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Writing in Gold and Silver.
Byzantine Ink Recipes from
MS Bononiensis 1808

Giacomo Montanari, Eugenio Villa

During Late Antiquity and the Middle Ages, both in the Byzantine
world and in the West, most of the processes involved in book production
were carried out by craftsmen, from the making of the writing materials
to the copying of texts and the binding of the actual books. The knowledge
and skills required to carry out these operations were almost exclusively
passed on orally, from master to apprentice, from teacher to pupil. It is
therefore not surprising that manuals and collections of recipes with in-
structions on book production technique are exceedingly rare, especially
in the Byzantine world, where book production has historically been a
much less organised and structured industry than in the West. For this
reason, the few ancient and medieval collections that have come down
to us — such as the Leiden Papyrus X or the Mappae Clavicula - play a
fundamental role in palaeography, codicology, and the history of tech-
nical sciences. While these key texts have rightly been studied in depth,
however, especially from a technical and chemical point of view’, many
other recipes and sets of instructions have been neglected, some because
they are preserved in late manuscripts and are therefore considered to be
later developments of the more ancient collections, others simply because
they are unedited and unknown. The latter is particularly the case when it
comes to ink production. Indeed, since copyists themselves prepared their
own inks, it is not uncommon to find recipes written down extempora-

" This paper was written within the research project FARE The Western AlchemEast:
Graeco-Arabic Alchemy in Early Modern Europe. We would like to thank Lucia Maini,
Marianna Marchini, and Matteo Martelli for their advice and guidance, Eduardo A.
Escobar for his help in proofreading the paper, and the anonymous reviewers for their
insightful remarks.

' Particularly noteworthy is V. TrosT, Gold- und Silbertinten. Technologische
Untersuchungen zur abendldandischen Chrysographie und Argyrographie von der Spitantike
bis zum hohen Mittelalter, Wiesbaden 1991.
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neously in notebooks or in the guard-sheets of a manuscript, but these
types of sources are rarely accounted for in catalogues. An important step
forward in this regard was made a dozen years ago by Peter Schreiner and
Doris Oltrogge, who published and commented on eighty Byzantine reci-
pes for ink and dye production from various late Byzantine manuscripts=.

The present paper aims to contribute to this field of research by examin-
ing six recipes to produce gold and silver inks known only from Codex
1808 of the Bologna University Library’. Moreover, a number of these
recipes have also been replicated in a modern laboratory, to gain a better
understanding of their content and to suggest an interpretation for some
of the more obscure indications. The paper is composed in two parts: the
first part, written by Eugenio Villa, is devoted to the philological questions
raised by these recipes and to how they relate to ancient and medieval
texts on the same subjects; the second part, written by Giacomo Mon-
tanari, consists of some notes related to the experimental replication of
these recipes*. Despite this division, we would like to emphasise that this
has been a joint effort and that the results presented here have only been
possible by combining our different expertise.

* P. SCHREINER, D. OLTROGGE, Byzantinische Tinten-, Tuschen- und Farbrezepte, Wien
2011. For an overview of the studies that preceded this book see pp. 16-7.

3 Therecipes are listed in C.O. ZURETTI, Catalogue des manuscrits alchimiques grecs, vol.
I1: Les manuscrits italiens, Bruxelles 1927, pp. 143-4 and G. PausiLro, Un nuovo catalogo
dei manoscritti alchemici greci delle biblioteche italiane, Tesi di Dottorato, Bologna 2022,
pp- 45-6. Both scholars mistakenly merge recipes [4] and [5] into a single one, giving
the incipit of [4] and the explicit of [5]. Recipes [1] and [2] have been recently edited in
M. MARTELLL, Late Byzantine Alchemical Recipe Books. Metallurgy, Pharmacology, and
Cuisine, in P. BOURAS-VALLIANATOS, D. STATHAKOPOULOS (edd.), Drugs in the Medieval
Mediterranean. Transmission and Circulation of Pharmacological Knowledge, Cambridge
2023, pp. 336-65, at 347.

4 The chemical issues are discussed in more detail in G. MONTANARI, E. ViLLA, L.
MAINI, Scrivere in Oro e Argento, in Rendiconti - Accademia Nazionale delle Scienze detta
dei XL. Memorie di Scienze Fisiche e Naturali, 141, pp. 213-219, Roma 2023, part of [ISBN
978-88-98075-55-3
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Part 1

1.1 The manuscript

MS Bononiensis 18085 is a paper codex of 332 folios dating from the
second half of the 14™ century. It was copied, almost in its entirety, by
a single anonymous hand® and it contains extracts from a wide range of
scientific texts, the majority of which is medical in nature. At fol. 310r a
different hand wrote the following ex-libris: «Nwkngopog Aodkag 6 Ma-
Aaxng». Spyridon Lambros proposed to identify the owner with Nike-
phoros Doukas Palaiologos Malakes, a physician in emperor Manuel II
Palaiologos’ retinue during his military campaign in the Peloponnese in
14157. This identification was later accepted by Ioannes Polemis and Gi-
useppe De Gregorio®, and may now be definitively proven by an addi-
tional, previously unnoticed ex-libris on fol. 332v: «Nikngopog Aovkag O
MaAdkng 6 dovlog Tod kpateod kal dyiov MUV aveBevTov kat Paoct[Aé-
w¢]» (sic omnia). It is likely that the ex-libris also recorded the emperor’s
name before the pages were trimmed. The extant Greek-style binding is
made with uncovered wooden boards, so it is not possible to say when it
was made, though certainly after Nikephoros came into possession of the
manuscript. The paper appears to be of Western manufacture, with no
discernible watermark. The manuscript’s provenance prior to its arrival at
the University Library of Bologna is unknown.

5 PausiLLo, Un nuovo catalogo, n. 3, pp. 44-52; G. DE GREGORIO, Un’aggiunta su
copisti greci del secolo XIV: a proposito di Giovanni Duca Malace, collaboratore di Giorgio
Galesiota nell’Athen. EBE 2, «Néa Pwun», 16, 2019, pp. 161-275, at 252-3; ZURETTI,
Catalogue, n. 3, pp. 143-4; A. OLIVIERI, Codices Graeci Bononienses, «SIFC», 3, 1895, pp.
387-466, at 389-96. The manuscript is digitized at the following link https://historica.
unibo.it/handle/20.500.14008/79659.

¢ DE GREGORIO, Un’aggiunta, n. 5, p. 252 n. 210 argues that the scribe’s handwriting
shows «spiccati caratteri provinciali», though without further elaboration on the matter.

7 S. LaMBROS, AakeSaipovior Bifioypégpor kai kTHTOPES KwliKwy kAT TOVS PéoOUg
aiwvag kol ém Tovpkoxpatiag, «Néog EAAnvopvruwv», 4, 1907, pp. 152-87, 303-57, at
181-2. Cf. PLP 16454; A. CATALDI PALAU, Mazaris, Giorgio Baiophoros e il monastero di
Prodromo Petra, «<Né¢a'Pwun» 7, 2010, pp. 367-97, at 370 n. 15.

* DE GREGORIO, Un’aggiunta, n. 5, pp. 252-3; L. POLEMIS, The Doukai. A Contribution
to Byzantine Prosopography, London 1968, pp. 141-2.


https://historica.unibo.it/handle/20.500.14008/79659
https://historica.unibo.it/handle/20.500.14008/79659
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1.2. Critical edition and translation®

Recipe [1]: Bonon. 1808, fol. 46v lines 1-4

Apyvpoypagiog €motnun: AaPwv piviopa apydbpov Tpiyov HeTA
VOpapyvpov eig Buiav yrievov kai pikag kopu dpkodv ypdee.

Transl.: Knowledge of silver ink. Take filings of silver, grind them with
mercury in a marble mortar; mix it with enough gum Arabic and write.

Recipe [2]: Bonon. 1808, fol. 46v lines 4-6
Apyvpoypagiag émotripn: Tod HoAOPSOV TO dmokavpua Aapav, wod o
Aemtov Bpefag kai Tpiyag ypdee.

Aenttov cod.] Aevkov fort. recte Martelli

Transl.: Knowledge of the silver ink. Take a burnt part of lead, soak it in
egg white, mix it and write.

Recipe [3]: Bonon. 1808, fol. 54v lines 1-6

ITept xpvooypagiog okevacia- Aafav dpoevikod vopiopata Tpia kal
TvSavikov odripov prviopatog dyyiag T fjuov kai évwoag Eupale €v
Boutiew doTpakivw obv &t kal kavoag avtd xdoov kai Asiwoov. EiO’
obtwg AaPov xaA§ muppod dyyiav piav kai dpoevikod voopa €v kai
poAvPdov vopiopata tpia kadoag TEALY KApLVE.

€i0’ cod.] 1y fort. corrigendum
mppod ego] Tupod cod.

Transl.: Preparation of the gold ink. Take three ounces of orpiment and
one ounce of Indian iron filings, mix them and put them in a ceramic
crucible with vinegar. Fire, then pour and grind. After that, add one ounce
of yellowish calx, one ounce of orpiment and three pounds of lead. Fire
again and wrought.

9 T have tacitly corrected the few phonetic or palacographic errors made by the scribe,
while retaining spellings, accents, and grammatical constructions attested in other
Byzantine texts recorded in the TLG or in D. HOLTON et al., Cambridge Grammar of
Medieval and Early Modern Greek, Cambridge 2019.
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Recipe [4]: Bonon. 1808, fol. 54v 1. 7-10
<X>pvooypagiag émotnun: AaPaov dpoevikod Oyyiav piav Kai

prviopatog xdAE muppod dyyiav piav, Tadta évwoag pet dEovg éyel &v
BovTiw d0Tpakivw €T AvOpaKkwV Kal ypage.

oyyiav piav...oyyiav piav cod.] dyyiav plav...0yyiag Tpelg aut vopioua év...0yyiov
piav fort. corrigendum

XAE ego] xap§ cod.

nvppod ego] mupod cod.

Transl.: Knowledge of the gold ink. Take one ounce of orpiment and
one ounce of filings of yellowish calx. Put them with vinegar in a ceramic
crucible on charcoal, boil it down and write.

Recipe [5]: Bonon. 1808, fol. 54v lines 10-14

Xpuooypagiog okevaoia- Aapwv prviopata NAEKTPOL Kol KAGOLITEPOL
prviopata kai apoevikod kai Oeiov dmvpov kai poAvPdov kabapod ava
vopopa €v, Tadta évooag év 0otpakivw Povtivw obv 8&el kadoov kai
KALVE.

Transl.: Preparation of the gold ink. Take filings of electrum, filings of
tin, orpiment, unburned sulphur, pure lead, one pound each; put them in
a ceramic crucible with vinegar, fire and wrought.

Recipe [6]: Bonon. 1808, fol. 62v lines 2-16

Zkevaoia TG xpvooypappiog o@eilng AaPeiv xpvodey pdhaypa kol
Aenthvag avto kaA®g, Balov eig TO xwveiov kal kabicag TodTo T dvw TOV
avBpakwv kal dvakvoag Parov Bdwp dpyvpov. Meta 8¢ 10 KataBaleiv 6
VOpdpyvpog, TOV Xpvoov EkPalov TO xwveiov kal Palov adTO €ig dyyog
peta Bdatog. Kai petd 10 yuxpavlivat 1ov xpuoov peta tod bdpapydpov,
Bahov avTov eig PEPpavov xaptny kal EkOAIYag avTov KaAds, £§epxETa
0 V8papyvpoc. Kal 10 évamoleipbev évrog tod ydptov 0ég ém’ dvw eig
Popaiov pappdapov kol Tpiyov kaldg petd T xpvootedeng. Eita
ovvafov axpiBdg kai Bahov avTod e eig TO Ywveiov kal 0&¢ avTo Emi Tiig
avOpakiag kai g peivn éxeloe dpav ikaviy éwg ob gépet Bewpiav dxpag.
Kai ékBodav oakéAioov adTd kakdg kai ypage peta kudiov.

0 vOpdpyvpog cod.] TOvV VSpapyvpov fort. corrigendum
dyyog Martelli] &ykog cod.
kpdiov cod.] kopidiov fort. corrigendum
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Transl.: Preparation of the gold ink. Take a mass of gold, make it very
thin, put it in a crucible and place the crucible over charcoal. When [scil-
icet the gold] has melted, add mercury. After having added the mercury,
take the gold out of the crucible and throw it in a recipient with some wa-
ter. When the gold and mercury have cooled, put them in a piece of parch-
ment and squeeze them well: the mercury will come out. Put what remains
in the parchment on Roman marble and crush it well with gold-coloured
sulphur. Collect it carefully, put it back in the crucible and put it on hot
embers; leave it for a while until it turns yellow ochre. Take it, sieve it
carefully and write with gum Arabic.

1.3. Commentary

The main obstacle concerning the use of gold and silver in the produc-
tion of inks was their high malleability, which makes it difficult to obtain
by neat grinding a homogeneous powder that can be mixed with gum
Arabic (or similar) and spread on the page. Two methods were devised to
pulverise gold and silver, both of which are already found in the earliest
recipe collections and technical treatises. The first method is to mix them
with mercury to make an amalgam and then apply heat to sublimate the
mercury. The second method involves beating gold or silver into leaves,
grind them with salt, orpiment (arsenic trisulphide), or honey, and, where
appropriate, to wash them in water. To avoid all this — and to keep costs
down, especially in the production of gold ink - other substances, both or-
ganic and inorganic, were used. The main substitutes for gold were orpi-
ment, sulphur, and celandine; for silver, lead, tin, and blue vitriol (copper
sulphate)™. In one recipe for silver ink found in the Leiden Papyrus X and
in the Mappae Clavicula we find an ingredient called litharge (gr. AiBap-
yvpog, lat. lithargyrus or spuma argenti)**, which is supposed to be a lead
oxide'>. However, while it would seem to make sense as a substitute for
gold®3, since its colour ranges from pale yellow to dark orange, it does not
seem to fit into the recipes for silver ink. Dioscorides distinguishes two

° TRoST, Gold- und Silbertinten, n. 1, pp. 32-5.

© In Greek d@pooéAnvog is semantically identical to spuma argenti, but it refers to
selenite (calcium sulfate), not to litharge. This is odd and should be investigated further.

2 P.Leid. 77; Mappae Clavicula LXXII ed. Baroni, Pizzigoni, Travaglio (= 81 ed. Smith,
Hawthorne). The recipe of the Mappae Clavicula is unequivocally a translation of the one
from the Leiden Papyrus.

3 Litharge is indeed listed as ingredient in a recipe for gold gilding by Moses of
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types of litharge, a yellow one called xpvoitig, that probably correspond
to what we call litharge also nowadays, and a bluish-violet one called é&p-
yvpiTtig, that has not been identified yet*. It is possible that the recipes for
silver inks referred to the latter type, which, as will be explained in more
detail in part 2, could be a mixture of lead oxides and lead obtained by a
process similar to that used to make actual litharge.

The six ink recipes found in MS Bononiensis 1808 are scattered through-
out an untitled collection of instructions and recipes of various kinds
from known and unknown sources (fols. 42r-63v). We find, for example,
arange of procedural instructions on subjects as diverse as: the removal of
leeches (Aetius of Amida, fol. 44v); eliminating dandruft (Dioscorides, fol.
471); unedited instructions on catching oysters (fol. 55r) and on how to
calm epileptic seizures (fol. 61v). All these texts seem to have been copied
at the same time, so it is highly unlikely that the copyist of the Bononiensis
was also the author of the collection, which could, therefore, be much old-
er. The clumsy mistakes made by the scribe point in the same direction,
suggesting that they did not always understand the meaning of what they
were reading. The ink recipes are divided into three blocks: the first, which
in the manuscript is preceded by the title mepi dpyvpoypagiag, contains
two recipes for the production of silver inks (recipes [1] and [2])*5; the sec-
ond, without a title, contains three recipes for the production of gold inks
(recipes [3], [4] and [5]); the last, without a title, contains five recipes for
the production of inks and dyes*¢, among which one for gold ink (recipe
[6]). This grouping of the recipes may be an indication that they have been

Alexandria. See M. BErTHELOT, C.E. RUELLE (edd.), Collection des anciens alchimistes
grecs, vol. 2, Paris 1888, p. 298.

4 Dsc. 5.87.2: «Kahettar 8¢ 1) pév [scilicet MBapyvpog] EavOn kai otidpovoa xpuoitic,
ftig éoti kpetttwy, 1) 8¢ mela dpyvpitier. Plin. NH 33.106 is probably dependent on
Dioscorides, but interprets the two terms differently: «Optima quam chrysitim vocant,
sequens quam argyritim. [...] Chrysitis ex vena ipsa fit, argyritis ex argento». See also P.
Leid. 34: <ANAn [scilicet xpvooypagia]. ABapydpov xpuoitidog pépog o, aTumtnpiag (épn
B’». TROST, Gold- und Silbertinten, n. 1, p. 287 suggests identifying dpyvpitig with what
we now call massicot (yellow lead oxide) and ypvoitig with litharge (red lead oxide). The
interpretation is unconvincing, especially the first part, as it seems exaggerated to describe
massicot as «silberglanzende».

s On these two recipes see also MARTELLL, Late Byzantine, n. 3, pp. 347-8.

16 Two are recipes for lacquer and were edited in L. BENEDETTI, Ricette bizantine del XII
secolo per tinture e inchiostri, «Aevumy, 88, 2014, pp. 443-54, at 452-4.
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taken from a few different sources. Although each recipe has parallels in
already known texts or collections, none of them has an identical coun-
terpart. It cannot be ruled out with certainty that the sources could date
back to the first centuries A. D., but some linguistic clues seem to indicate
a later origin. For instance, xpvooypappia (recipe [6]), which according
to Basile Atsalos is a synonym for xpvooypagia, and xpvooteagn (recipe
[6]) are only attested in middle and late Byzantine texts'”. Again in recipe
[6] we find the word pudAaypa with the clear meaning of ‘gold” or ‘gold
mass’, which is only attested in Byzantine period*®. In addition, it may be
possible to detect an influence from the medieval world, which would also
be consistent with, and support the hypothesis that, the manuscript was
produced in the Morea, considering that the region had been almost en-
tirely under Western rule since the Fourth Crusade in 1204. I refer to xyaA§
(recipes [3] and [4]), which we believe is to be understood as a loanword
from the Latin calx, rather than an incorrect form for xakkog, which is
also supported by our replications as described in part 2, and to émotriun
(recipes [1], [2] and [4]), which seems used in an odd way, unless we think
of its Latin equivalent scientia.

Recipe [1] appears to be fairly simple, as the only ingredients are mer-
cury and silver, and no special procedure is required. However, this ap-
parent simplicity belies a fundamental issue. As mentioned above, gold
and silver were pulverised by forming an amalgam with mercury and then
heating it to evaporate the mercury. The recipe seems to describe exactly
this procedure, but it omits the heating step, without which one cannot
obtain a silver powder. Many similar recipes from other sources omit the
heating step*, which is even more curious when we deal with recipes for
gold inks, since gold-mercury amalgam retains almost none of the colour
of gold. For this reason, scholars tend to suggest that heating is implied,

7 See, respectively, B. ATsALOs, Termes byzantins relatifs d la décoration des manuscrits
grecs, in G. PraTO (ed.), I manoscritti greci tra riflessione e dibattito. Atti del V Colloquio
Internazionale di Paleografia Greca (Cremona, 4-10 ottobre 1998), vol. 2, Firenze 2000,
PP. 445-511, at 493-4; SCHREINER, OLTROGGE, Byzantinische, n. 2, pp. 46, 58. Schreiner
and Oltrogge maintain that xpvootedn refers to a particularly bright yellow sulphur and
translate it Goldschwefel, which is confusing since in German the word is already used to
refer to kermesite (i.e. antimony oxysulfide).

® Cf. LBG s. v. pdhaypa.

© E.g.: P.Leid. 33; P.Leid. 69; Mappae Clavicula XLIII ed. Baroni, Pizzigoni, Travaglio
(= 39 ed. Smith, Hawthorne)
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but this is difficult to maintain in more complex and detailed recipes®. In
silver ink recipes, it is possible that the mercury was not removed in order
to obtain an ink that was less expensive but still fairly silver in colour. An
identical recipe, albeit not verbatim, is found in the medieval recipe col-
lection usually referred to as Compositiones ad tingenda musiva preserved
in MS Lucensis 490*:

Lucensis 490, fol. 23or lines 26-29 (n° 153 Caffaro)

Argirorantisia. Argentum mundum commisce cum argento vibo et deinde tolle
ipsum argentum et teres donec fiat pulvis et commisce. Tum compositionem
daufira et dispone, ubi volueris.

Similarly, also recipe [2], although pithy and apparently simple, raises
an interesting question. The main ingredient is called t0 dmdkavua Tod
poAvpdov, an otherwise unattested and somewhat obscure phrase. The
word dmokavpa is found almost exclusively in medical or lexicographical
texts, where it is used to refer to chilblains, blisters, and firebrands, none
of which seem appropriate in relation to lead. According to LS/, dnokaiw,
whose general meaning is ‘burn off, translates as ‘calcine’ in the chap-
ter on chalcopyrite in Dioscorides’ De materia medica. Albert Neuburger
and William Rostocker argue that the process that Dioscorides describes
in the passage is actually roasting®. In any case, it is most likely that 1o
dmokavpa Tod poAvpdov refers either to some form of roasted lead or to
a byproduct of lead or lead ores processing. Unfortunately, as in the case
of apyvpitig, ancient sources are often vague when it comes to lead and its
derivatives, and no study has been carried out to identify these substanc-
es. The most compelling parallels are dpyvpitic and a substance called
‘burnt lead” (gr. kexavpévog poAvpdog, lat. plumbum exustum), which is
frequently mentioned in ancient and medieval medical and alchemical
texts>. The latter is particularly promising as the colour of roasted lead is

** SCHREINER, OLTROGGE, Byzantinische, n. 2, p. 108; A. CAFFARO, Scrivere in oro:
ricettari medievali d’arte e artigianato (secoli IX-XI). Codici di Lucca e Ivrea, Napoli 2003,
p. 111 n. 155; TROST, Gold- und Silbertinten, n. 1, p. 59.

> CAFFARO, Scrivere, n. 20, pp. 1-24;

2 W. ROSTOCKER, Some Experiments in Prehistoric Copper Smelting, «Paléorient», 3,
1975-1977, pp. 311-5; A. NEUBURGER, The Technical Arts and Sciences of the Ancients,
trad. H. L. Brose, London 1930, p. 14.

3 E.g.: Gal. 12.233; Albertus Magnus In mineralium VIII; Celius Aurelianus De morbis
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consistent with the colour we would expect from silver ink (this point will
be expanded further in part 2)*. Finally, it cannot be ruled out that the
ingredient mentioned in the recipe is rather to be identified with a sub-
stance called om086g or onodiov, probably an impure form of zinc oxide
that is produced in zinc-lead ores processing®, or with another one called
okwpia poAvBdov (lat. scoria plumbi or stercus plumbi or recrementum
plumbi), which is supposedly lead dross.

Recipes [3] and [4] are clearly related as they are copied one after the
other and are very similar, in that they are both gold ink recipes that list
only substitutes. The main problem they pose is the identification of the
ingredient called x&AE muppdg. First and foremost, it should be noted that
the phrase xaA§ muppdg does not actually appear in either recipe: recipe
[3] reads xdA§ Tvpod and recipe [4] x&p§ mupod. The similarity between
the two phrases cannot be coincidental and their differences may easily be
explained as phonetical errors, so we may infer that they were originally
identical. Between tvpod (possibly to be interpreted as a corruption for
TOpov, from Tyre) and muppdg (yellowish-red), considering the subject of
these recipes, it seems clearly preferable to take muppdg as the correct read-
ing. Similarly, although both xd\§ and xdp§ are athesaurismata, the for-
mer is unequivocally more likely to be the correct reading. Indeed, while
we have not found any possible interpretation for xap&, xdA§ could be un-
derstood as a loanword from the Latin calx or as an error or deformation
of xaAkog (copper). The identification with xaAkdg is particularly tempt-
ing given that the expression yaAkog muppdg (red copper) is attested in an
alchemical treatise ascribed to Moses*” and in a medical text attributed to
the Byzantine physician Demetrius Pepagomenus®. In addition, the Latin
equivalent cuper ruber is attested in two recipes in Theophilus’ De diver-

acutis et chronicis 2.37. It should be noted that the latter is a translation from Soranus of
Ephesus’ Gynaeciorum libri iv.

» Cf. Dsc. 5.81.4-5.

3 Cf. Dsc. 5.75

% Dsc. 5.82; Plin. NH 34.171. Cf. W. G. SPENCER (ed.), Celsus. On Medicine, vol. 2,
Cambridge, MA 1938, p. xlviii.

7 BERTHELOT, RUELLE (edd.), Collection, n. 13, pp. 301, 310. The title of the treatise is
Evmoia kol evTuyia ToD KTIOOpEVOL Kol €mTuXio Kapdtov kol pakpoypovia Biov.

2 R. HERCHER (ed.), Demetrii Pepagomeni Cynosophium, Leipzig 1866, p. 399 (chapter
87).
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sis artibus®. However, as will be explained in more detail in part 2, the
interpretation of the ingredient as copper is problematic because copper
forms verdigris (green or bluish copper salts of acetic acid) when heated
with vinegar, the use of which is prescribed in both recipes. Instead, if we
interpret the word as a loanword from the Latin calx, it would be possible
to identify the substance either with some kind of vitriol (copper or iron
sulphates), compounds usually called xdAkavBog in ancient texts and ka-
AakdvOwy or Bevrplodo in Byzantine recipes, or with a substance derived
from the calcination of a vitriol. This hypothesis is consistent with the
laboratory tests carried out by Giacomo Montanari and it is perhaps cor-
roborated by a passage from Hipprocrates’ De morbis popularibus, where
it is prescribed to heat vitriol until it turns red*.

Recipe [3] poses two additional issues. The first concerns the identifica-
tion of the so-called Indian iron (Ivddvikog oidnpog), which could be iron
of very high quality imported from India, steel produced in Damascus, or
an alloy of iron and arsenic or manganese?'. The second issue concerns the
addition of orpiment in both steps of the recipe, a redundancy that is rath-
er odd from a technical perspective, so it is possible that the second part
of the recipe was actually an alternative recipe. From a textual perspective,
however, it is quite normative to find alchemical texts which often over-
complicate recipes for the sake of codifying more elaborated and, by ex-
tension, authoritative procedures. An economical way to separate the two
operations into different recipes would be to emend €10’ with fj (transl.: ‘or
in this way etc.”). However, this solution is not at all satisfactory, since, if
we were to accept it, we would also have to disregard the presence of the
adverb maAwv in the text. It could be argued that one of the two mentions
of orpiment is an error due to confusion between two different alchemi-
cal signs; for example, the symbol for orpiment and that for untouched
sulphur (B¢iov &0iktov) are quite similar. For my part, I believe that the
simplest solution is that it is a case of redundancy.

» C.R. DopweLL (ed.), Theophilus. The Various Arts, London-Edinburgh-Paris-
Melbourne-Toronto-New York 1961, pp. 83 (book three, recipe XXXI), 89 (book three,
recipe XXXVII).

° Hp. Epid. 2.6.22 (V 136 ed. Littré = W. E. SmITH (ed.), Hippocrates. Epidemics 2, 4-7,
Cambridge, MA 1994, p. 86): «xakkod &vBog, kavoag 0T &v TuppoV 1.

3 R.HALLEUX, Sur la fabrication de Iacier dans ’Antiquité et au Moyen Age, «Comptes
rendus des séances de I’Académie des Inscriptions et Belles-Lettres», 151, 2007, pp. 1301-
1319. Cf. LBG s. v. Tvdavikdg.
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Recipe [5] is the only known ink recipe that lists electrum as an ingre-
dient. This makes the recipe odd, since it is unclear why someone would
use electrum (i. e. a gold-silver alloy) instead of gold to make gold ink. It
can hardly be interpreted as a way of obtaining a cheaper gold ink, since
there are many cheaper and more effective substances that can be mixed
with gold instead of silver. One possible solution is that the recipe was de-
signed for those who could get their hands on electrum more easily than
gold. The few documents we have on the mining and trading of precious
metals between the late Roman Period and the middle Byzantine Period
show that most mines were either state-owned or had to give priority to
the various Imperial mints for the purchase of the mined metals and that
electrum mines were few and concentrated in the western part of Lydia®~.
The Byzantine Empire has always needed large quantities of precious met-
als for coinage, and over the centuries the emperors often had no choice
but to debase their gold coin, the nomisma, especially as Arabs and Slavs
gained power over the regions where most of the mines were located?:. In
particular, from the 11™ century onwards, coins made of artificial elec-
trum begun to appear alongside, or even replace, gold coins**. Despite the
lack of sources indicating how scribes procured the materials needed to
make inks, we may surmise that in provincial areas where gold and silver
were scarce coins themselves were used as a reasonable source of precious
metals. Taking these points into account, we might interpret the recipe as
the product of the middle or late Byzantine Period, when pure gold was
harder to source.

Recipe [6] is the longest of those included in the Bononiensis. This is
mainly because it prescribes the use of both amalgamation and mechani-
cal grinding to pulverise gold, while most ink recipes that use actual gold
call either for one or the other method. There are no similar recipes in
the Leiden Papyrus X and the earliest known examples that have this fea-
ture are included in Latin collections: a recipe in the Mappae Clavicula®,
another in MS Lucensis 490 (early 9™ century)*, another in MS Epore-

32 T.I. AFANAS'EVA, S. A. IvaNov, Unexpected Evidence concerning Gold Mining in
Early Byzantium, «<GRBS», 53, 2013, pp. 138-144; S. VRYONIS, The Question of Byzantine
Mines, «Speculumy, 37, 1962, pp. 1-17.

33 P. GRIERSON, Byzantine Coinage, Washington, D. C. 1999, pp. 6-17.

3 P. GRIERSON, Byzantine Coins, London-Berkeley-Los Angeles 1982, p. 14, passim.

5 Mappae Clavicula LV ed. Baroni, Pizzigoni, Travaglio (= 60 ed. Smith, Hawthorne).

3¢ CAFFARO, Scrivere, 0. 20, pp. 150-1 (title: De tertia crisocrafia).
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diensis 54 (early 11" century)¥, and another in Theophilus’ De diversis
artibus (12" century)®*. Of the recipes edited by Schreiner and Oltrogge,
eight prescribe to use both methods, but the authors fail to acknowledge
this, claiming instead that there is only one®. Together with the linguistic
peculiarities mentioned above, the fact that recipes of this kind are only
found in medieval and late Byzantine manuscripts is further proof that
recipe [6] cannot be much older than the manuscript that preserves it.
Moreover, it is the only one, apart from recipe [1], for which fairly close
parallels can be traced. The same steps and in the same order are found in
the following recipe from the Eporediensis 54:

Eporediensis 54, fol. 118r

Si aurum ad scribendum teritur, tam diu a malleatoribus incude flagelletur quo
usque a mulieribus contexi possit. Ipsaque tenuis lamula forpicibus secetur
minutissimis particulis tuncque cuius sit ponderis noscatur. Iusta hoc septiplice-
tur vivum argentum misceaturque auro ac longo tempore nitida scutella digitis
perfricetur, sicque simul nocte una morentur. Mane autem, facto positum, luteo
cacabo super calidas prunas tam diu malleolo fricetur donec argentum [scilicet
vivum] evanescat calore simul et fumo aurumque durescat, nec adeo durescat ut
nimis siccetur, nec adeo liquefiat ut non in aliquo indurescat. Sicque nitida[m]
proiciatur in aqua. Inde vero abstractum, linteo volutetur ut aqua careat. Tunc
bina illa confectio auri et argenti [scilicet vivi] simul pondus noscatur ac sulphur
decemplicetur ut cum eo misceatur; et sic super purpureum lapidem mallo plano
perfricetur donec fere dimidia dies ibi mittatur. Haec talis tritura eodem cacabo
et prunae calide revertatur et tunc subtili et veroso misceatur cultelbo donec cu-

37 For the recipes in these manuscripts see P. TRAVAGLIO, Ut auro scribatur, in S.
BaroniI (ed.), Oro, argento e porpora. Prescrizioni e procedimenti nella letteratura tecnica
medievale, Trento 2012, pp. 69-86; CAFEARO, Scrivere, n. 20, pp. 198-201; L. BoNa
QUAGLIA, S. TIRA, Prescrizione “ut auro scribatur” di un codice piemontese dell’'undicesimo
secolo, in P. ANTONIOTTI, L. CETTURI (edd.), Atti del I° convegno di storia della chimica,
Torino 1985, pp. 24-32.

3# CR. DopweLL (ed.), Theophilus. The Various Arts, London-Edinburgh-Paris-
Melbourne-Toronto-New York 1961, pp. 86-87 (book three, recipe XXXV).

3% SCHREINER, OLTROGGE, Byzantinische, n. 2, pp. 107-110. The reference numbers of
the recipes that prescribe both methods are: 37, 40, 41, 42, 43, 44, 45, and 46. They are
preserved in the Escorialensis @ IIT 7 (13" century), in the Vaticanus Palatinus gr. 243
(mid-14™ century), in the Vaticanus gr. 914 (early 15% century), in the Angelicanus gr. 17
(mid-15™ century), and in the Parisinus gr. 2327 (1478).
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ratur argentum [scilicet vivum)] et sulphur ac flama evanescant tenui et fumo. His
ita peractis pulvis ille auri nitida proitiatur in aqua et ita diligentissime non tam
decies quam si opus sit tricies pura et mutata abluatur lympha.

Almost the same procedure is found in a recipe in the Vaticanus gr. 914,
the only difference being that the Vaticanus does not prescribe to put the
substance in a cloth and squeeze it to let the mercury or the water flow
out#:

Vaticanus gr. 914, fol. 1v lines 20-29

Ei BovAn ypdyewv peta paldypatog moingov obtwg: Aafav udhaypa Aelwoov
peta V8papydpov kabmg molel 6 xpvooxdoc. EiB” obtwg ékPalov kai mAdvov
KaA@g kol dAv mAbvov. Eita faddv adto ig xwviov katvovpytov, Poddv kai
Teagny, 0&g éndve tod mupds."Eotw O¢ 1) Teden Sumhi dmep Tov 0OpdpyvLpOV.
“Eotw 8¢ émdvw T mupdg dxpis &v kafj 0 b8papyvpoc. Eita ékBoddv adto méhy
TADVOV KaA®¢ kai B&¢ avTo eig pappapov mopeupodv kal dpyov kal TpiPeto.
BaAwv 6¢ OAiyov Ghag maAty Tpiyov kal Aty Pakav Etepov dAiyov dhag Tpiyov
dxpis av yévnraw kabawg 1) dxpa kitpvov. Elta ovvafag Bdhe eig dyyog kai et
BéNeg ypayery Aeiwoov koppidy dleavdpewTikov kai Evdoag Letd kivvapapews
ypdyov pet’ ékeivov, kai 6tav oTeyvwon KaAdg, xe capdovixLy kal B&g émdvw
BAativ eig T ypdpypata petawtov kai oTiAPwoov avtd, €l 8¢ 0vk Evi capdovixty,
petd 686vTog KLvoG.

It should be noted that the use of a cloth or parchment sheet to remove
excess mercury or water is rarely mentioned in ink recipes, and never in
ancient texts*.

4 SCHREINER, OLTROGGE, Byzantinische, n. 2, p. 60. Cf. F. Nouss1ia, AvéxSoto keiyevo
mepi oxevaoiog pelaviov, kivvafapews, Papliov, kataotatod kw k6AANoNS yapTIoU, in
N. Tsiron1 (ed.), To Biprio oro Bulavtio. Bulavtivii xoau Metafvlavtivii BifAiodeaia.
ITpaxTtikd AteBvoig Zvvedpiov (ABrva, 13-16 OxtwpPpiov 2005), Athens 2008, pp. 43-62.

# SCHREINER, OLTROGGE, Byzantinische, n. 2, p. 57 (recipe 41); Mappae Clavicula LX
ed. Baroni, Pizzigoni, Travaglio (= 55 ed. Smith, Hawthorne); Mappae Clavicula CX ed.
Baroni, Pizzigoni, Travaglio (= 107-A ed. Smith, Hawthorne).
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Part 2

2.1 Experimental replications

As discussed in part 1, two expressions used to refer to ingredients in
the recipes of the Bononiensis are rather obscure, namely: 10 dnoxavpa
100 poAvPdov (recipe [2]) and xdAE muppdg (recipes [3] and [4]). Because
the historical sources, including technological texts and linguistic data, do
not aid in providing clear indications as to the identification of these two
substances, we employed experimental replications to gain a better under-
standing of the ingredients that may have been used.

Regarding 16 dnokavpa tod poAvBdov (recipe [2]), as discussed in part
1, the most likely scenario is that it is some form of roasted lead. In the-
ory, when lead is heated to high temperatures in the presence of oxygen,
a lead oxide should be formed. Pure lead oxides are yellow (p-PbO, mas-
sicot), red (a-PbO, litharge, or Pb,O,, minium), or dark brown (PbO,,
plattnerite). The former three present colours that are not suitable for sil-
ver inks; with regards to the latter (plattnerite) it is difficult to produce
in pre-modern conditions. Moreover, PbO, is chemically unstable and it
easily decomposes to Pb,O, or to PbO if heated in air. However, by roast-
ing metallic lead for several hours in a muffle oven at 700°C, we found
that it oxidises to form a mixture of massicot, litharge, and metallic lead,
which has a grey colour with a metallic sheen (due to the presence of me-
tallic lead). The ink produced by dispersing this substance in egg white is
indeed silver in colour and can be easily used with both a stylus or a brush.

Regarding recipes [3] and [4], the interpretation of XaA& as xaAkog is
not supported by laboratory evidence. When we replicated recipe [4] us-
ing copper powder and observed that, when boiled in vinegar, it forms
copper acetate (verdigris); the outcome, a bluish-green colour, is clearly
incompatible with a gold ink recipe. In contrast, if xdA§ is interpreted as a
loanword from the Latin calx, we could argue that the substance is an ox-
ide, as many inorganic salts (such as sulphates or carbonates) decompose
to the respective gaseous anhydride (sulphur trioxide or carbon dioxide)
and metallic oxide with calcination. In addition, when calcined in air, the
copper and iron ions oxidise readily to their highest available oxidation
state, so Fe (II) becomes Fe (IIT) and Cu (I) becomes Cu (II). The produc-
tion of Cu,O, which would be red, by calcination of copper(I) sulphate or
carbonate is somewhat difficult as it tends to produce copper (II) oxide
instead, which is black. Conversely, it is quite easy to make red iron (III)
oxide (Fe,O,, hematite) or yellow iron (II) and iron (III) hydroxysulphate
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(Fe"Fe™SO,(OH)) from iron (II) sulphate (FeSO,-7H,O, melanterite)*.
We produced the two compounds and replicated recipe [4] with both.
On the one hand, using hematite, which we believe to be the most likely
option, results in a red-brownish pigment with a 1:1 ratio of orpiment to
hematite and a yellow-reddish pigment with a 1:3 ratio of orpiment to
hematite, so a possible solution could be to emend the text by replacing
either pwiopatog xdA§ muppod dyyiav piav with prvicpatog XaA§ muppod
dyyiag Tpeig or dpoevikod oyyiav piav with dpoevikod vopuopa €v. On the
other hand, the use of yellow iron sulphate gives a yellow pigment even
with a 1:1 ratio of orpiment to yellow iron sulphate. Finally, it should be
noted that we have excluded the possibility that xdA§ muppog refers to a
lead oxide of suitable colour, since these compounds were widely known
under other names.

+ This topic is further discussed in G. MONTANARI, M. MARCHINI, M. MARTELLL L.
Mainy, Artificial Vitriols, «RSC Advances», 2024, 14, pp. 21538-21543.



