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The Writing Surface Papyrus and its Materials 
1. Can the writing material papyrus tell us where it was produced? 

2. Material study of the inks 
 

Ira Rabin / Myriam Krutzsch 
Bundesanstalt für Materialforschung und -prüfung (BAM) Berlin; Centre for the Studies of 

Manuscript Cultures (CSMC), University of Hamburg / Ägyptisches Museum und 
Papyrussammlung Berlin, SMB 

ira.rabin@bam.de / m.krutzsch@smb.spk-berlin.de 
 
1. Can the papyrus used as writing material tell us where it was produced? 
Various material criteria gained during the conservation-restoration process provide a 
glimpse of material-technical details that were previously little known or unknown, for 
example, about the origin of the papyrus material, in the sense of where it was produced. A 
fundamental question about the origin of a papyrus is what is meant by ‘origin’. The 
production site of the text, the site of the find, and / or the place mentioned in the text are 
often not identical; in addition, they can all differ from where the papyrus material was 
produced. 
Over the centuries or millennia, a papyrus can take a path through a number of places quite 
distant from each other. If we retrace this path, i.e., beginning with the present and going 
back to the plant, then the problem of different reference points is quickly obvious: 
 

 
 
In his Natural History (13.23-27), Pliny already mentions the connection between the quality 
and sort of papyrus and its production site. Decades of optical observations during the 
intensive restorative processing of papyri in the Berlin Papyrus Collection and in various 
collections around the world confirm for us this thesis, namely that the individual qualities 
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are a kind of trademark of a specific place and thus of a specific site of manufacture. Along 
with this spatial attribution, simple measurements of the thickness of the sheets and the width 
of their joins already show striking series of development. These dimensions are ancient 
benchmarks and thereby enable a first, initially coarse temporal categorization.1 
But back to the issue of production sites. It is becoming increasingly clear that there were in 
fact sites or regions in which specific qualities of papyrus were produced, with only one 
special quality in each. Some sites appear for a limited time; others had a long or even have a 
still-continuing tradition. This observation leads to the question whether it is possible to 
support this knowledge with natural-scientific evidence. We therefore carried out initial 
examinations of fragments found in the following places: 
– Fragment a) from Achmim 
– Fragments b) - d) from Dimê 
– Fragments e) - g) from Elephantine 
– Fragment h) from Illahun 
– Fragments i) - l) from Tebtynis. 
Two more papyri were added during the preliminary investigations with the Dino-Lite 
microscope: a papyrus from Abusir from the time of the Old Kingdom, and one from Thebes 
from the New Kingdom. Photos were taken with the Dino-Lite at 50x magnification under 
VIS, UV, and NIR light.2  Then a nondestructive elemental analysis was performed on 
fragments a) to l) at the Bundesanstalt für Materialforschung und -prüfung Berlin (Federal 
Institute for Materials Research and Testing - BAM).  The relevant elements are: chlorine 
(Cl), potassium (K), calcium (Ca), iron (Fe), copper (Cu), zinc (Zn), bromine (Br), and 
strontium (Sr). Added to these in individual cases are also titanium (Ti) and, rarely, 
manganese (Mn) and lead (Pb). In the selected fragments, the one from Dimê showed all 
three of the latter elements. All these elements except lead were found in fragment e) from 
Elephantine. 
 

 
Fig.1: Element distributions of a fragment with no inscription (c), Dime. 
 
The most interesting fragment is c), a papyrus from Dimê with no inscription, which can be 
dated to the Arab period (see fig. 1). The even distribution of chlorine, bromine, potassium, 
calcium, copper, and zinc is clearly recognizable, while iron is more sporadically present 
indicating contamination. 

                                                
1 Krutzsch (2017). 
2 Rabin (2014a). 
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In the further course of the investigation, a statistically relevant number of papyri will be 
selected and, first, tested to see whether the traces that a papyrus accumulates over time can 
be distinguished from each other and attributed to specific events. This approach is based on 
the assumption that diverse events leave recognizable traces that accumulate in the fragment. 
Added to the trace elements present in the papyrus plant are ever new traces that can be 
associated with the production of the writing material, its use, and finally its deposit in the 
ground. The sharp separation of traces in fig. 2 serves clarity; in reality, a heterogeneous 
mixing takes place. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 2: Schematic cross-section of an object with traces 
spatially separated. In the outer layers are traces of the 
treatment the object was subjected to in the time after its 
discovery (oils, glues, etc.). The burial in the ground is 
recognizable based on mineral remnants. Use, too, 
leaves characteristic traces; and the papyrus plant itself 
contains contaminations from the soil. 

Examinations of the manuscripts from Qumran, the so-called Dead Sea Scrolls, brought an 
entirely different result. These scrolls, usually of skin-based material, are from the late period 
of the Second Temple in Jerusalem and were discovered in the caves near Qumran. Here, 
namely, it turned out that the layers could often be distinguished by an extensive spatial 
characterization.3 In the framework of the international Qumran project, an analytic 
procedure for the nondestructive characterization of ancient fragments was developed. It 
proceeds in several steps. First, a fragment is mapped by means of µ-XRF, in order to obtain 
spatially resolved distributions of the elements. Through the statistical analysis of the element 
maps, the overall surface is reduced to target areas whose chemical composition is now 
investigated with other high-resolution methods to obtain chemical fingerprints. The resulting 
chemical maps correspond to the characteristic traces of production, soil contamination, and 
substances that indicate later interventions. If the chemical maps display markedly different 
areas, these can be attributed to different events. Comparison with the reference materials, 
soil minerals, and known chemicals used for restoration would permit the events to be 
identified. To answer the question whether the writing material papyrus could tell us where it 
was produced, we plan to use a statistically relevant number of papyri for each quality group. 
  

                                                
3 Rabin / Hahn (2013) 4648-4654. 
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2. Material study of the inks 
The other focus of our investigations is the ancient writing materials such as black inks. Soot, 
plant, and iron-gall inks belong to different typological classes of black ink. Soot ink is a fine 
dispersion of carbon pigments in a water-soluble binding agent, while plant-based ink 
consists of a solution of tannin extracts with a binding agent. Iron-gall ink combines water-
soluble components (iron sulfate and tannin extract from gall nuts) with insoluble black 
material that evolves when the components undergo a chemical reaction. Each ink class has 
distinct optical properties that readily permit their differentiation. We use this property for the 
initial reflectographic screening of the inks. It must be said here that inks often contain 
additives that can’t be detected by reflectography alone. Table 1 presents a number of known 
inks together with their characteristic features and means of identification.    
 
Type Precursors Colorant  Color Properties Detectiona 
carbonb 
 

wood, oil carbon (soot 
or charcoal)  

black pigment; stays on the 
surface; solid black color 
from UV to IR spectral 
regions. 

IR photography, 
Ramanc 

copperd  blue vitriol 
(CuSO4), gall 
nuts 

not 
identified 

brown pigment; solid brown 
color from VIS to IR 
spectral regions. 

PIXEe  

iron gall green vitriolf 
(FeSO4), gall 
nuts 

iron gallate black 
(brown when 
deteriorated) 

pigment & solution; 
penetrates substrate; 
loses opacity toward IR; 
becomes transparent at 
1200nm 

IR photography, 
Raman, XRF, 
PIXE 

plantg bark, gall nuts tannin brown solution; 
readily penetrates 
substrates; 
becomes invisible in NIR 

IR photography, 
FTIR 

mixed carbon & 
copperh 

carbon black same as carbon; 
presence of copper can be 
detected only by x-rays. 

IR photography + 
XRF 

mixed carbon & leadi carbon black same as carbon IR photography + 
XRF 

mixed carbon & 
tanninj 

carbon black same as carbon extraction 

mixed Carbon & iron 
gallk 

carbon & 
gallate 

black same as carbon IR photography + 
XRF 

Table 1: Black inks detected in various documents ranging from Antiquity to the Middle Ages. 
 
a) A detailed description of the detection techniques is given in Rabin (2014b). 
b) In addition to the multitude of recipes, there is a great deal of analytical work in progress that reflects a 
growing interest in historic inks. 
c) It is now routinely detected by infrared reflectography and Raman spectroscopy. 
d) Copper-tannin ink was identified in a number of documents from Egypt in the 3rd century BCE.4  
e) Particle-Induced X-ray Emission. 
f) Natural vitriol consists of a mixture of metallic sulfates (iron sulfate, copper sulfate, manganese sulfate, and 
zinc sulfate) with relative weight contributions characteristic of the source, which contributions can be easily 

                                                
4 Delange et alii (1990) 213-217. 
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detected by X-Ray Fluorescence (XRF). We use this property of the iron gall inks for their comparison and 
identification.5 
g) Plant inks can be easily recognized by their homogeneous brown color in contrast to the heterogeneous brown 
of degraded iron-gall inks. 
h) Copper-containing carbon inks have so far been detected only from the first centuries CE. 
i) Similar to the copper-containing ink, carbon ink with lead (Pb) additive can be identified only by a 
combination of two techniques: IR photography and XRF. 
j) This ink presents a challenge to identification using non-invasive methods and hasn’t been found yet in a 
historical manuscript. 
k) As with copper- and lead-containing carbon inks, two techniques are required for an unequivocal 
identification: IR photography and XRF. 
 
In Late Antiquity, the main black writing ink was based on soot or charcoal produced mostly 
from oils and wood, respectively. The best-known descriptions originate from Pliny the Elder 
(HN 35. 25) and Vitruvius (De arch. 7.10.217) and suggest a mixture of two ingredients: soot 
and gum. We can identify carbon in the inks of many documents from this period: infrared 
images of the documents that show clear writing in black, unlike those taken under visible 
illumination, invariably indicate the presence of soot. In a relatively small number of ancient 
documents studied with x-ray methods, among them five manuscripts from the Dead Sea 
Scrolls collection, analysis revealed the presence of copper in a soot-based ink.6 Similar inks 
were also identified on Tebtynis papyri.7 This finding brings us to the recipe of Dioscorides 
in Materia Medica 5.181,8 which contains a copper-based substance, χαλκανθου or 
Chalchanton. For Pliny the Elder  (HN 34.32) this substance was atramentum sutorious or 
shoemaker’s black, i.e., he believed that this substance was used to blacken leather. Yet, this 
is chemically implausible, since no copper substance produces a black pigment upon reaction 
with tannin. Therefore, shoemaker’s black must have contained an iron-based substance. A 
clear distinction between copper and iron sulfates probably marks the beginning of the era of 
iron gall inks, though they occasionally appeared at an earlier date. We find confirmation of 
this hypothesis in the Talmudic tractates, in which the list of possible ingredients from the 
Mishnah corresponding to the records from the 2nd-3rd centuries CE (e.g. Sabbath 104b or 
Gittin 19a) contains kankantum, which, despite the slight linguistic distortion, remains easily 
recognizable as the chalchanton of Dioscorides, whereas the later-compiled Gemara refers to 
the same substance as the ‘shoemaker’s black’ of Pliny. By the 5th century CE, iron-gall ink 
seems to have become established, though the earliest extant written recipe did not appear for 
another 300-400 years in the Orient and another 600-700 years in Europe.9 
Another additive to carbon inks recently discovered in one of the charred fragments from 
Herculaneum caused great excitement in scientific and scholarly circles alike. In their 
pioneering work on phase-contrast tomography, Vito Mocella and his co-workers discovered 
that the element lead was added to the black inks.10 Curiously, the only written records found 
so far that refer to such ink can be found in the Mishnah, the older part of Talmud.  
Though our work addresses inks of different periods, we would like to present here some of 
the inks from Late Antiquity and the early Middle Ages, a period that, at this stage of 
research, seems to testify to a great diversity of writing inks. In the Book of Proverbs, dated 
to the 3rd-4th centuries CE, our first example, we have found the earliest evidence of iron-gall 
                                                
5 Hahn et alii (2004) 234-239. 
6 Nir-El / Broshi (1996). 
7 Christiansen et alii (2017) 218. 
8 Zerdoun (1983) 80. 
9 Zerdoun (1983). 
10 Brun et alii (2016) 3751-3754. 
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ink. After the initial reflectographic screening indicated that the ink doesn’t contain carbon 
(fig. 3 top), we performed XRF analysis that has clearly shown the presence of both iron and 
copper, as is typical of iron-gall ink (fig. 3 bottom). 
 

 

 
Fig.3: Ink of the Book of Proverbs (Ms. or. oct. 987, Staatsbibliothek Berlin). Top row: comparison of the ink 
under illumination with visible (left) and near infrared (right) light. Bottom row: XRF spectra of the ink (black) 
and of the support (grey).  
 
In the second example, we have applied reflectography screening and Raman analysis to a 
fragment excavated in Dime, which, however, is unfortunately undated. Both tests have 
shown that the inks are of the carbon type. A routine XRF mapping, however, revealed the 
presence of the element lead (Pb) in the inscription on the verso side of the fragment. Lead is 
present in a relatively high amount and is clearly associated with the ink. It seems to us, 
therefore, that lead-containing ink was not such a great rarity. It escaped notice only because 
XRF screening of inks doesn’t belong to the ink analysis protocol.  
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Fig.4: Ink study of the Dime fragment. Top row: comparison of the ink under illumination in the visible (left), 
near infrared (middle), and Raman spectrum that unequivocally proves that here we are dealing with carbon ink 
(right). Bottom row: micrograph of the area subjected to XRF analysis (left) and distribution of lead (Pb) in the 
fragment (right). No other elements have shown a correlation with the inscription. 
 
In the third example, a Greek fragment from the Byzantine era, we also see the presence of 
lead (Pb). In this case, however, we measure minute amounts of lead both in the writing 
support and in the ink, which suggests that this element came from the water used to prepare 
both papyrus and ink. Note that amount of lead in the inscription exceeds the amount of lead 
in the papyrus writing surface. Therefore, lead belongs to contaminants that would be 
characteristic of the area of production rather than storage. 
 
3. Conclusions 
When we manage to analyze precisely which minerals are found in a papyrus and to compare 
them with regional soil compositions, it will be possible to determine the sites of production. 
In this way, we can not only read ancient trade and transport routes, but also determine a 
papyrus’ previously unknown origin. Another result of the investigations consists in 
recognizing and determining the inks and washes, which not only contribute to learning the 
origin of a manuscript, but especially to dating it. In addition, this method allows us to 
distinguish forgeries from originals. 
 
4. Note on instrumentation 
To determine the ink typology, we used a three-color USB microscope (Dino-lite AD413T-
I2V). We performed XRF analysis with a portable ELIO (XG Lab) spectrometer with an Rh-
tube at 40kv and an interaction spot size of 1 mm. The element maps were obtained with a 
high-resolution imaging spectrometer M6 (Bruker GmbH) that is equipped with a Rh-tube. 
The measurements were conducted at 50 kV, 100 µm interaction spot and 100msec dwelling 
time.  
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Fig.5: Greek text from the Byzantine era. Top: comparison of the ink under illumination in the visible (left) and 
near infrared (right) spectra. Bottom row: micrograph of the area subjected to XRF analysis (left) and the 
distribution of lead (Pb) in the fragment (right). In this case, the element lead (Pb) traces the structure of the 
substrate as well as the script. 
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