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Abstract: This article presents the results of an ink analysis conducted on the collections of
Georgian manuscripts preserved at the Universities of Graz (Austria) and Leipzig (Germany).
Notably, this study represents the first systematic ink analysis ever carried out on Georgian
manuscripts. It focuses on identifying the composition of red and black inks using a range of
analytical methods, including X-ray fluorescence (XRF), Raman spectroscopy, ultraviolet (UV),
visible (VIS), and near-infrared (NIR) microscopy. The research was carried out within the
framework of the project “The Development of Literacy in the Caucasian Territories” (“DeLiCaTe”)
by the laboratory of the Centre for the Study of Manuscript Cultures (CSMC) at the University of
Hamburg. The primary aim of the study is to analyze inks from as many manuscripts as possible in
order to establish a unified database identifying metals characteristic of specific regions and periods
over time. Manuscripts whose date and place of origin are securely identified through colophons
play a crucial role in building this database. Identifying inks of the same composition in manuscripts
lacking such historical information can provide valuable evidence for determining their origin and,
potentially, their date of production.

Keywords: Georgian manuscripts, Graz collection, Leipzig collection; ink analysis, XRF imaging,
Raman spectroscopy, UV/VIS/NIR microscopy.

1. Introduction

The Georgian manuscript collections of the University Libraries of Graz (Austria) and Leipzig
(Germany) are among the most significant collections outside of Georgia, due to the
importance of the manuscripts they preserve. These collections, which contain both complete
and fragmentary manuscripts, have repeatedly been the subject of research by Georgian and
foreign scholars. They have been studied and described,! and in the case of the Graz collection,
even published.? For the fragments, it has largely been established to which manuscript
collections they originally belonged.® This information is particularly valuable for our research,
as the original manuscripts sometimes provide clues regarding the provenance of the fragments,
including their place and time of copying. However, for certain manuscripts or fragments, these
questions remain unresolved.

In order to determine the origin and, if possible, the age of the manuscripts, the project “The
Development of Literacy in the Caucasian Territories” (“DeLiCaTe”), carried out at the Centre
for the Study of Manuscript Cultures (hereafter CSMC) at the University of Hamburg under
the leadership of Jost Gippert, initiated the study of the chemical composition of various inks
used in Georgian manuscripts to identify metals characteristic of specific regions as well as
plant-based components. A key goal of this approach is the creation of a database
encompassing as many manuscripts as possible, for the accurate compilation of which

! For the Graz collection, see Tsagareli 1888; Schuchardt 1928; Garitte 1960; Outtier 1972; Kern et al. 2023;
Zammit Lupi 2023. For the Leipzig collection, see Tischendorf 1855; Vollers 1906; Assfalg 1963.

2 Shanidze 1929; Shanidze 1944; Tarchnisvili 1950; Garitte 1955; Shanidze 1960; Imnaishvili 2004.

3 For the most recent comprehensive material on this, see Gippert forthcoming (a); Gippert forthcoming (b).
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manuscripts with securely dated colophons indicating their place of origin play an essential
role.

The first stage of the study was conducted on the Georgian collection of Graz between 22 April
and 3 May 2024, followed by an examination of the Leipzig collection between 21 October
and 1 November 2024. The manuscripts were investigated by the CSMC laboratory staff using
several multi-analytical material characterization methods.* In the current article, we focus on
the results of the ink analysis, carried out using XRF imaging, Raman spectroscopy, ultraviolet
(UV), visible (VIS), and near-infrared (NIR) microscopy. For a detailed description of the
methodology, see Section 3. The preliminary results were presented in March 2025 at the
CSMC.®

2. Place of Origin and Date of the Manuscripts

It has already been established that the Georgian manuscripts of Graz University Library all
stem from the Georgian collection of St Catherine’s Monastery on Mount Sinai. All of them
were still described by Aleksandre Tsagareli as being part of that collection in his catalogue
published in 1888.% However, this does not necessarily imply that they were copied at Sinai. It
is possible that they were produced at another scriptorium and subsequently brought to Sinai.

Regarding the Leipzig collection, with two exceptions — which also stem from the Sinai
collection — the manuscripts derive from the Jerusalem collection of Georgian manuscripts,
today kept in the Library of the Greek Orthodox Patriarchate.” Some of these manuscripts were
also described by Aleksandre Tsagareli.®

Our task is to examine these manuscripts and fragments individually, either directly or through
the colophons of their original manuscripts, and to classify them into two groups: those with a
known place and date of copying, and those without. This classification will then allow us to
compare the historical information with the laboratory data on the composition of the red and
black inks used.

2.1 The Graz Collection

The Georgian manuscripts in the Graz collection comprise four nearly complete codices (MSS
2058/1, 2058/2, 2058/3, 2058/4), one scroll (2058/5), and three fragments (2058/6a, 2058/6b,
2058/6¢). Of these, the place of origin (St Catherine’s Monastery on Mount Sinai and the Holy
Lavra of St. Sabas) and the date are known for one manuscript, 2058/4, and two fragments:
2058/6b and 2058/6c¢.

2.1.1 MS 2058/4 contains the Liturgy of James (fols 1r—94v) and the Missa praesanctificatorum
by Gregory the Great (fols 96r—110v).® The manuscript was copied by two scribes. Following
the first part is the colophon as shown in Fig. 1: “When this Liturgy was written on Holy Sinai

4We would like to express our special gratitude to the laboratory members for their contribution: Olivier Bonnerot,
Claudia Colini, Katerina Grigoriadou, Matgorzata Grzelec, Kyle Ann Huskin, Giuseppe Marotta, Greg Nehring,
Sowmeya Sathiyamani, Ivan Shevchuk, Chen Yu.

5 Bosch & Kvirkvelia 2025.

6 Tsagareli 1888, mpunoxenie II: 193-240.

7 For a summary see Gippert forthcoming (b), 2.1.6.

8 Tsagareli 1888, mpunoxenie I: 143-192.

® In Tsagareli’s catalogue, this manuscript is described under number 31 (1888: 210). The first quire of the
manuscript has been preserved in the National Museum Library in Prague (DJ VI 1); see Jedlicka 1961a and
1961b.
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by the hand of John, the very sinful Zosimus, in the days of my wretched old age, for prayers
on my behalf and for all my relatives, the year after Creation in Georgian was b¢3"30 (6589),
and the chronicon was "9 (205)” (MS 2058/4, 95r, see Fig. 1).1° This indicates that the first
part was written by John Zosimus on Mt Sinai in the year 985 CE.
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Flg 1: Graz, UBG, MS 2058/4, fol. 95r (excerpt scribe’ scolophon)

Since the place and date of copying of the first part of MS 2058/4 are beyond doubt, identifying
the composition of the inks used in both parts may help clarify its relation to the second part.!
Non-destructive ink measurements were conducted from fols 1v, 5r, 31r, 43v, 49v, 60v, 70r,
93v, 95r (part 1), and folios 96r, 100r, 110v (part I1). In addition, ink samples were taken from
fols 5r and 60v: the former contains the marginal note 3Jlo (for 3590 9JLo “prayer litany”)
and the monogram for Jesus Christ () written in a different ink, while the latter bears another
inscription, presumably in Syriac (see Figs 2 and 3).
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Fig. 2: Graz, UBG, MS 2058/4, fol. 5r (excerpt showing marginal note)

10 vvakhtang Imnaishvili published the full text of the colophon with abbreviations resolved (2004: 311): mwgls
9bg godoliFodgoo @sofg@s Lobs Fdowsl Jgmoms omsby g@ose 3megomols bebodBloms, mgms
mEgh dm@m@Gse Jnbyigools hgdobsms, Losmmaggmse hgdps ©s ymggmmsgg hgdggmmsmyls,
obsdsdomysbo §genbo 0g3bgl Jodm s beyy"3m (6589) wos J@mbojmbo ogm L™y (205).

11 A radiocarbon analysis taken of both parts has revealed that the second part is probably 30 years older than the
first; see Gippert, this volume, 1.4.
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Fig. 3: Graz, UBG, MS 2058/4, fol. 60v (excerpt showing marginal note)

2.1.2 It has for long been established that the Graz fragments MS 2058/6b and MS 2058/6¢
belong to another manuscript from Mount Sinai, namely, Sin. georg. 35,2 which contains a
large collection of Ascetica. Fragment 2058/6b is the last folio of its quire 3 and fits perfectly
after fol. 22v of Sin. georg. 35. Fragment 2058/6¢ is considered a continuation of the last folio
(320v) of the same codex.’® In an article published in 1978, Manana Dvali and Lali Jghamaia
argued that the flyleaf of another Sinai manuscript, Sin. georg. 67, represents the last folio of
Sin. georg. 35 and, most importantly, its colophon indicating the date and place of origin.* The
text of the colophon reads as follows (Fig. 4): “And you who read this book, remember me,
sinful and the least (of all), in your prayers, as well as all those who were the reason for this
book to be begun: the monk Arsen and his spiritual children. I have written it with my own
hand, I, the unworthy one, in (the Lavra of) St Sabas, under the patriarchate of Elia (111) from
Damascus, son of Manstr, and during the abbotship of Symeon of the Holy Laura, in the year
beg"0s (6511) after Creation. And Elia the Patriarch died in the same year, on 4 October, a
Saturday, before sunrise. After him, on the 7" of the same month, Sergius from Ramallah was
instated as the patriarch” (Sin. georg. 67, back flyleaf, “recto”).’® This means that the
corresponding part of the manuscript was copied in 907 CE at the Lavra of St Sabas. As the
Graz fragments (as well as Sin. georg. 35) were written by different hands, non-destructive ink
measurements were conducted from the recto and verso sides of both sheets.®

12 For the first description of the Sinai codex see Tsagareli (1888: 232—233, no. 80); for the identification of the
Graz fragments, see Shanidze 1929: 349-350.

13 See Gippert forthcoming (a): 7.

14 Dvali & Jghamaia (1978).

15 boam Gmdgabo ogombgoogm Fogbls 535l g, 3m@goeo s badhggo, grmigels dmdo3lgbgm ws
4m39e0bo 30bgbbo 5dol Fopbols wsfygosls, s@ligbo dg®o s Lyeogdbo dgoerbo dolbo. ogfgmy
Sgeeoms hgdoms 89 LoFysmmdgadsh Lods{dowsl Jobs, 3o@@Mosdmdsls ganos ©sdsdzgmols 8sbliyg@ols
dolols s bsosfdowsl ydombol F0bs8d@@®bsls olsdsdomysb Fgemms beg os (6511). s s@glidyges
900 30G®M0sJo Islgg Fambs, mggbs m3ombdg@ls gg) (4), @egls Dsdsmbs asbmosw. ©s ox©s Lghxo
@53 gano b-Ls (7), dsligg magbs.

16 A radiocarbon analysis of the two fragments has revealed nearly the same dates; see Gippert, this volume, 1.8.
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Fig. 4: Sin. georg. 67, scribe’s colophon on back flyleaf (excerpt)

2.1.3 As for the remaining manuscripts in the Graz collection, neither their dates nor their
places of copying are indicated in colophons or the like. The most important one among them
is the Sinai Lectionary (MS 2058/1), also known as the Khanmeti Lectionary, which represents,
within the Georgian tradition, the earliest form of the Jerusalem Lectionary;!’ it was first
described by Aleksandre Tsagareli as no. 9 of the collection of St Catherine’s Monastery'® and
edited by Akaki Shanidze in 1944. Notably, it is the only source from the khanmeti-haemeti

17 Kvirkvelia forthcoming, 3.1.
18 Tsagareli 1888: 199-200, no. 9.
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period that has survived in a non-palimpsested form. A single leaf belonging to this manuscript
is preserved today in Paris (Bibliothéque nationale de France, géorg. 30),'° and another one in
Birmingham (Cadbury Research Library, Mingana Collection, Georg. 7).2° The Birmingham
leaf contains the colophon of loane Zosime, which Aleksandre Tsagareli transcribed in his
description of his no. 9 of the Sinai collection.?! This colophon provides the date (983 CE) and
the place (Mount Sinai) of the third binding undertaken by John Zosimus;?* however, the
manuscript itself is much older, as confirmed by a radiocarbon (}4C) analysis, which dates it to
between 433 and 574.2% Before the *C analysis, it had been dated to the 7*" century from both
paleographical and linguistic perspectives. As the provenance of this manuscript is still
unknown, non-destructive ink measurements were conducted from fols. 1r, 1v, 5r, 5v, 7v, 23v,
26r, and 27r.

2.1.4 The next codex of the Graz collection (MS 2058/2), desribed by Tsagareli under no. 2,2
is a palimpsest with an Armenian undertext; its Georgian layer contains the Psalter (fols 1r—
258v) and the nine biblical Odes (fols 259r-282v), with the latter being incomplete.?® Between
these two sections there is a colophon (folios 258v—259r) that mentions only the scribe,
Serapion (Lg@s30mb), and his brother Peter (39 @), without specifying the place or date of
the manuscript’s copying.?® Non-destructive ink measurements were conducted from fols 42v,
57v, 83v, 136r, 136v, 137r, 166r, 137r, 166r, 234v, 236r, 243r, and 259r (colophon).

2.1.5 Graz 2058/3, described by Tsagareli as no. 69 of the Sinai collection,?’ preserves the
Georgian version of the Life of Symeon Salos by Leontius of Naples (BHG 1677, CPG 7883).
The colophon, which starts on fol. 171v, mentions the name of the scribe, Teodore Cqudeleli
(mgmpmag Fygoge geno), who wrote this manuscript for Mt Sinai. Unfortunately, the major
part of the last folio of the colophon (fol. 172), which might have contained the date and place
of origin, is lost. Tsagareli did not provide a transcription of this part, but he recorded the note
of John Zosimus on folio 172v, which states that he bound the manuscript in the year 981 on
Mount Sinai: “This holy book was bound on Holy Sinai by the hand of John, the very sinful
one, by order of the sacristan of Mt Sinai, in the year after Creation b¢3"39 (6585, i.e. 981), the
chronicon was 155 (201, i.e. 981).”28 The number 1" (201) is still visible on the remnants of
the verso of fol. 172 (see Fig. 5). Jost Gippert has distingushed three different hands in the
manuscript (fols 2r-88v, 89r—168v, and 169r-172r).?° Non-destructive ink measurements were
conducted from fols 2r, 82r (hand 1), and 89r, 96v (hand 2); due to time constraints, the ink of
hand 3 could not be analyzed.

2.1.6 The only scroll of the Graz collection (MS 2058/5), first described by Aleksandre
Tsagareli as no. 29,%° comprises the Liturgy of John Chrysostom (CPG 4686). It does not

19 |dentified and edited by Outtier (1972).

20 |dentified and edited by Garitte (1960).

2L Tsagareli 1888: 200.

22 See Tsagareli 1888: 200 and Garitte 1960: 254—257.

2 See Gippert, this volume, 1.1.

24 Tsagareli 1888: 196, no. 2.

%5 For the missing parts, see Gippert forthcoming (a): 26-27.

%6 For the proposed dating of the undertext by different scholars as well as the results of a “C analysis, see Gippert,
this volume, 1.2.

27 Tsagareli 1888: 226, no. 69.

% Tsagareli (1888:226): “dgodmbls (dows glyg Fopbo.. Lobs Fdopsls Jgmoms omgoby ¢ w©-
3ME30e0bsms, d3Adsbgdoms ©giobmbols Lobs Fdowols... §gabs bey™3g (981 1.), 3L Lo (981 1.).”

2 Gippert forthcoming (a): 3.

30 Tsagareli 1888: 209, no. 29.
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Fig. 5: Graz, UBG, MS 2058/3, fol. 172v, remnants of back flyleaf and Greek pastedown

include a colophon indicating the date or place of origin.3! Non-destructive ink measurements
were conducted from the drawing and text in the first two lines (I. 1, I. 2).

31 Scholars have proposed different datings: Aleksandre Tsagareli suggested the 11112 centuries (1888: 209),
Michael Tarchnigvili the 10"-11™ centuries (1950: 111), while André Jacob dated it to after the 12" century (1964:
65-66). A radiocarbon analysis has now confirmed Tsagareli’s dating; see Gippert, this volume, 1.5.
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2.1.7 The final fragment from the Graz collection, MS 2058/6a, contains a passage from the
Gospel of John (15:8-19). Akaki Shanidze identified it as a continuation of the text broken off
on fol. 57v of Sin. georg. 63, which had first been described by Aleksandre Tsagareli under no.
13.32 No colophon is preserved for the Sinai codex. Non-destructive ink measurements were
conducted from both the recto and verso of the fragment.

2.2 The Leipzig Collection

The Leipzig collection of Georgian manuscripts contains five objects (V 1094 —V 1098). Only
one of them, V 1094, derives from a single original codex, preserving nine folios of it; the
others consist of fragments from different codices bound together. As noted above, the
provenance of the collection is Jerusalem, with two exceptions, V 1096-2 and V 1096-5, which
have been identified as originating from the Sinai collection.

The place of origin is known for only four fragments from the Georgian manuscripts in the
Leipzig collection: V 1094 (the Monastery of the Holy Cross, Jerusalem), V 1096-2 (the Lavra
of St Sabas), V 1096-5 (Mount Sinai), and V 1097-3 (probably the monastery of Ss Cosmas
and Damian on Mount Olympus in Bithynia). For all other fragments, the place of origin
remains unknown.

2.2.1 The nine folios of V 1094, which contain a hagiographical collection for the month of
October, together with an additional fragment preserved in the University Library of
Cambridge (MS Add. 1890.3 / Georgian Ms. 5),3 derive from a sister manuscript of Oxford,
Bodleian Libraries, Georg. 1.3 The latter preserves a colophon indicating its place of origin:
“... God made me, poor Prokhore, worthy to write this soul-enlightening (book) of holy
martyrs. And | have completed it and placed it, by the will of God and with the help of all the
saints, in the Church of the Holy Cross, built up by me” (Oxford, Georg. b1, fol. 501v).%®
According to Enriko Gabidzashvili, who published the synaxarian version of the Life of
Prokhore,* the saint completed the construction of the Church of the Holy Cross in 1057—
1058 CE. In 1061, he withdrew to the desert of Arnon. This allows the manuscripts to be dated
between 1058 and 1061.% Non-destructive ink measurements were conducted from fol. 1v.

2.2.2 Fragment V 1096-2 (fols. 4-7) preserves material from a hymnary (ladgari). As
determined by Lili Khevsuriani, it belongs to the well-known liturgical codex compiled and
written by John Zosimus, Sin. georg. 34.%° Additional fragments of this manuscript are
preserved in the National Library of Russia in St Petersburg under the shelfmarks ®. Ne 906
(I'peu.) VI (fols. 1-3), VII (fols. 1-8), XLI (fols. 1 and 3), and Cup. H. C. 16/1 (fols. 11-21,
24-29, 56, 57) and 16/3 (fols. 1-6).%° These fragments preserve a colophon that provides both

32 Tsagareli 1888: 204; Shanidze 1929: 349.

33 Gippert forthcoming (b), 2.1.6.

34 Assfalg 1963: 35-39.

% Blake 1932: 216.

% . 006 L-39m Ig@ndshb 3 yasbsgo 3GMbm®y sf Mo 530l bymms 3o6dsbsnmgdgaols Fdo@sms
dmfsdgms Fogbolio. o gogobdyemg ©s ogwgg bgooms @ddmobsams s dgFggboms ymggmms
{3o@smsams hgd dog@ smTgbgdymls gaegbosls §dowobs xgs@obsbes.

37 The publication of the text was prepared on the basis of the manuscripts Jer. georg. 24 and four codices of the
Korneli Kekelidze Georgian National Centre of Manuscripts: NCM H-1661, H-886, Q-105a, and Q-75; see
Gabidzashvili 1968: 345-346.

% Gabidzashvili 1968: 110-111.

39 Khevsuriani 1978: 88-122. The codex was first described by Tsagareli (1888: 206) under no. 19.

0 Metreveli et al. 1978: 131-143.
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the date and the place of origin; according to it, the manuscript was written by John Zosimus
in the Lavra of St Sabas in the year after Creation (Georgian style) bo3"by (6569) and the
chronicon &34 (185), both corresponding to the year 965 CE (Cup. H. C. 16/1, 17rv).** Non-
destructive ink measurements were conducted from fols 4r, 4v, 5v, and 7r.

2.2.3 Fragment V 1096-5, represented by a single folio (12), contains 1 Peter 1:11-22; it stems
from a Sinai Apostolos codex that has been preserved in three parts: Sin. georg. 58, 31, and
60.2 At its end, Sin. georg. 60 provides a colophon mentioning the scribe Kvirike Soxastreli
(35™039 LmbsbBmgero), who came to Mt Sinai and wrote this manuscript for the
commissioner Kvirike Miznazoroeli (350039 30dbsdm@mgano) and his priest, who served as
sacristan at Mt Sinai at that time. The colophon further reads: “The year after Creation was
boy™3s (6581) and the chronicon was &% (197)”,*2 both indicating that the manuscript was
copied on Mt Sinai in 977 CE. Non-destructive ink measurements were conducted from fol.
12r.

2.2.4 Jost Gippert determined that the four folios of V 1097-3 (fols 5-8), containing Romans
2:5 — 5:13, derive from the Praxapostolos codex today stored in the Greek Patriarchate of
Jerusalem as Jer. georg. 94 and 82. He also identified the same scribe’s hand in three
manuscripts of the Athonite collection preserved at Iviron Monastery on Mount Athos. These
are lvir. georg. 11, a homiliary (mravaltavi) codex; Ivir. georg. 25, a hagiographical-homiletic
collection; and lvir. georg. 42, another Praxapostolos codex (Fig. 7).** Among these
manuscripts, only Ivir. georg. 42 contains a colophon: “It was written on Mt. Olympus, in the
abode of Ss. Cosmas and Damian, during the patriarchate of Polyeuctus in Constantinople (and)
the reign of Nikephoros” (Ivir. georg. 42, fol. 236r).*® This indicates that the manuscript was
copied between 963 and 969 CE. The colophon also records the commissioner, Mikael Zekepe
(Bogdoge bgg939), and his supporter lovane Kaxi (omgobg gobo), who might have been the
scribe.*® Non-destructive ink measurements were conducted from fol. 6v.

2.2.5 Fragments V 1095-1 (fols 1-4, 6, and 9-11) and V 1097-1 (fols 1-2) originate from the
triodion—pentecostarion preserved in the Greek Orthodox Patriarchate of Jerusalem as Jer.
georg. 101.%7 Neither the original codex nor any one of the fragments contains a colophon
indicating the place or date of their production. Non-destructive ink measurements were
conducted from fol. 2v of VV 1095.

2.2.6 Fragment V 1095-2 (fols 5, 7, and 8), which contains a menaion of September, derives
from Jer. georg. 110, a codex that likewise preserves no indication of its date or place of origin.
Non-destructive ink measurements were conducted from fol. 5v.

2.2.7 Fragment V 1095-3 (fols 12r-15v) contains agapebi (sws39d0), i.e. commemorative
notes, for the Georgian community in Jerusalem, written by different hands over an extended
period (13" —17" centuries). Their content is primarily devoted to the remembrance of deceased
persons. These notes belong to the synaxary of the same community, which is preserved in the

41 Metreveli et al. 1978: 142.

42 First described by Tsagareli (1888: 205-206) under no. 16.

2 0olisdodomgsbo Fgmbo 0ggbgl bey™3s o JHmbogmbo ogm G5b.

44 Cf. Gippert forthcoming (b), 2.1.4, figs 28-31.

45 s0fg@s  Fdowols  dosls  m@obdmeabsls, Logmygabs  §Flowsms  jmbdsh  @sdosbgmsbs,
353 ®05Jmdsbs 3mbEsbH03mgm gl SmaomyGmals, dggmdsbs bogogm@gls.

46 For the full text of the colophon, see Gippert et al. (2022: 399).

47 Assfalg 1963: 55-59; Gippert forthcoming (b): 2.1.2.
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two codices Jer. georg. 24 and Jer. georg. 25.% Non-destructive ink measurements were
conducted from fols 12r-15r.
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Fig. 6: Sin. georg. 60, fol. 12r: colophon by Kvirike Soxastreli

8 See Gippert forthcoming (b): 2.1.2.
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Fig. 7: Scribe’s hand of Ioane Kaxi (?), Mount Olympus

I Jer. georg. 94+82, 1v | I : Ivir. georg. 11, 19v | Ivir. georg. 25, 11v I | Ivir. georg. 42, 13v__|

2.2.8 Fragment V 1096-3 (fols 8r—10v) preserves theological Questions and Answers. A
similar fragment, housed in the Schgyen Collection in Oslo as MS 1600, derives from the same
original manuscript, which has not yet been identified. The authorship of the text has been
attributed by Jost Gippert to (Pseudo-)Athanasius of Alexandria. The questions numbered 109,
110, and 113 attested in the Leipzig fragment are part of the Quaestiones ad Antiochum ducem
(CPG 2257), corresponding to numbers 113, 114, and 117 in the Greek tradition, while
questions 96-98 (corresponding to numbers 100-102 in the Greek) are preserved in the Oslo
fragment.*® No further information regarding the provenance or date of these fragments is
provided. Non-destructive ink measurements were conducted from fols 8r and 11r.

2.2.9 Fragment V 1097-2 (fols 3—4) preserves Apostolos lections for 7-9 September and 3-14
October. The original manuscript from which this fragment derives has not yet been identified.
Non-destructive ink measurements were conducted from fol. 3v.

2.2.10 Fragment V 1097-4 consists of four folios (fols 9-12) and derives from a menaion for
February today preserved in the Austrian National Library in Vienna (Vienna, ONB, georg. 3).
The provenance of the Vienna codex is again Jerusalem, as it was described by Aleksandre
Tsagareli among the manuscripts of the Monastery of the Holy Cross.*° This is confirmed by
the scribe’s colophon on fol. 258v, also cited by Tsagareli: “I, poor and unworthy John of
Khakhuli (0ms6g bobegangano), have written this menaion” (Vienna, ONB, georg. 3, fol.
258v).%! No further information concerning the date or place of copying is provided. Non-
destructive ink measurements were conducted from fol. 12v.

2.2.11 Fifty-six folios of V 1098-1 contain a menaion for July. Jost Gippert assumes that this
fragment might derive from one of several parchment menaia of the Jerusalem collection

49 Gippert forthcoming (b): 2.1.3.
50 Tsagareli 1888: 164, no. 35.

1 39 2e0obogdsh s 9@oddsh 0569 babemgadsh gl g glig mmsgbo. See Gippert forthcoming (b):
2.1.4 for further details.
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described by Aleksandre Tsagareli (nos. 31 and 40),>? which were no longer present or
identifiable when Robert P. Blake compiled his catalogue in the 1920s.>® Non-destructive ink
measurements were conducted from fol. 4r.

2.2.12 The last folio of VV 1098-2 has been identified as containing a hymn for the Resurrection
in the 3" mode plagal composed by Mikael Modrekili. A possible candidate for the source
might be Jer. georg. 123.5* Non-destructive ink measurements were conducted from fol. 57r.

To summarize the information collected above regarding the dates and places of origin of the
Georgian manuscripts from the Graz and Leipzig collections, we present it in Table | below.
The Table first lists the manuscripts whose place of origin and date are known, then those
whose origin and date remain unknown.

3. Analytical Methods

The inks of the manuscripts were analyzed according to a standard protocol, developed and
improved in our laboratory.* It is best suited for the analysis and comparison of historic inks
using exclusively non-destructive and non-invasive techniques, which are essential to prevent
damage to the objects. In a first step, a preliminary screening to determine the ink typology is
conducted with a digital USB microscope (Dino-Lite AD413T-12 V) equipped with built-in
near infrared (NIR) and ultraviolet (UV) lights at 940 nm and 395 nm, respectively, to which
we added an external LED white light source (VIS). The principle of differentiation between
the three main kinds of ink (carbon-based, plant, and iron-gall) is based on the comparison of
the ink’s opacity in visible and NIR light.%® In contrast to the constant black colour of carbon
ink, plant inks become transparent at the red end of the visible light region, c. 750 nm, while
iron-gall inks only start losing opacity at this wavelength, turning totally transparent at much
longer wavelengths (c. > 1400 nm).

The elemental composition of the inks was analysed by X-ray fluorescence (XRF) imaging
using a Bruker M6 Jetstream high-speed scanning micro-XRF spectrometer featuring focusing
polycapillary optics and a variable-sized X-ray spot. The instrument was equipped with a
mobile XRF probe that moved over the manuscript at a distance of 5 to 10 mm. The areas of
investigation and the scanning parameters (X-ray spot, Xy resolution, and acquisition time)
were determined before each scan. For the measurements presented here, the probe was
operated under the following conditions: Rh X-ray tube at 50 kV, 600 pA, and X-ray spot size
of 50 um. The acquisition time for each scan ranged from 50 to 600 ms/pixel, with a pixel
(step) size of 30 to 100 um. The X-ray emission peaks were fitted based on Gaussian
deconvolution using the Bruker M6 Jetstream software. The abundances of the elements are
depicted in the resulting XRF maps. Net intensity values for the detected elements were further
subtracted by measured areas from the writing support.

52 Tsagareli (1988:163, 165).

53 Blake 1922-26: [1V], 155; Gippert forthcoming (b): 2.1.5.
5 Gippert forthcoming (b): 2.1.5.

%5 Colini et al. 2021.

%6 Mrusek et al. 1995.
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Table I: Content, Provenance, and Dating of the Manuscripts in the Graz and Leipzig Collections

Collaction, no.

Graz 2058/4,
1%t part (1r-94v)

Leipzig V 1096-5

Graz 2058/6b,
2058/6¢

Leipzig V 1096-2

Leipzig V 1094

Leipzig V 1097-3

Graz 2058/4,
2" part (96r—
110v)

Graz 2058/1

Graz 2058/2

Graz 2058/3
Graz 2058/5

Graz 2058/6a

Leipzig V 1095-1,
V 1097-1

Leipzig V 1095-2
Leipzig V 1095-3
Leipzig V 1096-3
Leipzig V 1097-2
Leipzig V 1097-4

Leipzig V 1098-1
Leipzig V 1098-2

Content

Date, Place

Manuscripts with Known Origin and Date

Liturgy (James)

Catholic Epistles

7t Letter of St Antony
Evagrius Ponticus,
Martyrius Monachus
Hymnary (ladgari)

Hagiography

Pauline Epistles

Missa praesanctificatorum

Jerusalem Lectionary

Psalter / Gospel of John

Life of Symeon Salos
Liturgy (John
Chrysostom)

Gospel of John

Triodion-Pentecostarion

Menaion, September
Commemorative Notes
Erotapokriseis
Apostolos
Menaion (February)

Menaion (July)
Hymn (Mikael Modrekili)

985 CE, Mt Sinai

977 CE, Mt Sinai

907 CE, St. Sabas

965 CE, St. Sabas

1058-1061 CE, Holy Cross,
Jerusalem

between 963 and 969 CE,
Ss Cosmas and Damian on

Relations Analyzed
< Tsagareli 31; 1v, 5r, 31r,
+ Prague, National 43v, 49v,

Museum Library, DJVI1 60v, 70r, 93v

< Tsagareli 16 12r
> Sin. georg. (58-)31(-60)
< Tsagareli 80 r,v
> Sin. georg. 35 + Sin. r,v
georg. 67 (flyleaf)
< Tsagareli 19 4r, 4v, 5v, 7r
> Sin. georg. 34
+ St Petersh. @. Ne 906
+ Cambridge, UL, 1v
georg. 5,
Oxford, BL, georg.1
< Jer. georg. 94(+82) 6v

Mt Olympus (Bithynia)
Manuscripts with Unknown Origin and Date

(VI1?)

(VII-VIIY)

(before 981 CE)
XI-X11?

IX-X
XI-X111

XI-X111
XHI-XVII
IX-X
XI-X111
Xl

XH-XI
XH-XI

< Tsagareli 31;

+ National Museum Library in

Prague (DJ VI 1)
= Tsagareli 9;
+ Paris, BnF, géorg. 30;

+ Birmingham, CRL, Mingana

Coll., Georg. 7
= Tsagareli 2

= Tsagareli 69
= Tsagareli 29

< Tsagareli 13
> Sin. georg. 63
<Jer. georg. 101

<Jer. georg. 110

< Jer. georg. 24-25

+ Oslo, Schgyen MS 1600
?

< Tsagareli 35 (Jer.)
> Vienna, ONB, georg. 3
< Tsagareli 31?7 40? (Jer.)

< Tsagareli 123? (Jer.)

96r, 100r, 110v

1r, 1v, 5r, 5v,
7v, 23v, 26r,
27r

42v, 57v, 83v,
136r, 136v,
137r, 166r,
137r, 166r,
234v, 236r,
243r, 259r
2r, 82r, 89r, 96v
drawing, I. 1,
.2
r, v

2v

5v
12r-15v
8r
3v
12v

ar
57r

Raman spectroscopy was performed on selected inks to verify the presence of specific materials
that cannot be conclusively identified by XRF alone. For this study a Renishaw inVia Raman
spectrometer with an infrared laser (300 mW, 785 nm) was used for the acquisition of the
spectra, recorded under a microscope with a 100x long distance objective, at laser power 2%
(~2.2 mW), with an accumulation of 20 scans of 2 s each.

The complete data set with raw files and images and their further step-by-step evaluation can
be retrieved from the repository of the University of Hamburg.>’

57 For the step-by-step strategy of data evaluation, see Bosch (2025)
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4. Results

An initial microscopic examination was carried out using a Dino-L.ite digital microscope under
ultraviolet (UV), near infrared (NIR) and visible (VIS) light source to discriminate between the
general black ink types, namely, plant, iron-gall, and carbon ink. Most inks in the Graz and
Leipzig collections showed changes in opacity under NIR illumination, suggesting the use of
iron-gall inks. Only some texts (e.g., marginal notes) exhibited no loss of opacity under NIR
light and appeared very dark black to the naked eye. This is shown in Fig. 8 for three different
inks of MS Graz, UBG, 2058/4. The main text and the marginal note on fol. 60v were written
in iron-gall ink, whereas the marginal note on fol. 5r is clearly carbon ink.

f5r
main text

or
marginal
note

f60v
marginal
note

Fig. 8: Digital microscope images under UV (left), visible (centre), and NIR
(right) light of the main ink and two marginal notes of MS Graz, UBG, 2058/4.

Microscopic screening revealed that manuscripts from both collections contain a variety of
inks, ranging in color from pale brown to deep black, with some inks already faded or
undergoing degradation. Fig. 9 shows the results of XRF imaging of a scanned area on fol. 13v
of fragment Leipzig, UL, V 1095-3. The element maps clearly reveal different iron-gall inks
with varying ratios of iron (Fe), copper (Cu), zinc (Zn), manganese (Mn), calcium (Ca), and
potassium (K). Note that, due to the XRF penetration depth, signals from the verso (rear) side
can also be detected. This phenomenon posed challenges in sampling exact areas for the
quantitative comparison of intensities and elemental ratios across inks throughout both
collections. To mitigate these effects, the scanned areas were chosen with particular care.

XRF imaging also revealed pronounced differences among the red inks used. In most
manuscripts, the red inks exhibited mercury (Hg) and sulfur (S) signals, indicating the use of
the pigment vermilion derived from the mineral cinnabar (HgS). This is illustrated in Fig. 10a
for the red ink used in Leipzig, UL, V 1095-3. On the same folio, one red letter (at the bottom
of the scan) shows no Hg or S signals but instead strong lead (Pb) signals, indicating the use of
the lead oxide pigment minium (PbsO4). Mixtures of both pigments were also detected,
predominantly in manuscripts from the Graz collection; an example from MS 2058/1, fol. 5v,
is shown in Fig. 10b. However, Pb signals alone do not conclusively prove the presence of
minium, as lead may also originate from the basic lead carbonate pigment lead white
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(2PbCOs-Pb(OH)2), which could have been used in mixtures to brighten the red colour. Raman
spectroscopy was used to verify these findings and showed that, in red inks containing Hg and
Pb, characteristic Raman bands of both pigments could be detected at 231, 252, and 320 cm™
for cinnabar, and at 122, 152, 392, and 551 cm™ for minium (Fig 10c).
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Fig. 9: XRF element maps of iron (Fe), copper (Zn), manganese (Mn), calcium (Ca), and potassium (K)
for a scanned area on Leipzig, UL, V 1095-3, fol. 3v.
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Fig. 10: XRF element maps of mercury (Hg), sulfur (S), and lead (Pb) for a scanned area on Leipzig, UL,
V 1095-3, fol. 12v (a), and on Graz, UBG, MS 2058/1, fol. 5v (b), together with the corresponding Raman
spectrum (785 nm) of the red ink (c).
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In very rare cases of red ink, neither Hg nor Pb was detected; instead, low iron (Fe) signals
were observed, indicating the use of red ochre (iron oxide mineral). This is illustrated in Fig.
11 for a red letter in Leipzig, UL, V 1097-3, fol. 6v. Because much stronger Fe signals were
detected from the black/brown ink, the Fe elemental map required filtering by pixel averaging
(3 x 3), conversion to a black-and-white scale, and reduction of the number of bins from 256
to 20.

V 1097-3, fol. 6v Fe (0-19 bins)

Fig. 11. XRF element map of iron (Fe) in standard visualisation (centre), and
filtered by pixel averaging, black-and-white scale, and reduction to 20 bins
(right) in order to highlight the weak iron signal of the red letter.

The XRF results of the black and red inks measured on all the investigated manuscripts of both
the Graz and Leipzig collections are summarized in specific scatter plots to facilitate
visualization of the large number of measurements.*® Fig. 12 shows the combined results for
the brown/black inks measured on selected folios of the investigated manuscripts, following
detailed evaluation of the raw XRF imaging scans and principal component analysis (PCA) of
the signal intensities of the relevant detected elements. For clarity, the results are further
separated into individual plots for each manuscript (Fig. 13). It can be seen that most inks
cluster in area A with an elemental profile of mainly Fe, and only traces of other elements,
indicating the presence of non-vitriolic iron-gall inks,® whereas area B highlights inks with
varying amounts of Cu and Zn, a very common profile of iron-gall inks. Area C shows a small
cluster of iron-gall inks with a relative high amount of Pb, and only the inks of V 1097-3 are
highly heterogeneous spread in areas D and E with high amounts of sulfur and potassium. The
evaluated results are further summarized in Table I1.

In contrast to the complex elemental profiles of the brown/black inks, the red inks can be
distinguished by the presence of Hg and S (vermillion), Pb (minium), Fe (red ochre), or
mixtures of these pigments. For this reason, their signal intensities are plotted as the ratios
Pb/(Hg+S) and Fe/(Hg+S) in scatter plots for each manuscript (Fig. 14). Most red inks are
composed of vermilion, as indicated by the clustering in area a, characterized by high signal
intensities for Hg and S and low or no detection of Fe and Pb. For one red ink in Leipzig, UL,
V 1095-3, fol. 12v (Fig. 10a), only Pb was detected as a prominent signal, with only trace
amounts of other elements, resulting in very high intensity ratios (Fig. 14, data point d),
consistent with the presence of vermilion. Areas b and c indicate red ink mixtures with varying
amounts of vermillion and minium, e.g. Graz, UBG, MS 2058/1, fol. 5v (Fig. 10b). Data point
f marks the red ink on V 1097-3, fol. 6v (Fig. 11) with the complete absence of Hg and Pb
signals but low Fe signals observed, indicating the use of red ochre. For the drawing at the
beginning of the scroll (MS 2058/5, data points €), high signals of Hg and Fe could be detected
assuming the use of vermillion either mixed with red ochre or contaminated by other iron
containing materials. The evaluated results are further summarized in Table I1.

%8 For the step-by-step strategy of data evaluation, see Bosch (2025).
59 Ghigo et al. 2020.
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Fig. 12. Biplot showing the PCA results of elements detected from brown/black inks with XRF imaging
with the loading plot (blue) and the scores plot of all measurements (black).
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Fig. 14. Individual scatter plots with XRF intensity ratios of the detected elements from the measured

red inks of each manuscript

The analytical results of this study are summarized in Table I, sorted by the cluster types of

brown/black inks (BI) and red inks (RI).

5. Summary

The existing database of analysed manuscripts provides a basis for adding new material and
thereby strengthening its reliability. The apparent exception, i.e. the case of the two parts of a
manuscript presumed to have been copied at Sinai (2058/4, part | and 2058/4, part Il), which
show differences in ink composition from each other, can be explained; however, this is not
our focus here. For ink analysis to be reliable as a research method, it is necessary to examine
as many manuscripts as possible, so that a large body of data can accommodate occasional
exceptions, which may have their own logical explanations.
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Table 11 also shows that the manuscript copied at the monastery of Saints Cosmas and Damian
on Mount Olympus (V 1097-3) stands out as distinct, which is likewise a significant result. In
the future, as the range of scriptoria and the number of analysed manuscripts increase, we will
gain a clearer picture of the inks used in different places, enabling us to determine the origin
of Georgian manuscripts more accurately.

Table I1: Summary of the analytical results of the Manuscripts in the Graz and Leipzig Collections
Collection | Shelf no. Date Place of Origin BI RI
Graz 2058/3 (before 981) A a
Graz 2058/6a IX-X A a
Leipzig V 1095-1 XI1-X111 A a
V 1097-1 — —
Leipzig V 1095-2 X1-XI11 A a
Leipzig V 1096-3 IX-X A a
Leipzig V 1097-2 X1-XI11 A a
Leipzig V 1097-4 Xl A a
Graz 2058/6b 907 CE Lavra of St. Sabas A a
2058/6¢ A b
Leipzig V 1094 1058-1061 Holy Cross, Jerusalem A a, b
Graz 2058/4, part 11 A b
Leipzig V 1096-5 977 CE Mt Sinai A b
Graz 2058/5 XI1-XI11? A a, e
Graz 2058/2 (VIH-V1I?) A c
Graz 2058/4, part | 985 CE Mt Sinai A B a
Leipzig V 1098-2 X1-XI111 A B a
Leipzig V 1095-3 XIHI-XVII A, B a, d
Leipzig V 1096-2 965 CE Lavra of St. Sabas A B b
Leipzig V 1098-1 XI1-XI AC| a
Graz 2058/1 (VII?) A C | ab
Leipzig V 1097-3 963-969 CE Ss Cosmas and Damian on Mt Olympus D, E f
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