
ملخّص

، لا تتوفر لديناCat. 2095و   Cat .1883يُقدّم هذا المقال أول منشور كامل للنص البردي الهيراطيقي ذات رقم ارشيف 

معلومات وفيرة حول أصله أو مالكه، ومع ذلك، كما سيُظهر المقال، نعلم ان تلك الوثيقة كُتِبت من قبل اشخاص من دير المدينة

.خلال فترة حكم الأسرة العشرين

هي لوحة برونزية مزينة بإتقان، متعددة� الألوان وعلى الطراز المصري الق��ديم م��ع كتاب��ات ش��بيهة( منسا إيزياكا)مائدة ايزيس 

ظه��رت لأول م��رة في روم��ا في الق��رن الس��ادس عش��ر، ولكن لم يكن من المعل��وم مك��ان تص��نيعها وأص��لها. بالهيروغليفية

هذه الدراس��ة أجراه��ا علم��اء ت��رميم وب��احثين من متح��ف ب��ول جيتّي. واستخدامها، كانت الإجابة لتلك التساؤلات مجرد تكهّنات

اس��تخدم العلم�اء في دراس�ة. المعرفة بالمواد والتقنيات المستخدمة في صنعهاوتهدف إلى توسيع ومن معهد جيتّي لحفظ التراث 

 لها ولمواد ص��نعها، من تل��ك الط��رق، المكبّ��ر البص��ري، والتص��وير الش��عاعي الطي��افيهذه القطعة الأثرية طرق غير مضرة 

(XRF) قياس الطيف الضوئي الدقيق ،(MA-XRF)كشفت النتائج أن المائدة والأشكال المُنزّل��ة. ، والتصوير الشعاعي السيني

من النح�استم صناعتها باستخدام م�ا لا يق�ل عن س�بع س�بائك معدني�ة� مختلف�ة، بم�ا في ذل�ك الفض�ة وال�برونز الأس�ود وخلي�ط 

تس��اعدنا وبدق��ة عالي��ة على معرف��ة (MA-XRF)قياس الطي��ف الض��وئي البيانات التي تم الحصول عليها من خلال م. والزنك

تاريخ الرسومات والكتابات الشبيهة بالهيروغليفية، كما تُشير أيضاً إلى كيفية اختي�ار المع�ادن المختلف�ة المس�تخدمة في الملابس

بش��كل ع��ام، تس��اعد ه��ذه الدراس��ة على فهمن��ا لعملي��ة ص��هر المع��ادن، وط��رق التطعيم،. أو في ل��ون البش��رة عن��د الرس��ومات

والتغيرات التي طرأت على سطح القطعة بسبب القِ��دَم والتآك��ل، فض��لاً عن طبيع��ة الترميم��ات والتع��ديلات ال��تي حص�لت ع��بر

لكن يبقى في الب��ال العدي��د� من. هن��اك اق��تراح في تش��كيل نس��خة رقمي��ة للقطع��ة الأص��لية بالاس��تعانة بالنت��ائج الجدي��دة. الت��اريخ

التساؤلات، هذه النتائج ستوفر نسخة كاملة وواضحة لمائدة ايزيس وستوفر للعلم��اء بيان��ات جدي��دة لكش��ف أس��رار ه��ذه القطع��ة

. واستخداماتها قديماً
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The Mensa Isiaca is a bronze table decorated with elaborate polychrome metal inlays of Egyptian-style fig-
ures and pseudo-hieroglyphs. First appearing in Rome in the 16th century, its manufacture, origin, and sig-
nificance have been the subject of much inquiry and speculation. This study, conducted by conservators and 
scientists of the J. Paul Getty Museum and the Getty Conservation Institute, aims to improve our understand-
ing of the materials and techniques used in its creation. Examination methods employed were non-invasive 
and non-destructive, including optical microscopy, X-ray fluorescence (XRF) spectroscopy, macro XRF (MA-
XRF) scanning, and X-radiography. Results reveal the base and inlaid figures were created using a minimum 
of seven distinct alloys, including silver, black bronze, and multiple copper/zinc alloys. The data provided by 
the MA-XRF elemental maps offer the most accurate visualization of the imagery and pseudo-hieroglyphs to 
date, and also indicate relationships between the choice of alloys used for clothing and skin tones. Overall, 
the study improves our understanding of the casting process, methods of inlaying, changes to the surface 
due to aging and deterioration, as well as the nature of historic repairs and alterations. Using these new 
findings as a guide, a digital reconstruction of the original appearance is proposed. While many questions 
remain, these results provide a more complete picture of the Mensa Isiaca, which will afford scholars new 
tools for unraveling the significance of this piece and its context within the ancient world.

 Article 

Mensa Isiaca: New Findings on Its Composition, 
Construction, and History
Susanne Gänsicke*,a Monica Ganio,b Arlen Heginbotham,a Douglas MacLennan,b Jeff Maish,c 
Johana Herrera,d Karen Trentelmanb

* Corresponding author  a J. Paul Getty Museum  b Getty Conservation Institute  c Retired, formerly J. Paul Getty Museum 
d J. Paul Getty Trust

https://doi.org/10.29353/rime.2023.4878


25

1. Introduction
The Mensa Isiaca, an elaborately inlaid bronze table 

decorated with polychrome metal imagery depicting 

ancient Egyptian-style figures, is without parallel 

(Fig. 1; reverse is shown in Fig. 19).1 Since its first 

recorded appearance in Rome in the early 16th centu-

ry, the Mensa has raised questions and speculations 

about its manufacture, origin, and significance. After 

being documented in the collection of Pietro Bembo 

as one of the most significant objects of his studiolo 

(from which it derives the appellatives of “Bembine 

Table”, “Tabula Bembina”, or sometimes “Bembine 

Tablet”), it traded hands frequently over the centu-

ries: in 1591 it was added to the Pinacoteca Ducale 

di Mantova, then entered the collection of the Duke 

of Savoy, was moved to France after Napoleon’s 

conquest of Italy in 1797, and was exhibited at the 

Bibliothèque Nationale in 1809.2 The Mensa Isiaca 

(hereafter referred to simply as Mensa) subsequently 

entered the collection of the Museo Egizio in 1832, 

where it remains to this day.

Prior to the deciphering of hieroglyphs by Jean-

François Champollion in 1822,3 the Mensa’s de-

pictions were often given mystical interpretations 

and ascribed an occult significance, and the array of 

different colored metal inlays was attributed to the 

results of alchemical experimentation.4 Although 

the Mensa’s hieroglyphs were eventually judged to 

be spurious, they may have been influenced by Gre-

co-Roman papyri.5 While not the result of alchemy, 

the intricately detailed inlaid figures are a tour-de-

force of metalwork: as will be discussed, different 

metals and metal alloys were employed to produce 

the wide variety of colored inlays found across the 

decorative scheme.

In 2018, the Mensa was showcased at the J. Paul Getty 

Museum as part of the exhibition “Beyond the Nile: 

Egypt and the Classical World”, which examined 

cross-cultural interactions and influences between 

Egypt and other parts of the ancient Mediterranean 

World.6 While at the Getty, a team of conservators 

and scientists took advantage of newly developed 

technologies to study the Mensa. Previous analyses 

of the Mensa’s metals by Alessandra Giumlia-Mair7 

Fig. 1: Mensa Isiaca. 1st century BCE – 1st century CE. Bronze, inlays in other metal alloys. Side panels shown separately for 
clarity. Edge dimensions are in cm. Museo Egizio, Turin, Cat. 7155. Photos courtesy of Museo Egizio, annotated by the authors.
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provided initial glimpses into the material nature of 

the inlays and their complexity, but a number of key 

questions remained.

The Getty study aimed to improve our understand-

ing of the materials and techniques used in the crea-

tion of the Mensa, and address specific questions re-

lating to 1) how the Mensa was cast (including sub-

sequent repairing and patching), 2) what materials 

were used for the different inlays, 3) how the inlays 

were set into the bronze base, 4) how the surface 

may have been finished, and 5) what the original 

appearance might have been. The research program 

was designed around non-invasive, non-destructive 

methods of examination and analysis. A thorough 

visual examination using optical microscopy aided 

in the visualization of fine details. Material analy-

sis using X-ray fluorescence spectroscopy (XRF)8 

provided detailed information about the elemental 

composition of the different metals and metal alloys. 

X-radiography supplied information about the over-

all structure. Details about the specific techniques 

employed can be found in the “Methods” section at 

the end of this paper.

2. The Mensa: Material and iconography 
in context
While the imagery on the Mensa was drawn from 

well-known ancient Egyptian iconography, most 

scholars agree it was created in Rome between the 

1st century BCE and the 1st century CE.9 Although 

without any direct parallel, the Mensa was not cre-

ated in isolation. Casting of large-scale bronzes was 

well established in Rome at that time, as were surface 

decoration techniques for metals. However, the com-

bination of its size, technical virtuosity, and icono-

graphic and ornamental vocabulary, creates a puzzle 

for archaeometallurgists and art historians alike.

2.1 Description and design
The Mensa is in remarkably good condition,10 al-

though the design is difficult to read with the na-

ked eye as some inlays, presumably once distinct in 

color, now appear similar to the background metal. 

The legibility of the inlays is further reduced due to 

the presence of tarnish and mottled red-to-brown 

copper corrosion products extending across the 

surface, creating indistinct, blurred boundaries. 

Because of the difficulty in discerning the Mensa’s 

Fig. 2: Drawing of the Mensa Isiaca taken from Lorenzo Pignoria and Giacomo Fillippo Tomasini, Laurentii Pignorii Patavini 
Mensa Isiaca, Amsterdam 1669, retouched by Piera Luisolo. Image courtesy of Museo Egizio.
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decorative scheme, an early illustration of the Mensa 

has long been used by scholars to study its iconog-

raphy (Fig. 2).

The Mensa’s surface is divided by rows and columns 

of pseudo-hieroglyphs into five framed sections or-

ganized in three horizontal registers (one section 

in the upper and lower registers and three in the 

middle) filled with depictions of deities, religious 

offerings, and other scenes emblematic of ancient 

Egypt.11 In a 1978 publication, Enrica Leospo des-

ignated the main sections with the letters A-E and 

assigned numbers to the main figures within each 

scene; for simplicity, we will use Leospo’s notation 

here when referring to scenes or figures (Fig. 3).12 

The carefully laid out and symmetric arrangement 

of figures on the Mensa has been judged to be an 

elaboration on ancient Egyptian temple wall decora-

tions, adapted for use as an altar for a Roman Temple 

of Isis. As such, the Mensa serves as a representation 

of the cultural transfer of the rites of Isis to Imperial 

Rome and has been described as “a visual transla-

tion of Greek hymns to Isis”.13

Due to its sophistication and singularity, some 

scholars have argued the Mensa is an invention of 

the Italian Renaissance, but those ideas have been 

disputed on the basis of the Mensa’s iconography 

and metallurgy, both of which were unknown in Ita-

ly during that time.14 In particular, the composition 

of the bronze base plate, discussed below, appears to 

fall outside the range of typical Renaissance bronze 

alloy compositions.15 Because its execution is with-

out direct parallel in the Roman world, it has been 

suggested the design of the Mensa’s inlays may have 

been the work of someone with a particular knowl-

edge of Egyptian priestly culture, although not of 

the hieroglyphic script.16 It has been further sug-

gested that Egyptian recipes and traditions, some of 

which were published in ancient alchemists’ texts, 

were followed in the Mensa’s creation.17

2.2 Color and comparanda
During the period to which the Mensa is dated (1st 

century BCE – 1st century CE), Egyptianizing deco-

rations, as well as references to Egyptian mythology, 

proliferated in the living quarters and luxury items 

of the elite in Rome and the Bay of Naples.18 For ex-

ample, an elaborate inlaid Roman obsidian skyphos 

in the Museo Archeologico Nazionale di Napoli de-

Fig. 3: Enrica Leospo’s labeling scheme for the five main sections (A-E), with main figures numbered, and individual scenes 
(Tavola I – XI) across the Mensa. Photo of the Mensa Isiaca processed and annotated by the authors.
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picts an Apis bull receiving offerings in a shrine (see 

Fig. 4).19 Created using semi-precious stones – cor-

al, carnelian, lapis lazuli, jasper, and malachite – set 

as inlays into thin golden frames (reminiscent of 

cloisonné, a staple of Egyptian goldsmiths over mil-

lennia) this skyphos shares the same visual frame-

work as the Mensa: the use of carefully chosen inlaid 

materials and finishing techniques to create a rich, 

multicolored tableau in an Egyptianizing style.

As in many cultures, color was an important part 

of Roman life. It was recognized as early as the 18th 

century that many now white marble sculptures 

were originally covered with a vivid and complex 

polychromy, and recent technical studies have pro-

vided additional insights into the materials and 

use of color in antiquity.20 In ancient Egypt, color 

was likewise ubiquitous, evidence of which is 

abundantly preserved on polychrome stone sculp-

tures, painted architectural surfaces, and decora-

tive and funerary arts, often adorned with inlays of 

semi-precious stones, ivory, ebony, colored glass, 

and Egyptian faience.21

Some materials and colors also had specific symbol-

ic significance.22 Gold, for example, was associated 

with the divine and eternal life; the flesh of the gods 

was said to be of gold and their bones of silver. In the 

depiction of humans and deities, men’s skin typical-

ly was colored red and women’s yellow. Certain gods 

had a characteristic skin color: for example, Osiris, 

the god of the underworld, was usually depicted 

with a blue, black or green complexion. Symbols 

were also assigned specific colors, such as the use of 

red for depicting sun disks (as seen on the Mensa). 

The degree to which the colors of metal alloys in the 

Mensa may relate to the ancient Egyptian color can-

on merits further study.

The art of inlaying different metal alloys into bronze 

to create colored effects has been practiced across 

the ancient world for millennia.23 The artisans who 

created the Mensa certainly would have drawn from 

this long-established tradition.24 For example, the 

bronze sculpture of Takushit (National Archaeologi-

cal Museum, Athens, 670 BCE) exhibits iconography 

remarkably similar to the Mensa, with a design con-

sisting of standing and striding figures in horizontal 

registers, separated by horizontal lines and inscrip-

tions, executed in fine silver-wire inlay (Fig. 5a).25 

The bronze sculpture of Karomama, “Divine Adora-

trice of Amun” (ca. 850 BCE), a masterpiece of metal 

polychromy in the collection of the Musée du Louvre, 

has recently been shown to be covered with inlays of 

a number of different alloys (at least five have been 

identified in the collar) including the black copper 

alloy (ḥmty-km) (see Fig. 5b).26 Metal inlays in an-

cient Egypt were even used to create raised profiles 

as those seen on a bronze menat, now in Berlin (see 

Fig. 5c).27

Polychrome metal inlays in Greek and Roman fig-

ural bronzes, such as those used for the eyes, lips, 

nipples, and even decorations of garments, have 

received wide scholarly attention and discussion,28 

yet contemporary comparisons to the Mensa, and 

its particular type of inlay technique, are few. How-

ever, two inlaid bronze vessels – a pitcher and a 

plate – excavated in 1831 in Hungary and dated be-

tween the 3rd century BCE and the Hadrianic Period 

(117–138 CE), display decorative elements reminis-

cent of the Mensa, in particular the use of thin metal 

wire inlays to create Egyptianizing figures (Fig. 6a).29 

More recently, similarly shaped, although undeco-

rated, vessels have been found at the Isis sanctuary 

of Taposiris Magna in Egypt30 perhaps suggesting 

the two bronzes from Hungary might also be sacred 

receptacles related to the cult of Isis. To date, the 

closest comparison to the inlays on the Mensa is a 

pair of shears in the collection of the Metropolitan 

Museum of Art. Of unknown origin, but tentatively 

assigned a Roman provenance and dated to the 2nd 

century CE, the flat blades are decorated with poly-

chrome metal inlays depicting Egyptian style figures 

and animals that bear a striking similarity to the fig-

ural depictions found on the Mensa (Fig. 6b).

2.3 Display and function
Exactly how the Mensa was originally displayed and 

used remains uncertain. The sturdy frame around the 

edge is perforated by numerous holes on the reverse, 

suggesting the bronze panel was previously fastened 

to another support or armature (see Figs. 19, 20). 

Unfortunately, the underside of the Mensa does not 

retain any evidence from which the composition or 

form of such a support can be inferred (see Section 

5.1 for more detailed discussion). However, based 

on its size, shape, and weight, it seems likely the 
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Fig. 4: Obsidian cup (skyphos). Roman, 1st century BCE – 1st century CE. Found in room 37, Villa San Marco, Stabiae. Obsidian 
inlaid with pink and white coral, carnelian, jasper, lapis lazuli, and malachite, set in gold. Museo Archeologico Nazionale di 
Napoli, inv. no 294473. Photo courtesy of Museo Archeologico Nazionale di Napoli.

Fig. 5: a) Statue of a princess–priestess Takushit. Third Intermediate Period, end of 25th Dynasty (ca. 670 BCE). Copper alloy, 
hollow cast; precious-metal inlay, ivory inlays in eye sockets (proper left eye lost), eyebrows formerly inlaid. Dimensions: H. 69 
cm, W. 20.5 cm, D. 21.5 cm; max. H. of tangs 5.8 cm. National Archaeological Museum, Athens ΑΙΓ 110. Photo courtesy of the 
National Archaeological Museum, Athens. Photo by Leemage/Corbis via Getty Images.
b) Statue of Karomama, the "Divine Adoratrice of Amun". About 850 BCE (22nd Dynasty). Bronze inlaid with gold, silver, 
electrum, and black bronze (ḥmty-km). Dimensions: 53 × 15.5 cm. Musée du Louvre, N 500. Détail © 2016 Musée du Louvre / 
Christian Décamps.
c) Roundel with offering scene (fragment from the menit of Harsiese). Third Intermediate Period – Late Period, 8th–6th 
century BCE. Leaded bronze, solid cast; precious-metal and copper-alloy inlay. Dimensions: H. 7.7 cm, W. 9.7 cm, D. 0.4 cm. 
Ägyptisches Museum und Papyrussammlung, Staatliche Museen zu Berlin, ÄM 23773. Photo courtesy of the Staatliche 
Museen zu Berlin, Ägyptisches Museum und Papyrussammlung / Sandra Steiß CC BY-NC-SA 4.0.

a b c
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Fig. 6: a) Two inlaid vessels found in 1831 in the vicinity of the Hungarian village of Egyed. Hungarian National Museum, 
Budapest, HNM RT-RO 10/1951.104 (ewer), HNM RT-RO 10/1951.105 (handled dish). Photo courtesy of the Hungarian 
National Museum, Budapest / András Dabasi.
b) Shears with multi-colored metal inlay. Roman Period, perhaps 2nd century CE, from Anatolia (possibly Trabzon), Turkey. 
Bronze or copper alloy, silver, black bronze (?). Height: 23.7 cm. Metropolitan Museum of Art, New York, 39.2.2 (Rogers Fund, 
1939). Image courtesy of the Metropolitan Museum of Art Open Access Initiative.

Fig. 7: a) Ancient Pompeiian bronze table with horses’ legs. 1st century BCE – 1st century CE. Bronze, silver inlays, niello. 
Dimensions: 71.1 × 81.3 × 52.4 cm. Museo Archeologico Nazionale di Napoli. Photo courtesy of the Museo Archeologico 
Nazionale di Napoli.
b) Marble and bronze table. Early Imperial Roman, 1st century CE. Marble and bronze. Dimensions: 81.3 × 65.4 × 106 cm, 
Metropolitan Museum of Art, New York, 06.1021.301 (Rogers Fund, 1906). Image courtesy of the Metropolitan Museum of 
Art Open Access Initiative.

Mensa was used as an altar or tabletop, rather than 

being hung on a wall (see below). As a table, there 

are comparanda to the Mensa. A Pompeiian table in 

the collection of the Museo Archeologico Nazionale 

di Napoli was published in 1990, showing a bronze 

frame around the upper surface and bronze folding 

legs (Fig. 7a).31 A marble and bronze table said to be 

from Boscoreale, near Pompeii, in the collection of 

the Metropolitan Museum of Art, has a single central 

supporting post and carries delicate inlays along its 

bronze edge (Fig. 7b).

a b

a b
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A rare textual reference to the use of metal polychro-

my to decorate large, flat surfaces such as the Mensa 

is provided by the Greek sophist Philostratus (3rd cen-

tury CE) in “The Life of Apollonius” with his observa-

tions about a temple in Taxila, about which he writes:

“For bronze tablets were nailed into each of 

its walls on which were engraved the exploits 

of Porus and Alexander. But the pattern was 

wrought with orichalcus and silver and gold 

and black bronze (…) but these elaborate works 

(…) let us regard them as the chefs d’œuvre of a 

man who is both painter and brass founder at 

once.” 32

Although we believe the Mensa was used as an al-

tar or table, not as a wall decoration as described 

by Philostratus, his description of detailed figura-

tive elements created using a golden copper alloy33 

and silver, gold, and black-colored inlays in a bronze 

base provides evidence that such inlaid bronzes 

were created in ancient times, although unfortu-

nately it appears only a few have survived to the 

present day.

3. Mapping the alloys of the Mensa:  
MA-XRF analysis
The inlays of humans, deities, animals, script, and 

decorative borders on the Mensa are produced from 

different metals and metal alloys to achieve a varie-

ty of colors and optical effects. The work by Gium-

lia-Mair offered first insights into the number and 

type of polychrome metal inlays in the Mensa: using 

handheld point-based X-ray fluorescence spectros-

copy, she identified seven different colors (and cor-

responding metal alloys).34

Expanding on this work, we employed macro X-ray 

fluorescence (MA-XRF) scanning to generate spa-

tially resolved maps that show the distribution, and 

relative intensity variation, of individual chemical el-

ements across the entire surface of the Mensa. How-

ever, it can sometimes be more informative to view 

multiple maps together, digitally overlaid, so that 

areas consisting of multiple elements (i.e., an alloy) 

can be better visualized using false colors.35 With this 

new information, combined with visual analysis aid-

ed by microscopy, we can better assess the number of 

unique alloys utilized as well as gain insight into the 

materials and techniques employed in their creation.

3.1 Copper alloys
The individual distribution maps of copper (Cu), 

tin (Sn), lead (Pb), and zinc (Zn) are shown in Fig. 8. 

Lighter areas of the images indicate higher abun-

dance of the element mapped, while darker areas 

indicate lower abundance. Copper, being the pri-

mary component of bronze, is distributed relatively 

uniformly across the entire surface of the base plate, 

and is also present throughout most, but not all, of 

the inlaid decorations (Fig. 8a). In the copper map, 

the relative brightness of the inlays compared to the 

base plate indicates they have a higher proportion 

of copper. Notably, copper was not detected (or de-

tected at only very low levels) in a few of the metal 

inlays, for example the central seated figure of Isis 

(Leospo C-8). These copper-poor areas appear black 

in the copper distribution map.

Along with copper, the other main elements in the 

base bronze are tin (Sn) and lead (Pb);36 their dis-

tributions across the Mensa are shown in Fig. 8b 

and 8c, respectively. Tin and lead are both present 

throughout the base plate but are absent in most of 

the metal inlays (small amounts are found in select 

inlays, as will be discussed below). While the tin dis-

tribution map appears relatively uniform across the 

base plate, the lead map shows noticeable inhomo-

geneities (bright spots indicating lead-rich areas), 

reflecting the fact that lead is immiscible with cop-

per and separates out into discrete globules upon 

cooling.37 The distribution of zinc is provided in 

Fig. 8d, which shows that zinc is present in the in-

lays used for many of the figures as well as a subset 

of the decorative and architectural elements, but is 

seemingly absent from the base plate.

To better examine the elemental composition of the 

inlays, a false-color overlay of the copper, tin, and 

zinc maps projected into an RGB color space is pre-

sented in Fig. 9. In this rendering of the data, the 

pixels corresponding to the bronze base plate (a 

leaded copper-tin alloy, as discussed above) appear 

magenta due to the additive contributions of copper 

(in red) and tin (in blue). The inlaid figures appear 

either bright red, indicating high levels of copper, 

or bright green, indicating high levels of zinc. Inter-
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Fig. 8: MA-XRF maps of a) copper (Cu K), b) tin (Sn K), c) lead (Pb L) and d) zinc (Zn K). The brightness of each pixel is 
proportional to the amount of that element detected. Images produced by the authors.

Fig. 9: RGB false color overlay of MA-XRF distribution maps of copper (red channel), tin (blue channel) and zinc (green channel). 
Where more than one element is present in a single pixel, the resulting color reflects the relative proportion of each element 
present. Image produced by the authors.
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estingly, this presentation of the XRF data revealed 

a relationship between a figure’s skin tone and 

clothing that is not visually apparent: figures with 

copper-rich skin (red in the false-color overlay) are 

adorned with clothes rich in zinc (green in the false-

color overlay), and vice versa.

3.2 Silver and gold
Distribution maps for silver (Ag) and gold (Au) in the 

Mensa, presented individually and as a false color 

overlay, are shown in Figs. 10 and 11. The silver map 

(Fig. 10a) is particularly striking as it most clearly 

reveals the integral role played by silver in the Men-

sa. Thin silver wires, along with pseudo-hieroglyphs 

and the foliate patterns, were used to delineate the 

five framed scenes that constitute the decorative 

composition. Most of the figures are outlined with 

silver, and silver is also found within the ornaments 

and clothing of many figures such as the collars, 

staves, dresses, and patterned kilts. Notably, Isis, 

at the center of the composition, is the only figure 

whose skin is rendered in silver.38 Because of the 

broad use of silver to delineate the overall design 

of the Mensa, the silver distribution map provides 

Fig. 10: MA-XRF maps of a) silver (Ag K), and b) gold (Au L). The brightness of each pixel is proportional to the amount of that 
element detected. Images produced by the authors.

Fig. 11: RGB false color overlay of MA-XRF distribution maps of silver (green channel), and gold (red and blue channels 
combined, which appears magenta). Image produced by the authors.
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an opportunity for “reading” many of the details of 

the Mensa with unprecedented clarity, which will, in 

turn, help scholars to better understand the mean-

ing and function of this highly decorated table.

The gold distribution map (Fig. 10b) reveals that the 

black-colored inlays – such as the wigs, headdresses, 

and notably, the two bulls – are copper alloys whose 

dominant alloying metal is gold (cf. Fig. 8a). This 

type of alloy, similar to modern Japanese shaku-do, 

is readily patinated to purplish-black tones. Referred 

to as ḥsmn-km or ḥmty-km (translated as “black 

bronze” or “black copper”), it has been identified in 

bronzes dating to the 12th Dynasty (Middle Kingdom, 

about 1900 BCE), often in combination with other 

colored metal inlays.39 There is some debate regard-

ing the Roman term for this alloy,40 which is charac-

terized by up to 5 wt% (weight percent) of gold with 

silver and tin impurities.41 In recent publications, it 

has been referred to as Corinthian bronze (aes Corin-

thium),42 but it has been suggested the Romans used 

the Greek term hepatizon, or “liverish”.43 For simplic-

ity, the term “black bronze” will be used here.

The gold distribution map also reveals that some in-

lays were outlined using black bronze. Just as the con-

trast effect described above was achieved by the use of 

the copper- and zinc-rich alloys found in the figures 

and clothing, the silver- and gold-rich alloys were used 

to create visual contrast in the figures and the clothing 

patterns. The contrast provided by the XRF map false 

color overlay (Fig. 11) reveals highly decorated pat-

terns that once may have been more clearly visible.

4. The inlays
The total number of inlays on the Mensa is stagger-

ing. There are thirty-nine deities and human figures, 

ten freestanding animals, four animals incorporated 

into bases, five thrones, three shrines, and numerous 

other symbols (such as winged sun disks), almost all 

of which are made from multiple inlays. The larger 

figures consist of about a dozen inlay sections each, 

with the addition of small dots, lines, and other dec-

orations. Silver lines forming the columns add up to 

several meters in length, and there are a multitude 

of silver hieroglyphs, as well as other silver line el-

ements. It is estimated that, in total, there are more 

than a thousand individual inlaid pieces in the Mensa.

4.1 Humans, deities, and animals – 
large inlays
4.1.1 Copper- and zinc-rich alloys
The largest and most numerous images on the Mensa 

are individual human and divine figures, often depict-

ed wearing elaborate dress and ornaments. The skin 

tones of these figures are monochromatic, and gener-

ally correspond to a canon whereby males are depicted 

in red and females in yellow. As discussed above, skin 

tones were created using either a copper- or zinc-rich 

alloy. The copper-rich alloy, which has a reddish ap-

pearance (see for example, Fig. 12a), was exclusively 

used for male figures and deities. The zinc-rich alloy 

was used for all the female figures and deities, three of 

the male figures (Leospo A-1, A-11, and E-18), and the 

two Nile gods (Leospo B-4 and B-5). The skin tones 

Fig. 12: Examples of the different skin tones found on the Mensa, created using: a) a copper-rich alloy, giving a reddish 
appearance (Leospo E-15), or b-d) a zinc-rich alloy providing yellow, orange, or dark brown tones, respectively (in order, 
Leospo A-8, B-4, C-17). Details of photo in Figure 1, courtesy of Museo Egizio.
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Cr Mn Fe Co Ni Cu Zn As Se Ag Cd Sn Sb Pb Bi Sum

Reddish Area 0.00 0.00 0.23 0.01 0.01 94.5 0.1 0.15 0.00 0.04 0.00 0.0 0.04 4.9 0.00 100.0

Orange Area 0.00 0.00 0.18 0.00 0.08 79.2 19.9 0.09 0.00 0.01 0.00 0.0 0.02 0.1 0.00 99.6

Yellow Area 0.00 0.00 0.52 0.00 0.05 76.0 22.2 0.16 0.00 0.03 0.00 0.4 0.03 0.2 0.00 99.6

Dark Brown 0.00 0.00 0.24 0.00 0.04 89.4 8.9 0.14 0.00 0.02 0.00 0.0 0.03 1.0 0.00 99.9

Base Metal 0.00 0.01 0.07 0.04 0.13 76.0 0.0 0.19 0.00 0.03 0.00 6.1 0.08 17.1 0.05 99.9
Critical Value (95%) 0.00809 0.00598 0.01373 0.01566 0.02501 2.1 0.1 0.03421 0.01 0.01337 0.00974 0.2 0.03471 0.2 0.01845
Average Error * 0.01 0.01 0.02 0.02 0.03 0.9 0.2 0.04 0.02 0.02 0.01 0.2 0.04 0.3 0.02
Calibration Range Max 0.20 0.72 1.20 0.67 1.80 97.1 40.6 3.66 0.34 2.12 0.50 16.1 4.10 14.6 0.97

Each result represents the average of three analyses.
Numbers in gray are below the critical value. Numbers in red are above the calibration range.
* The 95% confidence interval is calculated independantly for each result.  The average value for all results for each element is reported here.
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created using the zinc-rich copper alloy today appear 

to have a range of colors, from yellow to orange to dark 

brown (examples of each shown in Figs. 12b, 12c, 12d).

Point XRF analysis was conducted on the different 

skin tones to investigate whether the observed range 

of colors is due to a chemical difference in the metal, 

a differential treatment of the surface, or corrosion. 

The results, presented in Table 1,44 confirm the dif-

ferent colors observed across the zinc-rich copper 

alloys correspond to different alloy compositions. 

For example, the yellow and orange skin tones were 

both found to contain similar levels of zinc (around 

20 wt%), but the yellow contained measurably more 

tin and iron.45 The dark brown skin tones, by con-

trast, contained less than half as much zinc as the 

yellow or orange, but more lead. The point meas-

urements also confirm that the copper-rich, reddish 

skin tone has a measured copper content of almost 

95 wt%, along with approximately 5 wt% lead, sig-

nificantly different from the three zinc-rich alloys.

These results support a hypothesis that specific cop-

per alloy compositions were created to obtain differ-

ent colored metal inlays. Each alloy would have re-

sponded differently to localized or overall chemical 

treatment, which may have been used to bring out 

the richly colored patinas characteristic of each met-

al type. Even minor variations in alloy composition 

can result in significantly different colors when the 

metal is patinated (or “pickled”).46 Although unlikely, 

it is also possible that the colored patinas observed 

on the Mensa today developed through corrosion as-

sociated with natural aging. However, based on the 

analyses carried out here, it is impossible to deter-

mine with certainty whether or not the inlays were 

intentionally patinated, and if so, by what means.

4.1.2 Silver alloy
While both copper- and zinc-rich alloys were used 

for humans and deities, a silver alloy (now tarnished 

to a grey blue) was used for the skin of Isis (Leospo 

C-8; Fig. 13a) and for Horus’ face (Leospo E-10; see 

Fig. 16b). A second female figure may also have been 

Table 1: Elemental compositions obtained by point XRF analysis (performed with the Bruker ARTAX spectrometer) of the 
perceived different-colored skin tones. Experimental details provided in the Methods section.

Fig. 13: Examples of the use of silver and black bronze inlays in the Mensa. a) Isis (Leospo C-8), b) baboon (Leospo A-7), and c) 
bull (Leospo D-2). Details of photo in Figure 1, courtesy of Museo Egizio.
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Co Cu Zn Ag Cd Sn Sb Au Pb Bi Total

Isis Blue-gray 0.00 2.5 0.0 97.1 0.01 0.00 0.01 0.50 0.26 0.00 100.4

Baboon Blue-gray 0.01 2.1 0.0 97.4 0.00 0.02 0.01 0.70 0.18 0.00 100.5

Average Error* 0.01 0.6 0.2 2.7 0.04 0.05 0.03 0.04 0.15 0.02
Calibration Range Max 0.04 19.95 2.03 100.0 2.04 0.92 0.46 1.98 1.89 0.19

Each result represents the average of three analyses.
Numbers in gray are below the critical value.
* The 95% confidence interval is calculated independantly for each result.  The average value for all results for each element is reported here.
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rendered in silver alloy (Leospo A-13), but the inlays 

have been pried out (see Fig. 27), leaving only her feet 

to suggest her body was also silver. This figure has 

been identified as a queen.47 But silver was not re-

served exclusively for the humans and deities: some 

of the animals, such as the baboon (Fig. 13b), cat, 

crocodiles, and the gazelle sacrificed to Satis (Leospo 

A-3), were also executed in a silver alloy. The alloy 

used in these inlays appears to have been nearly pure 

silver, containing only around 2.5 wt% copper and 

around 0.6 wt% gold, as determined by single point 

XRF analysis (see Table 2).

The original appearance of the silver cannot be deter-

mined with certainty. There are several preservation 

states of the silver, including golden, reddish-black, 

black, and grey colorations. Polished silver readily tar-

nishes in air to form corrosion layers, typically silver 

sulfides, which are generally dull grey to black in color, 

such as that seen in the skin of Isis and the baboon 

shown in Figs. 13a and 13b. The golden tones, which 

have a specular appearance, are most easily observed 

in the broad collars, wings, and textiles (Fig. 14a).48 

There is evidence of silver corrosion that has crept 

into and encroached over golden toned areas; these 

presumed corroded areas appear grey and exhibit ir-

regular, blurry, edges (Fig. 14b). It is not evident, how-

ever, how much golden-toned surface might remain 

intact under the corrosion. One hypothesis to explain 

this observation is the migration and re-deposition 

of silver ions, a phenomenon that has been well-doc-

umented in photographic emulsions49 and is com-

monly observed on Japanese lacquer objects deco-

rated with silver powder.50 Unfortunately, there is no 

evidence to suggest whether these golden areas sur-

vive intact from antiquity, are changes resulting from 

tarnish and corrosion, or are due to later restorations.

Table 2: Elemental compositions obtained by point XRF analysis (performed with the Bruker ARTAX spectrometer) of the 
silver alloys. Experimental details provided in the Methods section.

Fig. 14: a) Detail of the winged deity (Leospo C-17) showing black bronze lines inlaid into a silver base. The silver shows a 
golden coloration and dark gray corrosion that in some areas has crept over the adjacent metal. Where the golden tone has 
been abraded, a reddish-black corrosion layer appears to be present (imaged in partially crossed polars).  
b) Detail of the dress pattern of the female facing the baboon in the upper registry, showing the creeping silver corrosion,  
as evidence by the blurry edges of the inlaid stars.  
Photos by the authors.

a
b
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4.1.3 Black bronze
Another category of inlay metal is “black bronze”, 

which, as discussed above, is composed primarily 

of copper with gold as the most significant alloying 

metal.51 XRF point analysis data suggest the gold 

content is approximately 5 wt%, with tin present in 

the range of 2-3 wt% and iron, arsenic, and silver 

each present at around 0.5 wt%. The black bronze on 

the Mensa is used most extensively for the bull on 

the right side (Leospo D-2; Fig. 13c). Interestingly, 

the bull on the left side (Leospo B-2), whose inlays 

are now mostly missing, appears to have been inlaid 

with both silver and black bronze: it has a black head, 

but its only remaining leg (proper left front) is silver. 

Black bronze was also used for the wigs (see Fig. 12). 

Different hair styles were created by inlaying silver 

into the black bronze wig inlays, such as linear hori-

zontal patterns (see Figs. 12a, 12c) and stepped verti-

cal braid patterns (Fig. 12d); wigs are also sometimes 

plain with no linear decoration (Fig. 12b).

4.2 Outlines
All the figures – whether animal, human or divine – 

are separated from the background by black bronze 

or silver outlines (again, see examples in Fig. 12). 

This cartoon-like style is consistent with Egyptian 

representations in other media, such as wall paint-

ings.52 Both types of inlaid lines are notable for 

being very narrow (on the order of 0.5 mm for the 

black, and 0.7 mm for the silver) with sharp edges.

Although we cannot be certain of their original ap-

pearance, it is clear the fine metal outlines were de-

liberately chosen to achieve a desired visual effect. All 

the black bronze inlays appear to have been outlined 

with silver, which, whether silver in color or patinat-

ed to a golden hue, would have created a striking 

contrast with the deep black. The male figures creat-

ed using the copper-rich skin tone were also outlined 

in silver, while the figures created using the zinc-rich 

copper alloys have either black or silver outlines, and 

sometimes both. For example, the woman’s profile 

shown in Fig. 12b is outlined in black bronze, while 

her body is outlined in silver. This careful attention to 

detail undoubtedly was intended to make the figures 

stand out, creating a visually striking contrast, unfor-

tunately now mostly lost.

4.3 Decorative patterns – small inlays
The most diverse and technically demanding catego-

ry of inlays consists of multiple, small, inlaid elements 

to create complex patterns to decorate the thrones, 

borders, ornaments, garments, and wings. Repre-

sentative examples of the main types of decorative 

patterns observed on the Mensa are discussed below.

Thrones: The throne of Isis is unfortunately missing, as 

is the throne of Harsomptus (Leospo C-14). The three 

still in place are shown in Fig. 15, along with RGB false 

color overlay element maps. All three thrones are con-

structed on a silver base into which a grid pattern has 

been created; alternate squares filled with two differ-

ent colored alloys – one black in color and the other 

a copper alloy – form a pattern of nested diamonds.

Examination of the patterns and materials used 

in these three thrones reveals differing degrees 

of loss and repair. Hathor’s throne (Leospo E-5, 

Figs. 15a, 15d) appears to be the most intact, with 

just a few of the inlaid squares missing; all the 

black squares are comprised of the gold-contain-

ing black bronze alloy. Horus’ throne (Leospo E-10, 

Figs. 15b, 15e) at first glance appears to likewise be 

mostly intact, but examination of the XRF maps re-

veals that nearly all the (presumed) original black 

bronze squares have been replaced with a lead-con-

taining material. This black material may have been 

applied as a paste resembling niello,53 heated to 

bond, and then polished, although the macro XRF 

analysis has low sensitivity to sulfur and thus cannot 

confirm the presence of niello.

The only surviving throne in the middle register, 

that of Thoth (Leospo C-3, Figs. 15c, 15f), has quite 

a different appearance from the other two. The 

base grid is not as carefully cut, with the result that 

there are small areas of silver surrounding the inlaid 

squares. There is no black bronze present: the black 

inlaid squares are filled with the same lead-contain-

ing material (possibly niello) as in Horus’ throne. Ar-

eas where this black material has been lost reveal a 

central post in each cavity that may have served as 

an anchor for the inlays. Furthermore, in the lower 

right corner of the throne the copper-rich squares 

contain zinc (Fig. 9): while a zinc-rich alloy was used 

for large inlays across the Mensa, its presence here, 

in a finely detailed inlay, is unique.
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Fig. 15: The three surviving thrones on the Mensa and their corresponding RGB false color maps showing the distribution 
of copper (red channel), lead (green channel) and gold (blue channel; the black bronze, an alloy of gold and copper, appears 
magenta). a/d) Hathor’s throne (Leospo E-5), b/e) Horus’ throne (Leospo E-10), and c/f) Thoth’s throne (Leospo C-3). Details of 
photo in Fig. 1, courtesy of Museo Egizio and XRF maps produced by the authors.
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Broad collars: With the exception of Isis and Horus, all 

the broad collars are silver with black bronze decora-

tion: Isis’ collar is a copper-rich alloy with silver dec-

orations, and Horus’ collar is a zinc-rich copper alloy, 

decorated with black bronze (see Figs. 16a, 16b, re-

spectively). The silver collars appear to have all been 

constructed using a process similar to that used for 

the thrones. Starting with a base inlay of silver, dec-

orative lines, geometric bands and patterns were in-

laid with black bronze (Fig. 16c). As discussed above, 

though much of the silver collars are now covered 

with creeping silver corrosion, substantial areas of 

some of the broad collars appear to have retained 

their golden tone (see Figs. 14a, 16d). It is interest-

ing to note that when the collars are divided (for ex-

ample by an arm, staff, or braid of hair), the left and 

right halves of the pattern are mismatched, suggest-

ing the two halves were made separately (Fig. 16e).

Wings and textiles: The feathered wings of birds and 

winged deities are depicted using alternating lines of 

contrasting metal alloys. The wings consist of mul-

tiple bands, each employing different combinations 

of colored metals and comprised of a base inlay, into 

which lines of the contrasting metal are inlaid. A de-

tail of the winged female deity in the middle regis-

ter (Leospo C-17) is shown in Fig. 17a. The silver in 

the wings is largely covered by corrosion ranging in 

color from grey to iridescent blue to purplish black. 

In some scattered areas the silver alloy bands appear 

golden, as described above. Similarly, some of the 

textiles are depicted with striped patterns while oth-

ers are decorated with more vibrant geometric pat-

terns (see example shown in Fig. 17b).

4.4 Lines, borders, and hieroglyphs
There is extensive use of thin inlaid lines creating 

a framework for the different scenes across the 

Mensa. Straight lines inlaid directly into the bronze 

substrate are used to frame the five scenes and 
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Fig. 16: Examples of the broad collars found on the human and divine figures: a) Isis (Leospo C-8), b) Horus (Leospo E-10), 
c-e) examples of collars showing different types of inlay work, deterioration, or inlay loss (see text). (Leospo A-5, A-11, A-14). 
Details of photo in Fig. 1, courtesy of Museo Egizio.

Fig. 17: Examples of complex decorative schemes used in a) feathers (Leospo C-1) and b) textiles (Leospo A-4). In a) the upper 
band is black bronze decorated with silver, the next band is silver inlaid into a zinc-containing copper alloy, the next is silver 
inlaid into the copper-rich alloy, and the lowest band of the wing is silver decorated with black bronze. Details of photo in 
Fig. 1, courtesy of Museo Egizio.
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separate the horizontal and vertical inscriptions, 

which likewise are inlaid directly into the base. The 

distance between these lines is consistent to within 

a few millimeters, reflecting extreme precision in 

the fabrication. Thin lines are also used to create 

symbols and decorative elements, and script is also 

found in short hanging columns and in cartouches. 

The latter are occasionally formed by an oval cop-

per inlay, into which the silver script is inlaid. All 

these linear features are represented in the scene 

with the two Nile gods (see Fig. 18). Of note are 

the differences of the line widths: the silver fram-

ing lines are ~ 1 mm, the silver used for delineating 

the figures and creating the script is ~ 0.7 mm, the 

black bronze used for outlining the figures is ~ 0.5 

mm, and an even finer wire was used for creating 

details, such as those in the plinth under the bull. 

Once again, the deliberate choice of specific mate-

rials in specific sizes, and the precision with which 

they were all applied, speaks to the high level of 

skill of the artisans who created the Mensa.

5. Creating the Mensa Isiaca
5.1 Casting the base plate
The base plate measures approximately 74 × 123 

cm with edges 6 cm in depth (see Fig. 1 for precise 

measurements). A narrow lip on the reverse (shown 

in Fig. 19) that creates a U-shaped channel inside the 

perimeter is integral to this plate. The lip is pierced 

with evenly spaced and symmetrically arranged 

round and rectangular holes (highlighted in blue in 

Fig. 19) along the long edge of the plate, with the 

exception of one hole indicated by the red arrow in 

Fig. 19. There is no direct evidence to indicate when 

these holes were created, or whether they were add-

ed all at the same time.

The thickness of the base plate varies considerably. 

This is most clearly visualized in the X-radiograph, 

which shows regions of higher and lower opacity 

(see Fig. 20). The plate appears thinnest in the center, 

with gradual (and variable) thickening towards the 

edges, with the thickest area at the bottom left (where 

it measures approximately 17 mm thick, compared 

Fig. 18: a) Scene of the two Nile gods, Leospo section B, showing examples of the use of silver to create thin, straight lines 
to frame a scene, the pseudo-hieroglyphs contained within the frame, and a depiction of a bird perched on top of a papyrus 
plant is shown in the lower right corner of the scene; b) the outer edge of the scene, containing small inlaid flowers and other 
decorative elements; and c) extremely fine black bronze used to create a pattern in the plinth on which the bull is standing. 
Details of photo in Fig. 1, courtesy of Museo Egizio.
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Fig. 19: Underside of the Mensa: piercings in the lip are colored blue; remnants of sprues are colored yellow. Photo courtesy of 
Museo Egizio, annotations by the authors.

Fig. 20: Digital X-radiograph of the Mensa, taken from the front side, with local contrast enhancement algorithm applied. 
Post-cast patches (colored red) are most concentrated in the upper left corner; core pin holes (colored yellow), some with pin 
residue, are evenly distributed across the surface. X-radiograph by the authors.
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to 6 mm at the bottom right). The inlaid figures that 

show up as regions of lower opacity correspond to 

areas where the material of the bronze substrate has 

been removed and replaced with an inlay of lower 

density (e.g., the copper- or zinc-rich alloys).

The X-radiograph also reveals pronounced hetero-

geneity in the base metal, with abundant porosities 

(seen as dark round or irregularly shaped spots) and 

lead globules (white spots). Some dark spots may 

also reflect the presence of glassy or oxidized im-

purities (e.g., slag and dross). Perhaps most notably, 

the radiograph reveals flow patterns. With curvilin-

ear edges and distinct differences in porosity and 

lead distribution, these flow patterns suggest the 

casting was not executed in a single pour. Instead, it 

appears multiple crucibles containing molten metal 

of slightly different compositions and temperatures 

were used and that the metal from early pours may 

have begun to solidify before later pours flowed in, 

creating so-called “cold shuts” visible in the radio-

graph as curved boundary lines between more and 

less porous regions of metal; these are particularly 

noticeable in the flow at the bottom center of the ra-

diograph. The gently curved edges of this highly po-

rous flow suggest a viscous, lower temperature melt, 

flowing into an empty space and partially solidify-

ing at the edges, while subsequent pours filled in the 

surrounding areas. The use of multiple crucibles is 

not surprising given the large quantity of metal re-

quired for the casting. It is difficult to determine the 

number of crucibles used, but it seems likely to have 

been between five and ten. Because of the inhomo-

geneity of the casting, point-based XRF analysis can 

only provide a general characterization of the overall 

composition of the base (see Table 1): it can best be 

described as a high lead tin-bronze, an alloy com-

monly observed in other Roman bronze objects.

Since the back surface of the Mensa was not 

smoothed or polished after it was formed, it contains 

clues as to how it may have been cast. In both the 

visible and X-radiographic images, a large, and per-

haps the main, casting sprue can be seen just above 

the large white (lead) patch near the center of the 

plate (in yellow in Fig. 19). Two smaller bronze stubs 

(also in yellow in Fig. 19), which may have served as 

vents or sprues have also been identified, although 

more may have existed.54 Other evidence of the 

casting process includes the presence of numerous 

square core pin holes and remnants of original iron 

core pins (in yellow in Fig. 20) distributed relatively 

evenly over the entire plate. The presence of sprues 

and core pins, in addition to features observed on 

the underside – the absence of any detectable seams 

in the metal, the presence of brush marks and hori-

zontal raised ridges, or flash lines, that continue up 

the edges and are interpreted as drying cracks of the 

clay mold (see Fig. 21) – suggest the plate was cast 

in one piece using the lost wax process. Given the 

uniqueness of the Mensa it was likely a direct cast. 

Lost-wax casting is regarded as the standard casting 

method of Greek and Roman antiquity.55 It provid-

ed fidelity in capturing fine details, and high-quality 

Fig. 21: Casting evidence on the underside of the Mensa:
a) Detail of center: horizontal line (A) is likely a remnant from a wax join; fine diagonal lines (B) appear to be brush smoothing 
marks in the wax model; flash lines (C) from core cracking are present throughout and extend from the core pin hole (D); E 
appears to be a core pin in situ; F is a thick lead accretion.
b) Bottom edge (photo, right, and schematic showing described features, left): flash lines extend from the flat back into the 
U-shaped edge. The white material in the photograph (b right) appears to be residue of investment from the casting process.
Photos, annotations and drawing by the authors.

a b
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castings of complex shapes could be achieved with 

careful planning of gates and venting systems.

The Mensa was likely cast face down; this would 

typically result in a higher quality surface since bub-

bles and impurities tend to rise during cooling. The 

numerous iron core pins would have been used to 

maintain a consistent separation between the up-

per and lower surfaces of the mold during casting. 

Nevertheless, the uneven thickness of the Mensa 

suggests the mold may have deformed and/or shift-

ed during casting. Likewise, the core pins may have 

been insufficient to keep the upper part of the mold 

from sagging in the middle, resulting in the thin-

ner central zone. The significantly greater thickness 

in the lower left quadrant may suggest the Mensa 

was cast at a slight angle to facilitate the flow of the 

metal, with the lower left corner inclined downward. 

The force of the molten metal charging into the 

mold cavity may have caused the mold to deform or 

crack, pushing the upper and lower surfaces apart at 

the lowest point, where the pressure was greatest. 

Casting defects such as these are common, particu-

larly with large scale castings such as the Mensa.56

Porosities resulting from excess gas in the molten 

metal, particularly in the upper left corner, caused 

numerous casting defects in the surface that were 

repaired in antiquity with patches (in red in Fig. 20). 

The patches are rectangular in shape, with edges 

ranging in size from about 3 mm up to nearly 4 cm 

in length. Most these repairs are well fitted mechan-

ically into the base plate and are barely visible to the 

unaided eye. Others, such as the patch behind the 

standing figure sacrificing a gazelle (Leospo A-2), 

are less well executed and even stand slightly proud 

of the surrounding surface (Fig. 22). The patches 

do not appear in the MA-XRF maps, indicating their 

composition is similar to the alloy of the base plate. 

In contrast, the patches are clearly visible in the 

X-radiograph as dark outlines. These dark outlines 

represent gaps in the metal, suggesting the beds 

that were chiseled out for the patches had undercut 

edges. It is likely slightly over-thick patches were in-

serted into the beds and hammered out until they 

were even with surface, mechanically locking into, 

but not entirely filling, the undercuts. The presence 

of patches under decorative metal inlays indicates 

the repairs of casting flaws and core pin holes were 

made prior to the insertion of the inlays, as would be 

expected in bronze casting practice.

5.2 Preparation of the base plate  
for inlays
The creation of the complex decorative scheme 

would have required not only considerable artistic 

skill, but also a deep knowledge of the physical prop-

erties of the different pure metals and their alloys, 

Fig. 22: Top left corner showing multiple patch repairs applied to casting flaws: a) visible image and b) X-radiograph. A badly 
fitted plug is visible on the left side of the image, while a group of well executed plugs are located on the right and are only 
visible in the X-radiograph. Detail of photo in Fig. 1, courtesy of Museo Egizio, annotation by the authors.
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such as melting point, hardness, malleability, ductil-

ity, and color. For example, the addition of zinc or tin 

to copper lowers the melting point but increases the 

hardness. These properties would certainly have af-

fected how the inlays behaved during their insertion 

into the bronze base and during the subsequent flat-

tening and polishing. Examination under raking light 

reveals the softer, reddish copper-rich skin tone in-

lays are often depressed at their centers with respect 

to the surrounding (harder) bronze metal (Fig. 23).

Examination of the areas where inlay has been lost 

reveals important clues as to how the bronze plate 

was prepared to receive the inlays. The areas of ma-

jor inlay loss are shown in Fig. 24; losses appear to 

be predominantly inlays of black bronze (bull, wing, 

hair/wig) or silver (thrones, the queen in upper reg-

ister [Leospo A-13]). The exposed surfaces of most of 

the recesses are irregular, with surface undulations. 

A few selected areas where the inlay has been lost 

are shown in Fig. 25. The cavity that once held Isis’ 

throne (Fig. 25a) was shaped to two distinct depths: 

a shallower recess that describes the entire shape of 

the throne, and a smaller, deeper rectangular recess 

on which Isis is seated. The final inlay assembly pre-

sumably would have been level with the front surface 

of the base plate. Another example is the Apis bull 

(Leospo B-2; Fig. 25b), which shows three different 

levels that held inlays: the main body and rump at 

two slightly different levels, separated by a ridge of 

bronze, and a shallower depression in a sort of sad-

dle shape. In most cases the edges of the recesses do 

not appear to be undercut, or beveled. However, in the 

cavity for a lost wig inlay, as shown in Fig. 25c, the 

top edge is clearly channeled and undercut to capture 

the inlay. We can only speculate that this difference 

might have been related to the composition of the in-

lay (e.g. black bronze vs. copper-rich alloy) the recess 

was meant to receive. In keeping with standard metal 

working techniques, the cavities would probably have 

been created by mechanical means, cutting into the 

substrate. If any of the cavities were present in the 

wax model itself remains unknown. Insertion of pre-

fabricated metal inlays, such as lips, into wax models 

of ancient bronze sculptures has been observed,57 but 

there is no evidence for such a practice on the Mensa.

These different types of cavities may not represent 

the entirety of preparation for the inlays, but none-

theless point to careful planning of how individual 

inlays would have been secured. Given these obser-

vations, it appears that, overall, the inlays were se-

cured by a pressure fit. All the major areas of inlay 

are surrounded by a thin wire of either silver or black 

bronze, some of which may have been applied as a 

means of further locking-in the press-fit inlay, re-

sulting in a nearly seamless join.58

5.3 Patination and corrosion
The XRF analyses of the Mensa have shown that a 

range of alloys with different elemental composi-

tions were deliberately selected to create the many 

multi-colored and ornate inlays finished in fine out-

lines of silver or black bronze. In addition, the use 

of chemical patination to provide an even broader 

range of colors would not be unexpected for a metal 

object from this period: at the time the Mensa was 

produced, a wide range of surface treatments, in-

cluding gilding, silvering, chemical patination, niel-

lo, and enameling, were available to craftsmen al-

lowing for the creation of different colors and design 

elements.59 Ancient literary sources are often diffi-

cult to interpret and do not offer accurate recipes. 

For example, in the Naturalis Historiae (Book XXXIII, 

chapter 46) Pliny states that, “the Egyptians used to 

stain silver used to represent their god Anubis”, and 

“that painting took the place of engraving”.60 Zosi-

mos, a Greco-Egyptian alchemist active around 300 

CE, provides another important literary source and 

describes the manipulation and patination of met-

al alloys, including black bronze.61 Recent analyti-

cal studies of ancient Egyptian, Greek, and Roman 

bronzes and metal inlays have provided evidence 

of intentional patination.62 Metal polychromy re-

lated to specific alloys and processes used in Asia 

have been explored in regard to the Mensa by Gium-

lia-Mair, and a recent study at the Louvre expanded 

related observations on a bronze from Volubilis.63 

Another recent study documented the selective re-

moval of chemical patina for decorative purposes on 

a Roman strigil.64 The analysis of any possible re-

maining patination on the Mensa was outside the 

scope of this study.

Typically, corrosion does not form uniformly on 

metals and the mottled appearance of the Mensa is 

not uncommon compared to other ancient bronzes. 
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Fig. 23: Figure (Leospo E-15) showing the depression of the softer copper-rich alloy with respect to the harder alloy of the 
base plate. a) visible and b) raking light image. Detail of photo in Fig. 1, courtesy of Museo Egizio; raking light image produced 
by the authors.

Fig. 24: Areas of inlay loss across the Mensa. Photo of the Mensa Isiaca courtesy of Museo Egizio, processed and annotated 
by the authors.

Fig. 25: Examples of areas of inlay loss. a) Isis’ throne (Leospo C-8), showing multiple levels of preparation; b) the Apis bull 
(Leospo D-2); and c) recess for a hair inlay (Leospo A-5), showing undercutting to hold the inlay in place. Details of photo in 
Fig. 1, courtesy of Museo Egizio.

a b

a b c
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Large areas of reddish corrosion, presumably cu-

prite, are visible across the front of the table, and 

corrosion may also have penetrated some areas of 

inlays, obscuring their appearance. The many in-

lays of various silver, gold, zinc, and copper alloy 

compositions are also likely to have tarnished to 

varying degrees over the 2000 years since the Men-

sa was created.

The corrosion on the underside of the base plate is 

thin, dark green, compact, and well adhered. As can 

be seen in Fig. 26, parallel drip marks running diago-

nally across the underside of the base plate may sug-

gest that at some point the plate was standing upright 

in an environment that allowed water to run over the 

surface. Despite exposure to moisture, no apparent 

signs of bronze disease are visible. There are no traces 

of pseudomorphs, which might have provided infor-

mation about a former internal frame, possibly made 

from wood, or a now lost lining. Patches of whitish 

accretions, which may be traces of investment, are 

found in recesses on the underside (Fig. 21b).

5.4 Repairs and subsequent 
interventions
Evidence for numerous repairs and interventions 

that have occurred throughout the Mensa’s long 

history are also present. As discussed above, inter-

ventions began immediately after casting: to re-

pair casting flaws and core-pin holes, patches were 

inserted throughout the surface (see Figs. 20, 22). 

The large mass of lead observed in the center of the 

underside of the base plate remains unexplained, 

but it may be related to an ancient repair, or to re-

mounting in historic times.

While many of the inlay losses were undoubtedly the 

result of accidental loss over the centuries, textual 

sources suggest that some inlays were willfully re-

moved. Leospo illustrates two historical occurrences 

of vandalism. The first occurred during the sack of 

Mantua in 1630, when a soldier is described as hav-

ing removed some of the pieces of silver.65 Presum-

ably, this anecdote describes the forcible removal of 

silver metal inlays. As mentioned above, the queen in 

the upper register (see Fig. 27), whose face and body 

are now missing, was probably once silver, based on 

the fact that her surviving (silver) feet remain intact. 

Tool marks, visible at the edge of the now-missing 

inlays suggest the silver was pried out mechanical-

ly. A second surviving account from 1711 describes 

the Mensa as being “with thin silver lamina, most of 

which are now gone”.66 A detailed description of the 

damage or loss was neither recorded in 1630 nor in 

1711, so it remains impossible to reconstruct what 

was lost, or when.

Fig. 26: Underside of the Mensa, showing drip marks, evidence of exposure to water. Photo by the authors.

TOP

BOTTOM
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Fig. 27: Female figure in upper register (Leospo A-13) whose (presumably) silver inlays have been pried out. Detail of photo in 
Fig. 1, courtesy of Museo Egizio.

Some of these damages and losses were repaired at 

unknown times in the object’s history. As discussed 

above, the three surviving thrones show evidence of 

multiple interventions and repairs. Evidence that at 

least some inlays are later replacements was provid-

ed by the MA-XRF maps: small areas throughout the 

surface showed elemental anomalies that diverge 

from the decorative scheme. As shown in Fig. 28, the 

presence of mercury, together with silver, copper, and 

iron, suggest the use of mercury amalgam gilding. 

While not widespread, its use in small, scattered, and 

isolated regions across the Mensa, most notably on 

the kilt of a standing male figure on the upper regis-

ter (Leospo A-11), suggests a later repair. More subtle 

is the presence of lead-containing repairs, such as 

those discussed previously with respect to Thoth’s 

throne (see also Figs. 15c, 15f), suggesting niello was 

used to replace missing inlays of black bronze.

Unfortunately, most of the surface we see today is 

not the product and intent of the ancient crafts-

men. Furthermore, the complexity of the materials 

paired with the object’s long history make a full ac-

counting of how the appearance of the surface has 

changed over the centuries difficult to reconstruct 

with any certainty.

6. Conclusions and directions  
for further study
Based on the evidence gathered during our investi-

gation, we propose a possible production sequence, 

shown in Fig. 29. In the suggested scheme, the pro-

duction of the table and the inlays are described 

as occurring separately, in parallel, the products of 

which are then brought together for the insertion 

of the inlays followed by any final finishing pro-

cesses. Briefly, the base plate, cast of a copper-tin-

lead alloy, was most likely created using the direct 

lost wax method, with multiple pours required 

to fill the full expanse of the table, including the 

sides and lip. The majority of the figurative inlays 

were created using silver and at least four differ-

ent copper alloys, including a copper-rich alloy 

for reddish skin tones, three alloys with varying 

amounts of zinc and tin for ranges of skin tones, 

and a gold-containing copper alloy (black bronze). 

The inlays were inserted into pre-formed cavities 

in the base plate (either mechanically cut, or possi-

bly cast in the lost wax model, see above), and thin 

wire, either of black bronze or silver, was used to 

outline the inlays and secure them in place. Addi-

tional metal wire was used to create the framing 

lines, scripts, and other decorations. Finally, the as-
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Fig. 28: a) RGB false color overlay of MA-XRF element maps showing the distribution of mercury (blue channel), gold (red 
channel) and lead (green channel); b) detail of standing figure in upper register (Leospo A-11) showing mercury-containing 
repair. Images produced by the authors.

Fig. 29: The different stages of construction of the Mensa. Graphic produced by the authors.

a b
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semblage would have been finished and polished 

mechanically and possibly patinated to create the 

desired visual effect.

We will never know what the Mensa would have 

looked like when it was first created. But the data 

provided by the MA-XRF elemental maps have cre-

ated the most accurate recording of the designs to 

date and have enabled new visualization of the dec-

oration on a far more nuanced level than ever before. 

Using this new information, a digital model of the 

assumed original appearance was created (Fig. 30b). 

Although the color and texture assigned to the in-

dividual metal alloys remain speculative and a dig-

ital reconstruction can never adequately reflect the 

complex surface of the original metalwork, it none-

theless offers a glimpse of how much more striking 

and impactful this piece would have appeared when 

the inlays were more legible.

The new information presented here on the com-

position and manufacture of the Mensa Isiaca will 

hopefully serve as a resource for other scholars. The 

detailed visualization of the imagery and pseudo-hi-

eroglyphs provided by the MA-XRF maps will enable 

scholars to better interpret the pictorial scheme. Fur-

thermore, the detailed data about the composition 

of the individual inlays and their relationship to one 

another will help in further decoding the decorative 

protocol, for example, whether or not the material 

choices made by the artisans have a connection to 

the color canon of ancient Egypt.

Still, many questions remain unanswered and re-

quire further exploration. Analysis of remaining 

traces of patina may help provide a fuller picture of 

the range of color effects utilized across the surface. 

Likewise, detailed metal analysis and lead isotope 

studies may help to further place the materials into 

a larger geographic and historical framework. Ulti-

mately, it is hoped that new interpretations in the 

context of art history and history of technology will 

be informed or initiated by this study.

Fig. 30: a) The central panel (Leospo C) of the Mensa.
b) Digital color reconstruction with proposed original appearance. Note: missing, damaged or corroded areas were not 
reconstructed; this reconstruction only focused on providing an indication of how the original colors and textures may have 
appeared. Digital reconstruction by Johana Herrera, J. Paul Getty Trust.

a

b
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7. Methods
7.1 Imaging
X-radiographs were acquired using a GE DR250UW 

40 × 40 cm Direct Digital detector with 200 µm res-

olution. A GE Isovolt X-ray tube was operated at 300 

kV and 3.0 mA with a 4.7 mm copper filter and a 

source to detector distance of ~ 2.5 m. A proprietary 

localized contrast enhancing filter was applied to 

the radiographs using GE Rhythm Review software. 

Eight individual radiographs were stitched together 

to produce the overall image.

Photomicrographs were acquired using a Keyence 

VHX-600 digital microscope using a VH-Z20R 20–

200X lens equipped with a variable cross-polarizing 

filter set.

7.2 X-ray fluorescence spectroscopy
MA-XRF spectroscopy was performed using a Bruk-

er M6 Jetstream spectrometer with a 30 W Rh-tube, 

polycapillary focusing optics and a silicon drift de-

tector (SDD). The experiment was conducted using 

the following parameters: 530 µm spot size, 500 µm 

step size, 11 ms per-pixel dwell time. The X-ray tube 

was operated at 50 kV and 600 µA with a 630 µm 

Al primary beam filter. This resulted in count rates 

for the SDD detector of up to about 130 kcps. Due 

to its size, the scan was divided vertically into three 

sections partially overlapping each other to aid mo-

saicking. Element distribution maps were generated 

after calibrating and fitting the raw XRF map data 

using PyMca and Datamuncher.67

Additional point based XRF analyses were carried 

out on selected sites across the Mensa using a Bruk-

er ARTAX spectrometer with a Cr anode X-ray tube 

and an SDD detector. The tube was operated at 50 kV 

and 600 µA. A 315 µm thick Al primary beam filter 

was used to block Cr characteristic radiation and the 

tube was fitted with a 1.5 mm diameter collimator. 

This configuration resulted in count rates of approx-

imately 30 kcps for copper alloys with a dead time of 

approximately 8 %. The live acquisition time for each 

spectrum was 250 seconds.

A detailed description of the methodology used for 

the quantitative analysis of copper alloys has been 

published in several articles.68 Errors associated 

with the final estimates were calculated using the 

“error of prediction” model for the regression anal-

ysis. Lower limits of detection (designated “critical 

values”) associated with the calibrated results were 

initially calculated based on the calculated error of 

prediction at 95 % confidence for values close to 

zero. Where appropriate, error of prediction models 

were adjusted based upon observed heteroskedas-

ticity in the regression model.69 For the semi-quan-

titative analysis of silver, the above-described meth-

odology was modified by the use of ten standards 

manufactured by MBH Analytical (132X AGB 075B, 

132X AGB 085B, 132X AGB 093A, 132X AGB 100B, 

133X AGA1, 133X AGA2, 133X AGA3, 133X AGQ1, 

133X AGQ2, and 133X AGQ3), a pure silver stand-

ard, manufactured by Premion, and three in-house 

silver standards, designated as GCI silver standards 

A, B and C.
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