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Shorter Notices 

Analysis of Writing Materials in 
Middle Persian Documents 

Part I 

The discussion of the physical characteristics of 
Middle Persian documents at the University of 

California, Berkeley, by this writer at the meeting 
of the 5th European Society of Iranian Studies, 
held in Ravenna, Italy, in 2003, left unanswered 
the questions of the composition and character 
istics of the ink, textile, and leather as writing 
materials.1 The present paper addresses these 

questions in light of recent scientific analyses 
conducted by Dr. Kathleen Martin and her asso 

ciates, at McCrone Group Associates, Inc., West 

mont, Illinois. The results of these analyses are 

presented as Part II of this paper. 

Summary of Earlier Studies 

The collection of Middle Persian documents at 

Berkeley, also referred to as the Pahlavi Archive 
at Berkeley, was anonymously donated to the 

University of California's Bancroft Library in 
2001 and 2002, and comprises over 260 parch 
ment/leather and textile manuscripts, 82 of 
which still bear one or more clay bullae stamped 
with impressions of seals. The collection is cur 

rently being classified by Philippe Gignoux and 
Rika Gyselen in preparation for their eventual 

publications and for the digitization of the docu 

ments and bullae for a Bancroft Library website.2 

This substantial corpus of Pahlavi manuscripts 
was probably even more extensive prior to its 

acquisition by the Bancroft Library, as evidenced 

in the strong similarities between manuscripts 
and bullae at Berkeley and those from a number 

of smaller collections.3 It is hoped that further 

paléographie studies of the documents in the col 

lection will eventually provide greater precision 
in our knowledge of their provenance and of their 

date, which is now placed on the basis of C14 
tests from the seventh to the eighth (at 68 per 
cent confidence) or the seventh to ninth century 
(at 95 percent confidence).4 

The documents so far studied and read by Phi 

lippe Gignoux appear to be economic texts, writ 
ten on roughly rectangular and triangular shaped 
manuscripts that vary in measurement from 
about 15" x 14" to 3" x l".5 The method of prepa 
ration of the documents intended for transmis 
sion was as follows. The document was closed 
into a small rectangular packet after it was rolled 

up, folded, wrapped with a string, and knotted. 
A moist clay pellet, the bulla (usually 2" to 3" x 
1" to 2 cm), was then pressed over the knot and 

stamped with one or more seals. Although all the 
documents in the Berkeley collection had been 

opened prior to their acquisition by the Univer 

sity of California, their method of closure and 

sealing is demonstrated by a similar document 
that had remained unopened, now in the collec 
tion of the Free University, Berlin.6 Notable in 
the documents at Berkeley is the attachment of 
the bulla below the bottom line, often in the 
center of the page. 

Occasionally several documents, each bearing 
a bulla below the bottom line, are bound to 

gether at the top center of the page with an ad 
ditional bulla stamped with one or more seal 

impressions (fig. 1-a). It is speculated that the 

binding and sealing of multiple documents, each 
with the closure seal still preserved below the 
bottom line, may be attributed to the archivist 

who thus organized and recorded original copies 
of documents. 

Analysis of Samples 

Random samples of ink and fabrics used as writ 

ing materials, and samples of other miscellaneous 
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fabrics acquired with the collection were submit- ity.14 Surviving Middle Persian documents from 

ted for analysis in 2005.7 the Archduke Rainer's collection in Vienna also 

Whereas samples 1, 2, 5, and 6 were taken include several documents described as parch 
from the documents and from unattached bul- ment and two of leather that are dated to a.d. 

lae,8 samples 3 and 4 were taken from a textile 619-629, the last years of the Sasanian dynasty 
fragment and from a piece of unraveled yarn in- when it ruled over Egypt.15 
eluded in the collection. However, these and 
other miscellaneous items,9 acquired with the Linen. The identification of the writing material 

collection, may be unrelated to the documents. in 27 of the documents at Berkeley as linen (bast 
fibers, the most common of which are linen and 

hemp), rather than silk as earlier believed, is per 
Ink. The composition of the ink on random haps to be expected since linen is known to have 

samples of the Middle Persian documents at been used as a writing material in earlier times 

Berkeley is carbon-based, specifically lamp black, in both Egypt and China.16 
rather than iron gall, according to Dr. Martin's The fabric in all 3 linen samples (samples #2, 
McCrone Associates' findings.10 The most com- 5, and 6) is shown to be a 1:1 plain weave, with 
mon black pigments, represented by lamp black both warp and weft direction in a Z twist. The 
of various sorts and a natural black earth, are use of the Z-spun warp, which is notable in Per 
not mentioned in an early Islamic treatise on sian woolen and silk weaves attributed to the 

bookbinding, written by Mu'zz ibn Badis (ca. Sasanian period,17 evidently continued in various 
a.d. 1025), presumably because their preparation weaves along the Silk Road into early Islamic 
was too well known to be included among the times. It is found, for example, in the weaving 
more complex ink recipes listed by that author.11 technique of the undyed and bleached linen leg 
Lamp soot, or lamp black, was produced by gath- gings, excavated at Moshchevaja Ballca, in the 

ering soot from inside a chimney constructed northern Caucasus (between the Black and Cas 
over a four-wick lamp that burned linseed oil. pian Seas), in the collection of the Hermitage 
The soot was then sieved and subjected to fur- Museum, St. Petersburg, and dated to the eighth 
ther treatment to produce a fine powder. Gum to the tenth century.18 
Arabic was commonly used as a binder, with The textile documents in the collection at 

glair as an alternative.12 Berkeley are generally cut into a roughly trian 
The presence of clay minerals in the ink gular shape, with the widest part at the top of 

samples from the Middle Persian documents the document and the sharpest angle below the 
under study, noted by Dr. Martin's McCrone bottom line.19 Woven linen cloth, manufactured 
Associates' findings, may well be explained by from home-grown flax, used as writing material 
the method of the preparation and storage of for correspondence and record keeping in Sasa 
the ink. nian Iran, was a readily available and economi 

cal substitute for other writing materials, such 
as the relatively rare Egyptian papyrus and costly 

Parchment and Leather. Although al-Nadim, a parchment and leather. The discovery of speci 
tenth-century Islamic source, observes the ear- mens of linen cloth used as writing material in 
lier use by Persians of sheep, buffalo, and oxen Sasanian Iran is of interest in that it now offers 
skins as writing materials, goat and sheep skins tangible evidence of the transfer of linen as a 
were evidently the usual materials of early Is- writing material by Persians to Arabs in early Is 
lamic parchments.13 Indeed, 1 of the 3 fragments lamic times. Moreover, linen rag, which was first 
used as writing material and submitted for used in papermaking in China from perhaps as 

analysis (sample 1), under magnification appears early as the second century b.c.,20 was the essen 
to be parchment prepared from goat or kid skin, tial ingredient in the production of the earliest 
identified by the hair fibers (fig. 2). Goatskin, paper in the Islamic world. This was the re 
which has a different fiber size and network nowned Samarqand or Khorasan paper, intro 
structure from sheep and cow hides, is a superior duced there from China in the eighth century, 
writing material due to its softness and flexibil- which came into general use in the Eastern Is 
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lamic lands before it spread to the Western cellulosic (plant-based) rather than silk, as had 
lands.21 been expected. PLM examination identified three 

Guitty Azarpay of these fragments to be composed of bast fibers, 
the most common of which are flax and hemp, 
and two of the fragments as cotton. The bast 
fiber fragments were all woven cloths in a 1:1 

Part II plain weave, with both fill and warp directions 
in a Z twist (figs. 3-a, b). 

The Pahlavi Archive, currently housed at the Accurate characterization of ancient materials 

University of California at Berkeley, a collection is often of great importance as it can clear up 
of Middle Persian bullae and manuscripts dating misconceptions about the nature of these mate 
to the early post-Sasanian period, discussed in rials and can influence decisions regarding con 
Part I of this article, was presented as writing servation and storage.24 
surfaces composed of leather and silk. However, J. G. Barabe, K. A. Martin, and A. S. Teetsov 

none of the materials had been subjected to sci 
entific testing to verify their nature. Here, we 

describe the analysis of a random selection of 
document fragments using several micro-analyt- Part III 

ical techniques. 
One of the document samples consisted of Conclusion 

three fragments of stiff, warped, tan-colored ma 
terial with ink markings on one face. Examina- The following conclusions may be drawn from 

tion by light microscopy revealed the presence the analyses of the Middle Persian writing mate 

of hair fibers, indicating an animal origin for rials in the Berkeley collection. The ink used to 

the document (fig. 1-b). Comparison of hair fi- write the documents is carbon-based lamp black 

bers from the document fragment was made to (rather than iron gall ink), a common black 

fibers from a domestic U.S. goat, which were pigment used in ink making through Islamic 

found to be very similar. Comparison was also times. A leather fragment, randomly selected 

made of collagen fiber bundles removed from from among the Berkeley documents, is parch 
the document fragment to collagen bundles from ment manufactured from goat or kid skin, a su 

samples of modern sheep, calf, and goat parch- perior writing material due to its softness and 

ment.22 Collagen bundles from goat parchment flexibility. Finally, the textile used as a writing 
were found to be most similar to the collagen material in the Berkeley collection is in fact 

from the document (figs. 2-a, b). In addition, UV- linen, rather than silk as earlier believed, 

fluorescence examination of the document frag- This author wishes to express deep gratitude 

ment, as well as other tests, supported the iden- for the cooperation and expertise of Dr. Kathleen 

tification of the material as parchment rather Martin and the scientists at McCrone Group As 

than leather.23 Thus, this document material ap- sociates, Inc., towards the resolution of a number 

pears to be goat-based parchment. of persistent questions about the composition of 

The ink on the document fragment was ex- the writing material in Middle Persian documents 

amined by PLM, Raman spectroscopy, and SEM- under study. In a more detailed report of the re 

EDS, all of which support an identification of suits of their analyses, sent to this writer on Au 

carbon ink rather than iron gall ink. Further- gust 15, 2005, Dr. Martin noted that the analysis 

more, the ink morphology was highly suggestive of the fabric samples examined by McCrone As 

of a lamp black rather than a charcoal black pig- sociates found white crystals on the surface of 

ment. A higher incidence of clay minerals in the the fabric around some of the inked areas that 

ink compared to the underlying substrate sug- appear to be calcium sulfate (gypsum), a common 

gests the possibility that the ink was manufac- mineral. This important observation suggests the 

tured or stored in a clay pot. use of a sizing technique in the preparation of the 

An initial analysis by infrared spectroscopy of linen cloth as a writing material, which was thus 

five other document fragments found them to be made relatively impermeable and resistant to the 

Guitty Azarpay 

J. G. Barabe, K. A. Martin, and A. S. Teetsov 
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Fig. 1-a. Leather document (Middle Persian docu 

ment #43) in the collection of the Bancroft Li 

brary, University of California, Berkeley. Photo: 

Courtesy of the Bancroft Library. 
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Fig. 1-b. Fragment of a leather document in the 

collection of the Bancroft Library showing hairs. 

Photo: McCrone Associates, Inc. 

Figs. 2-a, b. Collagen bundles removed from document fragment (a) and modern goat parchment (b). 
Photo: McCrone Associates, Inc. 

Fig. 1-b. Fragment of a leather document in the 

collection of the Bancroft Library showing hairs. 

Photo: McCrone Associates, Inc. 

Fig. 1-a. Leather document (Middle Persian docu 

ment #43) in the collection of the Bancroft Li 

brary, University of California, Berkeley. Photo: 

Courtesy of the Bancroft Library. 

Figs. 2-a, b. Collagen bundles removed from document fragment (a) and modern goat parchment (b). 
Photo: McCrone Associates, Inc. 
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Figs. 3-a, b. Bast-fiber document fragments with markings. Photo: McCrone Associates, Inc. 
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Figs. 3-a, b. Bast-fiber document fragments with markings. Photo: McCrone Associates, Inc. 

spreading of the ink. It is hoped that future analy 
ses of the ink samples by these scientists may re 
veal whether the ink was used with an admixture 
of a gum, which according to the early sources 
was a customary practice that was designed to 

impart an adhesive quality to the ink. 

Guitty Azarpay Guitty Azarpay 
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