% 

granular gypsum, and 24% sub-angular 0.5-1.0 mm sand composed of 12% 

quartz, 8% metamorphic lithics, 2% feldspar, and 2% hematite grains. The 
i 

presence of calcite is noted in micro-chemical analysis. 
\ 

4.2.3 M~tal Insertions 
,I 

4.2.3.1 A,rmature and Internal Core Supports 
i 
I 

Most of the core material has been removed from the inside of the bronze 

during the manufacturing process, and no evidence remains of any metal 

insertions. 

4.2.3.2 Core Pins 

The removal of the core material took any remaining core pins with it. 

However, there are a number of similar-size threaded plugs throughout the 

bronze some of which could plug core pin holes. 
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4.2.3.3 Other 

Numerous round plugs are visible in the radiographs but are invisible from 

the surface. These are discussed more in section 6.1. 

4.3 Method of Assembly and Joining 

The radiographs show that the group was modeled in parts in the wax. Wax

to-wax joins are visible in the horse's left rear leg, front right leg, in the lion's 

right rear thigh and in the lion's waist (Plates 83 and 84). A drip formed from 

the joining process in the wax stage and is translated into a metal drip on the 

inside of the horse's chest. The less dense area in the lion's left rear paw is 

probably a join and the paw may have been moulded together with the 

horse's tail. It is not clear whether it is a wax-to-wax or a metal-to-metal join. 

The lion is cast in one piece together with the back of the horse. The front part 

of the horse, however, was cast separately and joined in the metal (Plate 83). 

The hair line join is almost invisible from the outer surface, but in the 

radiographs it appears as a dense band. A thick smooth oxidized lip of metal is 

visible through the opening in the base of the group. A rough oval area on 

this ring may be a trace of an internal sprue through which the front of the 

horse may have been cast on to the rest of the figure. The lion's tail was' also 

cast separately. The horse's rear left leg is also separately cast, joined at the 

base and at the body; it is not clear whether this separate casting was 

intentional or a repair. 

5. Base and Mount 

The group is cast together with a small hollow base that is modeled to look 

like an earthen mound. The underside of the base is open and allows access to 

the inside of the horse.'The base is mounted to the socle with screws that fit 

through holes drilled into the side of the base. 

6. Condition of the Sculpture 

6.1 Casting Flaws and Foundry Repairs 

The horse's left rear It:g is cast-on (the metal is visible from below the base) 

and may be a repair. There are numerous round plugs (ca. 0.25-0.4 cm diam.) 
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throughout the piece: in the horse's head, in its neck, chest and leg, and in the 

lion's front right arm, body and leg. The radiographs show that there is some 

internal porosity in a couple of areas, e.g. the lion's front left paw and back 

and the horse's legs. There are also a few flashes: in the horse's neck and 

belly. A number of breaks are present in the metal: in the horse's rear left leg, 

in the lion's front left wrist. 

6.2 Present Condition 

The surface coating is generally in good condition but there are a few scratches 

overall from handling. The surface coating has been worn away in some areas 

and the exposed metal is a grey-olive colour. In a few areas wax accretions fill 

the 'recesses. Green copper corrosion products have formed on the lion's right 

side and in the wax accretions in the horse's mane. 

7. Analytical Work 

As part of the Renaissance Bronze Project, the researcher examined the 

bronze at the J. Paul Getty Museum in 1994 by naked eye and stereo

microscope. Samples of core material and metal drillings for AAS analysis 

were taken at the time. Jane Bassett radiographed the group at the JPGM at 300 

kV, 10 mA, for 20 seconds, at 1 m distance, using Kodak M film in lead 

cassette and a large spot. Jesse Easter performed AAS analysis of the copper. 

alloy dr~l1ings at the Getty Conservation Institute's Museum Services 

Laboratory (see results in Table 2 in Appendix A). Ron Schmidtling and the 

researcher examined the core samples by stereo-microscope at the same 
;1 

laboratory. Schmidtling performed microchemical analysis on the samples 

and analyzed the thin sections by polarized light microscope. Jane Bassett took 
i 

samples of the surface coating and Michelle Derrick of the GCl analyzed them 

by FT-lR (report dated 8/7/94). 

8. History 

8.1 Relationships Between Sculptures 

The antique prototype for the group of the Lion Attacking a Horse was a 

marble fragmentary torso located in Rome on the Capitoline in the sixteenth 
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century (Bober and Rubinstein, 1986). Giambologna must have seen the 

sculpture before it was restored in 1594, for his own adaptation is much more 

dramatic. The modeling of the areas that were missing before the restoration 

may have been inspired by an engraving of a lion hunt of ca. 1540-1545 by Jan 

Ewoutsz. Muller, possibly after Jan van Scorel (see curatorial report and 

Radcliffe, 1994). The group of the Lion Attacking a Bull was probably 

conceived as a pendant for this one. A number of these casts are signed; some 

are signed by Antonio Susini (Detroit Institute of Art, Musee du-Louvre, and 

Palazzo Venezia in Rome), and some by Giovanni Francesco Susini. Later 

casts were also produced, sometimes slightly altered and of a different facture. 

Anna Jolly lists sixteen known versions in her unpublished report in the 

JPGM's curatorial files. The later casts were sometimes slightly altered and of 

a different facture. For example, the two figures in the group in Munich 

(Bayerisches Nationalmuseum, 3230R) were cast separately and the metal-to

metal joins are obvious. 

8.2 Provenance 

collection of Mr. Beauvais until 1738 (sale March 2, 1738); collection of Sir 

Jacob des Bouverie, Bart., Longford Castle, Wiltshire; collection of eighth Earl 

of Radnor, by descent (sale Christie's London, December 7, 1993, lot 108); Cyril 

Humphries, London. 

9. Observations and Conclusions 

The J. Paul Getty Museum's Lion Attacking a Horse is partly joined in the wax 

and partly in the metal. This way of casting a bronze in more than one piece 

was unusual for Giambologna and· Antonio Susini and may have been 

required by the complex composition of the piece. It may have been difficult 

to cast and would have been very difficult to chase in the areas between the 

two figures if they had been cast in one piece. The thick ring of the metal-to

metal join also occurs in the JPGM's Lion Attacking a Bull attributed to 

Giovanni Francesco Susini (report GB 38) and in the Detroit Institute of Art's 

Lion Attacking a Horse which is signed by Antonio Susini (report GB 36). 

Comparison of the rac:!iographs of the Detroit brOIlze and the JPGM bronze 

shows that they are made in an identical fashion: the metal-to-metal join 
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around the chest of the horse and the wax-to-wax join in the torso of the lion. 

This suggests that Antonio passed on his method (and perhaps his moulds) to 

his nephew Giovanni Francesco. The similar facture of these groups makes it 

difficult to attribute them to one or the other Susini with absolute certainty, 

and in the end it is the small stylistic details and the patina which weigh in 

favor of attributing the JPGM's groups to Giovanni Francesco Susini. 

Analyses of the metal drillings from the metal join in the horse's midriff and 

of other parts of the main body of the cast showed that they are all tin bronzes 

but that the ring is higher in lead than the rest of the metal (see Table 2 in 

Appendix A). This makes sense, as the added lead would reduce the melting 

po~t of the alloy and make it easier to cast and still be close to the original 

metal in composition and colour, thus blending in on the outer surface of the 

cast. The difference in composition is also evidence that the two parts of the 

group were cast separately and then joined with an additional pour of the 

metal ring. The alloy of this bronze is also very similar to that of the Lion 

Attacking a Bull in the same collection (see report GB 38). 

(The difference in colour and texture between the sample of the original red 

clay core material and one of that subsequently used for the joining of the two 

metal parts is due to the fact that the former was most surely fired for longer 

than the latter which would affect the iron oxides in the clay and burn out 

more of the fibers. The analysis of the thin sections showed that the two 
i 

samples are also of a slightly different composition.) 
\ 

Rounde4, grains of calcite-rich and fib er-rich hematitic clay chunks are 
11 

distinguishable for sample 1. Igneous plutonic-derived lithic sands are 
i 

present in all samples, and due to the lithic components and the amount of 
i 

rounding, it is likely that the source rock of the sand is nearby, perhaps within 

100 km. Large amounts of fibers in calcite-rich clay chunks are 

distinguishable for sample 3. The clay is less red than that in sample 1. 

Sample 5 is distinguished by rounded grains of hematitic clay chunks and 

sand characteristic of Giambologna and Susini cores. There is added gypsum 

in this sample. 
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Report No. GB 38 

J. Paul Getty Museum, Malibu (94.SB.ll.2) 

attributed to Giovanni Francesco Susini 

(Antonio Susini) 

Lion Attacking a Bull 

first quarter of 17th century 

1. Description 

This sculpture portrays a lion attacking a reclining bull (Plate 87). The forelegs 

of the bull have collapsed under the weight of the lion who has hurled 

himself onto the panic stricken animal's back. The bull's head is thrown back 

and. it bellows as the lion sinks its claws and teeth into its flesh. The group is 

modeled in the round and finished in great detail. The surface is covered 

with a fine golden brown translucent surface coating. The sculpture appears 

to be cast in one piece, but is, in fact, cast in three separate parts. 

1.1 Type 

This is a freestanding group of figures that was designed as an independent 

work of art and was often paired with another group as it is in this collection 

(see Lion Attacking a Horse). 

1.2 Cursory Description of Materials and Fabrication Technique 

The hollow bronze group was produced by the indirect lost wax process. The 

figures were moulded in a number of separate parts that were joined in the . 
\ 

wax and originally cast four pieces: the bull's head; its chest and front legs; the 

base, thelJion and the bull's back half; and the lion's tail. The bull's tail may 
\, 

have been cast separately as well. Much of the fine detail seems to have been ., 
produce~ in the wax and merely enhanced in the metal. The surface is 

covered with a translucent reddish-golden lacquer-like coating that allows the 
I 

metal to show through. 

1.3 Metal 

Three samples were taken by drilling for AAS analysis at the JPGM. 

1. the lion's open paw; 

2. the bull's rear hoof; 

3. the bull's right front shin. This sample was contaminated with core 

material and was not analyzed. 
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The results show that the group is made of a leaded tin bronze with trace 
amounts of nickel, antimony, iron, zinc and silver (see Table 2 in Appendix A 
for data). 

2. Dimensions 

Height: 20.7 cm (from curatorial report) 

3. Marks and Inscriptions 

On the lion's back there appears to be an 'A' loosely painted in a thin dark, 

perhaps pigmented, opaque varnish. 

4. Technique of Fabrication and Coating 
4.1. External Evidence 
4.1.1 Metal Surface 

The sculpture was modeled in great detail in the wax and in some areas there 

are still soft rounded traces of a modeling tool, as in the mane. The surface 

was cold worked both to conceal flaws and for decoration and to sharpen 

some of the details. The metal surface is finished in all areas, even in the 

undercuts and recesses. There are some traces of chisel work in the recesses 

and on some of the finer details some hammer marks on rounded surfaces. 

Fine file marks that are now filled with blackened surface coating overall 

appear to simulate hair on the bodies. A finely textured punch was used in 

the mane and in the lion's whiskers. 

4.1.2 Surface Coatings 

A golden brown translucent lacquer-like coating covers the surface of both 

figures. It is darker and more opaque in the recesses, and small dark spots 

have formed in certain areas. There is also a thick wax layer over the surface. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

The radiographs of the group show that the inner surface of both figures in 

the group conforms closely with the outer surface (Plates 87 and 88). This is a 

thin-walled cast wit~ several wax-to-wax joins in both the lion and the bull 

and drip-like formations in the bull's rump, suggesting that the figures were 

488 



cast by the indirect process. The denser ring-shaped feature that cuts 

horizontally across the base of the bull's neck is a wax-to-wax join as well. A 

number of unidentified bubble-shaped accretions and flashes can also be 

detected on the inner surface. The radiograph shot from above the group 

shows that the density through the lion's head and the bull's body is similar 

to that of the bull's body, and is evidence that the core between the two 

figures is continuous. The oval-shaped plug that is visible in the bull's belly 

in the radiographs may have been the location of an armature. 

4.2.2 Core Material 

Judging from the evidence produced by the inner surface and structure of the 

bronze, .the core material was filled into the wax shell. Much of the core 

material appears to have been removed from inside the figures; something 

can be heard ra~ling around inside the empty bronze. Five samples were 

gathered from various areas on the cast: 

1. a friable sample from the hole in the bull's rump where it joins the lion's 

front paw (dust and fibers removed from the same hole and that are later 

accretions were put in another vial); 

2. a lump was pried out of the opening at the bottom of the lion's rear left 

paw; 

3. grey sandy loose material from the hole in the bull's front right shin 

produced by the drilling for the metal sample; 

4. investment from the bull's right rear hoof; 
\ 

5. more loose grey material separated out from the metal drillings from the 
i 

bull's shin. 
:1 
\1 
i 

Sample 2 OLU 7.2.2) has the appearance of powdery red silty clay and sand, 
I 

with intermittent tan globs (Plate 102). The core's distinguishing features, 

noted from semi-quantitative analysis of its thin section with the polarized 

light microscope, are: 62% clay (54% red clay and 8% green clay) and 38% sub

angular sand comprised of 16% feldspars, 10% quartz, 4% calcite, 4% micas, 

2% hematite grains, and 2% fibers (Plate 102). The sand exhibits a bimodal size 

distribution, half being 0.2-0.4 mm, and half being <0.8 mm in size. No 

gypsum is detected in the sample, but calcite was present in micro-chemical 

examina tion. 
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4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

Judging from the radiographs, most of the core material was removed from 

the inside of the figures during the manufacture of the piece and in the 

process any metal insertions ould have been removed. 

4.2.3.2 Core Pins 

The core pins were removed with the core material. However, there are a 

number of similar-size threaded plugs throughout the bronze - visible in 

the radiographs - many of which fill core pin holes (Plate 86). 

4.2.3.3 Other 

The radiographs reveal numerous round plugs throughout the group that are 

invisible from the outer surface. These are discussed in section 6.1. 

4.3 Method of Assembly and Joining 

The group was modeled in parts in the wax; the radiographs show numerous 

wax-to-wax joins: in the bull's neck (running parallel to the ground) and 

joining the rear of its body to the belly (Plates 87 and 88). The lion's rear half 

was joined to the front half at the waist. The lion is cast in one piece together 

with the back of the bull. The lion's front left paw was cast together with the 

front part of the bull comprising its front legs, chest, neck and head. This part 

was cast separately and joined onto the rest of the body in the metal. The 

hairline join is almost invisible from the outer surface, but in the radiographs 

it appears as a dense band, and some of the metal runs up into the lion's arm 

as well. The lion's tail was also cast separately, and the bull's tail may have 

been as well. 

5. Base and Mount 

The group was cast without a base. Iron pins that are attached in an 

unidentifiable manner to the hooves and legs of the bull slot into the modern 

base. 
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6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

There are numerous round plugs (0.3-0.8 cm diam.) throughout the piece, 

and many are threaded. The majority are ca. 0.4 cm in diameter and many of 

them are thinner than the surrounding metal. Some of these plug core pin 

holes, and others visibly repair the porous areas, such as those in the bull's 

neck. A large, oval area in the bull's lower abdomen, which appears to be less 

dense than the surrounding metal in the radiographs, may be a large patch 

through which the core was removed. There are several areas of porosity in 

the bull: large vacuoles of porosity are visible in the radiographs of the bull's 

head (Plates 87 and 88). The porosity in the bull's horns and ears is due to 

shrinkage. A lacuna in the join area between the lion's front right wrist and 

the bull's rump is due to the thinness of the metal at this high point. The 

flashes inside tht:; bull and lion correspond to join areas. 

6.2 Present Condition 

Green copper corrosion products have formed on the lion's right side and in 

the wax accretions in the horse's mane. The surface coating has been worn 

away in some areas and the exposed metal is a grey-olive colour. In a few 

areas wax accretions fill the recesses. The surface coating is generally in good 

condition but there are a few scratches overall. 

i 
7. Analytical Work 

\ 

As part ~f the Renaissance Bronze Project, the researcher examined the 

bronze at'the J. Paul Getty Museum in 1994 by naked eye and stereo-
i 

microscope. Samples of core material and metal drillings for AAS analysis 
I 

were taken at the time. Jane Bassett radiographed the group at the JPGM at 300 

kV, 10 mA, 20 seconds, for 1.0 m distance, using Kodak M film in lead cassette 

and a large spot. Jesse Easter performed AAS analysis of the copper alloy 

drillings at the Getty Conservation Institute's Museum Services Laboratory 

(see results in Table 2 in Appendix A). Ron Schmidtling and the researcher 

examined the core samples by stereo-microscope at the same laboratory. 

Schmidtling performed microchemical analysis on the samples and analyzed 

the thin sections by polarized light microscope. 
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8. History 
8.1 Relationships Between Sculptures 

The group of the Lion Attacking a Bull was probably conceived as a pendant 

for the Lion Attacking a Horse and early sources attribute both models to 

Giambologna. The present cast is one of a pair. Both groups were produced 

repeatedly. The cast in the Musee du Louvre (OA 6062) is signed by Antonio 

Susini. Anna Jolly lists twelve versions of the cast, attributed to various 

hands, in the unpublished report in the J. Paul Getty Museum's-curatorial 

files). The later casts were sometimes slightly altered and of a different facture. 

For example, the two figures in the group in Munich (Bayerisches 

Nationalmuseum, 3229R) were cast separately. 

8.2 Provenance 

collection of Mr. Beauvais until 1738 (sale March 2, 1738); collection of Sir 

Jacob des Bouverie, Bart., Longford Castle, Wiltshire; collection of eighth Earl 

of Radnor, by descent (sale Christie's London, December 7, 1993, lot 108); Cyril 

Humphries, London. 

9. Observations and Conclusions 

The JPGM's Lion Attacking a Bull is cast in a fashion very similar to that of 

the Lion Attacking a Horse in the same collection (report GB 37). It is partly 

joined in the wax and partly in the metal. The horizontal wax-to-wax join in 

the bull's neck and the oval-shaped hole in the bull's belly are almost 

identical. The identification of the metal-to-metal join was made possible by 

the closer examination of the JPGM's bronzes. This way of casting a bronze in 

more than one piece was unusual for Giambologna and Antonio Susini and 

may have been required by the complex composition of the piece. It may have 

been difficult to cast and would have been very difficult to chase in the areas 

between the two figures if they had been cast in one piece. The group 

attributed to Antonio Susini in the Kunsthistorisches Museum in Vienna 

(report GB 39) has a number of very similar elements of facture: the wax-to

wax join in the bull's neck and the oval-shaped hole in the bull's belly. 

Unfortunately, the angle at which the radiograph was taken conceals the 

other important join 9-reas. The combination of joining methods found in the 

JPGM's two groups occurs in the Detroit Institute of Art's Lion Attacking a 
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Horse which is signed Antonio Susini. This suggests that the method (and 

perhaps the moulds) was passed down from Antonio to his nephew 

Giovanni Francesco. The similar facture of these groups makes it difficult to 

attribute them to one or the other Susini with absolute certainty, and in the 

end it is the small stylistic details and the patina which weigh in favor of 

attributing the JPGM's groups to Giovanni Francesco Susini. 

Analysis of the core material has shown that sample 2 is similar in 

composition and consistency to samples 1 and 5 of the Lion Attacking a Horse 

in the same collection (see report GB 37). Rounded grains of hematitic clay 

chunks with fibers are distinguishable for the core sample. Chunks of 

greenish clay are distinguishable, and similar to that of the Mars in the 

Louvre (report GB 18). Igneous plutonic-derived lithic sands are present, and 

due to the lithic components and the amount of rounding, it is likely that the 
\ 

source rock is nearby to the source of the sand, perhaps within 100 km. The 

components in this sample are characteristic of Giambologna and Susini 

cores. 

10. Bibliography 

Anna Jolly's report in the JPGM's curatorial files includes an extensive 

bibliography on both this and the pendant group; Avery, Radcliffe and Leithe

Jasper, eds., 1978; Leithe-Jasper, 1986; Radcliffe, 1994. 
\ 

\' 

11. Othe~' (none) 
,\ 
\1 

493 , 



494 



Report No. GB 39 

Kunsthistorisches Museum, Vienna (5837) 

attributed to Antonio Susini after Giambologna 

Lion Attacking a Bull 

1. Description 

This sculpture portrays a lion attacking a reclining bullJPlate 86). The forelegs 

of the bull have collapsed under the weight of the lion who has hurled 

himself onto the panic stricken animal's back. The bull's head is thrown back 

and it bellows as the lion sinks its claws and teeth into its flesh. The group is 

modeled in the round and finished in great detail. The surface is covered 

with a fine golden brown translucent surface coating. The sculpture appears 

to be cast in one piece, but is, in fact, cast in three separate parts. 

1.1 Type 

This is a freestanding group of figures that was designed as an independent 

work of art and was designed as pendant to the Lion Attacking a Horse. 
I 

1.2 Cursory Description of Materials and Fabrication Technique 

The hollow bronze group was produced by the indirect lost wax process. The 

figures were moulded in a number of separate parts that were joined in the 

wax endpriginally cast in four pieces: the bull's head; its chest and front legs; 
i 

the base,.the lion and the bull's back half; and the lion's tail. The bull's tail 
, 

may hav~ been cast separately as well. Much of the fine detail seems to have 

been proJuced in the wax and merely enhanced in the metal. The surface is 
I 

covered with a translucent reddish-golden lacquer-like coating that allows the 
I 

metal to show through. 

1.3 Metal (no data) 

2. Dimensions 

The measurements were taken from the Renaissance Master Bronzes 

catalogue (Leithe-Jasper, 1986) and are reported in centimeters. 

495 



1 height 
width 1

20
.1 26.6 

3. Marks and Inscriptions 

The number 1/986" is painted in white on the upper part of the lion's right leg. 

It is the pre-1823 inventory number of the Royal Cabinet of Coins and 

Antiquities. 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

The bronze displays very fine modeling and chasing. The surface was cold 

worked both to conceal flaws and for decoration and to sharpen some of the 

details. The metal surface is finished in all areas, even in the undercuts and 

recesses. Fine file marks that are now filled with blackened surface coating 

overall appear to simulate hair on the bodies. A finely textured punch was 

used in the lion's whiskers. Certain details have been sharpened with a 

chisel. 

4.1.2 Surface Coatings 

What appear to be traces of gilding are more likely to be areas where the thin 

transparent brown lacquer layer has popped off. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

The radiograph of the group shows that the inner surface of both figures in 

the group conforms closely with the outer surface (Plate 86). This is a thin

walled cast with several subtle drippy formations in the bull's rump and wax

to-wax joins in the bull, evidence that the figures were cast by the indirect 

process. The denser ring-shaped feature that cuts horizontally across the base 

of the bull's neck is a wax-to-wax join as well. The oval-shaped thinner area 

that is visible in the bull's belly in the radiograph may have been the location 

of an armature. It is not clear from the radiograph whether the core of the two 

figures is connected. -
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4.2.2 Core Material 

The figures appear to have been emptied, and a bit of core material can be 

heard rattling around inside. This core sample (KV A 5) was taken from the 

lion's mane. It has the appearance of red-orange sand chunks up to 5.0 mm in 

size. The photomicrograph shows the fine, multi-colored sand covered in a 

grey powdery clay that is the predominant element with some larger fused 

chunks to the right (Plate 102). The distinguishing features, noted from semi

quantitative analysis of a thin section of the sample with the polarized light 

microscope, are: 34% sub-rounded 0.84 mm sand, 20% red clay chunks 2.0 mm 

in diameter, 18% clear glassy matrix (fused into 2.0 mm rounded chunks 

surrounding sand grains), 14% wood fiber in the clays, and 14% rust chunks 
\ 

and black opaque material. The sand is made up of 22% quartz, 6% feldspars 

(2% is microcline), 4% garnet, and 2% muscovite. Rock fragments, 

hornblende, and calcite are also present. The photomicrograph under 

polarized light microscope with partially crossed polars reveals grey-brown 

clay, sub-rounded to sub-angular quartz, and a multi-colored zircon crystal in 

the center. Numerous 3-5.0 mm long green synthetic acrylic, white cotton and 

acrylic, red thin ramie, and fat synthetic fibers are found in the sample as well. 

Microchemical tests show that no gypsum is present. 

Another sample, of the dark deposit in the recesses, was taken from the bull's 

tail. A third sample of reddish brown powder and flakes was taken from the 

lion's re~r right foot and bull's left hind leg. This might be investment 

material 'with lacquer. Neither of these samples has been analyzed. 
I 

\i 
4.2.3 Metal Insertions 
4.2.3.1 AImature and Internal Core Supports 

\ 

There appears to be a faint trace of a wire that may have served as an internal 

core support in the top of the bull's front leg (Plate 86). 

4.2.3.2 Core Pins 

No core pins remain but some of the threaded plugs that can be seen in the 

radiograph replace core pins. 

4.2.3.3 Other (none) 
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4.3 Method of Assembly and Joining 

The group was modeled in parts in the wax; the radiographs show numerous 

wax-to-wax joins: in the bull's neck (running parallel to the ground) and 

joining the rear of its body to the belly (Plate 86). Because of the angle of the 

radiograph it is difficult to describe the structure of the lion. The front part of 

the bull- comprising its front legs, chest, neck and head - was cast 

separately and joined to the rest of the body in the metal. The top of the thick 

metal-to-metal join is visible in the radiograph as a dense band. 

5. Base and Mount 

Iron pins in the bull's rear hooves and one - now missing - in the lion's 

left rear paw serve to mount the figures to the base. A threaded brass rod in 

the bull's right foreleg also serves to attach the group to the base. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

This is a fine cast with few visible flaws. There are numerous round plugs 

throughout the piece. Many are threaded and some are thinner than the 

surrounding metal. Some of these plugs cover core pin holes. 

6.2 Present Condition 

The golden areas on the surface are more likely to be areas where' the thin 

transparent brown lacquer layer has popped off than traces of gilding. The 

surface is worn in some areas and the bare metal has oxidized to a grey-bronze 

color. Some of the metal pins in the figure's legs appear to be remains of older 

mounting arrangements. 

7. Analytical Work 

The Victoria and Albert Museum radiographed the bronze at the time of the 

Giambologna exhibition in 1?78 and the Los Angeles County Museum of Art 

radiographed it again in 1986 at the time of the Renaissance Master Bronzes 

exhibition. The X-ray radiography settings were 250 kV, 8 mA, 4 minutes at 

127 cm distance between the film and the tube. The researcher briefly 
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examined the statuette in Vienna in 1992. A core sample was removed at the 

time and analyzed at the Getty Conservation Institute's Museum Services 

Laboratory. Ron Schmidtling examined the sample, performed 

microchemical tests on it and analyzed a thin section of the sample by 

polarized light microscopy. 

8. History 
8.1 Relationships Between Sculptures 

The group of the Lion Attacking a Bull was conceived as a pendant for the 

Lion Attacking a Horse and early sources attribute both models to 

Giambologna. The present cast is one of a pair. Both groups were produced 
\ 

repeatedly. The cast in the Musee du Louvre (OA 6062) is signed by Antonio 

Susini. Anna Jolly lists twelve versions of the cast, attributed to various 

hands, in the unpublished report in the J. Paul Getty Museum's curatorial 

files). The later casts were sometimes slightly altered and of a different facture. 

For example, the two figures in the group in Munich (Bayerisches 

Nationalmuseum, 3229R) were cast separately. 

8.2 Provenance 

The statuette comes from the imperial collections but can only be traced back 

to 1802, when it was transferred from the Belvedere Palace to the Cabinet of 

Coins and Antiquities. In 1880 it was transferred from this collection to the 
\ 

Ambras collection in Vienna and in 1891 to the Kunsthistorisches Museum 
\ 

with the rest of the collection. 
\: 
\\ 
\! 

9. Observ~tions and Conclusions 
I 
i 

This group is cast in a fashion very similar to that of the Lion Attacking a Bull 

attributed to Giovanni Francesco Susini in the J. Paul Getty Museum (see 

report GB 38). It is partly joined in the wax and partly in t~e metal. The 

horizontal wax-to-wax join b the bull's neck and the oval-shaped hole in the 

bull's belly are almost identical. The identification of the metal-to-metal join 

was made possible by the closer examination of the JPGM's bronzes. This way 

of casting a bronze in more than one piece was unusual for Giambologna and 

Antonio Susini and may have been required by the complex composition of 
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the piece. It may have been difficult to cast and would have been very difficult 

to chase in the areas between the two figures if they had been cast in one 

piece. Unfortunately, the angle at which the radiograph was taken conceals 

the other important join areas and it is difficult to provide a complete 

description of the method of construction of the piece. The combination of 

joining methods found in this group occurs in the Detroit Institute of Art's 

Lion Attacking a Horse which is signed Antonio Susini. 

Analysis of the core sample shows that it has affinities to the core of the 

Abduction of Helen by Paris in the Kunstsammlungen in Dresden for its 

mixed contents (JPGM, unpublished report) and to that of the Pacing Horse in 

the Victoria and Albert Museum (see report GB 30) due to the presence of tiny 

angular grains, black-red clay, and red loamy clay. The sample is a very 

heterogeneous mix of clay chunks- bright red clay that are similar to those of 

sample 1 of the J. Paul Getty Museum's Abduction of Helen by Paris (see 

report GB 40), dark clay and sand like the same sculptures sample 3, unusual 

clear vitrified chunks of clay with sand matrix, and chunks of carbonate sand 

like sample 3 of the JPGM's Lion Attacking a Horse (report GB 37). All 

components are characteristic of cores from bronzes attributed to Giovanni 

Francesco Susini. Igneous plutonic-derived lithic sands are present, and due 

to the lithic components and the amount of rounding, it is likely that the 

source rock is nearby, perhaps within 100 km. 

10. Bibliography 

Avery, Radcliffe and Leithe-Jasper eds., 1978, cat. 173a; Leithe-Jasper, 1986, cat. 
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Report No. GB 40 

J. Paul Getty Museum, Malibu (90.SB.32) 

Susini, Giovanni Francesco, 

Abduction of Helen by Paris 
ca. 1627 

1. Description 

This group of three figures struggling represents Paris abducting Helen while a 

third female figure reacts in horror (Plates 78 and 79). The three figures are nude. 

Paris~ stepping over the other woman with his left leg, bears the flailing Helen 

on his left side, his left arm around her back. His right hand presses into her 

shoulder as she tries to push away from him, her head arched over her right 

shoulder, locks flying, and her arms and legs outstretched. The details are 

exquisitely modeled and finished: the figure's teeth and pupils, Paris's veins and 

the wrinkles in his right wrist, the cutic1es, the curls, the leaves growing from 

the IStump in the base. The three figures rest on an organically-shaped base. A 

hole in Paris' belly just above the penis is sure evidence that the pubic area was at 

some point covered with a fig leaf. The group is signed on the base. 

1.1 Type 

This is a free-standing group of figures that was designed as an independent 

work of art. 

I 

1.2 Cursory Description of Materials and Fabrication Technique 

All of the· elements of this finely-wrought bronze were modeled and finished to 

the same degree. Both the modeling and coldworking are detailed all around. 

The modeling is visible in some of the recesses and there are few unrepaired 

casting flaws. From the surface the cast looks almost flawless but the radiographs 

reveal that much chasing was needed, mainly in the extremities. The thin

walled bronze was cast by the lost-wax process and joined in two main parts: the 

third figure and the base, and Paris and Helen. Each of the figures was molded in 

parts as well and joined in the wax before casting. The sculpture is mounted on a 

two-part gilt brass socle of later date - early rococo style. 
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1.3 Metal 

Qualitative analysis of the alloy composition of the group was performed by XRF 

at the JPGM on 13 areas and are listed in the order of the acquisition of the 

spectra. The locations and results are described below. 

base: 
a. polished rim of integrally cast bro~e base: leaded bronze; 

b. polished lump of cast-on area under Paris' foot on underside of base: leaded 

bronze; 

c. gilt top of cut-out top of base: brass; 

d. polished underside of the cut-out base top: brass; 

e. side of gilt base: brass; 

f. coppery plugs in side of base where the coat of arms used to be attached: 

g. polished underside of foot of gilt base: brass 

h. polished area on reverse of square in separately-cast decorative element from 

back of socle (recent repair) 

figures: 

i. worn area on right forearm of the reclining figure: leaded bronze with some 

zmc 

j. worn area on Helen's left hip: bronze 

k. inside of Helen's repaired right middle finger: brass 

1. reclining figure's repaired left index finger: brass 

m. worn back of Paris's cap: leaded bronze 

The results show that the figures and the integrally cast base are made of leaded 

bronze but that the socle and the repairs are made of brass, both later additions, 

are made of brass. 

2. Dimensions 

The following measurements were taken with Vernier calipers and are reported 

in centimeters. 
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Paris: 

width of right wrist in thinnest area 2.3 

width of left wrist in thinnest area 2.2 

between inner corners of eyes 1 

width of face at cheek bones 4.05 

wid th of left calf 3.9 

Helen: 

between inner corners of eyes 0.95 

width of right wrist in thinnest area 1.74 

width of left calf 3.35 

between outer corners of left index and left small finger 2.6 

between top of forehead and top of lower lip 3.92 

reclining figure: 

between top of forehead and top of lower lip 3.72 

width of R wrist in thinnest area 2 
i 

width of waist 7 

width of face at height of ears 3.4 

between inside corners of eyes 0.92 

3. Marks and Inscriptions 
\ 

The abbreviated name and date IO.FR.SVSINI/FLOR.FAC./MDCXXVII are 

inscribed ,on the base. It is well-rounded at the edges and appears to have been 

created at the wax stage either with a letter punch or with a rounded tool. 
I, 

4. Technique of Fabrication and Coating 
4.1 External Evidence 
4.1.1 Metal Surface 

Some of the detail of the modeling is preserved in the cast metal surface and was 

not reworked - e.g., certain areas in the recesses of Helen's hair. The metal surface 

is covered with the fine parallel scratches of a wire brush or pumice that follow 

the direction of the muscles. There are few other discernible tool marks on the 

outer surface of the sculpture. The separately-cast part of the base that serves to 
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connect the integrally cast base to the socle is textured with a punch (Plate 12) and 

file. 

4.1.2 Surface Coatings 

A golden-brown translucent lacquer-like coating covers most of the metal 

surface. In some areas itis thicker and darker and more opaque. The layer is very 

thin and redder than in the areas that have been exposed more to touch and 

cleaning, i.e., on the underside of the stump on which the reclining figure rests 

her hand, and on the underside of her foot. In many areas the coating is worn or 

popped off, and in some, like the belly and upper thighs of Paris, it is mottled and 

looks as if it reacted to a liquid of some kind. Some green-blue corrosion products 

are visible in the spotted area of the left thigh, may be related to the instability of 

the surface coating. It is worn or flaked off in large areas such as Paris's belly, 

Helen's left side and in the hair behind her left ear, and in the hair on the left 

side of the reclining figure's head. There are also some blue copper corrosion 

products under the base. The later socle and top are mercury gilded. 

Under UV light there is a faint bluish-white fluorescence mainly in the recesses 

such as the figures' hair'. This corresponds to waxy build-up some of which fills 

the recesses concealing some of the depth of detail. A bright orange-yellow 

fluorescence in some areas of the socle remains unidentified. 

4.2 Internal Evidence 
4.2.1 Metal Surface 

The cast is hollow and the walls are very fine and smooth except for flashes that 

occurred as a result of cracks in the core materiaL Some parts of the body are a bit 

denser than others, as for example the torso of the reclining figure. This is 

evidence that it was molded separately in the wax. A number of waxy drip like 

formations in both Helen and Paris' bodies are proof that they were cast by the 

slush-molding process. So are the waxy reinforcements in the high-points inside 

the cast such as the area between the thighs of the reclining figure. 
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4.2.2 Core Material 

A pink/orange powdery sample (1) was taken from under the base. Some much 

larger sand grains mixed with fibrous organic material (2) were stuck in the 

recesses of the join between Paris and the base. A layer of fine dark gray material 

adhering to the inside of the third figure's buttock was.p.opped off (3). A large 

chunk of orange-red core material was found in the hole in Helen's locks and 

broken into smaller chunks some of which were shaken out (4). A small sample 

was removed from the inside of the socle (5). 

Core sample 1 has the appearance of large chunks of red brick with copious 0.5 

mm flakes of mica, 2-3.0 mm long white 0.1 mm thick fibers, 0.5 mm large 

angular quartz grains, and a red clay matrix (Plate 101). The core's distinguishing 

features, noted from semi-quantitative analysis of a thin section of the sample 

with the polarized light microscope, are 52% red clay, 44% sand, and 4% tiny 

fibers in the clay. The sand is made up of 18% feldspars, 14% quartz, 4% chert,4% 

rust chunks, 2% metamorphic fragments, and 2% mica. Tiny euhedral 

tourmaline crystals can be seen as inclusions within some quartz grains. No 

gypsum is detected in the sample, but calcite was present in micro-chemical 

examination. 

Core sample 2 has the appearance of almost pure white sand with wood fibers 

(Plate 101). The core's distinguishing features, noted from semi-quantitative 

analysis with the polarized light microscope, are 80% sub-angular 0.5 mm sand 
'\i 

and 20% tan wood fragments. The sand is made up of 42% quartz (22% chert and 
\ 

20% quartz grains), 22% feldspars (12% undifferentiated feldspars, 2% microcline 
! 

and 8% plagioclase), and 16% metamorphic fragments. Mica and calcite are also 
I 

present in the sample. No gypsum is detected. 

Core sample 3 has the appearance of centimeter-Iong black-grey flakes composed 

of sand and a black-grey clay matrix. One side of the flakes has drusy clear crystals 

(Plate 101). The core's distinguishing features, noted from semi-quantitative 

analysis with the polarized light microscope, 78% opaque black carbonaceous 

clay, 14% angular 0.1 mm sand, 6% gypsum crystals on the surfaces of the black 
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chunks, and 2% burnt fibers. The sand is made up of 8% feldspars and 6% quartz. 

Mica and calcite are also present in the sample. 

Core sample 4 has the appearance of equal parts of red clay and white powdery 

matrix. The sand grains are up to 0.8 mm in size. A few white fibers and a grey 

waxy substance is present (Plate 101). The core's distinguishing features, noted 

from semi-quantitative analysis with the polarized light microscope, are 32% red 

clay, 30% crystalline gypsum, 28% sub-angular <0.8 mm sand, and 10% rust 

chunks. The sand is composed of 18% quartz grains, 8% feldspar, and 2% chert. 

Mica and minute fibers are also present in the sample. Calcite is also detected 

under micro-chemical testing. 

Core sample 5 has the appearance of sandy porous grey clay matrix with organic 

materials, and cement-like structures in the form of porous 1.0 mm chunks. 0.5 

mm clear quartz sand grains are present, however, no carbonates or sulfates are 

detected under micro-chemical testing. 

4.2.3 Metal Insertions 
4.2.3.1 Armature and Internal Core Supports 

The core has been removed from most of the figure and almost everything that 

was inside the core was removed as well. There seem to be only a few remains of 

internal core supports in the reclining female figure: a thin wire core support in 

the left leg and two, a thicker and thinner one, in her head. The thinner one may 

be a core pin wire. 

4.2.3.2 Core Pins 

No core pins remain but many of the small round plugs in all of the figures 

serve to repair the core pin holes. 

4.2.3.3 Other 

Although none of them are visible from the surface, both examination of the 

internal surface of the third figure and the x-radiographs of the sculpture show 
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that there are many round threaded plugs. These are described in section 6.1 

below. 

4.3 Method of Assembly and Joining 

The sculpture was originally cast in two separate parts: Paris holding Helen and 

the reclining figure on the base. Each of these castings were in turn composed of 

separately-molded parts that were joined in the wax: the figures' heads and legs 

show ring-like features, in some cases double dense lines separated by a less 

dense one, in others flashes. The torso and arms of the third figure are of 

different densities, a sure sign that they were molded separately; they were 

probably joined in the wax. It is difficult to ascertain exactly how Paris and Helen 

were molded, whether the torsos were joined in the wax and how their arms 

were connected because of the overlaps in the radiographs. It looks as though 

there is a wax-wax join in both Paris and Helen's torsos and in Helen's left wrist. 

The large cast-on metal lumps on the underside of the base correspond to the 
I 

location of Paris' feet. The radiograph confirms that metal was poured from the 
I 

base through to the feet of the figure, filling them and creating a mechanical join 

between the figure and the base. Two holes in the base originally served to attach 

the sculpture to a socle or base. Now, two more modem threaded iron pins serve 

to mount it to the socle (see description in following section). The joins of the 

repaired parts are described below in the section on modifications. 

5. Base and Mount 

The irregularly-shaped base is cast integrally with the reclining female figure and 

is modeled organically to look like a piece of grassy earth with a stump growing a 

few small leafy tufts. It is hollow and allows access into the inside of the figure. A 

few unplugged round holes that are visible from the surface originally would 

have received nails or screws to mount it to another base. At present it is set on a 

later gilt ornate brass socle that can be disassembled into three parts: a rectangular 

Rococo-style hollow base, a decorative relief and a thin flat top that fits into the 

top of the base and upon which the bronze sculpture fits. 
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The ornate Rococo-style gilt brass socle is heavily chased. The surface is textured 

with an irregular punch in some areas, parallel file marks in others and a 

smooth polish in yet other parts. Two holes on the front of the socle (now filled) 

used to hold the coat of arms of the Machault d' Amouville. A separately-cast 

irregularly-shaped relief representing the tools of the artist and the all-seeing eye 

decorates the back of the socle. The sides have shell-shaped decorations. The 

main body of the socle is cast in two almost identically-shaped parts. The join is 

practically invisible from the outside, concealed both by the chasing and by the 

gilding. On the inside the two parts do not fit very well. Close visual 

examination reveals pins at the bottom of the join. Radiographs show that holes 

were drilled into the edges at the bottom of the join on either side and the two 

parts are held together with metal dowels. There seems to be another additional 

dowel at the top of the join and there may be some other joining method but this 

is not detectable by x-radiography or visual examination. Originally the back of 

the base had the same decorative element that reaches the ground at the center of 

the front of the base as is evidenced by crude file marks. It is not clear at what 

point this was shortened. The front of the socle has been heavily repaired with 

patches and plugs of various shapes and sizes. The x-radiographs shows that the 

lower half of the cast is very porous and that there is also a crack in the metal on 

the proper left side, which is patched. 

The thin brass piece that fits between the sculpture and this socle seems to have 

been formed specifically to act as a link between these two pieces. It is open in the 

center and a number of irregular accretions were added on in the wax stage. 

These served to make holes for the two threaded iron pins in the bronze 

sculpture to fit through. The upper surface of this piece is coarsely modeled and 

textured to look like a rocky surface and bears the recessed impression of the base 

of the sculpture. The gilding only covers the visible parts. X-radiographs of the 

piece show that the rectangular metal insets that run through metal on all four 

sides are held in place by little dowels. It is possible that the wax was modeled 

precisely on the bronze and base and shrank in the process of casting, resulting in 

this elaborate construction. The inserts of ca 0.5 cm on all sides served to resize 

the piece. Four threaded brass pins are set into the four corners of the piece and 
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fit into four holes in the socle. Both the 'instep' of the socle and the underside of 

the flat piece are notched - one notch on the front and two in the back - to 

indicate how they fit together. These must have been made before the threaded 

pins were added because they only fit together one way. 

6. Condition of the Sculpture 
6.1 Casting Flaws and Foundry Repairs 

From the outside, the sculpture appears to be almost flawless but the radiographs 

show otherwise. Although it is a good cast, the figures are speckled with threaded 

plugs of various sizes in all of the figures (0.3 cm diam. and more). Some of these 

serve to repair core pin holes and others to repair casting flaws. A number of 
\ 

these can be seen on the inner surface of the third figure and on her left arm. The 

numerous cast-in repairs (in Helen's right arm, Paris' torso, the reclining figure's 

left arm) are evidence of some flaws although these are obfuscated by the repairs 

in the radiographs. 

'/ 

The three middle fingers on Helen's right hand are later restorations (Plate 93). 

The mode ling and finishing are not as fine and they are cast in brass, while the 

rest of the sculpture is cast in bronze. The radiographs show that a thin metal pin 

extends down from the fingers into the hand (Plate 93). An unidentified metal 

bit inside her hand that looks very much like these pins may be the remains of 

an unsuccessful attempt to repair one of the fingers. It is not clear how these pins 

were joined to the fingers. Some resinous organic material is visible around the 

joins of the fingers with the palm of the hand and it is possible that the fingers 

were glued into place. The left index finger of the reclining figure is also broken 

and repaired with a brass replacement. A plug-like element is visible from the 

outer surface at the base of the finger. Unfortunately, the overlaps in the 

radiographs conceal the join. Numerous other plug-like features are visible on 

the figure's left arm and forearm. These may be plugs or part of a cast-on repair. 

The x-radiographs show that indeed there are numerous cast-on repairs in that 

area as well as a lot of threaded plugs of various sizes all over her. One of these 
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can be seen through the opening on the underside of the base on the inner 

surface of her right hip. 

There are two cast-on repairs in Helen's right arm that show up as denser areas 

in the radiographs (Plate 93). One of them appears to be connected to the thumb 

and another one starts further up her arm. A large cast-on repairts also visible as 

an amorphous lump inside of Paris' torso. A rectangular metal patch is barely 

visible on Helen's right shoulder beneath her hair. There are a number of 

unpatched lacunae in the recesses of the cast: where the stump meets the base, in 

Helen's and in Paris' hair. The examination of the inner surface of the reclining 

figure and the radiographs show that there are numerous flashes on the inside of 

the group. Some of these run across the section of a limb, others branch out from 

a plug hole. Some areas of this very fine cast are very porous, such as Paris' left 

knee. There is a crack in Helen's left arm above the elbow and a crack in the 

reclining figure's right shoulder. 

6. 2 Present Condition 

The surface coating is severely deteriorated in many areas - such as the inner 

thigh and areas surrounding Paris' genitalia - due perhaps to corrosion products 

pushing it up or to the action of some liquid. It is also worn in many areas such 

as the hair on the left back side of the reclining figure's head, and many of the 

more exposed areas such as Paris' cap and Helen's left hip and thigh. A small, 

round, unpatched hole above the genitalia is what remains of a later addition of 

a fig leaf. 

7. Analytical Work 

The bronze was examined at the JPGM in 1995 .. Samples of core material were 

taken at the time and their thin sections were analyzed by polarized light 

microscope by Ron Schmidtling in 1995. The researcher performed XRF analysis 

of the metal at Getty Conservation Institute's Museum Services Laboratory and 

acquired 13 spectra on 9/15/95. The results have not been quantified to date but 

510 



the qualitative results are summarized above. Two drillings of metal were taken 

for ICP-MS analysis: from the cast-on lump of metal under Paris' left foot and 

from the rim of the base. The semi-quantitative results of the analysis of the 

second sample are partially reported in Table 2 in Appendix A. The bronze was 

radiographed twice. The first time Richardson X-ray Co. radiographed the group 

in 1990. In 1995 Jane Bassett radiographed the group at the JPGM at 300 kV, 10 

mA, 20 seconds, 1 m distance, using Kodak M film in lead cassette and a large 

spot. 

8. History 
8.1 Relationships Between Sculptures 

\ 

Giovanni Francesco Susini cast two versions of this model. The other version in 

the Staatliche Kunstsammlungen in Dresden is also signed and dated 1626, and 

has an additional miniature relief depicting Aeneas fleeing from Troy carrying 

off his father and son on the side of its slightly higher base. 
I1 

8.2 Provenance 

By ca. 1750 the bronze was in the collection of Jean-Baptiste Machault 

d' Arnouville (inventory drawn up upon his death in 1798, no. 377); By descent 

the bronze went to Genevieve Fran<;oise Anglae de Machault d' Arnouville, 

granddaughter of Jean-Baptiste; sold at auction in Paris 21 May, 1896 at Galerie 

Georges Petit (lot 1) by daughter of Genevieve's husband; reacquired by the 

family, it was in the chateau de Thoiry until it was sold at auction through Ader 

Picard Tajan, Paris, 15 April, 1989 (lot A). 

9. Observations and Conclusions 

This bronze is a fine cast, produced by the indirect lost wax method. The group of 

figures is cast in several pieces in order to simplify the casting and chasing but 

the joining is barely detectable from the outer surface. Susini used a combination 

of metal-to-metal joins and wax-ta-wax joins to cast this piece as he did with the 

two animal groups in the JPGM (see reports 37 and 38). The third figure's left 
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hand is not connected to Paris and therefore does not pretend to act as a support 

for the struggling pair as many of the third figures in three-figure rape scenes do. 

Indeed, many such sixteenth- and seventeenth-century bronzes copy marbles 

where the third figure is designed to provide such support. 

Analysis of the core samples has revealed considerable difference between the 

materials used in different areas and for the various stages of manufacture. 

Sample 1 taken from under the base has rounded grains of unusually bright red 

hematitic clay chunks. The colour may be due to its prolonged vicinity to hot 

metal. Igneous plutonic-derived lithic sands are present, and due to the lithic 

components and the amount of rounding, it is likely that the source rock is 

nearby, perhaps within 100 km. The components in this sample are characteristic 

of Giambologna and Susini cores. Sample 2 taken from the join between the base 

and the cast-on metal that joins Paris to the base, contains very little else but 

igneous plutonic-derived lithic sands. The lithic components and the amount of 

rounding suggest that the source rock was nearby, perhaps within 100 km. 

Uncharred wood fragments are also present, but very little clay. This sand may 

have been part of the casting-on process. The wood chips are more likely part of 

later storage conditions. 

It would be interesting to compare the method of manufacture of this bronze 

with that of the Dresden cast. 

Sample 3, taken from the inside of the reclining figure's buttock is a dense, 

opaque, black clay with igneous derived sand coated with crystalline gypsum. It is 

very unusual compared to the material found in other Giambologna and Susini 

bronzes of secure attriqution. The rounded grains of hematitic clay chunks of 

sample 4, taken from Helen's curls also contain crystalline gypsum. Although 

the sand grains are of similar origin to the those of the other samples. Ron 

Schmidtling suggests that heating may have allowed plaster to recrystallize and 

radiate from the grains of sand and clay. 

The results of the meted analysis show that the alloy composition of the main 

parts of the figures is tin bronze similar to that of bronzes attributed to the 
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Giambologna and Susini workshops. The repairs are made of brass. This is 

probably an indication that they were made at a later date and perhaps different 

location. 
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CONCLUSIONS 

1. Introduction 

The interdisciplinary method evolved in the earlier part of this study has 

been successfully applied to the technological investigation of the two groups 

of post-medieval European bronzes examined here. The study has vindicated 

the use of a variety of methods of examination and analysis in combination 

with historical data and the conclusions drawn from the study of the 

Huntington statuettes and the bronzes from Giambologna's workshop are 

presented below. 

2. General Observations and Conclusions 

Examining a large number of bronzes over a period of time and incorporating 

feedback and suggestions from generous experts in the field have resulted in 

the methodological approach presented here. Indeed, as was seen from the 
I 

results of the Huntington examinations, there are certain consistencies 

among bronzes from the period. These observations have been further 

confirmed by the examination of statuettes from Giambologna's workshop 

and followers as well as of other works, some of later date, which form part of 

the C =tty's Renaissance Bronze Project. What follow are a number of general 

observations that have been made in the course of this work. 

The disparity of information in the records of the bronzes is not only a 

reflection of the accessibility to analytical tools in some cases, but also of the 

structure of the bronze. Indeed, since radiography is one of the main sources 

of information on the method of manufacture of a bronze, it is most 

revealing when applied to hollow bronzes (vs. solid ones). Although in some 

case::: :h.e structure is intricate, in others it is very simple and there is not 

much to report. Furthermore, radiographs of a particular bronze reveal more 

data when the researcher has access to radiographs of related bronzes. Indeed, 

the comparison between related pieces are essential to identifying patterns in 

different workshops' methods of production. The importance of radiography 

515 



for this type o(work cannot be overemphasized. Naked eye examination and 

a closer study of the surface with the aid of a stereo-microscope has its 

limitations, and without a radiograph one's observations concerning the 

structure of the piece are limited, and many interpretations must remain 

speculations. For example, the round patch-like features found in many 

bronzes could be any number of things: threaded plugs or cast-on repairs; part 

of cast-on joins or rivets; they may be used to fill a core pin hole or cover a 

porous spot. The condition of the surface may contribute to the-nmitations of 

the examination of the outer surface. In some cases, highly finished bronzes 

such as works by Antonio Susini will "look flawless from the outer surface - as 

he intended them to be. The two Saints in the Metropolitan Museum of Art 

(GB 28 and 29) are examples of his meticulous work. In other cases, the 

appearance of the bronzes may not reflect their original condition. For 

example, the build up and deterioration of subsequent layers of surface 

coatings may create an uneven surface and conceal the details of the original 

metalworking. 

Most fifteenth- and sixteenth-century sculptures were made by the lost wax 

process and the majority of bronze statuettes examined are cast in one piece, 

regardless of how complex they are and where they were made. Earlier 

examples of complicated compositions such as Antico's Hercules and Antaeus 

(Stone, 1982) or Bertoldo's Pegasus and Belerophon (Leithe-Jasper, 1986) are 

cast as single pieces as" well, in spite of the potential casting difficulties. The 

reasons for this consistent casting in one pour are as yet unclear. Perhaps the 

sculptors were influenced by the ancient bronze statuettes much coveted in 

the humanist circles of the time (Weiss, 1969; Bober and Rubinstein, 1986). Or 

perhaps the process was carried over from the Renaissance practice of casting 

large bronzes in one piece which, Lein (1995) speculates, may have resulted 

from the common practice of carving marble statues from one block. It would 

probably have been a demonstration of kudos for a sculptor and founder to 

create a complex cast in one pour. Only a few sculptures were found during 

this study that were deliberately cast in more than one piece. These are late 

sixteenth- and seventeenth-century sculptures, such as the groups of the Lion 

Attacking a Horse and Lion Att2cking a Bull by Antonio and Giovanni 

Francesco Susini (GB 36-39), which are divided for the purpose of creating 
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more manageable parts but chased in such a fashion that the joins are barely 

visible. The fact that the Huntington's Nude Male (Hunt 5) is so obviously 

made in many parts siuggests that it may in fact be a later cast. Since either 

chasing or thick or opaque surface coatings can easily conceal such evidence, 

radiography is the most logical tool to employ when delving below the outer 

surface of a bronze. Indeed, it can clarify not only whether a sculpture is cast 

in one piece, but also how it is constructed. 

As the study has shown, there are variations in the methods that were used 

in the fifteenth and sixteenth centuries to produce the wax model used to cast 

the sculpture. Most of the bronzes examined here are one of multiple casts 

and, therefore, it would seem to make sense to make a reusable mould such 

as a plaster piece-mould in order to produce numerous wax replicas for 

casting. Since the sculptor's original model would not have been used for the 

actual casting, the bronzes would be considered indirect casts. The 

configuration of the core of several of the Huntington's Prieur figures may 

have been formed by either the 'direct' or 'indirect' process or a combination 

of processes that leave ambiguous evidence. The Hercules Pomarius (Hunt 1) 

may have been cast by the direct process because the thick walls seem 

uncharacteristic for an indirect cast of a bronze of its size. 

Another COr:Lrrlon feature found in the bronzes that were examined are 

internal metal core supports rather than armatures. This makes sense as the 

size of most of the bronzes does not warrant such structural support. 

Furthermore, since many of them were produced by the indirect method, the 

core would have been encased in the existing wax shell rather than be built 

up separately on an armature. The disposition and configuration of the core 

supports varies; some consist of short rods that serve to reinforce a wax-to

wax join as can be seen in most of Giambologna's bronzes. Others are made 

up of longer wires that traverse the length of a limb or the entire figure. 

The cold working varies greatly between one workshop and another and 

even within a workshop and certain tools seem to have been used by some 

workshops and not by others. Scraper marks, for example, are frequently 

found on bronzes attributed to Severo da Ravenna but have not been detected 

on Giambologna bronzes which, instead, have characteristic scratch brush 
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marks. The direction of these fine marks seems to change over time and may 

help to distinguish later reproductions from those made in the master's 

workshop. Indeed, in workshop bronzes the strokes follow the direction of 

the muscles whereas in later versions or poorer quality casts they seem to 

wrap around the limbs and torso, parallel to the ground. 

There is not much evidence of intentional chemical patination on most 

Renaissance bronzes. One of the difficulties in the study of patinas and surface 

coatings apart from the high probability of recoating is the interaction of 

copper with the organic resin. This often results in cross-linking, making it 

hard to tell what the original varnish was made of (Stone, White and 

Indictor, 1990). 

It is difficult to fully appreciate the skill and labor of fifteenth- and sixteenth

century craftsmen and the challenges they faced, given our different skills and 

different notions of time and efficiency. What may seem inefficient to us may 

have been quite standard, or perhaps an innovative step in the sixteenth 

century. For example, would it have been reasonable to pre-form the core and 

build up the wax around it as Richard Stone (1982) suggested for some of the 

Riccio bronzes? Modern day bronze casters in India, for example, produce 

almost identical replicas of bronzes by modeling the wax freehand, without 

moulds. Years of practice, knowledge of their materials (which did not 

include modern materials and techniques such as silicone rubber moulding 

compounds and arc welding) enable them to produce works with great 

precision. 

Based on previously published information (Stone, 1982) which showed that 

Antico used plaster-based casting cores, it was anticipated that Giambologna's 

workshop would have used a similar material. The modern founder would 

also consider filling small spaces in delicate wax limbs with a liquid slurry 

more efficient than pressing sandy clay into them. The Italian tradition of 

using plaster-based cores has been extant for generations as it is still used in 

contemporary art foundries using traditional investment moulding 

techniques, but obviously it does not represent the full extent of the story of 

lost wax casting~ Indeed, this inference was proved wrong by research carried 
. -

out in this project. The analysis of core samples from Giambologna's 
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workshop showed that the core contained no trace of gypsum plaster. 

Similarly, the belief that antique bronzes were cast with plaster-based cores 

was only refuted more recently by looking at the core materials. Throughout 

the history of lost wa~ casting, founders have adapted to and experimented 

with materials available to them. The discovery that Giambologna's 

indirectly-cast bronzes were made with earthen core material raised new 

questions about how it may have been inserted into the hollow wax parts and 

how it would have hardened and dried. 

2.1. Discussion of Analytical Results 

2.1.1 Core Material 

For the small bronzes, Giambologna's workshop predominantly used a red 

clay-coated angular sand with mica and some organic fibers for core material. 

Plaster-based cores do appear to have been more common in Northern Italy 

whereas sandy clay cores were characteristically used in Florence. It has been 

suggested that the use of plaster may indeed have been determined by the 

greater availability of gypsum in some areas (Stone, 1982). Perhaps it is for this 

reason that there is very little gypsum present in the small bronzes from 

Giambologna's workshop. 

A comparative study using pie charts (Figure 6) created from selected typical· 

core materials of Giambologna, Antonio Susini and Giovanni Francesco 

Susini's bronzes studied in Part VI shows trends in the core material 

components. Almost all cores contain red or brown clay, sand of igneous 

plutonic origin, minor calcite, and fibers. Giambologna cores and Antonio 

Susini cores comprise mainly red clays and quartz sand with little else added 

as for example in sample KV A 2 from the gilt Astronomy in Vienna and 

DDU 1 from the Lion Attacking a Horse in Detroit. However, in larger pieces, 

such as the Neptune Fountain in Bologna, Giambologna used gypsum plaster 

as can be seen in sample NBI 1. This gypsum component is also commonly 

found in certain parts of the cores of bronzes by Giovanni Francesco Susini, as 

for example in sample JLU 7.1.5 from the Lion Attacking a Horse in the J. Paul 

Getty Museum. This sculptor's cores appear to be more complex due to the 

fact that the sculptures analyzed were cast in more than one piece. For 
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Figure 6. Pie chart showing the components of characteristic refractory core samples. 
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example, one part of a core may display characteristics typical of Giambologna 

and Susini, another part of the core may contain high gypsum plaster content, 

and yet another region of the core may contain a significant calcite 

component, within the same bronze as occurs in samples JLV 7.1.1 and JLV 

. 7.1.5 from the J. Paul Getty Museum's Lion Attacking a Horse. 

The 9Y"'Y gypsum core material of Antico's bronzes generally contains plaster 

grains (Stone, 1982) as can be seen in the sample presented here for 

comparison from the Hercules and Antaeus in Vienna (KV A 16, Plate 98). 

The artist may have been familiar with gypsum plaster from his other 

activities, such as making moulds from antique sculptures and the casting of 

medals). A number of Venetian bronzes also have gypsum plaster-based cores 

(JPGM, unpublished laboratory reports). Plaster was, according to Cellini, of 

better quality in Mantua and in Paris than in Florence (see Part 11.4), but it is 

unclear whether this bore any relationship to the fact that most cores of 

fifteenth- and sixteenth- century Florentine bronzes do not contain plaster, 

even though liquid, plaster-based cores are easier to work with. Local 

tradition is most likely the reason behind most founders' choice of materials. 

2.1.2 Alloy Compositions 

The analysis of the alloy composition of Renaissance copper alloy sculptures 

has b€:~n unsystematic and infrequent and does not represent the main focus 

of the work at hand. Furthermore, the bronzes examined in this study are, for 

the most part Italian, French or Flemish. The results presented are therefore 

not representative of the full range of alloys used throughout Europe at the 

time. The alloy compositions of German bronzes have been analyzed and 

published extensively by Riederer (1980a, 1980b, 1982a, 1982b, 1983b, 1988). 

Much work remains to be done. The data presented here are the results of 

analyses performed by major museum laboratories. The data was acquired by 

a vari2:y of !~1ethods and are not easily comparable as the research of others 

has shown (Chase, 1973; Carter et al., 1983) and therefore, the results must be 

interpreted with some caution. 
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An example of such a discrepancy in the results is visible in the analytical 

data of the JPGM's Rearing Horse by Adriaen de Vries (c. 1545-1626), erstwhile 

an assistant of Giambologna's. The bronze was not included in this study but 

is used here for comparative purposes. The ICP-MS, AAS and XRF results all 

show that the composition of the figure is a copper tin alloy with little else, (ll~ 

the exact percentages do not agree between one set of data and another. For 

example, the tin content of the Rearing Horse ranges between 6.4 and 11.1% 

depending on the technique that was used. Furthermore, even within the 

results obtained by the same method, there are variations. One XRF spectra 

shows a much higher lead content than the others and may be due to the 

heterogeneity of the alloy or to the limitations of the analytical method. 

In an earlier phase of this study one of the cast bronze replicas of the Mars 

figure was analyzed. Analytical work was done on sixteen samples taken from 

different areas of the bronze still bearing its sprues in order to assess the 

potential effects of casting segregation on analytical data. For this purpose 

AAS analysis was used (Bewer, 1991, unpublished results). The work is not 

discussed in detail in this study. The results generally supported the 

commonly-held assumption that the alloy composition is relatively 

consistent throughout, but it is interesting to note that the samples taken 

towards the extremities (e.g., the top end of the vent and the end of the 

miscast arm) have a significantly different composition. They are noticeably 

higher in tin than the rest of the cast (c. 14% rather than 7-8.5%). These 

findings were also confirmed by metallographic studies on cut and polished 

sections which confirmed the much greater proportion of Cl + 0 eutectoid in 

the sections from the tips as compared with the microstructure from other 

regions of the (.asting. As a result of these observations, it would appear to be 

a good general policy to avoid taking samples from such extremities. 

In spite of the discrepancies, the results can still provide an idea of the range 

of the compositions used in the fifteenth and sixteenth centuries and of how 

a given sculpture fits into this range. The results of the analyses of the 

Huntington Art Collection's statuettes and the Giambologna related works 

show that indeed, quite a broad range of copper alloy compositions was used 

(see Table 2 in Appendix A and Figures 10-13). The main alloying elements 
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were copper, tin, lead and zinc. The histograms show the ranges of tin, lead 

and zinc found in the statuettes attributed to the various workshops 

represented by the bronzes examined (Figures 7-9). The lead content seems to 

be relatively consistent in groups of bronzes attributed to Antonio and 

Giovanni Francesco Susini, to Prieur and bronzes considered 11 after 

Giambologna" but is very variable in the bronzes attributed to Giambologna. 

As was mentioned before some of these results may in large part be due to the 

method of analysis used and~~tribution of lead in the-alloy. 

The scatter plots (Figures 10-13) chart the zinc and tin content of the various 

groups of bronzes examined. The bronzes attributed to Antonio and 

Giovanni Francesco Susini are consistently low in zinc and range from 4.5 to 

8% tin. The attribution of the exception which contains around 4% zinc is 

questioned on art historical grounds. The bronzes attributed to Giambologna, 

to the Florentine ~culptors Cellini and Bandinelli and to Adriaen de Vries are 

also consistently low in zinc. This similarity may be due to local tradition. 

The tin-zinc ratio of the figures attributed to Barthelemy Prieur and to Severo 

or Riccio is much more varied than the groups just mentioned, and may 

reflect their different date of production. The tin-zinc plot of the Male Nude 

attributed to an unknown seventeenth-century Italian hand (Hunt 5) is 

inconclusive, other than that it is different from alloys of the sixteenth- and 

seventeenth-century Florentine bronzes analyzed. 

The patterns that emerge from the metal analyses that were performed, show 

that some workshops seem to have chosen specific alloy types deliberately. 

Most of the Giambologna bronzes analyzed are ternary alloys, i.e., leaded tin 

bronzes with perhaps a small amount of zinc (see Table 2d in Appendix A). 

They results of the analyses show how the composition of late -fifteenth to 

seventeenth-century bronzes ranges from leaded bronzes to quaternary 

copper-tin-zinc-Iead alloys to brasses. The use of quaternary alloys continues 

to this century. Indeed, they present excellent casting qualities with their 

broad melting ranges. By contrast, the bronzes attributed to Bartelemy Prieur 

range from quaternary, heavily leaded copper-zinc-tin alloys to leaded brasses, 

some of which contain around 28% of zinc, the limit attainable by the 

cementation process. Since all of these works are without a secure 
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provenance it is impossible to say which, if any, of these alloys is typical of 

Prieur's workshop. As mentioned above, this breadth of compositions could 

be a reflection of the fact that these statuettes were widely reproduced, judging 

from the quantity and range in quality of casts from a similar model. Only 

comparative data provided by the analyses of figures securely attributed to 

Prieur will help to ascertain whether he or his founders had a preference for a 

particular alloy. 

The small quantities of silver, arsenic, antimony, nickel and iron in the alloys 

are more likely trace impurities than apposite additions. The large amount of 

antimony in the Woman with a Cornucopia attributed to Severo da Ravenna 

in the Cleveland Museum of Art (47.39) is an exception. Biringucci 

recommended antimony as a deoxidant for smaller, finer casts (Biringucci, 

1966, 332£), but there is not enough comparative material at present to 

establish whether copper-antimony alloys were used more commonly in the 

Renaissance. The presence of silver is a good indication that a statue was 

produced before the early nineteenth century which is when the Parkes 

process enabled smelters to remove silver entirely from silver-rich copper 

and lead ores. Although the liquation process enabled smelters to remove 

most of the silver by the sixteenth century (Craddock, 1995; Agricola, 1950), 

traces of silver remained in the copper and lead. Furthermore, lead was not 

routinely refined which could also result in significant inclusions of silver. 

Trace elements such as antimony may be evidence of the ore sources but the 

commerce of metals throughout Europe and standard remelting of scrap 

would make it difficult to draw any firm conclusions from their analyses. 

The unusually high lead contents reported in the Giambologna bronzes 

analyzed by EDS at the Metropolitan Museum of Art (Stone, White and 

Indictor, 1990) suggest that copper-lead alloys with small amounts of tin were 

used, however, it is more likely that the unusual figures are due to the 

limitations of the method of analysis. Indeed, the spectra reflect the 

composition of a very small area and given the heterogeneity of copper alloys 

and the segregation of lead into globules, the results are, more than likely, not 

representative of the bulk of metal. Among the Giambologna and Susini 

bronzes, the few reported brass results correspond to later reproductions or 
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Figure 7. Histograms showing the distribution of tin in the sculptures analyzed (based on data 
shown in Table 2 in Appendix A). 
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Figure 8. Histograms showing the distribution of zinc in the sculptures analyzed (based on data 
shown in Table 2 in Appendix A). 
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Figure 9. Histograms showing the distribution of lead in the sculptures analyzed (based on data 
shown in Table 2 in Appendix A). 
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Figure 10, Scatter plot of tin vs, zinc content of select groups of bronze statuettes (based on data 
shown in Table 2 in Appendix A), 
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Figure 12. Scatter plot of tin vs. zinc content of select bronze statuettes attributed to Antonio 
Susini and to Ciovanni FrancescQ Susini and after Antonio Susini (based on data shown in Table 
2 in Appendix A). 
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Figure 13. Scatter plot of tin vs. zinc content of select bronze statuettes attributed to Barthelemy 
Prieur (based on data shown in Table 2 in Appendix A). 
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repairs as can be seen, for example, in the Huntington Collection's Nessus 

and Dejanira (Hunt 2). The. small finger on the nymph's right hand is a 

repair. The Victoria and Albert Museum's Boar after Antonio Susini (A. 1-

1960), is a brass and is almost surely a later aftercast, based on stylistic data. 

The same observation may hold true for the Spinario attributed to Riccio 

(Hunt 14); the sculpture is a bronze and the base is made of brass and is a later 

addition. 

One can also make the general observation that many of the plugs and cast-on 

repairs that were analyzed were made with slightly different alloys that 

contained more lead or zinc This was found, for example in the plug of the 

Woman Braiding her Hair attributed to Prieur (Hunt 8). This would make 

sense, as the increased content of these elements would lower the melting 

point of the alloy, making it easier to cast on. The variations in the results of 

alloy analyses among the data of the same object are due, most likely, to the 

heterogeneous nature of copper alloys. The differences between results 

obtained by different techniques are often attributable to the different ranges 

of sensitivity of each method. Finally, the compositional variations among 

bronzes from a same workshop may be the result of a foundry's sources of 

metal which would have been determined by economic-political 

relationships. As Riederer's analyses showed (1982a, 1982b, 1983b, 1988), 

although some German workshops seemed to use the same alloy with only 

slight variations over a number of generations, others fluctuated. This could 

be attributed to the use of scrap metal as well as to the changing sources of 

metal as was discussed in the section on copper alloys. 

3. Results of the Examination of the Huntington Bronzes 

3.1. General Observations 

Part V presented the reports on the fourteen Renaissance bronzes on loan to 

the J. Paul Getty Museum from the Huntington Art Galleries. The 

technological examination of these bronzes has allowed the researcher to 

make a numb~r of observations and connections - some of which are 
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summarized here - as well as gather important information for future 

comparisons with other related bronzes. 

Although all of the figures were cast using the lost wax technique, the 

fourteen statuettes examined here represent a range of methods and 

materials. The appearance of the surface varies greatly due to different types 

of cold work and surface coatings. Some, like the Woman Combing her Hair, 

(Hunt 6) are loosely modeled and barely cold-worked,-preserving evidence of 

the moulding process. Others, like the Venus with Apple (Hunt 4), are finely 

chased and finished down to small details such as teeth and the wrinkles in 

the palm of her hand. The surface coatings also vary greatly, ranging from the 

same figure's translucent light brown surface to the unusual thick green 

surface of the Hercules Pomarius (Hunt 1), and from the lacquer-like coating 

on many of the Prieur figures and the Nessus and Dejanira (Hunt 2) to the 

flaking, opaque black surface of the Spinario (Hunt 14) which conceals much 

of the detail of the hair. Such a variety of surfaces is characteristic of bronzes 

from the period. 

The statuettes are all hollow - some have much finer metal walls than 

others - and most of them are cast in one piece. The separately-cast parts are 

cast-on repairs except in the case of the Nude Male (Hunt 5) which was 

intentionally cast in parts that were subsequently joined in the metal. Cast-on 

parts and threaded plugs appear to be the most recurrent form of repair. Some 

of the bronzes have been emptied of their core material, but the ones that 

preserve it appear to have some form of internal core support. Samples of 

core material was available in only a few of the bronzes. The core of the 

Nessus and Dejanira (HSU 2) and of the Crouching Venus (HSU 3) were 

mainly red clay and sand. 

The statues are made of a variety of alloys. Some of the genre figures are 

made of leaded bronze, others of quaternary copper-tin-zinc-Iead alloys, 

others yet of brass. The alloy composition of the Man With Child (Hunt 10) is 

similar to that of the Woman Returning From Market (Hunt 13): a leaded 

brass 'with a small amount of zinc. The Spinario (Hunt 14) is made of a low 

zinc brass. The alloy of the Nessus and Dejanira group (Hunt 2) is a leaded tin 
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bronze, consistent with analysis of other Giambologna casts and earlier Italian 

bronzes as will be further discussed below. The Crouching Venus (Hunt 3), 

attributed to Giambologna, is-also a leaded tin bronze. The Hercules (Hunt 1) 

is also made of a tin bronze. The less finished version of the Woman 

Combing Her Hair (Hunt 6) is a brass with very high zinc content, unlike any 

of the other figures and closest in composition to one of Dejanira's repaired 

fingers. Such a disparity supports the theory that the figure was poured from a 

different batch of metal, probably at a different foundry. Table 2 in Appendix 

A presents the alloy compositions of the statuettes grouped by attribution or 

region of production. 

3.2. Observations on Individual Sculptures 

Giambologna's Nessus and Dejanira group (Hunt 2) is the most important 

bronze in the Huntington Art Collection. It is one of the three known signed 

versions of this model, and its provenance has been traced to the Gaddi 

collection at the end of the sixteenth century (Baker, 1989). It is, therefore, a 

cornerstone in the technical study of Giambologna bronze statuettes, which 

comprise the other case study of this research. This bronze had never before 

left the Huntington Art Collection's grounds and is normally exhibited 

against a wall in a relatively dimly lit room. The careful description of a 

signed bronze by the master with a provenance that was recently traced back 

to the sixteenth century is in itself a unique contribution to our knowledge of 

Giambologna's oeuvre. The Crouching Venus (Hunt 3), attributed to the 

sculptor shows similarities in the method of construction to other bronzes 

made by his workshop. On stylistic grounds, however, it does not come close 

to the quality of the monogrammed version in the Bargello. 

The Spinario, originally attributed to Riccio, in fact shows all of the 

idiosyncrasies of a bronze from the workshop of Severo. The square plugs 

symmetrically placed in the shoulders and lower back, the long tapering iron 

pins in the limbs, and the hole in the buttock are found again and again in 

works by Severo. Dick Stone, however, who is preparing a technical study of 

Severo's bronzes pointed out that he has never seen wax-to-wax joins in a 

Severo bronze (Stone 1992, personal communication). 
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The Hercules Pomarius (Hunt 1), one of two known versions of this bronze, 

has been re-dated recently by Tony Radcliffe as an eighteenth-century 

Florentine sculpture (Radcliffe, Baker and Gerard, 1994). Examination of the 

bronze shows, however, that it is consistent with sixteenth-century casting. 

The parallel scratches that crudely run down the sides of the figure's neck and 

limbs are traces of after moulding, or surmoulage. A closer examination and 

analysis of the other version would indicate whether the two stylistically 

similar figures were made by the same technique and with similar materials. 

The statuette of Venus with an Apple is an accomplished slush moulded cast. 

It is one of a large group of bronzes attributed to the "Master of the 

Ciechanoviewski bronzes," which yet remain to be examined from a technical 

point of view. In terms of establishing a solid foundation for the 

reconstruction of this picture, these bronzes are not a priority as they are 

. undocumented and, therefore, difficult to place within the larger picture of 

Renaissance casting practices. 

The large Nude Male (Hunt 5) is an interesting but unaccomplished 

patchwork of separately cast parts. This figure is undocumented and 

stylistically of unsure date or attribution and, therefore, the meaningfulness 

of the results are ambiguous. The figure is unique among the bronzes in this 

group. The intentional casting in parts and metal-to-metal joining technique 

found in this cast is unusual for Renaissance bronzes but becomes a standard· 

method of manufacture by the eighteenth century. The only other bronze in 

this study with comparable joins is the Executioner with the Head of St. John 

(report GB 20) cast in the eighteenth century by Massimiliano Soldani Benzi. 

Wark (Hu:r:tington, 1975) describes the eight remaining bronzes as Italo

Flemish, circa 1600 in the catalogue of sculptures of the Huntington Art 

Collection. Many versions of these figures exist in other collections, and the 

history of their attribution is. lengthy (Wixom, 1978). Most recently they have 

been identified as works by, or in the manner of, the French sculptor 

Barthelemy Prieur (Seelig-Teuwen, 1991). Upon closer stylistic analysis and 

examination of the radiographs, smaller groupings clearly emerge within the 

group of female figures. Future examination of the signed and documented 
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bronzes by Prieur could help to establish the relationship between the 

different replicas. 

Surprisingly, the rubbery looking Man with Sword (Hunt 11) turned out to be 

, a good, thin-walled hollow cast, with inner core supports similar to those of 

the Man With Child. This disparity between the modeling and the casting 

could be the result of an after-casting from a damaged model. The most 

interesting feature, though, is the crowned "e" stamped on its buttock. This 

stamp is more frequently found on fine French mounts than on statuettes. It 

is proof of the statuette's presence on the Parisian market between 1745 and 

1749. Many other versions of this figure exist, and it would be interesting to 

see whether any of them are as distorted and whether they bear this mark. 

4. Results of the Examination of the Giambologna Bronzes 

The technological understanding of bronzes made by Giambologna's 

workshop increases our appreciation of late sixteenth-century foundry men's 

skills. This does not give us definitive answers to all questions concerning the 

manufacture of bronzes after his models, such as whether different people, 

specialized in different stages of the process. Some very distinct patterns do, 

however, emerge. Giambologna's bronzes show great consistency in 

construction. Most of the bronzes are hollow, and they were all cast by the 

indirect lost wax process from moulds of Giambologna's models. None of the 

bronzes attributed to him appears to be a direct cast of an original model; they 

are reproductions of his original models. Most of the figures were cast in one 

piece but were composed of numerous, separately-moulded parts that were 

joined in the wax in a similar fashion to Antico's bronzes. Many of the 

bronzes from Giambologna's workshop preserve their core. The composition 

of the core varies slightly, but all of them are sandy earthen cores with quartz 

as a major constituent. Such core material must have been pressed into the 

wax parts before they were joined. The radiographs of these bronzes show 

metal rods or wires that serve as internal core supports in the join areas and 

some of them have additional fine wires that run through the core of an 

entire limb. A characteristic feature of many of the standing male figures is a 

hook-shaped wire that descends into the torso from the shoulder. 
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Giambologna's four-legged creatures were supported with a T- or L-shaped 

iron armature that came up through the figure's belly. Such armatures have 

been commonly used to support wax models for centuries (Colinart, Drilhon 

and Scherf, 1987). What follows is a reconstruction of the methods of 

manufacture of bronzes after Giambologna's models based on the 

examination of the bronzes and their radiographs and on practical casting 

experiments. 

4.1. Reconstruction of Giambologna's Working Techniques 

4.1.1. Reproducing the Original Model 

Precisely how Giambologna created the original models for his bronze 

statuettes - how long it took him, how detailed they were and what 

materials he used - remains a mystery, for they do not survive. The 

radiographs provide evidence that none of the bronzes examined was cast by 

the direct process. They are replicas, made with moulds taken from the 

original model. 

4.1.1.1 Moulding the Model 

The complex figures were moulded in separate parts to simplify the task of 

the moulder. Giambologna's assistants may have made plaster piece-moulds 

of the different parts from his original model without cutting it up or, 

alternatively, may have cut the model into separate pieces for the purpose of 

moulding it and joined it together again afterwards. The hollow wax body 

parts of Giambologna's bronzes were slush-moulded, reassembled in the wax 

and cast in one piece (Plates 1-7). Although most inter-models are destroyed 

during the casting process, we are lucky to have access to a rare red wax 

version of Giambologna's Architecture, presumed to have been cast by a pupil 

or contemporary of his. Analyses show that it is composed of beeswax and a 

filler of red sand, with a small addition of turpentine and colophony (pine 

resin), which would harden it (Avery, 1987; Colinart, Drilhon and Scherf, 

1987). 
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Controlling the overall thickness of the cast is important as it affects the way 

in which the metal cools and contracts. The thickness of the body parts varies 

visibly in some of the bronzes examined here and may be a reflection of the 

skill of the wax maker. This variation in thickness could be a distinguishing 

characteristic that might help to group bronzes by the skill of the wax maker. 

There is a range of qualities among the signed or provenanced Giambologna

Susini bronzes. The gilt Mars (GB 14) the Bathing Venus in Vienna (GB 1, 

Plate 32) and the Crouching Venus in the Bargello (GB 8, Plate 42]-are very 

fine casts where the thickness of the wax is equal throughout. However, the 

torso of the Flying Mercury in Naples (GB 12, Plates 64 and 65), also a 

documented early bronze, is denser than the limbs and head. The torso of the 

Mars in Edinburgh (GB 19, Plates 54 and 55), attributed to a later hand on 

stylistic grounds, is similar in this respect and also shares a number of 

features with other standing male nudes, in particular the squiggly wire in 

the torso. Its core material is also similar to that of other Giambologna 

bronzes. 

4.1.1.2. Forming the Core 

Giambologna's workshop predominantly used a red clay-coated sub-angular, 

medium- to fine-grained sand of igneous plutonic origin (with mica) and 

some organic fibers for core material. There is very little evidence of volcanics 

in the sand of these central and Northern Italian sculptures because of the 

geology of the area. Such minerals are, indeed, more characteristic of .. 

Southern Italy and have been found by others in core samples of a few 

ancient bronzes (Formigli and Schneider, 1993). The color of the samples 

ranges from tan to orange-red. The matrix around the grains is mainly 

hematitic clays (see reports in Part VI and Plates 94-102). The preference of an 

earthen core over a gypsum plaster one in Florence may have been due to the 

adherence of founders to local tradition. It is interesting to note, however, 

that Giambologna used a plaster matrix with chunks of brick as core both for 

the direct cast of at least two large bronzes, the Turkey (Museo Nazionale del 

Bargello, 109) and for the bulk of the core of the Neptune Fountain in 

Bologna (Morigi, 1995) as.can be seen in Plate 94. This is proof that the 
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material was available but consciously not used in the core material of his 

small bronzes. Analyses of core samples from Susini's bronzes show a very 

similar trend in terms of color and mineral composition. The cores of all 

eleven works have a high red clay content with little or no mica. Analysis of a 

core samples from a number of small bronzes cast by Giovanni Francesco 

Susini, Antonio Susini's nephew show that they can range from sandy red 

clays to sand in a gypsum matrix within one sculpture. While employing the 

new materials for some parts of the sculpture, Giovanni Francesco still 

maintained affinities to his uncle and Giambologna's practices. The evidence 

suggests that there was a gradual change in the technology starting in the 

generation of sculptors following in Giambologna's tradition. 

Unlike plaster-based material, the moist sandy clay must have been pressed 

into the hollow wax parts in order to preserve its shape. The experimental 

casting showed that even thin, hollow wax parts can withstand gentle 

, pressure and considerable handling. The core material may have been pressed 

into each of the wax parts before they were joined. The position of metal rods 

traversing the join area inside the core, such as those seen in the Louvre and 

Brunswick versions of Mars (GB 18 and IS), supports the idea that the limbs 

were filled before the parts were joined (Plates 5 and 10). These rods served to 

reinforce the core in the join area. The core was sometimes further reinforced 

with additional fine wires, for, as experiments showed, such sandy core 

material becomes friable once it has been baked. Such wires are visible in the 

radiographs of the Mars versions in Cleveland and Brunswick (GB 15 Plates 

46 and 47 and GB 16, Plates 48 and 49) and the lower legs of the Mercury in 

Vienna (GB 11, Plates 60 and 62). 

The core pins were made of short bits of thin iron rods or wire in a few cases. 

Often these are positioned in a symmetrical fashion along the figure as can be 

seen, for example, in the radiographs of the Mars (GB 18, Plate 53) and 

Fortuna in the Louvre (GB 4, Plate 37). Although these core pins are often 

removed because they might corrode, some are often preserved in the 

remaining core as can be seen in the radiographs of many of the statuettes. 

Establishing whether the chaplets were inserted in a recurrent pattern is 

someti!Iles complicated by the fact that some of them may have been 
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removed and plugged. Furthermore, distinguishing a plug used to repair a 

casting flaw from one used to plug a chaplet hole is not always possible. 

It is a matter of speculation how the well-packed clay core would dry inside 

the hollow wax statuettes once it was all joined up. The strange patches in 

some of the Giambologna bronzes, like the square wax-to-wax patch in the 

torso of the Mars in the Louvre (GB 18, Plate 53), may have been windows cut 

into the wax to allow the core to dry. Few of the bronzes, however, show such 

patches. The well-tempered clay used for these bronzes would not present the 

shrinkage problems of a regular clay and may gradually have been baked 

through in the process of the burn-out. 

4.1.1.3. Reassembling the Wax Model 

It is interesting to note that the metal-to-metal joins in later reproductions, 

such as the Executioner with the Head of John the Baptist attributed to 

Massimiliano Soldani Benzi, were located in very similar positions (GB 20, 

Plate 56). Documents reveal that Giambologna's moulds became property of 

the Grand Duke after his death and continued to be used (Watson, 1978). 

Whether these same moulds survived long enough for Soldani to use them 

or whether other moulds were made just like them cannot be answered at 

present. Sold ani had access to models and moulds of sculptures from the 

Medici collections and may well have used existing moulds that were still 

being used by Giovanni Battista Foggini (1652-1725) who took over the Borgo 

Pinti workshop from Pietro Tacca's son Ferdinando (Watson, 1978; Schulze, 

1986). Wax models of the Lion Attacking a Horse and Lion Attacking a Bull, 

which Foggini made after original models by Giambologna, still survive in 

the Ginori porcelain factory's museum of wax models (Lankheit, 1982). 

Wax-to-wax joins are not idiosyncratic of Giambologna bronzes and the 

location of the joins found in the bronze from his workshop are logical areas 

for such breaks. Indeed, a number of casts deemed to be much later 

reproductions, such as the Flying Mercury in the Soane Museum (GB 10, Plate 

63) and Mars in the V&A (GB 17, Plates 50 and 51 ), have joins in practically 

identical locations. Whethe.r - and how - the location of these joins could 
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be measured, mapped and compared in a scientific fashion is beyond the 

scope of this study and may be an interesting question for future research. 

Complex elements such as horses' tails or the fluttering drapes in the three 

signed versions of the Nessus and Dejanira would have been impractical to 

mould and were directly modeled and applied to the figure. Leithe-Jasper 

(1986) has made the insightful suggestion that the Nessus and Dejanira in the 

Kunsthistorisches Museum (GB 25, Plate) is the result...Qf Antonio Susini's 

simplification of Giambologna's model in order to make it easier for 

moulding and reproduction. 

Even slight variations in the way the limbs and head were joined to the torso 

can affect the overall posture and cohesiveness of the figure and are evidence 

of different skill levels of the wax makers. A close comparison of numerous 

figures of Mars, shows that, for example, the soles of the Mars in Edinburgh 

(GB 19, Plate 54) are firmly planted on the ground whereas the lifted heels of 

the Louvre versions give them a sense of unstable forward motion. The 

limbs of the latter, poorer quality versions in Ferrara and the Yale University 

Art Gallery have been joined in such a way that the figures look limp and 

twisted, the image of a man who has lost his spirit rather than that of the god 

of war. The pentimento visible in the radiographs of the bronze group of 

Hercules and Nemean Lion, attributed to Ferdinando Tacca (GB 26, Plates 70-

72), is unusual in a bronze cast by the indirect process, especially since this is 

purportedly cast after a lost model by Giambologna. Who assembled the two 

figures differently and why remain a mystery. 

4.1.2 Metho'ds for Supporting the Wax Replica 

I 

The radiographs of a number of standing male figures show an idiosyncratic 

and intriguing feature: unusual hook-shaped wires or rods. These come 

down from the shoulder into the torso. Their configuration suggests that they 

were intended to be well-anchored in the core lest they be dislodged. 

Although they now end in the shoulder of the figures, they probably extended 

beyond the shoulder of the wax figure and were cut off and pushed in like 

many of the chaplets. They appear to have served as means of hanging the 

wax replicas for storage. Since a straight wire or rod would have slipped out of 
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the wax and core more easily, it was bent or embedded in the wax. The casting 

experiments lead to the supposition that, like the other internal core 

supports, the wires must have been inserted into the wax torso before the 

limbs were joined on. This supposition is most strongly supported by the 

wires in three bronzes that Antonio Susini made for the Certosa del Galluzzo. 

Indeed, the St. Matthew (GB 29, Plate 75) and the St. John the Baptist (GB 28, 

Plate 76) have hook-shaped single wires that extend into the core of the two 

robed figures. The hook in the sparsely draped figure of the Chmt 

Resurrected (GB 27, Plate 74), however, is embedded in the wax drapery rather 

than in the core, evidence that it's main·purpose could not have been to 

reinforce the core. Such hook-shaped wires were included in the 

experimental wax reconstruction of the Mars, but were not put to use because 

there was no obvious place to hang the waxes from in the foundry. This 

realization further supported the idea that Antonio Susini probably invented 

this ingenious and unusual solution for storing and supporting two-legged 

figures in his particular workspace. 

4.1.3. Metal Alloy 

Where and how Giambologna's foundry procured the metal for the small 

bronzes are unclear. The results of analyses of a small number of 

Giambologna's documented bronze statuettes (see Table 2 in Appendix A) 

tend to broadly agree: Giambologna workshop bronzes are made of leaded tin 

bronze containing, in some cases, a small amount of zinc. The results of the 

analyses have already been discussed. 

4.1.4. Working in Bronze 

Giambologna's modeling was more playful and looser than Susini's. Susini 

was a goldsmith by training and very meticulous about the finishing of the 

details and als.) more -concerned with making them more easy to reproduce. 
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4.1.4.1. Fettling 

Giambologna's bronzes preserve their cores unless a large flaw or opening 

under the base provided easy access through which to extract them. The most 

common types of repair on Giambologna bronzes are cast-on repairs and 

plugs. As the examination of the Huntington bronzes has shown, these types 

of repairs are not distinctive of Giambologna bronzes but are common to 

fifteenth- and sixteenth-century casts. Core pins, thinly=patched holes and 

threaded plugs can be seen in radiographs of bronzes that span the production 

of Giambologna's workshop and seem, therefore, not to be useful to date 

them unless one measures the threads. Indeed, the pitch and diameter of 

hand-cut threads and mechanically made ones vary depending on the 

method of manufacture. Such measurements were beyond the scope of this 

work. 

4.1.4.2. Chasing 

Many of the bronzes from Giambologna's workshop are very accomplished 

thin-walled casts with few flaws. Although it is difficult to ascertain exactly 

how detailed the wax and rough cast were, the amount of detail reproduced 

by the inner layer of the bronze, which can be seen in the radiographs of the 

head, for example, indicates that the finishing probably consisted of 

sharpening the details a bit rather than carving them out of roughly cast 

bronzes. 

\: ,I 

Using burins, hammers, chisels, punches, bumishers, files, wire brushes and 

abrasives such as pumice stone, Antonio Susini (Heikamp, 1963), Adriaen de 
1 

Vries, Francesco della Bella and others in the workshop repaired flaws and 

reworked the metal surface of the casts to conceal the imperfections and 

enhance the reading of the form. Fine parallel scratches from a wire brush or 

an abrasive follow the contours of the muscles of many of the securely 

attributed bronzes of Giambologna's workshop. These fine scratches in the 

highly polished surface often catch the light through the translucent surface 

coating and give the bronze a distinctive golden glow. Details are often 

sharpened with an engravmg tool or chisel. Giambologna's bronzes are 
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generally not punched. His Astronomy (GB 3, Plate 34) is an exception: the 

punch marks serve to differentiate the drapery from the smooth skin on the 

highly reflective gilt surface. Giambologna's autograph bronzes seem to 

preserve more of the freshness of the detail of his modeling in the wax than 

Antonio Susini's, for example, who is much more meticulous with details 

sharpened by much cold work. 

The quality of chasing varies greatly among bronzes cast after Giambologna's 

models. In some of the bronzes, such as the gilt Astronomy (GB 3, Plate 34) 

and the Flying Mercury in Vienna (GB 11, Plates 60 and 62) the repairs are 

visible from the outer surface. In others, however, the chaser's work is 

impeccable and all external traces of the manufacturing process are invisible. 

In fact, the plugs in Susini's St. Matthew (GB 29, Plate 75) and St. John (GB 28, 

Plate 76) are only visible in the radiographs. Strangely enough, however, the 

cast-on repairs on the Christ's (GB 27, Plate 74) beard and neck are very 

noticeable which is unusual for a bronze finished by Antonio Susini. This 

suggests that someone else may have finished it. 

Most of Giambologna's bronzes were joined in the wax, but on some 

occasions his assistants were forced to use metal-to-metal joins, primarily for 

repairs, and sometimes in order to secure the·outcome of the cast. Frequently 

these were cast on, but the radiographs of the Flying Mercury in Naples (GB 

12, Plates 64 arid 65) show that a sleeve join was used. Whether this unique 

case is a contemporary or a later repair remains to be ascertained. 

The Detroit Institute of Art's Horse and Lion, signed by Antonio Susini, is 

partly joined in the wax and partly in the metal (GB 36, Plates 82 and 85). It 

would have been very difficult to cast the group in one piece and also to chase 

the areas between the two figures. The two groups recently acquired by the J. 
Paul Getty Museum and attributed to Giovanni Francesco Susini (GB 37, 

Plates 83 and 84 and GB 38, Plates 87 and 88) are made in exactly the same 

fashion, evidence perhaps that Antonio passed on his moulds and his 

technical know-how to his nephew. 

4.1.5. Patinas and Surface Coatings 
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The surface coatings of most bronzes after Giambologna's models range from 

lacquer-like golden red to opaque dark brown and black. It is not clear 

whether any of them were originally chemically treated before they were 

coated. Recent analyses of surface coatings of the Giambologna bronzes at the 

Metropolitan Museum of Art revealed that they are coated with organic 

patinas, made up of pitch and different oils and resins (Stone, White and 

Indictor, 1990). 

Antonio Susini's casts are characteristically a golden red translucent lacquer 

over a highly polished bronze. A payment record reveals that Antonio Susini 

cleaned and revarnished six of the bronzes in the niches of Francesco I's 

studiolo .with red lacquer only a few decades after they were originally cast 

(Heikamp, 1963). The document shows that such treatments may have started 

soon after a bronze was finished. 

4.1.6. Bases and Mounting 

Giambologna's bronzes often have idiosyncratically simple, small, precisely 

finished geometrical bases, such as the oval bases of the signed version of the 

Nessus and Dejanira in the Skulpturensammlung of the Staatliche 

Kunstsammlungen in Dresden (GB 24, Plate 68). Some of these are cast in one 

with the figure. Others are cast separately, which may result in later 

marriages, such as the Nessus and Dejanira from the Louvre (GB 23, Plate 66 
\ 

and Figure 5) and its current base, and the Mars in the Herzog Anton Ulrich-

Museum and its old base (GB 15, Plate 48). Separately cast bronzes and bases 

were attachJ~ in a number of ways. Giambologna's chasers often preserved 
I· 

sprue ends ~n the sol!::8 of a figure's feet or hooves and used them as tangs to 

mount the s~ulpture to its base, or alternatively used metal screws, pins or 

solder. 

4.2. Characteristics of Later Casts after Giambologna's Models 

In the course of this case study, a number of bronzes were examined that had 

been judged to be later casts on stylistic grounds. The technological 

investigation showed that they were made in a distinctly different manner. 
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Some of the characteristics of later versions are described below and may be 

useful guidelines for future examinations. 

The radiographs of the Hercules and Hydra in the National Gallery of Ireland, 

Dublin, show a complex web of internal core supports and chaplets that 

crisscross through the bronze (Plate 73). This deviation from most of the 

other bronzes examined supports the stylistic verdict that it is a later 

reproduction from a different workshop, which has been tentatively 

attributed to Pietro Tacca's son, Ferdinando (Avery, Radcliffe and Leithe

Jasper eds., 1978). The examination of two large bronze statuettes of Putti 

attributed to Ferdinando in the J. Paul Getty Museum reveals that wires were 

used as internal core supports/ core pins aPGM 1995, unpublished report). 

Some bronzes, such as Massimiliano Soldani's Executioner (GB 20), were cast 

after Giambologna's models but were intentionally cast in separate parts that 

were joined in the metal. This became a common practice by the 18th century 

as technical examinations performed on other eighteenth century Florentine 

bronzes by Sold ani and Foggini have revealed aPGM 1995, unpublished lab. 

reports). This shift in the method of production may reflect a lessening of the 

prestige attached to casting a sculpture in one piece between the late fifteenth 

and the seventeenth century. With the Grand Ducal foundry's steady 

manufacture of bronze statuettes and reproductions of existing works in the 

eighteenth century, it is conceivable that casting parts separately may also 

have been considered more efficient. The smaller parts were simpler and 

therefore reduced the chance of failure and time spent on repairs. Should a 

part miscast, it could easily be replaced by another in true assembly-line 

fashion. 

The fact that texturing with punches became more common in the 

seventeenth century with Pietro Tacca and later Florentine sculptors such as 

Soldani and Foggini might be linked to the above-mentioned change in 

casting practices. Indeed, such texturing became particularly useful for 

concealing metal-to-metal joins (Radcliffe, 1976). Therefore, evidence of 
t 

either of these features in a bronze attributed to Giambologna should alert the 

viewer to the likelihood of its being a later cast. 

546 



The composition of the core may be another distinguishing feature. This 

varies
i 

slightly· betwe~n Giambologna's bronzes, Susini's and later Florentine 

bronzes. Giambologna's workshop used very sandy cores bound with tan-red 

clay and without gypsum, whereas gypsum is an important component in the 

matrix of later bronzes such as the Hercules and Lernaean Hydra attributed to 

Ferdinando Tacca (NDN 2, Plate 97). More core analysis and comparative local 

material may help to establish distinctive compositions. 

The proficient but pedestrian quality of the cast combined with the brassy 

color of the Astronomy in Munich (Bayerisches Nationalmuseum, 57/54) 

supports a later date of manufacture. Brassy compositions, as was shown 

earlier, are incongruous with the analytical results of documented 

Giambologna bronzes which show that they were made of a leaded copper tin 

alloy with only small quantities of zinc. 

5. Final Comments, Questions and Directions for Future Research 

Combined with stylistic insights, our understanding of the technical 
I 
I 

variations within the process may ultimately help us to clarify with greater 

precision the relationships between the many replicas and copies of such 

celebrated sculptors and to understand their part in the creation of these 
I 

. wondrous sculptures. More research needs to be focused on documented 

bronzes in 6rder to provide standards for comparison, and on groups of 

related bronkes. As the examination of pieces of questionable attribution 

among the Giambologna group has shown, these can help frame the obvious 
11 

patterns of $anufacture among documented and related sculptures. With 
I . 

more information avzilable one could make surer distinctions between 
i 

bronzes cast In his workshop and those cast by later founders. 

As part of the future research it is also essential to perform more analytical 

work on the materials used. One useful and yet unexplored area of study 

would be the analysis of the different alloys and methods used for joining 

metal parts in the fifteenth and sixteenth centuries. Because of the location of 

the joins and the often small surface areas of the joining material, it has been 

difficult to find a good non-destructive method of analysis for identifying the 
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alloys used. A non-destructive technique such as the eddy current method 

records varying electric currents induced by magnetic fields in conducting 

solid materials (Halmshaw, 1991). The success of this technique is not 

impaired by surface coatings and may help to distinguish different types of 

copper alloys used for the joins, repairs and body metal that are difficult to test 

by other methods (Formigli, 1995b). A closer examination of the structure of 

surface coatings combined with analysis may help to reconstruct at least part 

of the history of the coating of the piece. The analysis of more core materials 

may reveal more about the local traditions, variations and changes in post

medieval casting practices in Europe. 

The study of technology is related to a host of other areas of investigation 

which would be fascinating. For example, within the larger study of the 

relationship between the Renaissance artist and antique sculptures, the 

question of whether Renaissance copies and restorations after antique bronzes 

could be distinguished from their prototypes on technical grounds might be 

investigated. Then, there may be interesting technical connections between 

contemporary workshops (perhaps changes can be traced by following the 

relocation or travels of certain sculptors or founders). More work also needs 

to be done on the connection between the growth of certain bronze working 

centers and the sources of materials (e.g., alloying elements and fuel) or the 

economic and military needs of that area (this would examine the connection 

between the presence of cannon casters and art founding), to name a few. 

Some of the answers to these topics of research hopefully lie waiting to be 

discovered in archival material. 

The reconstruction of the broader picture of European bronze production is 

still sketchy. Filling in the picture will require a more systematic 

technological investigation of bronzes (as is gradually being done), and 

further archival research. The results obtained thus far will undoubtedly 

encourage plO re work in the field and contribute to overcoming some of the 

logistical chall~nges of such research. A closer collaboration between similar 

research activities in other institutions should allow us to construct a broad, 

historical picture of casting and surface working techniques in different 

workshops and regions. Statistical analysis of a small number of bronzes can 
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only yield limited information; the more examples are included in a study, 

the more conclusive certain types of results will be. By studying more bronzes 

we are bound to clarify certain parts of the larger picture. This will also help 

us to localize and date some of the more intriguing unattributed pieces. The 

researcher's hope is that the kind of technological investigation will help to 

foster a fuller appreciation of the artist and craftsman's practice in the past and 

to keep alive a tradition that has produced some of the most moving works 

throughout many of the world's cultures for centuries-:-Combining our 

stylistic insights with our understanding of the technical variations within 

the process may ultimately help us to clarify with greater precision the 

relationships between the many replicas and copies of such celebrated 

sculpto~s and to understand the various players' parts in the creation of these 

inspiring works in bronze. 
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ApPENDIX A. COPPER ALLOY COMPOSITION DATA 

The following table presents the alloy composition data of bronzes examined 

in this study and of a few comparative pieces. The results are grouped by 

attribution or region of attribution. 

\ 
I 
I 

i 

\' 

\1 
\' 
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Table 2a. Alloy composition data of bronzes examined in this study that are attributed to BarthtHemy Prieur and to Halo-Flemish sculptors. 

Prieur? ItaloFlemish? 
FrancoFlemish? 
Prieur? ItaloFlemish? 
FrancoFlemish? 

Woman Retuming from 
Market 
Woman Retuming from 

HAC 17.20 

HAC 17.20 

front dress 78.301 1.501 4.70114.50 0.60 

back above waist 78.501 1.501 4.301 14.50 0.701 10.40 

XRF 5 

XRF 5 



01 
01 
Vl 

Table 2b. Alloy composition data of the bronze examined in this study that is attributed to Severo da Ravenna or Riccio and select comparative data of other 
bronzes attributed to Severo. 

Riccio, follower of A. Spinario HAC 17.4 polished left thigh 88.70 1.60 3.60 5.40 0.60 0.00 XRF 
Briosco?, Severo? 
Riccio, follower of A. Spinario _______ ~_-=-= 
Briosco?, Severo? 

HAC 17.4 patinated back 88.30 1.50 4.00 5.50 0.60 0.10 XRF 

Riccio, follower of A. Spinario HAC 17.4 left shoulder blade 91.20 1.10 3.80 3.20 0.70 0.00 XRF 
Briosco?, Severo? 
Riccio, follower of A. Spinario HAC 17.4 left shoulder 88.00 1.70 4.20 5.20 0.80 0.00 XRF 
Briosco?, Severo? 
Riccio, follower of A. Spinario HAC 17.4 top rim of base 77.10 2.40 5.30 14.20 0.70 0.20 XRF 
Briosco?, Severo? 
Riccio, follower of A. Spinario HAC 17.4 column of base 75.00 2.50 5.60 15.30 1.30 0.30 XRF 
Briosco?, Severo? 
Severo Woman w/ Comucooia CMA47.39 patina 90.32 6.57 0.51 0.54 3.29 0.13 tr 0.40 XRF 
Severo Woman w/ Comucooia CMA47.39 patina 87.69 6.36 0.51 0.50 3.18 0.15 tr 0.39 XRF 
Severo Woman w/ Cornucopia CMA47.39 patina 87.33 6.30 0.52 0.65 3.22 0.14 tr 0.41 XRF 
Severo? Crucified Christ CMAB2.17 patina 92.75 1.03 O.BO 5.51 0.33 0.46 0.26 tr 0.19 XRF 
Severo? Crucified Christ CMAB2.17 patina 94.06 0.97 0.53 4.60 0.31 0.32 0.26 tr 0.16 XRF 
Severo? Crucified Christ CMAB2.17 patina 91.07 1.12 0.74 5.44 0.37 0.34 0.24 0.24 XRF 

- -

Table 2c. Alloy composition data of the bronze examined in this study that is attributed to the Master of the Ciechanowievski bronzes. 
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Table 2d. Alloy composition data of the bronzes examined in this study attributed to Giambologna and of other bronzes attributed to Giambologna. 

tf:>. 
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Table 2e. Alloy composition data of the bronzes examined that are attributed to Antonio and Giovanni Francesco Susini and select comparative data of other 
bronzes attributed to Susini and contemporary Italian sculptors. 

Susini, G.F. 1 Lion and Horse 1 JPGM 1 rock on base below 1 85.491 5.011 8.781 0.08 I 0.181 0.091 0.411 0.041 I AAS I 4b 

Susinl, G.F. Lion and Horse JPGM base (caston) near 84.59 5.37 9.07 0.28 0.32 0.50 0.10 0.04 AAS 4b 
L94.SB.11.1 horse's hind hoof 

Susini, G.F. Lion and Bull JPGM lion's left rear oaw 85.19 4.68 9.47 0.11 0.32 0.17 0.11 0.05 AAS 4b 
L94.SB.11.2 

Susini, G.F. I Lion and Bull I JPGM 1 rear right hoof of bull 184.771 4.631 9.641 0.111 0.331 0.171 0.40 1 0.051 1 AAS 1 4b 
L94.SB.11.2 

Hercules Pomarius HAC 227.177 cast-on on left calf 89.50 7.40 2.50 0.20 0.30 0.00 XRF 5 
I 

Hercules Pomarius HAC 227.177 right side of chest 87.00 7.60 4.10 0.00 1.30 0.00 XRF 5 

Hercules Pomarius HAC 227.177 left head by pinhole 79.90 9.80 8.20 0.00 2.10 0.00 XRF 5 
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Table 2f. Alloy composition data of bronzes attributed to Adriaen de Vries. 

Key to Collections 

References 

1) National Gallery of Art, personal communication with Lisha Glinsman; 
2) Stone, White and Indictor 1990; 
3) Cleveland Museum of Art, personal communication with Bruce Christman; 
4) Measurements carried out (a: in 1986, b: in 1993) at the GCI Museum Services Laboratory, J. Paul Getty Museum, Malibu, California; 
5) Measurements carried out at the GCI Museum Services Laboratory, J. Paul Getty Museum, Malibu, California; 
6) Measurements carried out at West Coast Analytical Service, Inc. per request of GCI Museum Services Laboratory. 



ApPENDIX B. CHECKLIST OF TECHNICAL DATA ON BRONZE STATUETTES 

AFTER GIAMBOLOGNA'S MODELS 

Key to collections: 

\ References: 
\ 

I 
1) Getty Conservation Insitute/J. Paul Getty Museum (Los Angeles), Renaissance Bronze Project 
2) National Gallery of Art (Washington D.C), Objects Conservation Department 
3) Victoria and,lAlbert Museum (London), Department of Sculpture of Conservation Department 
4) Laboratoires de Recherche des Musees de France (Paris) 
5) Cleveland Museum of Art (Cleveland), Objects Conservation Department 
6) Metropolitan Museum of Art (N. Y.), Department of Objects Conservation 

i 
i 
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~*?rti~aHoh, 
notes: 
:~~ :':.,':":.: .:./;":" ' .. :<: .. <<": '. 

Venus drying rKI-IM I yes I L,;j I yes 
herself after 
the bath 

Giarnbologna Astronomy IKHM I yes 11,3 I yes IGB3 
(signed) 5893 

Giarnbologna Architecture I MFA I yes 11,3 IGB7 
(signed) 40.23 

Giarnbologna Flying IKHM I yes 13 I yes I yes I GB 11 
(signed) Mercury 5898 

01 
01 
00 I Giarnbologna I Mars I private I yes 13 I GB 14 

(signed) 

Giarnbologna Nessus and I HAC I yes 11 I yes I yes I I Hunt 2 
(signed) Dejanira 17.13 

Giarnbologna Nessus and ML I yes 14 I I I I GB 23 
(signed) Dejanira Cour.176 

Giarnbologna Nessus and SSD yes GB2~ 
(signed) Dejanira H.23/95 

Giarnbologna Crouching MNB yes 2 GB8 
Venus 62 



yes ;j yes 
Mercury 10784 

Giambologna Flying SSD yes 
Mercury IX.98 

Giambologna Three-figure I KHM I some 13 11 
Rape 5899 

Giambologna Allegory of IKHM J some I 1 11 
Francesco I 5814 

01 relief 01 
\0 

Giambologna Pacing Horse I MMA lro 13,6 I 6 I 6 I GB 32 
24.212.23 

Giambologna Ecce Homo BNM I some 11 I 1 
and workshop relief 3933 

Giambologna Morgante on ML yes 4 GB21 
? Barrel OA8973 

Giambologna Hercules and KHM ro 3 1 
? Antaeus 5845 

Giambologna Hercules /MNB I some 
? with Club 362 



68 

Giambologna, Venus drying CMA I yes 15 11,5 IGB2 
after herself after 93.230 

the bath 

Giambologna, I Venus drying I MNB 
after herself after 

I few 

the bath 71? 

Giambologna, I Astronomy SMPK few I 1 
after M39/7 

I . 
01 
0\ 
0 I Giambologna, Fortuna MMA I yes 13,6 IGB6 

after 1970.57 

Giambologna, Architecture MNB I some 12,3 
after 

226c 

Giambologna, I Architecture I BNM I few 
after 57/54 

Giambologna, Crouching HAC yes 1 1 1 Hunt 3 
after Venus 27.174 I 

Giambologna, Crouching HMM ID 3 GB9 
after Venus C. 904 



circ. 755.1931 

Giambologna, I Flying I ISM lro I 3 I GB 10 
after 

Giambologna, Mars HAUM yes 13 I GB 15 
after Bro. 106 

Giambologna, Mars CMA yes 5 GB 16 
after 64.421 

01 
0\ 
~ 'SMPK loome 

13 1 GB17 

2733 

V&A yes 
A99.1956 

SMPK 
Iwme 

11 

4.65 

NGI some 
after 8115 

Giambologna, Mars RES yes 3 GB 19 

after 1960.910 



" 

Giambologna, Morgante KHM I few 13 
after 10.001 

Giambologna, Hercules and KHM 1 yes 13 
after Boar 5846 

Giambologna, Christ Child V&A 1 some 13 
after A.64-1956 

Giambologna, Allegory of KHM 1 some I 11 11 
after Francesco I 1195 

silver relief 

Giambologna, Bird catcher DIA loo I 3 
after (type 1) 40.133 

I I I I I I 
Giambologna, Pacing Horse KHM 1 some 13 I T1 I IGB31 
after 5843 

Giambologna, Pacing Horse KHM some 3 GB 33 
after with Saddle 5839 I 

blanket 

Giambologna, I Pacing Horse I Dresden I some I .. ~_, 

after 



V&A I some I 3 
after 75.1949 

Giambologna Christ at MNB I some 
? Column 418 , 
Giambologna Christ at SMPK I few 
? Column M.45 

01 
0\ 
C;J 

. Pacing Horse V&A 1 some 13 1 1 1 GB 30 
? A.148-1910 

Gras, Caspar ?on KHM few 1 
Horseback 

Gras, Caspar I Kicking JPGM ro 1 
Horse 8S.SB.72 

i- Executioner NGI yes 3 GB 20 
Benzi, M. 8155 

Susini, A. Fortuna ML yes 4 GB4 
model GB OA 10598 



Susini, A. Mars ML I yes 14 I 1 I GB 18 
model GB OA5439 

Susini, A. Nessus and private loo 13 
Dejanira 
(type B) 

Susini, A. I Christ 1= I some 13,6 IGB27 
Resurrected 

CJl 

~ 
I Susini, A. I St. John MMA I some 13,6 11,6 I GB 28 

57.136.1 

Susini, A. I St. Matthew MMA I some 13,6 11,6 I GB 29 
57.136.2 

Susini, A. I Pacing Horse I V &A I some 13 11,6 I GB 34 
A. 11-1924 

loo 13 I 1 Susini, A. I Lion I Detroit 
Attacking a 25.20 
Horse 

Susini, A., I Pacing Horse I PH I yes 11 I GB 35 
after? E49113107 



(JJ 
0\ 
(JJ 

Susini, A. 
Giambologna, 
after 

Susini, A., I Lion 
after Attacking a 

Bull 

Susini, A., Boar 
after 

Susini, A., Lion 
after Attacking a 

I Bull 

I Susini, A., Lion 
after Attacking a 

Bull 

Susini, A., Boar 
after 

Susini, A.? Reclining 
Nymph 

Susini, A.? I Boar 

Susini, A.? I Hercules 
Giambologna, Centaur 
after 

IBNM 
3229R 

V&A 
A.1-1960 

BNM 
3230R 

ISMPK 
338? 

V&A 
A.153-191O 

SMPK 
2743 

SMPK 

KHM 
5834 

I some I 1 

I 
I few 

I some 

some 1 

some 1 

I some 

some 3 1 



Susini, A.? 
Giambologna, 
after 

Susini, G. F. I Paris IJPGM I yes I 1 11 I 1 I GB 40 
Abducting 90.SB.32 
Helen 

Susini, G. F. I Paris ISSD I some I 1 
Abducting 
Helen 

Susini, G. F.? I Lion JPGM I yes 11 11 I 1 I 1 IGB37 
Attacking a 94.SB.ll.1 
Horse 

01 I Susini, G. F.? I Lion 1~.11.2 I yes I 1 11 I 1 I GB 38 0\ 
0\ Attacking a 

Bull 

Susini, G. F.? I Lion IKHM 1 some 11,3 1 1 1 GB 39 
Attacking a 5837 
Bull 

Tacca, F.? I Hercules and I NGI 
Giambologna, Nemean Lion 8124 

I some I 3 I IGB26 

after 

Tacca, F.? Hercules and NGI some 3 1 

Giambologna, Lernaean 8121 
after Hydra 

Tacca, F.? Hercules and NGI some 3 
Giambologna, Columns 8125 
after 



ApPENDIX C. SAMPLE W ORKSHEET 

1. The Object 

Record No. 
Location 
Accession No. 
Title 

Attribution 

Provenance 

1.1 Description 

statuette group of statuettes utilitarian object 
iconographic type 

quality of the metal surface: of parts/ of overall composition 
modeling: detailed rough in the round primary frontal view 
cold working: cursory detailed all round finished on front/sides 
'undercuts/less visible areas finished 
cursory description of coating accretions or coating inhibit reading 
parts cast separately 

1.2 Relationships 
I 

\.\ 
prototype: 
one of a kind/relict cast part of group/iconographic program 
one o{a series 
other replicas/ copies/variants/ aftercasts: 

i 

1.3 Marks and Inscriptions 

signed inscription other marks stamped m wax in metal 
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2. External Features 
2.1 Structure 

2.1.1 Parts Cast Separately 

2.1.3 Problem Areas, Flaws and Repairs 

accretions 
lacunae losses/not cast holes 
thin metal thin in "high points" 
shrinkage . 
porosity: large small overall patches dense 
internal breaks through to surface "mauled" surface 
pitting: from shrinkage chemical cleaning ... 
abrasion/wear scratches mold lines from surmoulage dents 
breaks cracks radiating from plug or hole 
flash: radiating from plug or hole chased/unchased 
corresponds to mold line 
other 

repairs: 
new part plug patch new join remounting 
mechanical: tang pins rivets mortise and tenon cast-on 
run-on screws nuts and bolts sleeve or scarf dove-tail 
solder 
metallurgical: brazing welding 
adhesive filler other 

2.2 Metal Surface 

modeling: rough detailed 

polished matte textured concealed by accretions or coating metal 
visible abraded microstructure of metal visible color of metal 

rough cast cold worked 
cold working: for decoration to conceal flaws cursory fine 
detailed all round more finished on front/sides in undercuts 
fingerprints brush marks modeling tool marks mold marks 

chisel: on flashes in flat/rounded surfaces/recesses/fine detail 
hammer: on flat/rounded surfaces density 
punch: round/ oval/ square small textured 
file: fine/ coarse deep / shallow haphazard follow length of body 

parallel to joins dense worn filled/ covered with surface coating 
overall/localized 

scraper: dense overall localized chatter marks 
wire brush: circular follows length of figures/parallel to joins 

localized over enti:re surface 
engraver other 
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2.3 Surface Coatings 

1 2 3 4 toned no. of layers: difficult to ascertain 
col or opaque translucent un/ even streaky splotchy 
mottled flaky cracked bubbled worn 
chemical patination lacquer varnish gold silver mercury 
amalgam drying oil pitch wax other 
corrosion products: iron copper lead zinc enriched depleted 
accretions and artifacts: pigments investment material sand 
dust/dirt 
organic remains surmoulage mold lines scratches brush strokes 

description of layers 

samples 

2.4 Base and Mount 

support: stabile unstabile extra support included in design 
composition exceeds tensile strength of the metal 

integrally cast base 
metal base: none 

figure mounted to: separate metal base mount 
round / oval rectangular irregular fla t 

/ high original later marriage 
I I bottom open filled/blocked with: lead plaster wax resin 

shellac other 
mount: marble stone wood style 

method of attachment: 
mechanical: sprues mortise and tenon sleeve or scarf pins 

rivets tang screws bolts dovetail cast-on run-on solder 
other 

adhesive filler shellac plaster cement resin other 
metallurgical: brazed welded 

f· \1.. d b 19ure: Jome to ase: 
, 

base join to mount: 
i 

figure' joined to mount: 
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2.5 Measurements 

centimeters / inches 

location of measurement string calipers 

height 

width 

depth 

between -
between 

between 

between 

between 

thickness of metal at... 

circumference of ... 
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3. Method of Manufacture 

3.1 The Wax 

3.1.1 Description of the Original Wax Surfaces 

inner surface: . smooth rough 
bubble/irregular accretions from air trapped in liquid core 
drip: from wax-wax join slush molding hot pin in wax other 
unidentified accretions 
brush marks fingerprints modeling tool marks corrections in the 
wax 
outer surface: evidence of modeling molding 
slush mold wax pressed/brushed into mold built up over 
preformed core 

3.1.2 Separately Molded Parts 

parts molded separately but cast together: 
parts cast hollow conformity between surfaces: good/little/none 
parts cast solid 

/ 

'I 
parts cast separately in metal 

3.1.3 Joins 

wax-to-wax 
thinner "ring" in x-ray denser "ring" in x-ray both 
ch'ange of density between parts in x-ray "step" on outer surface 

metat·to-metal join: 
mechanical: 
mortise and tenon sleeve or scarf 
bolts cast-on run-on dovetail 
JOIn other 
metallurgical: 
soldered brazed 
adhesive filler 
other 

welded 
lead shellac 

location and description 
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pins rivets tang screws 
plug-like feature near cast-on 

plaster cement resin 



3.2 Core Material 

3.2.1 Description of the Samples 

partly / entirely removed mainly extant 
inner surface cleaned no obvious access 

sample unavailable 
loose pieces 

color: pink gray red salt and pepper yellow brown black 
texture: coarse grains fine powder lumpy hard friable fibrous 

sandy carbon 
components: clay sand plaster organic matter brick other 
organic: burnt out un/carbonized animal vegetable 

location of access, provenance and description of core samples: 

3.2.2 Configuration and Relationship to the Wax 

profile of core: geometrical contours sharp / soft at extremities 
thin/ compact shapes conforms with outer surface 

preformed carved liquid filled into wax other 

3.3 The Metal Insertions 

3.3.1 Armature 

wire 
bundle 
other 

rod 
bent hook-shaped T-bar wire wrapped around rod 

pin/ nail: round square irregular tapered 
end exposed removed left hole pushed in and covered 
covered/ replaced by: plug patch resin lead other 
before core and wax pushed/positioned into: hollow / core-filled wax 
iron other material 

3.3.2 Core Pins 

many few patterns concentrated patches visible on surface 
wire rod pin/nail: round square irregular tapered 
pushed/positioned into: hollow wax core-filled wax 
flashes/ cracks radiating from plug or hole 
traverses form left corresponding holes 
removed pushed in and covered hole left 
covered/filled/replaced.by: plug patch resin lead other 
material: iron (magnetic attraction) copper brass bronze other 
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location and description: 

3.3.3 Internal Core Supports 

wire rod nail bundle squiggly hook-shaped 
through wax-wax joins inside core length of separately molded part 
extends beyond one part goes through metal and core 
pushed/positioned into: hollow wax core-filled wax 
material: iron copper brass bronze other 

3.3.4 Plugs and Patches 

plug patch 
~ound square irregular shape shallow 
hammered in threaded 
flashes/cracks radiating from plug or hole 
material: iron copper brass bronze lead 
color 
repair of: porosity lacuna other 
covering / filling: core pin armature 

I 

\; 
\1 

\\ 3.3.5 Other \' 

core ahd internal material partly/entirely removed 

long tapering 

wire/rod/pin in solid wax: wax support chill missed core pin 

3.4 The Metal 
3.4.1 Composition 

bronze brass gun metal other tertiary alloy 
silver 
varies from one part to another 
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3.4.2 Casting Orientation 

sprue ends casting cup wax links cast upside down/right side up 
other 

4. Analytical Studies 

specify equipment, materials, settings, date, laboratory, operator 
attach pages with results, spectra, graphs and photographi~ 
documentation 

4.1 X-radiography 

kV mA secs distance Pb cassette filters 

4.2 Energy Dispersive X-ray Fluorescence Spectrometry (EDXRF) 

4.3 Microscopy 

4.3.1 Stereo- or Binocular Microscope 

4.3.2 Polarized Light Microscope (PLM) 

4.3.3 Metallographic Microscope 

4.3.4 Scanning Electron Microscope (SEM) and Microprobe 

4.4 Powder X-ray Diffraction Analysis (XRD) 

4.5 Atomic Absorption Spectrometry (AAS) 

4.6 Thermoluminescence Dating (TL) 

4.7 Gas Chromatographyl Mass Spectrometry (GClMS) 

4.8 Ultra-violet Light 
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5. Observations and Conclusions 

6. Bibliography 

11 
I 

i 
! 
\ 
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