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Foreword of the Austrian Commission for UNESCO
GruBworte der Osterreichischen UNESCO-Kommission

The region Hallstatt-Dachstein/Salzkammergut was inscribed on the UNESCO World Heritage List in 1997. The decision
was taken in appreciation of the more than 2.500 years of history of this Austrian cultural heritage with its major archaeo-
logical and spelaeological sites, but also with due regard to the picturesque appearance of the region characterised by its
variable alpine landscapes and their rare fauna and flora. By its admission of the region to its List, UNESCO recognised
the salient importance and uniqueness of the Hallstatt culture and its artefacts for all of humanity.

By its Convention concerning the Protection of the World Cultural and Natural Heritage (1972) and the Convention for
the Safeguarding of the Intangible Cultural Heritage, passed in 2003, UNESCO wishes to draw the world’s attention to the
cultural treasures of humankind and to call for their preservation.

A part of this cultural heritage that is to be preserved for posterity is the important textile finds from the Hallstatt culture.
Even though less spectacular and less well-known than the pyramids of Gizeh or the Chinese Wall, they are nevertheless
of an artisanry and skilfulness that make them key witnesses of everyday life 3.000 years ago and thus equal to the monu-
mental buildings included in the World Heritage List.

The Austrian UNESCO Commission is therefore pleased to sponsor the conference of “Hallstatt Textiles” organised by
the Austrian Society for Textile-Art-Research, the Vienna Museum of Natural History and the University of Applied Arts
Vienna, Department of Archaeometry, and wishes the meeting much success and interesting finds.

Die Region Hallstatt-Dachstein/Salzkammergut wurde 1997 in die Liste des UNESCO Weltkultur- und -naturerbes aufge-
nommen. Ausschlaggebend dafiir war die iiber 2.500 Jahre bestehende Kulturlandschaft mit bedeutenden archdologi-
schen und speldologischen Fundstdtten, aber auch das pittoreske Landschaftsbild der Region, das von abwechslungsrei-
chen alpinen Landschaftsformen mit seltener Fauna und Flora geprdgt ist. Mit der Eintragung anerkennt die UNESCO
die herausragende Bedeutung und Einzigartigkeit der Zeugnisse der Hallstattkultur fiir die gesamte Menschheit.

Mit der verabschiedeten Internationalen Konvention zum Schutz des Kultur- und Naturerbes von 1972 wie auch mit der
2003 verabschiedeten Konvention zum Schutz des Immateriellen Kulturerbes mochte die UNESCO weltweit die Aufmerk-
samkeit auf die kulturellen Schdtze der Menschheit lenken und fiir deren Bewahrung eintreten.

Teil dieses kulturellen Erbes, das fiir die Nachwelt iiberliefert werden soll, stellen auch die bedeutenden Textilfunde der
Hallstattkultur dar. Auch wenn sie nicht so spektakuldr und bekannt wie die Pyramiden von Giseh oder die Chinesische
Mauer sind, sind sie aufgrund der hohen Kunstfertigkeit als bedeutende Zeugnisse der Alltagskultur vor 3.000 Jahren den
Monumentalbauten auf der Welterbe-Liste an Wert gleichzusetzen.

Die Osterreichische UNESCO-Kommission hat daher gerne die Schirmherrschaft iiber die Tagung ,, Hallstatt-Textilien *“—
veranstaltet von der Gesellschaft zur Forderung der Textil-Kunst-Forschung, dem Naturhistorischen Museum Wien und
der Universitdt fiir Angewandte Kunst Wien, Abteilung Archdometrie — iibernommen und wiinscht der Tagung viel Erfolg
und interessante Ergebnisse.

Gabriele Eschig
Generalsekretdrin
Secretary-General
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Preface of the Editors
Vorwort der Herausgeber

The aim of this publication is to provide an overview of the first Symposium on the Hallstatt textiles which was held in
June 2004 in the picturesque village of Hallstatt, Upper Austria. The theoretical framework for this publication is derived
from the various papers, poster sessions and exhibitions which contributed to a fuller understanding of the rich Hallstatt
textile heritage.

The region of Hallstatt was inscribed on the UNESCO World Heritage List in 1997. Hallstatt’s cultural heritage is based
on over 7.000 years of continuous salt-mining. Extensive trade in the ‘white gold’, enabled this small community to deve-
lop into a metropolis during the ‘Hallstatt Period’. Although there would appear to be no remains visible on the surface of
the dwelling in the high valley, deeper penetration of the pre-historic mines, reveals a true treasure trove of artefacts such
as miners tools, bowls, remains of food and most importantly textiles of a sophisticated structure. These artefacts provide
a key witness to the everyday life of the miners of Hallstatt 3.000 years ago.

The Austrian Society for Textile Art Research (TKF) in co-operation with the Natural History Museum, Vienna and the
University of Applied Art, Vienna, initiated and co-ordinated this symposium with the aim of bringing Hallstattt textiles
to an international platform. This symposium focused on :

* The study of over 200 textiles from the prehistoric salt-mines, particular fibre, structural, dyestuff and element analysis.
* Comparison of the Hallstatt textiles with those excavated in the neighbouring village of Hallein-Duernberg.

* The influence of the Hallstatt textiles not only within the region but also within a indo-european context.

This symposium offered the possiblity for Austrian researchers to interact with fellow specialists from around the world
and to take part in the on-going excavation work in the prehistoric mines.

The close co-operation with all parties involved in the study and excavation of prehistoric textiles, resulted in a successful
and fruitful symposium. The willing support of the UNESCO Commission Austria at an early stage in this project was
particularly beneficial and was a source of inspiration to all those involved.

Das archdologische Erbe einer tiber 7.000 jdhrigen Geschichte der Salzgewinnung in Hallstatt, die von der Steinzeit bis
in die Gegenwart reicht, war einer der Griinde fiir die Aufnahme der Region Hallstatt 1997 in die Liste des UNESCO
Weltkultur- und -naturerbes. Salz war aber nicht nur Wiirze - sondern damals eine der wenigen Moglichkeit Lebensmittel
iiber lingere Zeit zu konservieren und somit von eminenter Bedeutung fiir das Uberleben. Der iiberaus lukrative Handel
mit dem "weifsen Gold" lief3 den Ort in der "Hallstatt-Zeit" zu einer internationalen Metropole in den Alpen werden, wo
man mit Kunstsinn die Kultur ferner Lénder schitzte und Luxusgiiter importierte.

Eine bedeutende Stelle nehmen dabei die Gewebefunde ein. Sie gehoren weltweit zu den dltesten Textilien und zeichnen
sich durch raffinierte Gewebstechniken und Feinheit aus. Sie sind bedeutende Zeugnisse der Alltagskultur vor 3.000 Jah-
ren und ihr Musterschatz bis zum heutigen Tag von hohem dsthetischen Anspruch. Die Gesellschaft zur Forderung der
Textil-Kunst-Forschung, das Naturhistorische Museum, Wien und die Universitdt fiir angewandte Kunst griffen als Orga-
nisatoren diese Themenstellung auf und waren sich mit den Zielvorgaben des 1. Symposium iiber Hallstatt-Textilien der
vielschichtigen Aufgabenstellung bewuf3t:

* Neben der Erfassung und Bearbeitung der iiber 200 textilen Fundobjekte nach gewebs- und textiltechnischen Kriterien,
sollte auch der Analyse der verwendeten Farbstoffe ein besonderes Augenmerk gewidmet werden.

* Eingebettet in die archdiologische Perspektive sollten die Textilien der Hallstattzeit in Kontext mit den Textilfunden aus
dem benachbarten Hallein/Diirrnberg gebracht werden, diese Fragmente aus der La Tcne Zeit wurden unter sehr dhnli-
chen Fundumstdinden geborgen.

* Der Versuch einer Standortbestimmung im geographischen und historischen Rahmen zu prdihistorischen Textilfunden
der benachbarten Kulturkreise, die in einen Dialog und Erfahrungsaustausch mit internationalen Experten fiihren.
Nicht zuletzt sollte dieser internationale Erfahrungsaustausch fiir die teilnehmenden Studenten Ansporn sein, sich der Er-
forschung, dem Studium und der Konservierung von prdhistorischen Textilien in verstirktem Mafe zu widmen.

Ganz besonders méchte ich mich fiir die enge und intensive Zusammenarbeit bei den veranstaltenden und unterstiitzenden
Institutionen und bei den zahlreichen ehrenamtlichen Helfern bedanken, die dieses erste Hallstatt-Textil-Symposium zu
einem so erfolgreichen Abschluf3 fiihrten. Die wohlwollende Férderung diese Projekts durch Fr. Gabriele Eschig von der
Osterreichische UNESCO Kommission und die Zusammenarbeit mit Dr. Mona Mairitsch, UNESCO, waren eine wichtige
und friihzeitige Bestdrkung, sich dieser lohnenswerten Aufgabe zu widmen.

Peter Bichler
Gesellschaft zur Forderung der Textil-Kunst-Forschung
Im Namen der Herausgeber

il
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Hallstatt — eine Einleitung zu einem sehr bemerkenswerten Ort

Anton Kern

Abstract

Die Salzgewinnung ab der frithen Jungsteinzeit macht die Region rund um Hallstatt zu einer der dltesten Kulturlandschaf-
ten in Osterreich. Beriihmt und bekannt ist der kleine Ort am Hallstitter See vor allem aber als namengebender Fundort
fiir eine bedeutende Kulturepoche der europiischen Geschichte — der Alteren Eisenzeit. Zeitlich umfasst das bekannte
préhistorische Gréaberfeld die gesamte Hallstattkultur von ca. 800 v. Chr. bis 450/400 v. Chr. und weist dadurch ein weites

Spektrum an Funden auf.

Production of salt from early Neolithic on is the cause to one of Austria’s oldest cultural landscapes in the region around
Hallistatt. This little village near to the Lake Hallstatt is also famous to be the eponymous place for an important period in
Europe’s history, for the Early Iron Age. The remarkable prehistoric graveyard spans the complete Hallstatt-Culture from
around 800 until 450/400 B.C. and shows a wide spectrum of archaeological finds.

Einleitung

Eisen war das neue, vieles verindernde Element im Zeit-
raum zwischen 800 und 450 vor Christus, und dennoch
trigt diese Altere Eisenzeit als Bezeichnung keinen mar-
kanten Fundplatz der frithen Eisenindustrie. Es war das
Salz — Hall -, das dieser friihen Epoche der europédischen
Kulturgeschichte den Namen gab, benannt nach dem
Fundort Hallstatt am stidwestlichen Ende des Hallstétter
Sees, wo in einem engen Hochtal (Fig. 1 und Plate 2) iiber
dem kleinen Ort ab der Mitte des 19. Jahrhunderts die fas-
zinierenden archdologischen Funde zu Tage kamen.

Seit dieser Zeit ist Hallstatt das Ziel verschiedenster wis-
senschaftlicher Untersuchungen, und nach tiber 150-jéh-
riger Forschungsarbeit liegen umfassende, teilweise iiber-

raschende Erkenntnisse {iber eine der interessantesten Mi-
kroregionen Europas vor. Schon lange vor der Hallstatt-
kultur verstand es der Mensch, in diesem unwirtlichen al-
pinen Gebiet Salz zu fordern. Die ersten Anfénge reichen
bis in das 5. Jahrtausend vor Christus zuriick, eine Haue
aus Hirschgeweih und mehrere Steinbeile belegen den
Versuch, in dieser Friihzeit der mitteleuropédischen Besie-
delung an das begehrte Salz zu gelangen. Noch wissen wir
nicht, ob die Menschen der Jungsteinzeit wirklich an das
feste Kernsalz kamen; die oben beschriebenen Werkzeuge
wurden ,,nur* im ausgelaugten Haselgebirge — dem was-
serundurchldssigen Schutzmantel fiir das Salz, bestehend
aus Ton, Lehm und Erde — 60 m tief bei Ausbauarbeiten in
einem Stollen gefunden. Der Salzabbau im Berg ist ab
dem 14. Jahrhundert vor Christus nachgewiesen. Am Aus-
klang der Mittleren Bronzezeit zeigt sich eine bereits voll

Fig. 1: Hallstatt: Hochtal am Salzberg mit Grabungsflachen (© Naturhistorisches Museum Wien, Prahistorische Abt.).
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entwickelte, ausgereifte Technik, Salz im groflen Stil zu
fordern. Wihrend der Hallstattkultur erreichte die Gewin-
nung von Salz einen ihrer Hohepunkte, jedoch durch eine
Umweltkatastrophe scheint diese wirtschaftliche Bliite im
4. vorchristlichen Jahrhundert ihr jihes Ende gefunden zu
haben. Erst in den letzten hundert Jahren vor Christus ge-
lingt es den keltischen Bewohnern dieser Region, die Salz-
gewinnung wieder aufzunehmen, wobei aber andere Be-
reiche des Hochtales zum Abbau erschlossen werden. Wie
die reichen Funde aus Hallstatt-Lahn schlieBen lassen,
haben auch die Rémer bzw. romanisierte Kelten in den
folgenden Jahrhunderten Salz im Hochtal gefordert, erst
ab der Volkerwanderungszeit versiegen die Nachweise
einer Salzindustrie. Die Geschichte des ,,modernen Salz-
bergbaues beginnt mit dem Hochmittelalter, ab dem bis
heute im Laugverfahren das ,,weile Gold* aus dem Hall-
statter Salzberg gewonnen wird.

Forschungsgeschichte

Kein Archdologe, sondern ein Bergmeister legte 1846 den
Grundstein fiir die nachfolgenden wissenschaftlichen Té-
tigkeiten. Unter Johann Georg Ramsauer (Fig. 2a) wurden
ab diesem Jahr bis 1863 nahezu 1.000 Gréber freigelegt,
die — wie sich spéter herausstellte — die gesamte Zeitspan-
ne von ca. 400 Jahren der Hallstattkultur umfassten. Ram-
sauer erkannte sofort die Wichtigkeit der Fundstiicke und
nahm unverziiglich Kontakt zu Museen in Linz und Wien
auf, die ihm auch erste Anweisungen zum Umgang mit
den ,,Antiken* ibermittelten. Die umfassende Ausbildung,
die Ramsauer in der Salinenschule genossen hatte, kam
thm nun zu Gute und er dokumentierte und beschrieb so-
wobhl die einzelnen Funde wie auch — auBlergewohnlich fiir
die damalige Zeit — die Fundsituationen der einzelnen Gré-
ber. Von mehreren Bestattungen lieB Ramsauer Zeichnun-

Fig. 2: Forscher in Hallstatt: a: Johann Georg Ramsauer, der erste Ausgréber des Hallstatter Graberfeldes. —
b: Isidor Engl, Ausgraber und Zeichner. — c: Ramsauerprotokoll mit frihen Funden
(© Naturhistorisches Museum Wien, Prahistorische Abteilung).

2



Anton Kern: Hallstatt — eine Einleitung zu einem sehr bemerkenswerten Ort

Fig. 3: Graberfeld Hallstatt: Aquarellmalerei von I. Engl (© Naturhistorisches Museum Wien, Prahistorische Abteilung).
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Fig. 4: Friedrich Morton, Ausgraber am Graberfeld und in
Hallstatt-Lahn (© Naturhistorisches Museum Wien, Pra-
historische Abteilung).

gen anfertigen, die dann als Aquarelle umgesetzt wurden
(Fig. 3 und Plate 1). So blieben der Urgeschichtsforschung
wertvolle Dokumente zur Entdeckung des Graberfeldes in
breitem Umfang erhalten. 1863 dachte Ramsauer, das Gré-
berfeld sei erschopft, da an den damaligen Randbereichen
die Dichte der Gréber deutlich abnahm. Dies stellte sich
jedoch schon kurze Zeit spéter als Irrtum heraus, als nach-
folgende Ausgraber wieder im Gréberfeld fiindig wurden,
aber nicht mehr so erfolgreich waren wie Ramsauer. Einer

der bedeutenderen Epigonen, Isidor Engl (Fig. 2b), hatte
schon unter Ramsauer gearbeitet und war damals fiir die
meisten Bilddokumentationen verantwortlich. Er setzte
die Tradition Ramsauers fort, und auch von ihm sind uns
wissenschaftlich nutzbare Aufzeichnungen erhalten.
Durch erste Publikationen von Friedrich Simony und Edu-
ard v. Sacken fand die Fachwelt Zugang zum umfassenden
Fundmaterial und 1874 verwendete Hans Hildebrand erst-
mals den Begriff ,.groupe de Hallstatt fir den Zeitraum
der Alteren Eisenzeit in Mitteleuropa.

1877 beginnt auch die enge Verbindung zwischen Hallstatt
und dem Naturhistorischen Museum in Wien, als der Erste
Intendant des Hauses, Ferdinand v. Hochstetter, Ausgra-
bungen im Hochtal durchfiihrte. Ebenfalls erfolgreich ver-
liefen die archdologischen Untersuchungen unseres Hau-
ses 1886 unter Josef Szombathy, der in der Steinbewah-
rersolde tiber 10 Gréber freilegte.

Zu Beginn des 20. Jahrhunderts lief die GroBherzogin von
Mecklenburg auf den Wiesen des Hochtales arbeiten, das
Inventar von 26 Grdbern kam nach ihren Tod in den
Kunsthandel und wurde vom Peabody-Museum der Har-
vard-Universitit in Cambridge, Massachusetts, erworben.
Die letzten erfolgreichen ,,Altausgrabungen® fanden unter
Friedrich Morton (Fig. 4) in den Jahren 1937 bis 1939
statt, wobei beachtliche 61 Gréber vor allem der jlingeren
Belegungsphase des Gréberfeldes als wissenschaftliches
Ergebnis verblieben.

Die neuen Untersuchungen auf dem Griberfeld begannen
1994 mit einer Rettungsgrabung am Nordrand des bekann-
ten Friedhofes, als eine neue Druckleitung im Hochtal ver-
legt wurde. Seitdem finden regelméfig Ausgrabungen im
Griberfeld statt, bis 2003 erbrachten die Arbeiten iiber 70
Griber. Gemeinsam mit den archdologischen Untersu-
chungen im Berg stellen die Tatigkeiten im préhistori-
schen Friedhof einen sehr wichtigen Forschungsschwer-
punkt der Préhistorischen Abteilung dar, was zuletzt auch
zur Errichtung einer Aufenstelle in der ehemaligen alten
Bergschmiede fiihrte. Mit Unterstiitzung der Salinen Aus-
tria konnte ein Industriebau des spiten 19. Jahrhunderts
saniert und ausgebaut werden und dient nun als Basis fiir
samtliche Arbeiten im Gebiet um Hallstatt (Fig. 5).

Fig. 5: Neuere Forschungen im Salzbergtal: links: Alte Schmiede, AuRenstelle des NHM in Hallstatt. — rechts: moderne Aus-
grabung im Gréberfeld (© Naturhistorisches Museum Wien, Prahistorische Abteilung).
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Fig. 6: Hallstatt: Plan des Graberfeldes im Salzbergtal von Johann Georg Ramsauer
(© Naturhistorisches Museum Wien, Prahistorische Abteilung).

Das Hallstatter Graberfeld

Mit den nun nahezu 1.500 Grébern zdhlt das Hallstitter
Gréberfeld (Fig. 6) zu den groBen Friedhofen der Hallstatt-
kultur. Auf engstem Raum am Ostausgang des Hochtales
drangen sich dicht an dicht die einzelnen Bestattungen,
wobei es oft zu Uberschneidungen, Uberlagerungen und
Zerstorungen alterer Graber durch jiingere kommt. Sehr
deutlich zeigten sich diese Befunde in den letzten Arbei-

ten, wo auf rund 150 m” iiber 70 Grabanlagen zum Vor-
schein kamen. Durch die neuen Erkenntnisse lassen sich
auch mehrere zweifelhafte ,,Grabzusammensetzungen®
Ramsauers erkldren, die ebenfalls durch vermischte Gra-
ber entstanden waren. Der schon durch die Altgrabungen
vorliegende birituelle Charakter in der Grablegung besti-
tigte sich, nur verdnderte sich das Verhéltnis von Brand-
zu Korperbestattungen von 45:55 bei den ,Altgrabern’ auf
ca. 60:40 bei den Neuausgegrabenen.
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Fig. 7: Hallstatt Graberfeld: Bronzegefal3e aus dem Protokoll von Ramsauer (© Naturhist. Museum Wien, Prahist. Abt.).

Auch die Beobachtung der sozialen Differenzierung im
Bestattungsmodus konnte weiterhin bestdtigt werden, im
Verhiltnis zu den Korperbestattungen zeichneten sich die
Brandbestattungen durch reichere Beigaben aus. Hatte vor

allem Ramsauer reiche Brandgréaber mit zahlreichen Bron-
zegefdflen im Fundgut (Fig. 7), so wird die Gruppe der rei-
chen Brandgriber (Plate 1/3) in den jiingst gegrabenen
Flachen durch iippig ausgestattete Keramikservice ge-
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Fig. 8: Hallstatt Graberfeld, Brandgrab 18: links: wéahrend der Freilegung. — rechts: nach der Restaurierung
(© Naturhistorisches Museum Wien, Prahistorische Abteilung).

préagt, wobei bis zu 25 Tongefdle als Proviantgeschirre
beigegeben wurden (Fig. 8). Auffallend ist nach wie vor
die duflerst geringe Anzahl an Urnenbestattungen, wobei
auch hier das Verhéltnis zwischen Alt- und Neugrabungen
von 5:3 bei liber 1.400:ca. 75 Gréber neu zu bewerten ist.
Die primére Ausrichtung der Korperbestattungen (Plate
1/4) ist West-Ost, der Tote ruht in Riickenlage, der Scha-
del ist nach Osten gerichtet. Dazu gibt es Abweichungen
in der Orientierung auf Stid-Nord, wo der Kopf ebenfalls
nach Nord ausgerichtet ist. Bei den Neugrabungen konnte
diese Anomalie bei einer Gruppe bestehend aus fiinf Frau-
en beobachtet werden, die auf relativ engem Raum bestat-
tet waren. Zu diesen Graborientierungen gibt es weiters
Abweichungen in der Korperhaltung, hauptsichlich durch
abweichende Lagen der Extremitéten, z.B. eine Bestattung
in extremer Hockerstellung im Jahr 2002.

Im Vergleich zu anderen Gréberfeldern der Hallstattkultur
konnen die Bestatteten als reich bezeichnet werden. Aus-

gestattet mit zahlreichen Proviantgefden, Mischgefdflen
aus Bronze, oder einzigartig angefertigten Schalen und
Schiisseln, spiegelt sich in den Beigaben das Vermdgen im
realen Leben. Dazu gesellen sich luxuriose Gegensténde,
anfertigt aus seltenen und wertvollen Rohmaterialien wie
Elfenbein, Bernstein und Glas.

In Hallstatt gibt es eine Anzahl kunstvoller Elfenbein-
schnitzereien, die schonsten Stiicke umfassen die so ge-
nannten ,Pilzkndufe’ (Abb. 9a) fiir das typische Hallstatt-
schwert, die iiblicherweise entweder aus Holz oder aus
Bronze angefertigt waren. Aus dem Gréberfeld sind uns
wahre Meisterwerke erhalten, die dariiber hinaus auch
noch mit kunstvollen Einlagen aus Bernstein verziert sind.
Ob das Elfenbein seinen Ursprung in Afrika oder in Asien
hat, kann mdglicherweise demnéichst mit einer Isotopen-
untersuchung geklart werden; Handel tiber Zwischensta-
tionen hinweg ist aber in beiden Richtungen moglich. Im-
portierte GlasgefdBe aus dem Caput Adriae (Abb. 9b) zdh-

Fig. 9: Hallstatt Graberfeld: a: Elfenbeinknauf fir Hallstattschwert. — b: Glasschéalchen, um 600 v. Chr., Import aus Oberita-
lien (© Naturhistorisches Museum Wien, Préhistorische Abteilung).
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Fig. 10: Hallstatt Gréaberfeld: links: Brandgrab eines Kriegers mit Eisenschwert, Beilen aus Bronze und méachtigen
Eberhauern — rechts: Detail des Eisenschwertes mit durch die Oxidation des Metalles konservierten Geweberesten
(© Naturhistorisches Museum Wien, Prahistorische Abteilung).

len zu den dltesten ihrer Art im zentralen Europa nérdlich
der Alpen.

In den Gridbern finden sich jedoch nur Teile des urspriing-
lichen Reichtums, denn fast alles, was aus organischen
Stoffen bestand, ist vergangen, zerfallen und verrottet. Nur
sehr wenig wissen wir z.B. liber die Stoffe und den daraus
angefertigten Kleidern; vereinzelte Funde aus Fiirstengra-
bern der Hallstattkultur an anderen Fundplitzen beweisen
aber eine weite Bandbreite an kostbaren Textilien und
kunstvoll angefertigten Kleidungsstiicken. Aus Hallstatt
selbst sind — im Gegensatz zu den reichen Textilfunden aus
dem Salzbergwerk — aus dem Gréberfeld keine Textilreste
der Bekleidung erhalten geblieben, jedoch an manchen
Schwertern und Dolchen aus Eisen sind durch die Oxidati-
on des Metalls Gewebestrukturen einwandfrei konserviert
(Fig. 10). Urspriinglich diirften moglicherweise 6l- oder
fettgetrankte Bénder um die Waffen gewickelt worden
sein, um diese vor allzu schneller Verrostung zu bewahren.

Genau so bedeutend wie die liberaus differenzierte Zusam-
mensetzung des Fundgutes ist die Laufzeit des Gréberfel-
des, die die gesamte Hallstattkultur von ihren Anfangen
um 800 vor Christus bis zum Ende um 450/400 vor Chris-
tus umfasst. So beinhalten die dltesten Graber noch For-
men, die der ausklingenden Bronzezeit zuzuordnen sind,
wiahrend die jiingsten Gréber bereits der Stufe La Tene A
angehoren.

Den Reichtum in ihren Gridbern haben die Menschen im
prahistorischen Hallstatt einzig allein dem Salz zu verdan-
ken. Dieser Schatz aus dem Innern der Erde prégte nicht
nur das Leben der Menschen in der Hallstattzeit, sondern
auch schon frither und dann auch spéter. Eine der Aufga-
ben der Archdologie ist es, diese einzigartige Lebenssitua-
tion in einem extremen Gebiet zu erforschen und aus dem
groBartigen Fundus an organischen und anorganischen
Hinterlassenschaften die Geschichte des Hochtales tliber
Hallstatt — zumindest teilweise — zu rekonstruieren.
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Fig. 11: Zeit- und Fundtabelle fiir Hallstatt (© Naturhistorisches Museum Wien, Prahistorische Abteilung).
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Die prahistorischen Salzbergbaue in Hallstatt und ihre Textilreste

Hans Reschreiter

Abstract

In Hallstatt gibt es eine 7.000-jihrige Salzproduktionstradition. Aus der Bronzezeit und der Eisenzeit sind die Uberreste
der riesigen Abbauhallen bekannt, in denen noch heute, durch das Salz bestens konserviert, der prahistorische Betriebsab-
fall zu finden ist. Neben gebrochenem Werkzeug und unzihligen abgebrannten Kienspanen beinhaltet dieses sogenannte

»Heidengebirge“ auch viele sehr gut erhaltene Textilreste.

Hallstatt is one of the major ,,salt-sites * in the eastern Alps. Its importance is mainly based on the 7.000 years old traditi-
on of salt-production. Bronze Age and Early Iron Age mining activities resulted in enormous exploitation galleries. The
mining activities led to the formation of layers called “Heidengebirge” enclosing broken tools, countless spills of spruce
and fir used as torches, food remains and many textile fragments.

Auf den ersten Blick hat Hallstatt mit Textilien nichts zu
tun. Mit dem Namen verbindet man vielmehr Salz, Ar-
chdologie sowie eine ganze Epoche der europdischen Ge-
schichte'.

Alles begann mit einer steilen Wiese am Hallstétter Salz-
berg (Plate 2), die zwischen dem 8. und 4. Jahrhundert v.
Chr. als Friedhof genutzt wurde. Auf dem Areal dieses ur-
geschichtlichen Bestattungsplatzes stiel man bei neuzeit-
lichen Bodeneingriffen immer wieder auf ,,Antiquitéten®.
Die ersten Berichte iiber derartige ,,Auffindungen* gibt es
bereits am Anfang des 18. Jahrhunderts®.

Der erste, der erkannt hatte, dass diese Objekte nicht zufal-
lig und regellos im Boden ,,wachsen®, und stattdessen die
Relikte eines prahistorischen Friedhofs sind, ist der Berg-
meister Johann Georg Ramsauer’. Ein GroBteil der Aus-
grabungen im weltberiihmten Gréaberfeld ist ihm zu ver-
danken. Seine exakte naturwissenschaftliche Ausbildung
als Bergmann, seine Beobachtungsgabe, seine Faszination
und nicht zuletzt sein Ehrgeiz und sein Geltungsdrang be-
wirkten, dass er bereits vor iiber 150 Jahren archéologi-
sche Ausgrabungen auf hohem Niveau durchfiihrte. Die
aullergewohnlichen Funde machten Hallstatt bald in der
Fachwelt bekannt und schlussendlich zum namengeben-
den Fundort der élteren Eisenzeit.

Bei seinen Arbeiten im Griberfeld stiel Ramsauer nie auf
préhistorische Stoffreste. Dennoch liegt der Schliissel zu

1 Letzte Zusammenstellungen des aktuellen Forschungsstandes in:
Barth und Lobisser 2002. — St6llner 1999.

2 Riezinger 1995.
Siehe Beitrag A. Kern.
Barth 1990.
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den Textilfunden aus dem Bergwerk im Gréberfeld. Bei
seinen Nachforschungen im Friedhof stie8 er sehr haufig
auf griin patinierte Bronzeobjekte — die Grabbeigaben
(siche Beitrag Kern, Fig. 7). Und genau diese Griinfarbung
kannte er auch von manchen Stellen des Heidengebirges
im Bergwerk. Er schloss, dass das Griin im Berg auch auf
verwitterte Bronze zuriickzufiihren sei und begann daher
an einer dieser ,,griinen Stellen* im Berg gezielt nach ,,Al-
terthiimern zu suchen. Es war dies die erste intentionelle
Fundgewinnung in der Grube.

Ramsauer wihlte fiir seinen Versuch das Kernverwésse-
rungswerk. Er lieB nicht mit Bergeisen nach den Funden
suchen, sondern ein Spritzwerk wurde eingerichtet. Dabei
wurde ein feiner Wasserstrahl an die Wand gerichtet. Die-
ser 16ste das Salz langsam auf, alle darin enthaltenen Ein-
schliisse wurden freigeschwemmt und konnten aufgesam-
melt werden.

Das detaillierte Protokoll mit Abbildungen Ramsauers
dieser Aktion aus dem Jahr 1849 blieb erhalten (Plate 4)*:
»Von 12ten bis Ende August 1849 aufgefunden das
Bruchstiick eines thonernen / Topfes mit Prigung No 9,
zwei Stiick mit Menschenknochen no 10, Ein Stroh / ge-
[flechte mit Holzstiicken 11 alles im reichen Salzgebirge.
No 12 Eine 13/4 Zoll / breite Halsschleife deren Stoff halb
von Wollen und halb von Pferdeharren besteht. / No 13,
14, 15, 16, 17 und 18 mehrere Stiicke verschiedenartige
Wollenstoffe / deren Arbeit von Kennern bewundert, den
neuesten Wollstoffen in der / Bearbeitung gleich gehalten,
und wenn nicht diese in ganzen Salzgebirge einge / schlos-
sen wdren, dief3 als eine Tduschung erkldrt wiirde.* Auch
iiber 150 Jahre spiter haben diese ersten Textilfunde aus
dem Bergwerk nichts von ihrer Faszination eingebiif3t.
Einige Nachfolger Ramsauers versuchten, an seine Erfol-
ge anzukniipfen, sowohl im Gréberfeld, als auch im Berg-
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werk — meist nur mit bescheidenem Erfolg. Immer wieder
aber waren es Bergleute, die die Archéologie im und am
Berg vorantrieben oder zumindest am Leben erhielten. So
waren Stapf und Hutter die ersten, die versuchten, die in
der Grube verstreuten Fundstellen zu katalogisieren und
zu ordnen’. Thre Gruppeneinteilung wurde dann von Aig-
ner und Schauberger ausgebaut und erginzt’. Eine ausge-
dehnte Untersuchung eines in sich zusammengestiirzten
bronzezeitlichen Schachtes im Appoldwerk forderte wei-
tere Textilreste zu Tage’.

1960 war fiir die Archdologie im Berg ein Richtung wei-
sendes Jahr. Angespornt durch die Vorarbeiten von Schau-
berger und Kromer (Die erste komplette Vorlage aller
Funde aus dem Griberfeld)®, und durch das Interesse der
Betriebsleitung, wurde vom Naturhistorischen Museum
Wien mit gezielten archéologischen Ausgrabungen in der
Grube begonnen.

Als Stelle wurde das Kilbwerk gewdhlt, das durch den
Fund des ,,Mannes im Salz*“ 1734 zu Beriihmtheit gelangt
war. In der Schilderung der Auffindung dieser préhistori-
schen Bergmannsleiche, haben wir die édlteste erhaltene
Beschreibung von Textilien aus dem Hallstétter Salzberg:
gy eenee nebst deme hat man in solchem Nidergang Himmel
einen nadierlichen Corber von ainem Totten menschen ge-
sehen, welcher muedtmaslich und deme ansechen nach,
vor mehr als 400 Jahren muef3 verschidtet sein worden,
massen Selbiger in des Gebirg follig verwachssen, doch
sicht man noch von seinem rockh etlich flockh, wie auch
die S.V. Schuech an denen fiiefSen und dises Verursachet in
der wohr ain seehr yblen Geruch, welcher sich Schon vor
disem nidergang hat verspiren Lassen. .....* Von der Klei-
dung und den Schuhen dieses hallstattzeitlichen Bergman-
nes blieb leider nichts erhalten — sie wurden gemeinsam
mit dem Toten im Friedhof bestattet und sind inzwischen
langst vergangen.

Als die Grabungen 1960 begannen, war die Datenbasis
recht bescheiden. Man kannte drei Konzentrationen von
Fundpunkten in der Grube und ging mit Sicherheit davon
aus, dass diese Bergbauspuren mit dem Gréberfeld zeitlich
gleichzusetzen seien, d.h. in die Hallstattzeit zu datieren
sind.

Da durch den Laugwerksbetrieb das Salz aus dem kerni-
gen Heidengebirge geldst wird, bleiben nur die Funde,
vermischt mit dem unlésbaren Lehm als Werkslaist im
Laugwerk liegen, wodurch eine Anreicherung an Funden
entsteht. Aus diesem Grund konnten im Kilbwerk — die
Fundanreicherungen waren durch den barocken Laug-
werksbetrieb verursacht worden — bereits in den ersten
Grabungsjahren eine betrachtliche Anzahl neuer Textilres-
te geborgen werden.

Sehr bald wurde versucht, die Gliederung der Funde in der
Grube typologisch zu verfeinern und die bisherige Eintei-

Hochstitter 1882: 65-72.

Schauberger 1960.

Hochstatter 1882. — Barth und Neubauer 1991.
Kromer 1959.
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lung durch neu entwickelte naturwissenschaftliche Metho-
den (Dendrochronologie und '*C-Datierung) zu iiberprii-
fen.

Nach dem Kilbwerk stellte das Griinerwerk lange einen
Schwerpunkt der Untersuchungen in Hallstatt dar. Bereits
die ersten '*C-Daten waren eine groBe Uberraschung. Sie
belegten das bronzezeitliche Alter dieses Schachtbaues.
Die Fund- und Befundumstéinde verhinderten zwar die
Entdeckung neuer Textilien, ermdglichten jedoch die
Struktur des bronzezeitlichen Bergbaues in Hallstatt {iber
weite Strecken zu kldren.

Angeregt durch die Funde aus Ramsauers Spritzwerk von
1849 wurde beschlossen, das Kernverwiasserungswerk er-
neut aufzufahren. Im Heidengebirge wurden viele weitere
Textilreste entdeckt und das erste Mal ein kompletter
Querschnitt durch eine hallstattzeitliche Abbauhalle ergra-
ben. Es handelt sich dabei um eine beinahe waagrechte
Halle, die vom (heutigen) Stiigerwerk iiber das Kernver-
wisserungswerk mindestens bis zum Kilbwerk reicht und
damit mehr als 170 m lang ist. Auergewdhnlich war je-
doch nicht die Lange, sondern die Hohe von bis zu 20 m
bei einer Breite von nur 10 bis iiber 20 m.

Von den bekannten Fundpunkten her ist die Versuchung
grof3, zumindest drei dieser riesigen Abbaurdume tiberein-
ander zu postulieren'.

1990 wurde der Schwerpunkt der Forschungsarbeit in das
Christian-Tuschwerk, alter Grubenoffen verlegt. Es han-
delt sich um einen bronzezeitlichen Bergbau, der im Re-
vier der hallstattzeitlichen Bergleute angesiedelt ist. Was
die rdumliche Nahe zwei zeitlich und strukturell so unter-
schiedlicher Betriebe bedeutet, sollen die Untersuchungen
der nichsten Jahre kldren.

Im Christian-Tuschwerk wurden bisher fast ,nur“ sehr
grobe, wahrscheinlich ungefirbte'' Textilien entdeckt, die
von uns als Fragmente von Fordersécken interpretiert wer-
den.

Der Gro8teil der textilen Kleiderreste stammt aus den hall-
stattzeitlichen Abbauhallen, vornehmlich dem Kilb- und
Kernverwisserungswerk.

Woher stammen nun die tiber 200 Textilien? Sie wurden
fast alle im so genannten "Heidengebirge" gefunden.
Diese einzigartige Gebirgsbildung kommt nur im Salzberg
vor und ist bislang nur aus Hallstatt und dem Diirrnberg
bei Hallein bekannt. Primér handelt es sich um wieder ver-
festigten prahistorischen Betriebsabfall. Alles, was an
Werkzeugen oder Gerdten zu Bruch ging oder nicht mehr
bendtigt wurde, blieb einfach an Ort und Stelle liegen. Im
Lauf der Zeit entstand so ein Bodensatz, der mehrere
Meter Héhe erreichen kann'?. In der Hauptmasse befinden
sich in dieser "Dreckschicht" abgebrannte Kienspéne, die
zur Beleuchtung in der Grube dienten. Eine weitere sehr

9 Barth 1989.

10 Barth 1982a: 31-43.

11 Es liegen bislang keine Farbstoffanalysen dieser Textilgruppe vor.
12 Barth 1987: 205-224.
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grofle Fundgattung stellen bei der Arbeit gebrochene Pi-
ckelstiele dar. Die Sattigung dieser Schicht mit Salz fiihrt
zu Erhaltungsbedingungen fiir organische Materialien, die
in unseren Breiten einmalig sind. In diesem Milieu existie-
ren keine Mikroorganismen, die die Fundgegensténde zer-
setzen konnten. Daher bleiben die weggeworfenen, verlo-
renen oder vergessenen Gerdte und Gegenstinde unver-
sehrt, auch jene aus organischem Material, und ,,warten*
auf die Archdologen. Vergleichbare Erhaltungsbedingun-
gen gibt es nur noch im Permafrostboden und in ariden
Gebieten.

Unter ,,normalen® Bedingungen bleiben fiir Archdologen
in unseren Breiten Textilien nur durch Metallsalze konser-
viert sowie in Mooren oder unter Wasser erhalten.

Geschichte des prahistorischen
Salzabbaues in Hallstatt

Die bisher dlteste am Berg nachgewiesene Salzproduktion
um 5.000 v. Chr. diirfte sich auf die Nutzung von Quellsole
beschrankt haben. Wann man zur bergménnischen Gewin-
nung des Salzes iibergegangen ist, ldsst sich zu diesem
Zeitpunkt noch nicht sagen.

Der bronzezeitliche Bergbau

Die ersten Spuren eines Bergbaues stammen aus der so ge-
nannten Nordgruppe, (Griinerwerk und Appoldwerk) und
aus dem Christian-Tuschwerk alter Grubenoffen. Alle drei
Fundstellen datieren in das 14. bis 10. Jahrhundert. v. Chr.
und stellen die Uberreste von groBen Schachtbauen dar.
Alle bisherigen Aufschliisse ergeben folgendes Bild: Die
taube Deckschicht aus Lehm, die den Berg in einer Méch-
tigkeit von 30-70 m iiberlagert, wird mit einem Schacht
durchfahren, bis man im darunter liegenden Haselgebirge
auf reines Steinsalz stoft. Dieses Kernsalz wird dann ent-
weder in Abbauhallen flachig ausgebeutet, oder es wird
ihm in groBen Stollen nachgegangen. Ist eine Lagerstitte
erschopft, wird der Schacht auf der Suche nach neuen
Kernsalzbandern weiter abgeteuft. Das Abbaugerit ist ein
Bronzepickel mit einem langen Stiel aus Buchen- oder Ei-
chenholz.

Mit diesem Werkzeug wurde hauptsédchlich kleinstiickiges
Salz, so genanntes Hauklein, gebrochen. Aulerdem wurde
versucht, grofere Platten zwischen zwei parallelen
Schramrillen zu brechen oder den natiirlichen Verbruch
mit langen Brechstangen zu forcieren. Als Betriebsabfall
bleiben hauptséchlich Kienspane und gebrochene Pickel-
stiele und andere unbrauchbare Gerédte auf der Sohle der
Stollen und Abbauhallen zuriick. Aus diesen Riickstdnden
lassen sich auch die Arbeitsschritte rekonstruieren, die auf
das Brechen des Salzes folgten.

13 Barth 1998: 123-128.
14 Barth 1992:121-127.
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Das Hauklein wurde mit Kratzen aus Holz in halbe Kiibel,
so genannte Schwingen gezogen"’ und mit diesen in spe-
zielle, aus ungegerbter Rinderhaut gefertigte, Tragsé
cken'® gefiillt. Damit wurde das Hauklein zu den Schéch-
ten gefordert. Da die Tragevorrichtung der Tragsécke so
konstruiert ist, dass man sie ohne sie abzunehmen entlee-
ren kann, haben wir einen Hinweis auf eine eigene Trager-
oder Tragerinnengruppe in der Grube und damit in weite-
rer Folge ein Indiz fiir Arbeitsteilung (und kontinuierli-
chen Arbeitsablauf) im Berg. Beim Schacht angelangt,
wurde das Salz vermutlich in groe Sécke aus Wolle um-
gefiillt, die dann mit Hilfe von dicken, aus Lindenbast-
streifen geschlagenen Seilen' durch den Schacht in die
néchste Etage gezogen wurden. Von dort ging es durch den
nichsten Schacht weiter nach oben, bis schlie3lich die
Oberfliche erreicht wurde. Uber die Verpackung des Hau-
kleins fiir den weiteren Transport in die Absatzgebiete
wissen wir noch nichts. Am ehesten sind aber textile Sdcke
oder Hautschlduche anzunehmen.

Der Bodensatz besteht im Christian-Tuschwerk fast aus-
schlieBlich aus organischen Gegenstédnden und ist nur mit
wenig Salz, Gips und Ton vermischt (Plate 3/A).

Die meisten bekannten Stellen des bronzezeitlichen Berg-
baues wurden planmiBig stillgelegt. Uber das Ende des
Christian-Tuschwerkes lédsst sich beim momentanen For-
schungsstand noch nichts endgiiltig sagen.

Auftillig ist, dass aus dem Christian-Tuschwerk trotz der
bisher iiber 50 m langen Grabungsstollen fast nur grobe
Textilreste aufgefunden wurden, bei denen es sich um
Fragmente von Fordersdcken handeln konnte. Es gibt erst
2 feinere Textilreste, die als Uberbleibsel von Kleidungs-
stiicken interpretiert werden konnten. Durch diesen Um-
stand unterscheidet sich das Christian-Tuschwerk von jiin-
geren Fundstellen.

Reste von Fordersdcken fanden sich an vielen bisher un-
tersuchten Stellen im Christian von Tuschwerk auch etli-
che Meter entfernt vom Schacht, wo sie urspriinglich zum
Einsatz gekommen sein diirften. Diese Textilien sind nicht
als primére Reste von groen Fordersacken anzusprechen.
Da wir nur kleine Fragmente finden, gehen wir davon aus,
dass die Sdcke am Ende ihrer Lebenszeit zerrissen und
diese Fetzen dann an anderen Stellen in der Grube verwen-
det wurden. Wir haben bisher aber keinen direkten Hin-
weis darauf, fiir welchen Zweck diese Stoffstiicke einge-
setzt wurden.

Der hallstattzeitliche Bergbau

Im hallstattzeitlichen Bergbau wurde die Produktion
grundlegend umgestellt. Der Zugang zur Lagerstitte er-
folgte nicht mehr tiber vertikale Schéchte, sondern man er-
reicht das Kernsalz durch schrige Schiirfe. Hatte man das

15 Locker und Reschreiter 1998: 125-132.
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Steinsalz erreicht, begann man, dem Kernstreichen (den
Kernsalzschichten entlang) folgend, horizontale Abbau-
hallen anzulegen. In diesen wird nun nicht mehr kleinstii-
ckiges Hauklein, sondern grof3es Stiicksalz produziert. Die
gebrochenen Salzplatten sind herzformig. Die Vorgangs-
weise kann mit dem Brechen von Miihlsteinen verglichen
werden. Man schramte mit dem Bronzepickel eine tiefe
Rille, die den Umriss der gewiinschten Salzplatte vorgab
und brach anschliefend das Innere los. Diese Abbautech-
nik ist durch den Fund von zwei halben Salzplatten und
durch die Negative der bereits abgeldsten Platten im Stii-
gerwerk'® belegt. Wie diese in manchen Fillen weit iiber
100 kg schweren Salzplatten in weiterer Folge transpor-
tiert wurden, ist unklar — eine Verpackung in Stoffsicken
oder Taschen ist auf Grund der Grof3e und des Gewichtes
unwahrscheinlich.

Der beim Schriamen der Rillen anfallende SalzgruBl blieb
als Produktionsabfall in der Grube zuriick. Dadurch ent-
stand ein vollig anderer Bodensatz als im bronzezeitlichen
Bergbau. Das so genannte kernige Heidengebirge der
Hallstattzeit besteht fast nur aus wiederverfestigtem Salz-
grufl mit wenigen darin eingebetteten weggeworfenen Ge-
genstinden (Plate 3/B). Auch hier stellen natiirlich die ab-
gebrannten Kienspane die Hauptmasse der Funde dar. Da-
neben sind wieder viele gebrochene Pickelstiele, abgebro-
chene Pickelspitzen und Gegensténde des ,.tdglichen Le-
bens* in dieser Dreckschicht erhalten geblieben. Scherben
von groflen TongefdBen, die Reste groBer Feuer und ein
Kochloffel belegen, dass in der Grube gekocht wurde.
Durch die gefundenen Exkremente ldsst sich auch der
Speiseplan der Bergleute rekonstruieren.

Im Gegensatz zum bronzezeitlichen Betrieb haben wir in
der Hallstattzeit Hinweise auf die im Berg arbeitenden
Menschen. Die Auswertung der Skelette aus dem Gréber-
feld'” deutet an, dass alle am Berg Bestatteten in den Ar-
beitsprozess eingegliedert waren. Diese These wird durch
die im Bergwerk aufgefundenen Schuhe unterstiitzt. Eini-
ge weisen ca. die (heutige) SchuhgroBe 30 auf, wurden
also von Jugendlichen oder Frauen getragen.

Die Siedlung im Hallstitter Hochtal nimmt durch ihre
Lage eine Sonderstellung ein. Gebunden an die Salzla-
gerstitte liegt der Ort abseits jeder Moglichkeit, Ackerbau
oder Viehzucht in einem Ausmal zu betreiben, das die Ei-
genversorgung ermoglichen wiirde. Somit waren die Berg-
werksbetreiber auf Versorgung von Auflen angewiesen.
Auch der Import von Kleidungsstiicken und/oder deren
Vorstufen ist anzunehmen. Ohne weitere Untersuchungen
ist es nicht moglich festzustellen, wo die Fertigung der
Textilien stattfand. Bemerkenswert ist, dass die in der
Grube gefundenen Wollstoffe in der Mehrzahl die Reste
von tiberdurchschnittlich feinen Textilien darstellen. Hier-
in scheint sich auch der Reichtum der Griber wiederzu-
spiegeln.

16 Barth 1982b.
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Es ist dies ein weiterer Hinweis, dass es in der Grube un-
terschiedliche Aktivitdtszonen gab — und, dass bei man-
chen Titigkeiten Textilreste anfielen, die dann auch im
Dreck liegen blieben. Welches diese Arbeiten waren, ist
bislang unklar.

Auch die in den riesigen Abbauhallen der Hallstattzeit ge-
fundenen Textilien sind als die Reste von ,,Fetzen anzu-
sprechen, die bereits in sekundédrer Verwendung in die
Grube kamen. Wir gehen nicht davon aus, dass der Ver-
schleil der ,,Arbeitskleidung™ fiir die Anwesenheit von
Textilien im Berg verantwortlich ist. Denn zum einen ist es
unwahrscheinlich, dass man sich in den grofen Hallen
haufig (durch Héngenbleiben am Fels oder an spitzen Ge-
gensténden) das Gewand zerriss. Zum anderen schlielen
wir aus, dass die Arbeitsabldufe im Berg zu einem derarti-
gen Verschleif3 der Kleidung fiihrten.

Wir haben bisher keine Hinweise, dass in engen Stollen
oder Kliiften wie im Kupferbergbau in Salzburg gearbeitet
wurde. Auf Grund der Lagerstitte ist dies auch nicht anzu-
nehmen. Auch wenn die Textilien ,,nur* die Reste von Fet-
zen sind, zeigen sie, dass es offensichtlich kein, oder fast
kein sehr grobes Gewand in Hallstatt gab, das man hétte zu
Fetzen zerreilen kdnnen, nachdem es abgetragen war. Es
erscheint nicht schliissig, dass die Arbeit zwar in groben
Kleidern verrichtet wurde, jedoch nur die Fetzen des
Festtagskleides* in die Grube gelangten.

Was den Verwendungszweck dieser Textilreste angeht,
haben wir auch aus der Hallstattzeit nur wenige Hinweise.
Dadurch dass etliche Stiicke in ldnglicher Form vorliegen
und einige noch Knoten aufweisen, kdnnen wir sie mit
etwas Vorsicht als Bindematerial ansprechen. Fiir andere
Funktionen liegen bisher noch keine Belege vor.

Ahnlich wie im bronzezeitlichen Bergbau lassen sich auch
in den groBlen eisenzeitlichen Hallen unterschiedliche
Funktionsbereiche erahnen.

Der tiberaus erfolgreiche Industriebetrieb der Hallstattzeit
diirfte in der Mitte des 4. Jahrhunderts v. Chr. durch eine
gigantische Massenbewegung im Hochtal ein abruptes
Ende gefunden habe. Grof3e Teile des Tales wurden meter-
hoch verschiittet und die Stollen vernichtet.

Der Diirrnberg bei Hallein diirfte dann fiir einige Zeit den
Markt beherrscht haben. Der Hallstétter Bergbau erholte
sich jedoch nachweislich und produzierte bis in romische
Zeit. Die Uberreste dieser Produktionsstitten (Westgrup-
pe) sind leider nicht mehr zugénglich.

Im Lauf der Zeit hat der Berg alle Hohlrdume wieder ge-
schlossen und die Spuren préhistorischer Aktivititen ge-
16scht. Der Salzberg ist ein amorphes Gestein und kann
daher durch den Bergdruck wieder ,,zusammenflieBen®.
Alleine der Betriebsabfall, der Bodensatz der urspriingli-
chen Stollen und Abbauhallen, liegt nach wie vor unverin-
dert im Berg eingebettet. Bisher gibt es keine Prospek-
tionsmethoden, um dieses Heidengebirge aufzuspiiren.

17 Pany 2003.
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Daher ist unsere Kenntnis des vorgeschichtlichen Berg-
baues auf jene Bereiche beschrankt, wo der neuzeitliche
Bergbau zufillig auf diese alten Abbauspuren gestof3en ist.

Auch die beiden Fundpunkte mit den meisten Textilfun-
den, das Kilb- und das Kernverwisserungswerk, wurden
erst durch den modernen Laugwerksbetrieb entdeckt. Be-
sonders zu erwidhnen ist in dieser Hinsicht das Kilbwerk.
Das Laugwerk wurde Anfang des 18. Jahrhunderts fast zur
Ginze im kernigen Heidengebirge angelegt. Das Wasser
16ste das Salz aus dem préhistorischen Bodensatz und es
blieben nur die darin eingebetteten unldslichen Bestand-
teile, in der Hauptmasse Kienspéne, sowie auch die Texti-
lien im Schlamm, dem so genannten Werkslaist, auf der
Sohle des Werkes liegen. Diese Fundanreicherung wird
von uns verlaugtes Heidengebirge genannt (Plate 3/C).
Da die Laugwerke zwischen den einzelnen Laugvorgén-
gen befahren und gesdubert werden mussten, ist es nicht
auszuschlielen, dass dabei barocke Textilreste und andere
Gegenstinde ins Werk gelangten und mit den préhistori-
schen Funden vermischt wurden. Daher kénnen Objekte
aus dem verlaugten Heidengebirge erst nach einer natur-
wissenschaftlichen Datierung oder durch formale Krite-
rien gesichert als prahistorisch angesprochen werden.
Noch ein weiterer Umstand macht dieses verlaugte Hei-
dengebirge fiir uns problematisch. Da in diesem ,,Fund-
brei auch die abgebrochenen bronzenen Pickelspitzen lie-
gen, und oxidieren, ist momentan noch nicht geklart, ob
der hohe Kupferanteil in einigen der untersuchten Textil-
proben auf diese Lagerungsbedingungen oder den prima-
ren FéarbeprozeB zuriickzufiihren ist.

Das Bergen der Funde

Da der urspriinglich lockere Bodensatz durch den Berg-
druck wieder zu ,,Gestein* verpresst wurde, ist im Heiden-
gebirge der Presslufthammer das einzige Werkzeug, mit
dem Funde geborgen werden konnen. Diese Vorgangswei-
se bedingt — im Gegensatz zur Arbeit mit Kelle und Pinsel
— dass Funde angeschrammt werden, bevor sie als solche
erkannt und dann freigelegt werden. Daher weisen etliche
Textilreste die charakteristischen viereckigen Locher der
Presslufthammermeifelspitze auf. Aufgrund der unter-
schiedlichen Heidengebirgsarten werden verschiedene
Bergungsmethoden angewandt.

Im kernigen Heidengebirge (Kilbwerk, Kernverwisse-
rungswerk, ....) versucht man, mit dem Presslufthammer
moglichst groBe Stiicke zu brechen, die an den Tag gelie-
fert und dann unter der Waschanlage aufgelost werden.
Dabei werden die meisten Textilfragmente freigespiilt. Da
jedoch beim Schriamen das kernige Heidengebirge hiufig
bricht, wo groflere Objekte eingelagert sind, werden auch
bereits beim Vortrieb Funde freigelegt. Diese werden sorg-
faltig freigelegt und geborgen.

Im Gegensatz zum kernigen Heidengebirge enthidlt das
Heidengebirge aus der bronzezeitlichen Nordgruppe und
dem Tuschwerk fast kein Salz und kann daher auch nicht
aufgelost werden. Die gebrochenen Heidengebirgsstiicke
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werden direkt im Bergwerk nach Funden durchsucht.
Wird schon beim Vortrieb ein Textil entdeckt, wird es frei-
geschramt und im Block geborgen.

The prehistoric Salt-mines at
Hallstatt and its Textile remains

Hallstatt is one of the major ,salt-sites™ in the eastern
Alps. Its importance is mainly based on the longstanding
tradition of salt-mining. Salt production is archaeological-
ly proven around 5.000 before Christ. Intensive mining for
rock salt began at the latest in the 14™ century B.C (Bronze
Age). The Early Iron Age mining activities are archaeolo-
gically of special importance. It resulted in extremely pre-
cious layers of waste. These miners are buried in the well
known cemetery. In the time of Hallstatt salt is being ex-
tracted in enormous exploitation galleries. These caverns
have been proven to be up to 20 m high and far over 100 m
wide. During the mining activities broken tools and salt
were simply left on the floor. This layer contains broken
shafts, countless spills of spruce and fir used as torches
and food remains as well as the textiles that will be studied
in the following presentations. The conservation of the or-
ganic materials (wool, leather, fur and wool) based on the
salt is unique. Because of the excellent preservation it is
possible to study the manufacture and the dyeing of the
textiles.

155 years ago the first archacological investigations in the
mine already uncovered fragments of prehistoric clothing.
Their technical quality caused great excitement. Since
1960 excavations have taken place every year and until
now about 200 fragments of textiles have been uncovered.
The major part dates to the Early Iron Age. In addition the
actual site under study (a Bronze Age mine) yields regular-
ly fragments of woollen textiles, that are thought to be
woollen sacks to carry the salt (carrying bags).
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The Textiles from the prehistoric Salt-mines at Hallstatt

Karina Gromer

Abstract

Hallstatt, due to the exellent preservation of fabric structures in the salt-mines, is a very important site for prehistoric texti-
le research. In the course of this work I want to give an overview of the research projects carried out so far and the partly
already published results. These are completed with new results, especially from the comparison between Bronze Age and
Iron Age finds. Especially in the last years during the excavations in the Bronze Age Christian-Tuschwerk mine many
new textile fragments, often with very interesting structures, came to light. The comparison of Bronze- and Iron Age texti-
les reveal the development of textile techniques during this period and allow some new hypothesis on the interpretation of
the salt-mine textiles.

Dem Fundort Hallstatt kommt besonders auch durch die vorziigliche Erhaltung der Textilien aus dem Salzbergwerk ein
besonderer Stellenwert fiir die préhistorische Textilforschung zu. In diesem Rahmen erfolgt zundichst eine iiberblicksmd-
fige Darstellung der bisher an den Textilien von Hallstatt durchgefiihrten und teilweise schon publizierten Forschungen
und Ergebnisse. Diese werden ergdnzt durch neuere Erkenntnisse insbesondere jene zum Vergleich zwischen den bronze-
und hallstattzeitlichen Funden, da in den letzten Jahren durch intensive Grabungstdtigkeit im spdtbronzezeitlichen Chris-
tian-Tuschwerk neue Textilreste mit interessanten Befundungen zum Vorschein kamen.

Introduction an-Tuschwerk mine belongs to the East Group, its finds
date to the Late Bronze Age Urnfield Culture (1.260-1.020

Hallstatt, the eponymous site for the Early Iron Age Hall-  BC).

statt period (800-400 BC), is a small town situated in the =~ The East Group sites date mainly to the Early Iron Age

Upper Austrian Salzkammergut. The prehistoric salt-  (Hallstatt period, 800-400 BC), but there are some finds

mines and the cemetery are amongst the most important ~ from the Late La Tene period (ca. 200 BC) too. Most of the

prehistoric monuments of Austria, mainly because of mar-  textile remains originate from the Hallstatt period Kilb-
velous finds in the rich graves and of the extraordinary  and Kernverwisserungswerk mines. The mining in the
good preservation of organic materials such as wood, leat-  East Group is contemporary with the world famous Hall-

her and textiles. These items enable us to have a glimpse of ~ statt cemetery.

a world 3.000 years ago, something that in this form is =~ The West Group dates from the La Tene period to Late
hardly possible on any other site in Central Europe. Roman times (110 BC-240 AD), but only a few finds were
The chronology of the Hallstatt salt-mines extends accor-  made here.

ding to the '*C data' from 1.400 BC to 240 AD, from the =~ The textile remains were found throughout the prehistoric
Bronze age to the Roman period. There are three main  salt-mines, most of them in the Hallstatt period Eastern
minig districts: First the Bronze Age North Group, second  Group.

the mainly Hallstatt period East group and finally the late

La Téne West Group. They are distinguished not only by

the finds but also by the different mining techniques. Hi story of scientific research on the

The North Group dates after 1.400 BC (Middle Bronze Hallstatt salt-mines

Age/Late Bronze Age (Urnfield Culture) transition), re-

presented by evidence from the (modern) Griinerwerk and ~ Research at Hallstatt has a long tradition and is therefore
Appoldwerk mines. Although geographically the Christi-  very heterogeneous. We do not have here a single excavat-
ion that covers a particular period of time. The textile re-
mains were found over a period of 150 years under very
varied conditions.

I Compare Stadler 1999, The workers in the modern salt-mines frequently discover-
2 See F. E. Barth 1989. The body had clothes and shoes on when he

. . : ed ancient objects while mining the salt. One of the earliest
was found. He was re-interred in the local churchyard in the year he . ! 2
was discovered. known find is the "man from the salt" found in 1734°. Usu-
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Fig. 1: "Heathen's rock" in the salt-mines containing traces of early man's presence; washing out the artefacts in water.
Heidengebirge im Salzbergwerk mit préhistorischen Spuren; Auswéssern der Funde

(© Naturhistorisches Museum Wien, Prahist. Abteilung).

ally these early finds were not preserved. From 1849 under
Johann Georg Ramsauer people started to pay attention to
the prehistoric finds, namely the wooden and textile ob-
jects. Later, archaeological excavations by the Museum of
Natural History in Vienna took place.

In the early years only larger pieces of fabric were kept;
during modern excavations even every single thread is do-
cumented. Due to the long period of more or less intensive
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research and a large number of different excavation and
conservation techniques the textile finds of Hallstatt are in
various states of preservation”.

3 Compare M. Morelli, in this volume.
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The first known finds of prehistoric textiles date from
1849; they were illustrated in water colours by Isidor Engl
(Plate 4). Important finds were made during the excavat-
ions carried out by the Natural History Museum Vienna
under Fritz Eckart Barth between 1964 and 1995, especi-
ally in the Hallstatt period Kilb- and Kernverwésserungs-
werk, only few from the Bronze Age Griinerwerk during
the campaign 1984-1990. The recent excavations since
1990 under Barth and Hans Reschreiter have been taking
place in the Bronze Age Christian-Tuschwerk, Alter Gru-
ben- offen.

The textiles are found embedded in the salt minerals, the
so called "heathen's rock". This means the hard saltstone
with traces of early man’s presence (artefacts, wood and so
on). During excavation the "heathen's rock" has to be
quarried with pneumatic drill. The artefacts are brought
out of the mine with the salt. To actually get the artefacts
the quarried material has to be dissolved in water (Fig. 1).
The general state of preservation of the textile remains is
excellent in terms of structure and colour compared with
textile finds of the same age from other sites.

Beside the approximately 230 textile fragments* from the
mines we have a few more fragments from the cemetery.
They were preserved by corrosion products from bronze
and iron objects, mostly Hallstatt daggers and scabbards or
La Teéne swords.

Unfortunately during the research over more than 150
years some pieces were lost. Numerous finds from the
Bronze Age Griinerwerk perished in the chaos during the
Second World War. All the textiles, leather and fur objects
found during the campaign of 1927 were brought to Halle
/Saale for analysis. Their fate is uncertain; probably they
were burnt after an air raid.

Another very large piece (1 x 1.4 m) of coarse wool which
was found in 1880 in the Appoldwerk was lost before First
World War.

So far a lot of research has been carried out on the Hallstatt
textiles, especially new investigations since the year 2000.
On nearly all textile fragments a fabric analysis has been
carried out. Hans-Jiirgen Hundt (R6misch-Germanisches
Zentralmuseum Mainz) analysed 109 pieces of textile in
the years 1959-1987°. Katharina v. Kurzynski (Marburg)
examined some 90 pieces, on which some of the results
were published in her thesis®. The author (University Vien-
na, Institut fiir Ur- und Frithgeschichte) specialised on tab-
let-weaving’ and carried out some experiments including
different weaving techniques and also spinning with origi-
nal spindle whorls. The author cataloged the textiles from
the Christian-Tuschwerk. Helga Mautendorfer (University

4 The approximately 230 textile assemblage (some of them consist of
2 or more pieces) divide into 39 Bronze Age complexes, 136 Hall-
statt period complexes and 58 complexes from the Kilbwerk, whose
ageing have to be proved.

5 Hundt 1959, 1960, 1967 and 1987.
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Fig. 2: Grunerwerk, Bronze Age: twill fabric. Képerbindung
(© Naturhistorisches Museum Wien, Prahist. Abteilung).

Vienna, Institut fiir Keltologie) focused on sewing techni-
ques and clothing reconstruction.

Michael Ryder®(Southampton) analysed the wool fibres of
the textiles with regard to their fineness (fibres cross secti-
on) and their original colour (percentage of pigmented fi-
bres), while Penelope Walton Rogers’ (Textile Research
Associates, York) carried out spectroscopic dye analysis
on 7 textile specimens.

Regina Hofmann-de Keijzer (University of Applied Arts
Vienna), Maarten van Bommel (Instituut Collectie Neder-
land) and Ineke Joosten (Instituut Collectie Nederland)
carried out analysis of dyestuffs, mordants and fibres in a
first project in 2002-2004. On the base of their results
Anna Hartl (Vienna) made experiments with dyes in 2003.
The problems of storage, conservation and preservation of

6 Kurzynski 1996. She is working on the Hallstatt period textiles
mainly from the Kernverwisserungswerk mine.

Gromer 2001 and Gromer, tablet-woven ribbons, in this volume.

[ BN

Ryder 2001, with reference to earlier articles.
Walton Rogers 2001.
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Fig. 3: Christian-Tuschwerk, Late Bronze Age: fine dyed
woollen twill fabric.Feines gefdrbtes Wollgewebe in Ké-
perbindung (© Naturhistorisches Museum Wien, Prahist.
Abteilung).

the Hallstatt textiles are the special field of Carine Gengler
(University of Applied Arts Vienna, 2003) and Michaela
Morelli (Kunsthistorisches Museum Wien, 2004).

Bronze Age mining

The Bronze Age salt-mines date back to 1.400 to 900 BC.
Mining in the North Group started in about 1.400 BC. We
know textiles from the Appold- and Griinerwerk dating to
the transition between the Middle Bronze Age to the Urn-
field Culture and from the Christian-Tuschwerk dating to
the Late Bronze Age Urnfield Culture (belonging to the
East Group). Compared with the Hallstatt period textiles,
there is only a small number of finds from the Bronze Age.
14 specimens were found in the Griinerwerk, 20 more
complexes (37 individual pieces) in the Christian-Tu-
schwerk and 2 pieces came from the Appoldwerk (1 is
lost). From the Hallstatt period we know of some 140
(confirmed) specimens so far. We expect the number of
Bronze Age textiles to increase in the light of the recent
and future planned excavations in the late Bronze Age
Christian-Tuschwerk.

The only two fabrics made of flax or hemp'’ (Fig. 2)
amongst the Hallstatt textiles come from the Bronze Age
Griinerwerk; so far as is known, in the Iron Age mines tex-
tiles made of wool were used exclusively.

The favourite weave structure was tabby; there are only
four specimens made in twill (Fig. 2). Two of these were
made from z- spun yarn in flax or hemp. Generally, for the
Bronze Age we only know single yarn, but with varying
twist (s- or z-spun in different combinations). Plied yarn
was not evident in our specimens.

There is evidence for the use of rep starting borders. On
some pieces seams are visible; others have a felted surface
— obviously they were fulled. We do not have any fabrics
with coloured patterns of any kind. The woollen fabrics
often incorporate long coarse hair (kemp), especially the
less fine specimens like the fragments of carrying bags
(hauling bags).

In general the Bronze Age textiles are rather coarse. The
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yarns were usually 1-1.5 mm in diameter, but we also
know of specimens with yarns of 0.3-0.5 mm thread thick-
ness. The thread count lies mostly between 5-10 threads
per cm.

We do not know many Brone Age textiles with details of
construction like seams or edgings, except some evidences
on the carrrying bags (see below).

One very small piece from the Christian-Tuschwerk
caught our attention because of its exceptional fineness
and its unusual weave pattern (Fig. 3). It is an olive dyed
woollen fabric in twill technique with yarns 0.3 mm thick
(the yarns were paired in warp and weft). Where the fabric
disintegrates it becomes evident that the woven textile was
dyed (and not the yarn or the fleece), because the colour
did not go completely into the fibres. The thread count is
about 16-20 threads per cm, which is very high. On the
same fragment a hem is visible.

The carrying bags (Tragsécke or Férdersécke)
from the Christian-Tuschwerk

From the Christian-Tuschwerk we have a number of pie-
ces we want to interpret as remains of carrying bags (Fig.
4). They are woven in tabby with a count of 5/5 threads per
cm’. These textiles were all made of very thick threads bet-
ween 1.5-2 mm diameter in a natural white-brown colour.
This still has to be verified through dyestuff analysis, the
fibres have to be checked, too. So far as it is preserved,
these pieces have a very strong trimming or edging; fre-
quently they used rep for a starting border. Sometimes it is
additionally reinforced with another seam, hem or cords.
Often the surface of the fragments appears strongly felted,;
probably they were fulled or milled before use in order to
strengthen the texture. Fulled fabrics prove to be far more
resistant against mechanical wear; even holes stay confi-
ned and do not enlarge.

The Hallstatt period salt-mines

Most of the textile specimens from Hallstatt come from the
Early Iron Age mines of the East Group. Especially rich
finds were made in the Kernverwiasserungswerk und the
Kilbwerk. Unfortunately it is not possible to establish their
exact age, for radiocarbon dating cannot be used for the
centuries 800-400 BC. Hopefully by employment of new
dendrochronological dating it will be possible to define an
absolute chronology for the Iron Age mines. This would
finally enable us to date our textiles more accurately and
establish a finer chronology.

The Hallstatt period textiles from the salt-mines display a
wide range of different patterns and techniques. We know
a large spectre of thread thickness, textures, thread counts,
colours, weaving techniques and seams. The most com-

10 The fibres of the "carrying bags" from the recent excavations in the
Christian-Tuschwerk still have to be classified.
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Fig. 4: Christian-Tuschwerk, Late Bronze Age: fragments of "carrying bags". Fragmente von "Férdersécken.
Inv. No. 94.113, 94.849, 91.929, 94.053, 92.020 (© Naturhistorisches Museum Wien, Préhist. Abteilung).
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Fig. 5: Hallstatt period salt-mines: twill with warp in plied yarn and weft with paired single yarn. Képerbindung mit Kette in
Zwirn und Schul3 mit doppelt genommenem Garn. Inv.No. 73.337 (based on Hundt 1959, Foto © Naturhist. Mus. Wien).

mon raw material was wool (all of the Hallstatt period
woven fabrics, about 140, are made of wool), but we also
have two single threads spun from flax or hemp from the
Kernverwisserungswerk. One of them is a piece of plied
yarn stitched to a woollen fabric. In addition there were
found three specimens of fabric made of from horse hair''.
The horse hair (Fig. 6) was used for weft on rep and tablet
woven textiles in order to back up the strength of the fabric
to make them more resistant.

Generally the Hallstatt period textiles are very fine and
display a very dense texture. Mostly 0.2-0.5 mm thick yarn
was used; many specimens have more than 15 threads per
cm in warp and weft. Beside these we also know examples
of coarse texture (about 1-2 mm thick yarn and a count of 5
threads), sometimes with irregularly spun yarn.

Generally we could observe many different combinations
of single and plied yarn, either of s- or z-pattern among the
Hallstatt textile specimens. Fabrics with z-spun single

Fig. 6: Hallstatt period salt-mines: ribbon with horse hair as
weft. Band mit RoBhaar als Schuf3. Inv.No. 73.345 (©
Naturhistorisches Museum Wien, Prahist. Abteilung).
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yarn in warp and weft were very popular. Some pieces dis-
play spin-patterns, created by groupwise change of the di-
rection in which the yarn was twisted. Usually they show
alternating groups of s- and z- spun yarn in one system and
single z-yarn in the other. Plied yarn was rarely used; it
comes only with twill.

As in the Bronze Age, here we also have fragments with
felted surfaces. If the felting is very irregular or moderate
it could well reflect just a pattern of continual wear and
use. If a fabric is milled or fulled intentionally, it will be
felted and thickened by using water and mechanical stress.
Usually we find intentional milling only on textiles of
simple weave pattern, such as tabby or simple twill; any
more complex structure would lose much of its effect
through milling.

Weaves

We documented a lot of different weave structures in the
Hallstatt period textiles. Besides the simple patterns like
tabby we also have evidence of panama- or basket weave,
which is a variant of tabby, employing paired warp and
weft threads. There are two fragments where they used
only one weft with a double warp. H. J. Hundt'? called this
technique a “half-basket weave”; according to the CIETA
rules of the Lyon Textile school this fabric is of Louisine or
Gros de Tours pattern’’. Some basket woven fabrics are
very fine employing single yarns of 0.2-0.3 mm in diame-
ter and a count of 30-40 threads per cm.

11 Michael Ryder thinks that in one case this maybe could be pig brist-
les too. Ryder 2001: 223.

12 Hundt 1987: 270, Abb. 4
13 CIETA Fig. 25-26.
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Fig. 7: Fragment Nr. 75.955, transition from basket weave to twill. The fabric displays spin pattern.
Fragment Nr. 75.955, Ubergang von Panamabindung zu Képer: Das Gewebe hat ein Spinnrichtungsmuster
(© Naturhistorisches Museum Wien, Prahist. Abteilung. Drawing based on Hundt 1967).

Twill is the most common weave amongst the Hallstatt pe-
riod textiles. Over 50 % of all textiles show simple diago-
nal twill. A large varieties of twill techniques could be ob-
served, such as herringbone twill or zig zag twill (Plate 8/3
and 11/3) with alternating stripes of different width and
opposing weave directions. Two fragments were made of
lozenge (diamond) twill (Plate 5/2).

Most of the twill fabrics consist of single yarn, but plied
yarn was also used. A few fragments display warp of plied
yarn and weft of paired single yarn (Fig. 5).

One very interesting piece from the Kilbwerk even dis-
plays the transition from basket weave to diagonal twill
(Fig. 7). It is a very fine fabric consisting of 0.2-0.3 mm
diameter yarns and a thread count of 20-30 threads per cm.
The fragment displays yet another effect by the spin-pat-
terns employed.

Fabrics in rep technique were used for starting or side bor-
ders, as indicated by numerous finds. These were usually
produced on a warp weighed loom. In Hallstatt they not
only wove ribbons in rep technique, but also quite large
ribbed pieces as indicated by some artefacts. Another tech-
nique employed in producing ribbons was tablet-weave
(Plate 15).

One fragment of olive dyed wool found in the Kernver-
wisserungswerk sports loops on one side and coloured red
ribbon is sewn to one edge (Fig. 8). The side with the loops
is heavily felted. We believe the loops and the felting ser-
ved for insulation. The Bronze Age coat from Trindhoj
(Denmark)'* displays a very similar superficial structure.
It also sports projecting loops to achieve a felt-like look.
As shown through research by K. Schablow the loops were
produced by inserting single wool flocks into the texture.
The fabric from Hallstatt evidently has inserted wool
flocks too; it does not seem to be a weft-loop fabric. Obvi-
ously the Hallstatt fragment was reused for a secondary
function; for the looped side faces to the opposite direction
from the coloured ribbon (Plate 8/1), which was probably
attached later.
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Patterns

Nearly half of the Hallstatt period textiles from the salt-
mines display patterns of various kinds. The most common
are the shadow- or spin-patterns (Fig. 9). They consist of
sequenced groups of s- or z-spun yarn which reflect the
sunlight differently. Mostly these groups are regular with
6-8 threads of s-yarn and 6-8 threads of z-yarn, but the
grouping can be irregular too. This creates the impression
of a stripe pattern. Spin patterns were usually employed in
one direction (usually the warp), but sometimes in both
warp and weft, thereby creating a checkered pattern effect.
They can be found on simple tabby as well as on basket
weave and twill.

Beside the spin patterns coloured patterns were very com-
mon (Plate 5-7). The usual method employed to decorate
textiles was to use threads of different dyed colour. For
striped textiles (Plate 13/4) which appear very rarely at
Hallstatt groups of differently coloured yarns are used in
warp or weft, however they are arranged. In Hallstatt stri-
pes are irregular.

Pieces which display the use of different colours in warp
and weft for weaving twill, which enhances the pattern ef-
fect of the twill (e.g. herringbone twill), are also known
from the Hallstatt period salt-mines (Plate 6/4).
Especially favoured amongst the coloured patterns were
the checkered designs (Plates 5, 6 and 10). They appear in
numerous variations, types and colours. Sometimes the
use of different colours in warp and weft is combined with
twill variants, such as herringbone twill. The houndstooth
design is also present (Plate 6/2-3 and 9/1). It resembles a
variation of the checkered patterns. Here we have a regular
sequence of colours in warp and weft usually in groups of
4 to 6 threads.

14 Broholm and Hald 1940: 27 ff. — Schlabow 1937: 42, Abb. 60.
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Fig. 8: Textile from the Kernverwasserungswerk with felted surface and loops on one side.
Textilfragment aus dem Kernverwésserungswerk mit verfilzter Oberfldche und Schlaufen auf einer Seite. Inv. No. 90.067

(© Naturhistorisches Museum Wien, Prahist. Abteilung).

An interesting piece of cloth from the Enderwerk shows
marks of repair (Plate 10/1). The prehistoric people had
tried to respect its checkered pattern by inserting a small
piece of fabric.

Beside the striped and checkered designs figured weavings
were also known, especially on narrow rep ribbons and
tablet-woven ribbons.

Ribbons

In Hallstatt border reinforcements on textiles were not
only woven integrally as starting borders but also seperate-
ly produced and attached. These were either woven on
special narrow looms or in tablet-weave technique. The
ribbons can be monochrome or striped (Plate 7). Three of

Fig. 9: Spin patterns: a: spin patterned twill fabric from Hallstatt Inv.No. 73.341. — b: scheme of a spin pattern on tabby. Spinn-
richtungsmuster: a: Kbpergewebe mit Spinnrichtungsmuster aus Hallstatt, Inv. No. 73.341. — b: Schema eines Spinnrich-
tungsmuster an Leinenbindung (a: © Naturhistorisches Museum Wien, Prahist. Abteilung. — b: based on Hundt 1959).
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the tablet-woven ribbons display complex multicoloured
designs (Plate 15) like filled triangles or meanders. Such
multicoloured ribbons were used as decorations and they
were also sewn to textiles with starting-borders (Plate 7/1).
Ribbons were also produced on a simple tape loom. With
this technique a lot of different patterns could be produced
such as stripes or checks. The patterns were created by em-
ploying coloured yarn only in warp. Because of the ribbed
structure of the fabric the weft is not visible and is therefo-
re usually undyed.

Whatever weaving tool was employed, a rigid heddle or a
heddle rod loom (Fig. 10), the results achieved are about
the same, as experiments showed. Unfortunately we have
not found a rigid heddle in Central European Prehistory'”,
because all of these weaving tools are usually made of
wood. The difficulties lie in identifying weaving tools con-
sisting entirely of wood; for wood is hardly ever preserved
on conventional Central European archaeological sites.
Secondly, it is hardly possible to identify a simple small
wooden rod as a rigid heddle unless it is associated with
textile fibres.

For the so-called tape in brocade warp technique ("floating
warp") from the Kernverwisserungswerk a special techni-
que on the tape loom was used. The ribbon (Fig. 11, Plate
7/6) is about 4.2 cm wide and some 80 cm long. It displays
a brownish red check pattern on a blackish brown back-
ground.

The band was woven with a rigid heddle or on a heddle rod
loom, but for this special check pattern additional warp
threads were necessary. They were inserted into the warp
system and were lifted by the use of weft sticks or pattern
rods. There may be some different techniques to get a pat-
tern like this, for examplen an other technique to achieve
such a pattern is the employment of “flying threads”, but
the first way is easier and faster; for the additional threads
are fixed in the warp system.

Seams and hems

Numerous Hallstatt period textile fragments display seams
and hems in various techniques (Plate 10-11), sometimes
two or more fragments were sewn together. These very
probably represent remnants of clothing of some kind.
Larger pieces were found in the Ender- and Kilbwerk
(Plate 9/2-3). Most of the specimen are too small to enable
us actually to reconstruct the precise shape of the clothing.
Helga Mautendorfer has specialised in the problems of
seams, hems and reconstructions, and the present volume
contains an article covering her latest results.

15 A part of a Roman Age rigid heddle was found at South Shields,
Tyne and Wear. It is made of bone and bronze. Wild 1988: 39, Fig.
27.

16 Stadler 1999.
17 Barth 1973: 31 f.

18 The fibres of the textile finds from the Christian-Tuschwerk still
have to be classified.

Fig. 10: Simple band (tape) looms: 1: rigid heddle. —
2: heddle rod loom. Einfache Bandwebgeréte:
1: Webgitter. — 2: Litzenstabweberei (© P. Grémer).

La Tene period salt-mining

In Hallstatt the mines of the West Group date to the La
Téne and the Roman period. The '*C dates are between
110 BC and AD 200'°. It seems as if the main activities
took place during the La Téne period.

There are only a few finds from these mines. Unfortunate-
ly they are not accessible to present research due to the
danger of collapse in the workings. We do not have any
woven fabrics from the LaTéne period mines, the only tex-
tile find known is a single woollen thread from the Peter-
and-Paul-Werk'’. A few more Late Iron Age textiles from
Hallstatt were found in the cemetery where they were pre-
served by corrosion products on iron artefacts like scab-
bards.

General overview of threads and colours

Most textiles consist of wool, as mentioned above'®. Only
two woven fabrics of the Bronze Age and two threads
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Fig. 11: Band with brocade, Inv.No. 73.345: scheme and experimental reconstruction with a weft stick.
Sogenanntes "Broschiertes Band": Schema und experimentalarchdologische Rekonstruktion mit Eintragsstab
(1: © Naturhistorisches Museum Wien, Prahist. Abteilung. — 2: based on Hundt 1959. — 3: © P. Grémer).
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Fig. 12: The warp-weighted loom: A: Archaeological evidence of loom weights at Michelstetten, Lower Austria. — B: Hallstatt
period vessel with an illustration of a warp-weighted loom from Sopron, Hungary. Der Gewichtswebstuhl: A: Archéologi-
scher Befund mit Webstuhlgewichten aus Michelstetten, NO. — B: Hallstattzeitliches Kegelhalsgefél3 mit Webstuhldar-
stellung aus Sopron, Ungarn (A: based on Lauermann 2000. — B: based on Eibner 1986).

from the Hallstatt period were made of flax or hemp. On
three fabrics horse hair was used as weft.

Amongst the 315 yarn specimens from the Hallstatt period
East Group analysed by Michael Ryder'” to characterise
the wool four main fleece types can be distinguished, 55 %
being of hairy medium (primitive hairy) type, 31 % of the
more highly developed generalised-medium (primitive
woolly) type, another 4 % true medium wool and 10 %
semi-fine short wool, both representing "modern" fleece
types. Three specimens consisted of true hairy type wool, a
type that is believed to have developed through the Iron
Age. In addition one specimen (from Ryders' samples)
could be identified as spun from plant fibres and another
two either from pig bristles or horse hair.

The salt-mine textiles were generally spun from fibre of
medium fine quality. The Bronze Age textiles very often
have an addition of kemp especially fabrics of poor quali-
ty. This addition is rarely found in Hallstatt period coarse
textiles, not to mention high quality fabrics. Therefore we
know that well-selected wool was used for spinning, espe-
cially to get the finest yarns.

19 Michael Ryder measured the wool fibres from a yarn. The fibre dia-
meter can give conclusions about the character of the fleece from
which the wool came. His researches do not cover all textiles from
Hallstatt, but about half of them. Ryder 2001: 223 ff.
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One of the questions we are concerned with is the process
of textile production beginning with the preparation of the
wool for spinning. In the primitive sheep types the finer
and coarser wools can be separated if wished by plucking
instead of cutting the wool from the sheep® (both possibi-
lities can be considered for the Iron Age). However it is
possible to spin without any pretreatment; the better the
fleece is prepared, the better the results that can be achie-
ved.

There are two primary methods of preparing the raw wool:
carding and combing. It is the general view that hand-
cards were not used before the Middle Ages®', but the
wool could be picked by hand or beaten to achieve the
same fluffy structure as through carding. Spinning a thread
with a fleece prepared like that gives the effect of carded
yarn. The next essential step for a better preparation is to
comb the wool in order to draw the fibres into one directi-
on. A spun thread of parallel fibres is called combed or
worsted yarn.

Some of the Hallstatt textiles display structures like spin
patterns, which are of such a quality that they are properly

20 Compare Ryder 1969: 498 ff.

21 Hand cards (like in folkloristic use) are wooden boards with tiny me-
tal hooks, on which wool fibres can be teased. The first hand cards
date to the 14" century. Compare Wild 1988.
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Fig. 13: Table of thread diameter. Fadenstérkentabelle
(© K. Gromer).

possible with combed wool; for all the fibres have to lie
parallel. On such textiles (spin pattern done with combed
yarn) stripes are visible because of the alternation of s- and
z-twisted yarns and their different reaction to light. Taking
a close look at the Hallstatt textiles it can be recognized
that we can find both: threads where the single fibres lie
parallel and threads where they do not (those textiles are
made of uncombed wool).

It is possible that the Hallstatt weavers knew about the ad-
vantages or disadvantages of combed or uncombed wool
and could employ these techniques according to demand.
Throughout there are differences in softness, thermal effi-
ciency, water absorption and resistance.

Natural wool pigments like white, brown, grey or black
were employed as well as artificial dyes like red, blue or
yellow. We have examples where either the wool, the yarn
or the ready woven fabric were dyed. It is believed that the
colours faded or changed during their centuries in the salt,
but it is unknown to what degree they were affected. To get
an idea, there are currently experiments taking place along
with dyestuff analysis. The special problems of dyestuffs
on the Hallstatt textiles are the subject of an article from
Regina Hofmann-de Keijzer, Maarten van Bommel and
Ineke Joosten in the present volume.

Differences between the Bronze Age
and Iron Age textiles

The differences between the Bronze Age and Iron Age
salt-mines of Hallstatt are evident in many aspects™, such
as the technique of mining and different systems of mine
organisation. Moreover, different tools were used for mi-

22 Barth 1982: 33 f,, 36 f., Fig. 1,2 and 5.
23 After Eibner 1986: Taf. 2.
24 Lauermann 2000: 20, Fig. 18-19.
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ning as is shown by various artefacts, such as sho-
vels, picks and their wooden shafts, pine-torches for
illumination, the leather items, such as bags, shoes
or caps, and other tools. But how do the Bronze Age
textiles differ from the Iron Age ones?
There are good reasons to presume that the woven
fabrics except the ribbons were produced on the
warp-weighted loom. This is indicated by the pat-
terns of the starting borders found in Hallstatt and
by many finds of looms weights from the Hallstatt
Culture and pictoral evidence like on the “urn from
Sopron”, Hungary”. The Hallstatt period vessel
from Sopron shows an illustration of a person ope-
rating a warp-weighted loom and a person with a
hand spindle (Fig. 12B). At Michelstetten, Lower
Austria®®, the remains of a warp-weighted loom were
found, indicated by 30 weights and postholes in a Hallstatt
period rectangular pit. Such archaeological structures are
usually interpreted as weaving huts. The loom had a width
of about 1.5 m. (Fig. 12A).
It is still possible that besides the warp weighted loom and
the band and tablet-weaving looms other tools were em-
ployed, like tubular looms, as indicated by textile finds
from Denmark®. Such a type of loom is hard to identify;
for it consists entirely of wooden parts without weights of
clay.

To establish the nature of the progress from Bronze Age to
Iron Age textile technology at Hallstatt, first some techni-
cal differences between the Bronze Age and Iron Age tex-
tiles from the salt-mines:

For the Hallstatt textiles a categorization of thread thick-
ness was established (via experiments). This gives some
indication of the quality of the piece (Fig. 13): very coarse
— coarse — medium — fine — extra fine. The finest yarns
found in Hallstatt have a thread diameter of 0.2 mm (this
means about 26 m yarn from 1 g fleece). Fine qualities of
about 0.4 mm thickness have about 13 m yarn from | g
fleece. Medium-fine yarns of 0.5 or 0.7 mm correspond to
10 m/g or 7.5 m/g. To make 1 mm thick yarns one needs
about 1 g fleece for 4.5 m yarn. Coarse qualities are yarns
with 1.5 mm or even greater thread diameter. This is equi-
valent to about 3.5 m of yarn from 1 g fleece.

In the Bronze Age coarse quality yarns were more wide-
spread especially for the "carrying bags", but they also had
yarns of finer quality (Fig. 14). In general the Hallstatt Age
yarns are of finer quality, most being less than 0.6 mm in
diameter. Coarse yarns of 1 mm or even 1.5 mm thickness
are not so common in the Early Iron Age textiles from the
salt-mines.

Following the definition of the thread count for pre- and
protohistoric textiles by Kurt Schlabow? (Fig. 15), coarse
fabrics show 1 to 5 threads per cm, medium to normal qua-

25 Hald 1950: 430 ff.

26 Schlabow 1974: 186. He counts for his definition of the fabric densi-
ties the number of threads on 2 cm in warp and weft.
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Fig. 14: Comparison of the thread diameter represented in the Bronze Age and Hallstatt period salt-mines.
Vergleich der Fadenstérken zwischen der Bronzezeit und Hallstattzeit in Hallstatt (© K. Grémer).

lity 6-10 threads per cm, fine quality 11-15 threads per cm,
and ver fine quality more than 16.

Most Hallstatt textiles are of fine to ver fine quality, accor-
ding to the thread count. The Bronze Age woven fabrics
are of poorer quality, medium to coarse. We admit that the
number of specimens from "carrying bags" from the
Christian-Tuschwerk undoubtedly had an influence on this
statistic, most of them are coarse with a density of 4-5 thre-
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ads per cm”, but none the less a distinct tendency can be re-
cognised.

So far as weave structures (Fig. 16) are concerned, the
Hallstatt Age textiles from the salt-mines display far more
variants than their Bronze Age counterparts. For the Bron-
ze Age we only have evidence for tabby and simple diago-
nal twill, but for the Hallstatt period we encounter all the
types of weave structure known from Iron Age Europe
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Fig. 15: Comparison of the thread count found in the Bronze Age and Hallstatt period salt-mines.
Vergleich der Gewebedichten zwischen der Bronzezeit und Hallstattzeit in Hallstatt (© K. Gromer).

(tabby, basket weave, diagonal twill, herringbone, zigzag
and lozenge (diamond) twill (not in the diagram: half bas-
ket weave, rep ribbons and tablet-weave).

Interpretation of the technological differences
between the Bronze Age and Hallstatt Textiles

As we have seen there are a number of significant differen-
ces between the Bronze Age and Hallstatt period textiles in
many aspects. Can the explanation of this phenomenon
only be chronological?
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It is a well known phenomenon observed all over Europe
that Bronze Age textiles and yarns are coarser than Iron
Age ones. Rapid technological improvement obviously
took place between the Bronze and Iron Ages, as can be
seen everywhere in Europe, and it is evident in Hallstatt,
too.

For the Bronze Age we know tabby as the common weave
at Hallstatt, twill being only rarely used. There are no co-
loured patterns or spin patterns at this stage. For the Early
Iron Age it is very different. Here we see a great variety of
patterns, weave structures und sewing techniques. Spin
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Fig. 16: Comparison of the weaves represented in the Bronze Age and Hallstatt period salt-mines.
Vergleich der Bindungsarten zwischen der Bronzezeit und Hallstattzeit in Hallstatt
(© K. Grémer, drawings of the weaves based on Kurzynski 1996, Abb. 26-27).

patterns become typical for Hallstatt and the Early Iron
Age. Generally the fineness of the threads and fabrics in-
creases. In Hallstatt unfortunately it is not yet possible to
offer any fine chronology for the Hallstatt period salt-
mines.

Another problem is that we usually do not exactly know
what function within the mine the places excavated actual-
ly had. The recent excavations in the Christian-Tuschwerk

27 Reschreiter, in this volume.
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show a lot of evidence for functional interpretation of the
site. A reason for the great differences between the Bronze
Age and the Hallstatt period finds could simply lie in the
different functions of their findspots within the specific
mining organisation.

The place excavated in the Christian-Tuschwerk is thought
to have been a filling station to carry the salt to the surface
within the Bronze Age mine”’. This could explain the
overrepresentation of coarse fragments interpreted as car-
rying bags, as functional tools for the mine-work. They
have to be very strong (with thick threads, reinforced rims
and fulled surface) because of their intended purpose.
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Fig. 17: Textile remains from Hallstatt found torn into stripes and bended, Inv.No. 89.724 and 77.334. In Streifen gerissene
und verknotete Gewebereste aus Hallstatt (© Naturhistorisches Museum Wien, Prahist. Abteilung).

Only a small number of definite clothing remains were
found in the Christian-Tuschwerk.

The Iron Age finds maybe represent clothing rather than
functional items like carrying bags. Naturally they are of a
finer pattern. That could be also one reason for greater fi-
neness in the Hallstatt period.

Hallstatt and the textile technology of
Central Europe

We do not have a great number of Bronze Age textiles
from Central Europe so far”. Many of them consist of
flax, usually with plied yarn. Some of them consist of wool
with s-spun single yarns. Tabby is the main technique em-
ployed, but twill is also known from the Middle Bronze
Age on. For the Bronze Age in Scandinavia, North and
Central Germany, woollen textiles are very common.
From Hallstatt we do have some flax fabrics, but in them
single yarns were used the same way as with the woollen
fabrics, which represent the major part of our Bronze Age
textiles.

Although there are some different combinations of s- or z-

28 Compare Bender Jorgensen 1989: 146 f. — Kurzynski 1996: 24 f.
29 Bender Jorgensen 1989: 144 ff., compare pie diagrams Fig. 1 and 2.
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spun threads at Hallstatt, so far as thread diameter and
thread count are concerned, the textiles from the salt-
mines correspond well to the other Bronze Age textiles
from Central Europe.

The Hallstatt Culture is divided into an East Hallstatt Pro-
vince (Osthallstattkreis: comprising Austria, Hungary,
Czech and Slovenia) and a West Hallstatt Province (West-
hallstattkreis: comprising South Germany, France and
Switzerland). The boundary between these two groups
seems to be the site of Hallstatt itself.

The partition of the Hallstatt Culture can also be seen in
concern of textile techniques, as has been pointed out by
Lise Bender Jorgensen by researching textile finds from
graves™. Although the definition of some particular types
is disputed™, her researches show very well the differen-
ces between East and West in the Hallstatt Culture, which
is an important point for the study of the textiles from
Hallstatt.

In the Western Hallstatt Province woollen fabrics with
plied yarn, sometimes in combination with single yarn
weft, are typical. The most common fabric type in this area
is the 2/2 diagonal twill Sz/z. Bender Jorgensen called this

30 See the critical advices mainly to the Type Diirrnberg from Kurzyns-
ki 1996: 36, Anm. 184.
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the Diirrnberg type of fabric, to which about 30 percent of
all western farbrics belong.

For the East Hallstatt Province generally single yarn fab-
rics were the rule. Spin patterned fabrics with 2/2 diagonal
twill and single yarns of the Vace type (after Bender
Jorgensen) were very popular. These comprise more than
30 percent of all known eastern fabrics.

Although there are remarkable differences between East
and West Hallstatt Culture textiles, they still have in com-
mon twill and secondly tabby as the basic weave patterns
as well as tablet weave. The most common technique is the
simple 2/2 diagonal twill, but variants like diamond twill
are also known.

Although the site of Hallstatt lies at the boundary of the
two great cultural provinces, the Iron Age textiles from
Hallstatt are orientated to the Eastern Province. It is un-
known whether the textiles were imported or produced lo-
cally in the region of Hallstatt.

We do have some spindle whorls from Iron Age graves of
the Hallstatt cemetery indicating local production of texti-
les (Unfortunately we do not have any loom weights from
Hallstatt). In our opinion the local production of textiles in
Hallstatt was certainly not the main supply for the people
living there and maybe was not enough to meet demand,
so import was inevitable.

The Hallstatt and La Téne period salt-mines of Diirrnberg
near Hallein situated not so far from Hallstatt yielded a
large number of textiles’'. There are great differences bet-
ween them and the Hallstatt textiles, especially those from
the Hallstatt period. While the Early Iron Age samples
from Hallstatt are mainly of wool, many of the Diirrnberg
fabrics were made of flax or hemp. A further difference
lies in the coloured patterns: while there is a great variety
of coloured patterns and spin-patterns in Hallstatt, there
are only a few from Diirrnberg, mostly stripes, and gene-
rally they look much more uniform.

There are also differences in the weaves: in Hallstatt we
found mostly twill, usually with single yarns in warp and
weft, at Diirrnberg it is tabby with plied yarn, often combi-
ned with z-spun yarn.

K.v. Kurzynski®> saw a possible reason for these differen-
ces — aside from chronological factors — in different types
of organisation of textile production. In Hallstatt the great
variety of patterns, weave techniques, threads and yarns
could imply perhaps a decentralised individual household
production, while the Diirrnberg textiles, uniformly less
complicated fabrics that could be produced fast and with
little effort, seem to derive from a centralised workshop,
specialising in miners' gear.

31 Stollner, in this volume. — Kurzynski 1996: 31 ff.
32 Kurzynski 1998: 39 ff. — St6llner, in this volume.
33 Klose 1926: 346 ff.

34 Pany 2003.

The use of the textiles

The textiles from Hallstatt are mostly in a very fragmenta-
ry state, for they were extracted with large steamhammers
and washed out of the rock. Many pieces were found torn
into strips. Obviously this had been done during prehisto-
ric times; some of the strips were found tied together (Fig.
17). Maybe they were used for “technical” purposes, as
carrier slings, handle reinforcements or to refix tools.

One piece from Diirrnberg® clearly illustrates this fact: a
very extraordinary decorated ribbon was found wrapped
around a damaged tool handle. This was hardly the inten-
ded primary function of the piece.

In the light of the technological evidence and the circum-
stances of discovery, some of the Bronze Age textiles can
be interpreted as functional items for mining, e.g. as "car-
rying bags", as mentioned above. We would usually except
the tools for mining in such a large salt-mine to be stan-
dardized, but these carrying bags from the Christi-
an-Tuschwerk are not uniformly made. All of the bag frag-
ments are different: many variants of s- or z- spun yarn in
warp and weft or various types of edges are evident. Pro-
bably they were manufactured by different producers or
even represent different users. But anyway, these carrying
bags were definitely not produced in a centralized work-
shop for the whole salt-mine. Perhaps each family or mi-
ning clan had its own style of bag.

Complete garments are not preserved in Hallstatt, but at
least there are some easily identifiable fragments. We have
a tablet-woven ribbon from the Kernverwisserungswerk
(Plate 7/5) that definitely had the function of a sleeve trim.
The large piece from the Enderwerk (Plate 9/3), consisting
of six patches was definitely part of a garment, although to
what part it belonged has to remain uncertain.

Through the great variety of fabrics, coarse and very fine
ones, undyed and multicoloured we get some basic idea of
the Iron Age art of weave. The seams and hems evident on
many of the pieces suggest that they were originally parts
of clothing, the original cut of which is anything but easy
to recognize.

We have no clear idea exactly which clothes were worn in
or outside the mine. But we do know that the population in
Hallstatt was quite rich, if we compare the graves with
those of the same age elsewhere. And we know from the
latest researches on the skeletons from the graveyard from
Hallstatt that the people who are buried there worked in
the salt-mines®. As one possibility we can imagine that
the finest textiles in primary use would have been clothes
for the people on the surface, later taken in secondary use
into the mines, when they were worn out.

In prehistoric societies woven fabrics served different
functions. Maybe the textiles of simpler technique was
probably used for mining cloth along with leather gar-
ments, namely the leather berets, caps and shoes. The co-
arse textiles maybe belonged to blankets, bags or sacks.
We do not know the precise cut of any of the Bronze or
Iron Age clothes from Hallstatt so far, but this is an area
we are constantly working on.
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Most textiles came into the mine as rags in secondary use.
Although many of our finds suggest to have been parts of
garments, possibly even worn in the mine, this was unlike-
ly to have been their last function. The prehistoric miners
certainly did not simply dump their gear just because it
was torn; we have plenty of evidence that textiles were re-
paired ad infinitum (Plate 8/4). We found patched and
mended fabrics (Plate 10), which show very clearly, that
prehistoric people wore their clothes as long as possible
and repaired them very often. One of the reasons for this
behaviour is that a lot of time goes into the production of
clothes (from spinning and weaving to finishing).

When a piece was considered not to be worth repairing
again, it would have been torn into rags and reused for
other purposes.

Die Textilien aus dem prahistori-
schen Salzbergwerk von Hallstatt *°

Hallstatt ist der namengebende Fundort fiir die dltere Ei-
senzeit in Zentraleuropa. Das Salzbergwerk und das Gra-
berfeld von Hallstatt sind das bedeutendste urgeschichtli-
che Denkmal Osterreichs, unter anderem auch deshalb,
weil es durch die Konservierung im Salz gute Erhaltungs-
bedingungen fiir organische Materialien gibt; es sind
Holzreste, Lederreste, aber auch eine Anzahl von Textilien
erhalten. Die Funde ermdglichen einen Blick in die Welt
vor tiber 3.000 Jahren, der in dieser Form bei den meisten
archdologischen Fundstellen in Zentraleuropa nicht mog-
lich ist.

Die Gesamtdauer des prihistorischen Bergwerkes in Hall-
statt reicht nach den '*C Datierungen von 1.400 BC-240
AD, von der Bronzezeit bis in die romische Kaiserzeit. Es
gibt in Hallstatt drei préhistorische Grubenreviere, die sich
sowohl in der Abbautechnik als auch in den Funden unter-
scheiden: die bronzezeitliche Nordgruppe, die grofteils
hallstattzeitliche Ostgruppe und die spatlaténezeitliche
Westgruppe.

Nordgruppe datiert ab 1.400 v. Chr., wobei das Griiner-
werk und das Appoldwerk dem Ubergang von der Mittel-
zur Spatbronzezeit angehoren. Das Christian-Tuschwerk,
Alter Grubenoffen liegt raumlich in der Ostgruppe, ist aber
aufgrund der '*C Datierungen und den Funde in die Spit-
bronzezeit (Urnenfelderkultur, 1.260-1020 v. Chr.) zu stel-
len.

Die Fundstellen der Ostgruppe sind grofteils hallstattzeit-
lich (dltere Eisenzeit) (800-400 v. Chr), reichen teilweise
bis in die Laténezeit (jlingere Eisenzeit) (200 v. Chr.): der
Grofiteil der Textilreste stammt dabei aus dem hallstatt-

35 Dies ist die gekiirzte deutsche Version des englischen Artikels. Et-
waige Anmerkungen zu den einzelnen Kapiteln bitte unter dem eng-
lischen Textteil einzusehen.

36 Die ca. 230 Textilkomplexe aus dem Salzbergwerk teilen sich in 39
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zeitlichen Kilb-, und dem Kernverwisserungswerk. Der
Salzbergbau der Ostgruppe ist zeitgleich mit dem beriihm-
ten eisenzeitlichen Graberfeld von Hallstatt.

Die Westgruppe ist laténezeitlich bis spétantik (110 wv.
Chr.-240 n. Chr.). Von diesem Bereich gibt es nur wenige
Funde.

Die Textilien wurden im gesamten préhistorischen Berg-
bau von Hallstatt gefunden, die meisten jedoch aus der
hallstattzeitlichen Ostgruppe.

Forschungsgeschichte

Die Fundgeschichte der Textilien aus Hallstatt ist nicht
punktuell, wie etwa bei einem Grabkomplex, bei dem in
einer bestimmten Zeitspanne geforscht wird, sondern es
kommen seit tiber 150 Jahren unter den unterschiedlichs-
ten Bedingungen immer wieder Textilen zutage. Friiher
wurden nur die grofleren Exemplare aufgehoben, bei den
modernen Ausgrabungen werden auch kleine Fadenreste
dokumentiert, inkl. ihrer genauen Herkunft.

Die friihesten Textilien wurden 1849 entdeckt, sie wurden
damals auch auf Aquarellen festgehalten (Plate 4). Bedeu-
tende Funde kamen bei den Ausgrabungen des Naturhisto-
rischen Museums Wien unter der Leitung von Fritz Eckart
Barth vor allem im hallstattzeitlichen Kilb- und Kernver-
wisserungswerk in den Jahren 1964-1995 zutage, nur we-
nige aus dem bronzezeitlichen Griinerwerk von der Kam-
pagne 1984-1990. Die jiingsten Grabungen finden seit
1990 unter der Leitung von F. E. Barth und Hans Reschrei-
ter im spétbronzezeitlichen Christian-Tuschwerk statt.
Die Textilreste aus dem Salzbergwerk von Hallstatt wer-
den im sogenannten Heidengebirge gefunden, kommen
dann, soweit sie nicht bereits beim Abbau entdeckt wur-
den, mit den Salzklumpen aus dem Berg (Abb. 1) und wer-
den ausgewaschen. Sie sind in Struktur und Farbe durch
die Salzkonservierung sehr gut erhalten, besser als andere
zeitgleiche Textilkomplexe.

Neben den etwa 230 Textilkomplexen aus dem Salzberg-
werk™® gibt es noch einige wenige angerostete Textilfrag-
mente aus dem Gréaberfeld von Hallstatt. Sie stammen vor
allem von Dolchen und Schwertern aus hallstattzeitlichen
und latenezeitlichen Grabern.

Leider sind bei der mehr als 150-jéhrigen Auffindungsge-
schichte der Textilien aus Hallstatt auch einige Stiicke ver-
loren gegangen: Zahlreiche Funde aus dem bronzezeitli-
chen Griinerwerk sind den Kriegswirren des Zweiten
Weltkrieges zum Opfer gefallen. Die Ausbeute der Gra-
bung 1927, Textilien, Fell und Leder, wurde zur wissen-
schaftlichen Bearbeitung nach Halle a. d. Saale gebracht
und ist verschollen. Ein weiteres sehr groBes (1x1,4 m)
Stiick aus grober Schafwolle, gefunden 1880 im Appold-

bronzezeitliche Komplexe, 136 gesichert hallstattzeitliche Komplexe
und 58 Gewebekomplexe aus dem Kilbwerk, letztere miissen noch
als prahistorisch verifiziert werden. Diese Textilkomplexe bestehen
teilweise aus zwei oder mehreren Einzelgeweben bzw. Fragmenten.
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werk, ist leider vor dem 1. Weltkrieg verloren gegangen.
Bisher wurden zu den Textilien aus dem Salzbergwerk von
Hallstatt zahlreiche Forschungen durchgefiihrt: An beina-
he allen Textilfragmenten wurde eine Gewebeanalytik
durchgefiihrt. 109 Gewebefunde untersuchte Hans-Jiirgen
Hundt in den Jahren 1959-1987. Es wurden etwa 90 Stii-
cke (v.a. vom hallstattzeitlichen Kernverwésserungswerk)
von Katharina v. Kurzynski aufgenommen. Sie hat in einer
Arbeit bereits einige Ergebnisse publiziert. Neben der
Aufnahme der bronzezeitlichen Textilien aus dem Christi-
an-Tuschwerk analysierte die Autorin die Brettchenwebe-
reien und fithrte Nachwebungen der Borten sowie Experi-
mente zum Spinnen mit Originalspinnwirteln durch. Helga
Mautendorfer setzt sich mit der Néhtechnik und Klei-
dungsrekonstruktion auseinander.

Michael L. Ryder analysierte die Wollfasern der Gewebe-
funde hinsichtlich ihrer Feinheit und ihrer Eigenfarbe. Im
Zuge dieser Untersuchungen wurden an sieben Textilfun-
den spektroskopische Farbstoffanalysen von Penelope
Walton Rogers durchgefiihrt.

Regina Hofmann-de Keijzer, Maarten R. van Bommel und
Ineke Joosten fiihrten 2002-2004 Analysen der Farbstoffe,
Beizmittel und Fasern durch. Farbeexperimente auf Wolle
zur Herstellung von Rekonstruktionen durch Anna Hartl
2003 sind ein Ergebnis daraus.

Die Probleme der Aufbewahrung, Konservierung und
Restaurierung der Hallstatt-Textilien sind das Forschungs-
gebiet von Carine Gengler und Michaela Morelli.

Bronzezeitlicher Bergbau

Die bronzezeitliche Nordgruppe datiert ab ca. 1.400 v.
Chr. Die dltesten Textilreste wurden im Appold- und Grii-
nerwerk geborgen und sind in den Ubergang von der Mit-
telbronzezeit zur Spatbronzezeit zu stellen, sowie aus dem
Christian-Tuschwerk, das in die Spétbronzezeit datiert.
Aus der Bronzezeit sind insgesamt bisher relativ wenige
Textilfunde erhalten, verglichen mit ca. 140 gesicherten
Textilien aus der Hallstattzeit. Von den bronzezeitlichen
Stiicken stammen 14 aus dem Griinerwerk, 20 aus dem
Christian-Tuschwerk (37 Einzelstiicke, bei 20 Gewebe-
komplexen), 2 Stiicke aus dem Appoldwerk sind verloren
gegangen, wie bereits oben erwédhnt. Durch die vermehr-
ten Ausgrabungen in den letzten Jahren im Christian-Tu-
schwerk werden wir aber hoffentlich diese Liicken etwas
schlieBen.

Interessanterweise stammen nach derzeitigem For-
schungsstand®’ die einzigen Gewebe aus Flachs/Hanf aus
dem bronzezeitlichen Griinerwerk (Fig. 2), wahrend es in
den hallstattzeitlichen Bergwerken nach den derzeitigen
Forschungen nur Wollgewebe gibt.

Als beliebteste Bindungsart in der Bronzezeit ist die Lei-

37 Die Faseranalysen fiir die neueren Textilien aus dem Christian-
Tuschwerk (besonders die sogenannten "Forderséicke") stehen
noch aus.
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nenbindung vertreten, es gibt nur vier Fragmente in 2:2
Ké&perbindung, von denen zwei aus einfachem z-Garn in
Flachs gefertigt sind (Fig. 2). Generell sind nur einfache
Garne, keine Zwirne vorhanden, die Garndrehung ist va-
riabel. Gemusterte Textilien sind aus dem bronzezeitli-
chen Bergbau nicht bekannt.

Es sind fiir die bronzezeitlichen Textilreste auch Ripskan-
ten als Anfangskanten der Gewebe belegt, einige Stiicke
tragen Néhte und Sdume. Einige Stiicke wurden wahr-
scheinlich gewalkt. Bei den Wollgeweben sind oft Gran-
nenhaare beigemischt, besonders bei den groben Exempla-
ren.

Allgemein gesehen sind die Textilien aus der Bronzezeit
eher grob. Die Fadenstirke betrdgt zumeist 1-1,5 mm, es
finden sich aber auch Stiicke mit nur 0,3-0,5 mm Fadens-
tirke. Die Dichte betrigt meist 5-10 Fiden pro cm®.

Ein Exemplar aus dem Christian-Tuschwerk (Fig. 3) fallt
aufgrund seiner Feinheit und Bindungsart unter den ande-
ren auf. Es handelt sich um ein olivfarben geférbtes Woll-
gewebe in Koperbindung (vielleicht Spitzgrat?) mit 0,3
mm feinem doppelt genommenem z-Garn. Die Farbe ist
deutlich sichtbar an den Stellen, wo das Gewebe aufgegan-
gen ist, da es nicht durchgeférbt wurde. Die Gewebedichte
ist mit 16 zu 20 Faden pro cm” sehr gross.

Es sind nicht sehr viele grofere Teile mit konstruktiven
Details wie Néhte oder Sdume von der Bronzezeit in Hall-
statt vorhanden, das Christian-Tuschwerk erbrachte je-
doch einige Reste, die als Fragmente von Fordersécken in-
terpretiert werden konnen (Fig. 4). Dieser "Typus Forder-
sack" wurde aus dicken, 1,5-2 mm starken Fidden in Lei-
nenbindung mit einer Dichte von 5 zu 5 Fiden/cm” herge-
stellt. Derartige Fragmente haben einen starken Rand mit
verschiedenen Randabschliissen. Er wurde oft als An-
fangskante in Ripsbindung hergestellt, manchmal ver-
starkt mit Schniiren und zusétzlichem Saum, Knopfloch-
stich, umndhtem Saum etc. Die Oberfldche ist stark ver-
filzt. Falls die verfilzte Oberfldche als intentionell und
nicht als durch den Gebrauch entstanden zu erkldren ist,
wurden sie wahrscheinlich gewalkt, um das Gewebe wi-
derstandsfahiger zu machen.

Hallstattzeitlicher Bergbau

Der groBte Teil der Textilreste aus dem Salzbergbau
stammt aus der dlteren Eisenzeit, aus der hallstattzeitli-
chen Ostgruppe. Besonders fundtréichtig sind das Kernver-
wisserungs- und das Kilbwerk. Es ist bisher nicht mog-
lich, sie ndher zu datieren, da auch mit der 14C-Datierung
gerade im Intervall 800-400 v. Chr. keine genaueren Daten
gegeben werden konnen. Wir hoffen auf kiinftige Ergeb-
nisse der Dendrochronologie, damit ndhere Aussagen zur
konkreten Datierung und vor allem auch zu einer detailier-
teren Chronologie der Textilreste getitigt werden konnen.
Die Textilien der Hallstattzeit sind sehr vielféltig mit einer
grof3en Bandbreite von verschiedenen Fadenstéirken, Bin-
dungen, Dichten, Muster, Webtechniken, Sdumen und
Nahten. Bis auf zwei Flachsfidden aus dem Kernverwésse-
rungswerk sind alle hallstattzeitlichen Textilien aus Wolle



"Hallstatt Textiles", British Archaeological Reports 2005

gefertigt. Daneben gibt es drei Textilien, bei denen Ross-
haar verarbeitet wurde (Fig. 6), in Verwendung als
Schussfaden fiir Brettchen- und Gittergewebe.

Insgesamt sind die Gewebe meist sehr fein und dicht mit
bis zu 0,2 mm diinnem Garn und Gewebedichten von liber
20 Fiden/cm’. Teilweise sind sie auch gréber, so kommen
auch grobe Stiicke mit 1-2 mm starkem Garn und Dichten
von nur 5 Fiden pro cm’ vor.

Die verschiedenen Kombinationsmdglichkeiten von Garn
und Zwirn sind in Hallstatt vielféltig. Am beliebtesten
waren Gewebe aus z-Garn in beiden Fadenrichtungen.
Auch der Wechsel von s- und z-Garn in einer Fadenrich-
tung und z-Garn in der anderen kommt héufig vor. Zwirn
ist sehr selten und wurde meist bei Képergeweben verwen-
det.

Die Oberfléchen einiger Stiicke sind zum Teil stark ver-
filzt, was einen Hinweis auf Walken gibt. Leichte und un-
regelmidfBige Verfilzungen konnen auch durch den Ge-
brauch entstehen.

Bei den hallstattzeitlichen Textilien wurden viele verschie-
dene Bindungsarten dokumentiert: Neben der einfachsten,
der Leinwandbindung ist auch eine Abwandlung davon,
mit jeweils 2 Schuss- und Kettfiden die Panamabindung
bekannt. Es kommt auch eine Bindungsart mit 1 Kett- aber
2 Schussfaden vor, von Hundt mit "Halbpanama" benannt.
Besonders die Stiicke in Panamabindung sind oft sehr fein
mit 0,2-0,3 mm Fadenstirke und Dichten von bis zu 40
Fiden pro cm’.

Die beliebteste Bindungsart in Hallstatt ist die Kdperbin-
dung, darunter am hdufigsten der 2:2 Gleichgrat- oder Di-
agonalkdper. Es sind auch Spitz- und Fischgratkoper be-
kannt, sowie aus dem Kernverwisserungswerk auch zwei
Exemplare in Rautenkdper (Plate 5/2). Obwohl die meis-
ten Kopergewebe mit einfachem Garn gewebt sind, gibt es
auch welche, bei denen die Kette aus Zwirn, der Schuss
aus doppelt genommenem Garn besteht (Fig. 5). Den ei-
senzeitlichen Webern oder Weberinnen gelang es auch,
wihrend des Webvorganges von der Panamabindung in
den 2:2 Képer iiberzugehen (Abb. 7). Dieses Gewebe be-
kommt auch noch durch Spinnrichtungsmuster einen zu-
satzlichen Effekt.

Ripsbindung wurde sowohl bei der Herstellung groferer
Gewebestlicke verwendet, als auch fiir Anfangs- und Sei-
tenkanten sowie fiir separate schmale Bénder. Eine vom
Gewichtswebstuhl unabhingige Webart ist die Brettchen-
weberei, die ebenfalls mit einigen Stiicken gefunden
wurde (Plate 15).

Aus dem Kernverwidsserungswerk stammt ein Fragment
aus olivgriiner Wolle mit Schlaufen auf einer Seite (Fig.
8). Es ist an dieser Seite stark verfilzt und es wurde eine
Ripsborte angenéht. Es handelt sich anscheinend um ein-
zelne Wollflocken, die als Schlaufen eingesetzt wurden.
Schlaufen und Verfilzung wurden wahrscheinlich wegen
der Wiarmewirkung angebracht. Eine dhnliche Oberfla-
chenstruktur hat der bronzezeitliche Mantel von Trindhoj,
Déanemark. Es ist ebenfalls ein Stiick mit vielen abstehen-
den Schlaufen, was ein pelzartiges Aussehen ergibt.

Fast die Halfte der hallstattzeitlichen Gewebe ist gemus-
tert, wobei Spinnmuster (Fig. 9) die haufigste Musterva-
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riante darstellen. Bei den Spinnmustern wechseln s- und
z-Garne in Gruppen ab. Bei Lichteinfall entsteht so durch
die verschiedene Reflexion des Lichtes auf unterschied-
lich gedrehte Féden eine Streifenwirkung. Die Spinnmus-
ter wurden sowohl in einer Fadenrichtung, seltener in
Kette und Schuss gewebt, letzteres ergibt den Eindruck
eines kariertes Musters. Spinnmuster wurden in Hallstatt
nicht nur bei einfacher Leinenbindung, sondern auch bei
Panama- und Koperbindung verwendet.

Es kommen neben den Spinnmustern auch Musterungen
vor, bei denen unterschiedliche Farben in Kette und
Schuss eine Rolle spielen (Plate 5-7); so gibt es etwa ge-
streifte Textilien (Plate 13/4). Eine andere Moglichkeit der
Musterbildung ergibt sich dadurch, dass bei Koperbindung
die Kette eine andere Farbe als der Schuss hatte (Plate
6/4). Besonders beliebt unter den farbigen Mustern sind
aber Karos, die in unterschiedlichen Varianten belegt sind
(Plate 5). Auch Hahnentritt (Pepita) kommt vor (Plate
6/2-3 und 9/1), eine Variante des Karomusters, bei dem der
streifenweise Farbwechsel bei Kette und Schuss regelmi-
Big und in sehr kleinen Gruppen von 3-6 Féaden erfolgt.
Abgesehen von den einfach herzustellenden gestreiften
und karierten Stoffen, sowie farbigen Ripsbdndern, kannte
man auch schon die Musterwebung, die besonders bei
Brettchenweberei angewandt wurde (Plate 7/5).

In Hallstatt gibt es nicht nur Randverstirkungen, die als
Anfangskante direkt am Gewebe mitgewebt wurden, son-
dern es wurden auch schmale Bénder separat hergestellt
und dann aufgendht oder auf andere Weise verwendet.
Diese Bénder sind oft mit farbigen Mustern gestaltet (Plate
7). Einige der Bénder sind in Brettchenweberei gefertigt,
deren Rekonstruktionen in einem eigenen Artikel in die-
sem Band vorgestellt werden. Es wurden Gitterwebbénder
mit Streifen, Schachbrettmustern gefunden. Die Muste-
rungen wurden durch verschiedenfarbige Kettfdden er-
zielt. Diese Biander wurden mit einem Webgitter oder mit
Litzenstdben hergestellt, wobei nach Experimenten das
Resultat das selbe ist (Fig. 10).

Eine besondere Technik wurde beim sogenannten "bro-
schierten Band" angewandt (Fig. 11). Fiir die Herstellung
dieses Schachbrett-Musters ist ein zusétzlicher Kettfaden
notig, der mit einem Eintragsstdbchen gehoben und ge-
senkt wird.

An zahlreichen Fragmenten finden sich Néhte und Sdume,
die in verschiedenen Techniken ausgefiihrt wurden. Sie
legen nahe, dass sie grofteils urspriinglich Uberreste den
Kleidungsstiicken waren. Groflere Teile fanden sich etwa
aus dem Enderwerk und im Kilbwerk (Plate 9).

Latenezeitlicher Bergbau

Die sogenannte Westgruppe datiert nach den '“C Daten um
110 BC-240 AD. Der Grofteil ist anscheinend laténezeit-
lich. In diesen Bergwerken gibt es allgemein nur sehr we-
nige Funde und sie ist fiir neue Forschungen bedauerli-
cherweise nicht mehr zugénglich.

Es gibt aus der Westgruppe keine Gewebereste, aber aus
dem Peter- und Paul-Werk der Laténe-Zeit ist als einziger
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textiler Fund ein Wollfaden vorhanden. Daneben gibt es
auch in den Laténe-Grabern des Gréberfeldes Hallstatt ei-
nige Textilien, die an Metallgegenstinden ankorrodiert
sind.

Uberblick zum Fasermaterial

Der GroBteil der Textilien besteht aus Wolle, wie bereits
ausgefiihrt. Nur zwei Gewebe aus der Bronzezeit und zwei
Fiden aus der Hallstattzeit sind aus Flachs oder Hanf.
Daneben wurden bei drei Bandern als Schuflfaden Rof3-
haar verwendet.

Von der Wolle, die von Michael Ryder mit 315 Garnpro-
ben aus der hallstattzeitlichen Ostgruppe untersucht wur-
den, gibt es in Hallstatt 4 Hauptvliestypen: 55 % sind hai-
ry-Medium (Primitive hairy), 31 % vom hdher entwickel-
ten "Generalised-medium (primitive woolly) type". Es gibt
zweil "moderne" Vliestypen: 4 % echte "Medium wools"
und 10 % "Semi-fine (shortwools)". Drei Garne bestehen
aus Wolle vom echten "Hairy type", einem Vliestyp von
dem angenommen wird, daf} er sich wahrend der Eisenzeit
entwickelt hat.

Gesamt gesehen sind die Garne der Textilien aus Haaren
mittelfeiner Qualitdt gesponnen. In der Bronzezeit finden
sich Beimengungen von Stichel- oder Grannenhaaren sehr
héufig, besonders bei groben Geweben. In der Hallstattzeit
sind diese seltener, in den feinen Geweben fast gar nicht
vorhanden.

Eine interessante Fragestellung ist, wie die Textilien her-
gestellt wurden, beginnend beim Spinnen der Fiaden. Zu-
erst ist es wesentlich, die auch bei den primitiven Schaf-
rassen der Eisenzeit vorkommenden verschiedenen Woll-
qualitdten des Vlieses, die feine Wolle und die Grannen-
haare zu beachten. Ob die Wolle sorgfiltig sortiert wurde
oder nicht, beeinflusst spater auch das Ergebnis. Bekann-
termaflen gibt es weiters zwei primdre Methoden, die
Wolle vor dem Spinnen vorzubereiten: Kardieren und
Kémmen. Ublicherweise wird behauptet, dass Karden erst
ab dem Mittelalter verwendet wurden. Die Wolle kann je-
doch auch geschlagen oder mit der Hand gezupft werden,
um denselben auflockernden Effekt wie beim Kardieren
zu erzielen. Das Vlies kann nun versponnen oder durch
kdmmen noch besser vorbereitet werden, da beim Kam-
men die Fasern gleichgerichtet werden.

Einige der Textilien aus Hallstatt weisen Strukturen auf
wie Spinnrichtungsmuster, deren Qualitit und Effekt nur
mit gekdmmter Wolle erzielt werden kann, da bei ge-
kdmmter Wolle die Fasern eines Fadens parallel liegen und
der Faden dadurch leicht gldnzt. Mit einem solchen Garn
ist der Effekt des unterschiedlichen Lichteinfalles beim
streifenweisen Wechsel von s- und z-Garn gut sichtbar.
Bei nédherer Betrachtung der Hallstatt-Textilien sind beide
Fadenqualitéten sichtbar: Fiden mit parallel liegenden Fa-
sern und solche mit wirr liegenden. Moglicherweise

38 Die neueren Funde aus dem Christian-Tuschwerk miissen erst be-
stimmt werden.
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wussten die Hallstattleute von den Vor- und Nachteile von
gekdmmtem und kardiertem Garn und vielleicht wurden
die Textilien auch dementsprechend angefertigt. Diese
Untersuchungen befinden sich jedoch erst am Anfang.

Es wurden sowohl die natiirlichen Farben der Wolle wie
weif}, braun oder grau verwendet, daneben wurden aber
auch viele Stiicke gefarbt, etwa mit rot, gelb oder blau, wie
beispielsweise ein Brettchengewebe mit verschiedenfarbi-
ger Musterung zeigt (Plate 7/5). Es wurden sowohl die
Wolle selbst (das Wollvlies und der gesponnene Faden) als
auch die Gewebe geférbt. Wie sehr die Farbe durch die La-
gerung im Salz verdndert wurde, werden Farbstoffanaly-
sen und Experimente zeigen. Zu den Farbstoffanalysen
gibt es einen eigenen Artikel in diesem Band.

Unterschiede der bronzezeitlichen und
hallstattzeitlichen Textilien in Hallstatt

Die Unterschiede im bronzezeitlichen und hallstattzeitli-
chen Bergbau sind auch bei anderen Funden zu sehen,
etwa bei den Ledersécken, Miitzen und Kienspanen. Wie
unterscheiden sich aber die bronzezeitlichen und hallstatt-
zeitlichen Textilien?

Gesamt gesehen wurden die Gewebe mit Ausnahme der
schmalen Bénder wahrscheinlich mit dem Gewichtsweb-
stuhl hergestellt. Hinweise darauf (Fig. 12) geben die An-
fangskanten, die bildliche Darstellung eines Webstuhles
auf der sogenannten Urne von Sopron (Ungarn), und die
Befunde von Webgewichten aus dem Bereich der Hall-
stattkultur, wie etwa ein Webstuhlbefunde aus Michelstet-
ten, (Niederdsterreich) zeigt. Es ist natiirlich nicht auszu-
schlieBen, dass daneben auch andere Webgerdte verwen-
det wurden.

Die Unterschiede zwischen den bronzezeitlichen und hall-
stattzeitlichen Textilfunden aus dem Salzbergwerk werden
vorerst technologisch betrachtet.

Es wurde mittels Spinnexperimentenfiir Hallstatt eine Ein-
teilung der Fadenstirken geschaffen (Fig. 13-14). Ein
Faden von 1,5-2 mm Stérke entspricht in etwa 3,5 m Faden
pro lg Vlies. Bei 1 mm starkem Garn schafft man etwa 4,9
m/g. Die mittleren Fadenstdrken wie 0,7 oder 0,5 mm ent-
sprechen 7,5 m/g bzw. ca. 10 m/g. Feinere Qualitdten mit
0,4 mm Stérke sind in etwa bei 13 m/g anzusiedeln. Die
feinste in Hallstatt vorkommende Garnstirke, 0,2 mm
diinnes Einzelgarn entspricht in etwa 26 m/g Vlies. Wie-
derum sind in der Bronzezeit eher grobere Fédden verwen-
det worden, besonders bei den Fordersicken aus dem
Christian-Tuschwerk. Es gibt aber auch durchaus sehr
feine Garne von 0,3 mm. In der Hallstattzeit ist die Faden-
feinheit viel hoher. Der Grofteil der Faden hat Stérken von
nur 0,5 mm oder darunter.

Nach der Definition von Gewebedichten fiir prahistorische
Textilien von Kurt Schlabow ist grob: 1-5 Fiaden/cm?, mit-
tel bis normal: 6-10; fein 11-15, sehr fein: mehr als 16
Fiden pro cm”® (Fig. 15). Daher sind ein GroBteil der eisen-
zeitlichen Hallstétter Textilien als fein bis sehr fein zu be-
zeichnen, die bronzezeitlichen Textilreste sind etwas gro-
ber, mittelfein bis grob. Es muss dabei aber bedacht wer-
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den, dass auch hier die groben Fordersiacke aus dem Chris-
tian-Tuschwerk das Ergebnis etwas beeinflussen.

Bei den Bindungen (Fig. 16) ist in der Hallstattzeit ein viel
groferer Variantenreichtum als in der Bronzezeit zu sehen,
wo nur Leinenbindung und Gleichgratkoper vorkommen.
In der dlteren Eisenzeit sind in Hallstatt alle zu dieser Zeit
gebrduchlichen Bindungsarten zu finden: Leinwandbin-
dung, Panama, Képerbindung mit Varianten inkl. Rauten-
koper. Dazu gibt es noch Ripsbander, "Halbpanama" und
Brettchenweberei.

Wie sind nun diese Unterschiede zwischen den bronzezeit-
lichen und hallstattzeitlichen Textilien zu erkldren? Ist es
ein rein chronologischer Grund oder ist ein anderes Erkla-
rungsmodell auch aufgrund der archdologischen Befun-
dung moglich?

Es ist ein durchaus bekanntes Phdnomen, dass die Gewebe
der Bronzezeit im Vergleich zur Eisenzeit im Allgemeinen
etwas grober und nicht so dicht sind, sowie nicht so feine
Fadenstéirken aufweisen. Die Textiltechnologie hat allge-
mein von der Bronzezeit zur Hallstattzeit rasante Fort-
schritte gemacht, wie das auch in Hallstatt zu sehen ist. In
der Spétbronzezeit gibt es nur wenig Kdper-, fast nur Lei-
nenbindung. Es gibt keine Muster in Farbe oder Spinnrich-
tungsmuster.

In der Hallstattzeit gibt es eine ungeheure Vielfalt an Bin-
dungen und Muster, wobei Spinnrichtungsmuster gerade-
zu typisch fiir Hallstatt und die dltere Eisenzeit sind. Die
Feinheit der Textilien und Faden nimmt zu, ebenso gibt es
unterschiedliche Néhtechniken. Leider ist es noch nicht
moglich, innerhalb der hallstattzeitlichen Bergwerke von
Hallstatt chronologische Aussagen zu machen.

Betrachtet man die Fundumstinde und die archéologi-
schen Befunde — besonders bei den gut dokumentierten
Grabungen der letzten Jahre — so ist auch ein weiteres Er-
kldrungsmodell fiir die Unterschiede der bronzezeitlichen
und eisenzeitlichen Textilgruppen anzufithren. An der er-
grabenen Stelle im Christian-Tuschwerk war wahrschein-
lich ein Fiillort, daher konnen wir die hier gefundenen gro-
ben Textilien grofteils als Sackreste interpretieren, es fin-
den sich nur wenige Kleidungsreste hier. Auch das kann
ein Grund dafiir sein, dass die bronzezeitlichen Textilien
im statistischen Schnitt viel grober sind, besonders wenn
man bedenkt, dass viele der bronzezeitlichen Textilien zu
den Fordersdcken gehoren, die natiirlich durch den Ver-
wendungszweck schon viel stirker als Kleidung sein
mussten. Handelte es sich beim GroBteil der hallstattzeitli-
chen Textilien um ehemalige Kleidung in Sekundirver-
wendung im Bergwerk, so ist diese schon wahrscheinlich
etwas feiner als die Sécke.

Hallstatt und die Textiltechnologie
Mitteleuropas

Es gibt aus Mitteleuropa generell nicht viele bronzezeitli-
che Textilien. Die meisten davon sind aus Flachs, oft aus
Zwirn. Einige wenige bestehen aus Wolle und sind aus
s-Garn gefertigt. Auch in Hallstatt wurden bronzezeitliche
Flachsgewebe gefunden, jedoch sind sie aus Garn herge-
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stellt. Der Grofteil der Textilien besteht aus Wolle, in ver-
schiedenen Kombinationen von s- und z- Spinnrichtung.
Sie sind jedoch in Fadenstérke und Dichte gut mit anderen
bronzezeitlichen Textilkomplexen zu vergleichen.

Beim Vergleich der hallstattzeitlichen Textilien aus dem
hallstétter Salzberg mit den von Lise Bender Jorgensen
aufgrund von Grabfunden herausgestellten Textiltypen
sind auch chorologische Aussagen zu treffen. Wenn auch
manche ihrer herausgestellten Typen kritisiert wurden, so
ist doch der herausgearbeitete Unterschied zwischen West-
und Osthallstattkreis fiir die Bergwerkstextilien aus Hall-
statt interessant. Im Westhallstattkreis (Siiddeutschland,
Schweiz und Frankreich), sind Wollgewebe mit Zwirn in
einer oder beiden Richtungen typisch. Das haufigste Ge-
webe ist der 2/2 Gleichgratkoper Sz/z, benannt von Lise
Bender Jorgensen mit Typ Diirrnberg.

Im Osthallstattkreis (Osterreich, Ungarn, Tschechien und
Slowenien) ist der sogenannte Vace-Typ charakteristisch.
Es ist ein Diagonalkdper 2/2 mit s- oder z-Garn und Spinn-
richtungsmustern.

Im gesamten Hallstattkreis ist der Diagonalkdper die be-
liebteste Gewebeart, danach schliefit die Leinenbindung
an als zweithdufigstes. Die Grenze zwischen Ost- und
Westhallstattkreis ist Hallstatt selbst; die archdologischen
Kreise decken sich auch mit den Textilkreisen. Hallstatt
orientiert sich bei der Textilproduktion offensichtlich eher
am Ostkreis. Ob die Textilien in Hallstatt hergestellt oder
aus dem Ostkreis importiert wurden, ist noch nicht mit Si-
cherheit festzustellen. Wir wissen von den Grabfunden,
etwa Spinnwirteln, dass auch in Hallstatt Kleidung herge-
stellt wurde, aber das war sicher nicht die Haupttatigkeit
der lokalen Bevdlkerung.

Die in den laténezeitlichen Salzbergwerken von Diirrn-
berg/Hallein entdeckten Textilien unterscheiden sich stark
von denen aus dem éiltereisenzeitlichen Bergwerk von
Hallstatt. Die hallstitter Textilien sind groBteils aus Wolle,
am Diirrnberg gibt es auch viele aus Flachs/Hanf. Als Un-
terschied zu Hallstatt finden sich am Diirrnberg auch weni-
ger gemusterte Textilfragmente, es fehlt die fiir Hallstatt
typische Mustervielfalt, meist sind es einfache Streifen.
Die beliebteste Bindungsart in Hallstatt ist Kdper, meist
mit einfachem Garn gewebt, am Diirrnberg ist es Leinen-
bindung, Zwirne sind hiufiger, oft kombiniert mit z-Garn.
Diese Unterschiede werden von Kurzynski einerseits
chronologisch erklért, andererseits auch mit unterschiedli-
cher Handwerksorganisation. Zum Einen konnte es sich
bei Hallstatt um individuelles Haushandwerk handeln, was
die grof3e Variationsbreite an unterschiedlichen Mustern,
Bindungen und Fadenstirken erkldren wiirde: Am Diirrn-
berg hingegen ist ein spezialisierteres, zentralisiertes
Handwerk moglich, in dem einfacher und schneller herzu-
stellende, weniger komplizierte Gewebe produziert wur-
den

Verwendung der Textilien

Die Textilien liegen durchwegs nur kleinstiickig vor, da sie
bereits in préhistorischer Zeit fragmentiert waren und mit
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dem Schrdmhammer aus dem Berg gebrochen und dann
aus den Salzgesteinklumpen ausgewaschen werden. Etli-
che Stiicke wurden als Streifen gefunden, dabei wurden
offensichtlich in der Hallstattzeit Textilien in Streifen ge-
rissen, teils auch zusammengeknotet (Fig. 17) und in das
Bergwerk gebracht. Verwendet wurden sie womoglich fiir
"technische" Zwecke als Tragriemen, "Stiefelfetzen"*’ Fi-
xierung von Werkzeug, Umwicklung der Werkzeugstiele
etc. Fiir Hallstatt haben wir leider noch keinen direkten
Hinweis auf derartiges, aber ein Beispiel vom Diirrnberg
bei Hallein zeigt dies, da hier ein sehr aufwéndiges farbi-
ges Band um einen beschddigten Werkzeugstiel gewickelt
war, was sicher nicht die urspriinglich gedachte Funktion
des aufwéndig gemusterten Bandes war.

Wie bereits mehrfach angesprochen, konnen einige der
bronzezeitlichen Funde aus dem Christian-Tuschwerk auf-
grund der technologischen Merkmale und aufgrund der
Fundumstinde als textile Gebrauchsgegenstinde fiir den
Bergbau selbst interpretiert werden, als Fordersédcke. Es
handelte sich dabei nicht um einen standardisierten Sack-
typ, sondern es konnen unterschiedliche Fadendrehungen,
unterschiedliche Randabschliisse beobachtet werden.

Diese Varianten bei einem Gebrauchsgegenstand sind
vielleicht auf verschiedene Hersteller zuriickzufiihren,
vielleicht auch auf verschiedene Benutzergruppen. Sie
wurden wahrscheinlich nicht "zentral" fiir den Bergbau
gefertigt. Die Unterschiede konnten auch feinchronolo-
gisch bedingt sein, was aber bisher noch nicht fassbar ist.

Ganze Gewénder sind aus dem Salzbergwerk von Hallstatt
leider nicht erhalten. Es gibt jedoch einige gut identifizier-
bare Kleidungsreste, etwa eine Armelborte, ein broschier-
tes Band, das vielleicht als Giirtel getragen wurde.

Die Néhte und Sdume an verschiedenen Textilfragmenten
legen nahe, dass die meisten wahrscheinlich urspriinglich
Teile von Kleidungsstiicken waren, die exakte Formge-
bung ist jedoch schwer zu ergriinden.

Welche der Kleidungsstiicke genau im Bergwerk und wel-
che obertégig getragen wurden, ist nicht ganz klar, es gibt
jedoch gewisse Denkmodelle: Die sehr feinen Gewebe
konnten primér zu Kleidung gehdrt haben, die vielleicht
obertdgig verwendet wurde. Die schlichten Wollgewebe
wurden wahrscheinlich neben abgetragener Kleidung und
Lederbekleidung (Schuhe, Kappen) fiir die Arbeitsklei-
dung der Bergleute verwendet. Die groberen Stoffe geho-
ren eher zu Decken, Siacken oder warmenden Kleidungs-
stiicken. Uber konkrete Schnitte der Kleidung kdnnen wir
leider noch nichts sagen.

Der Grofteil der Textilien aus dem Berg wurde offensicht-
lich als Lumpen und Fetzen dorthin gebracht, als Ge-
brauchstextilien. Obwohl viele der Textilien wahrschein-
lich ehemals Kleidungsstiicke waren, stammen die Texti-
lien aus dem Berg anscheinend groBteils nicht direkt von
der Kleidung der Bergleute. Die prihistorischen Bergleute

39 Freundlicher Hinweis Wolfgang Lobisser.
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haben ihre Kleidung wahrscheinlich nicht einfach im Stol-
len liegenlassen, wenn die Stoffe bei der Arbeit beschadigt
oder zerrissen wurden. Einen Hinweis darauf geben die im
Salzbergwerk aufgefundenen gestopften und geflickten
Gewebe (Plate 8/4 und 10). Sie zeigen, dass die Kleidung
so lange wie moglich getragen und immer wieder ausge-
bessert wurde, weil die Herstellung doch sehr zeitaufwén-
dig war. Also sind sie bis zum letzten Verschleil3 getragen
worden, danach wahrscheinlich zerrissen und als Putzlap-
pen etc. gebraucht.
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Genahtes aus dem prahistorischen Hallstatt

Helga Mautendorfer

Abstract

Textilien spielen eine wichtige Rolle im Leben des Menschen. Bedauerlicherweise gibt es nur wenige Anhaltspunkte fiir
das Textilhandwerk in der Urgeschichte. In Mitteleuropa sind préhistorische Textilfunde sparlich. Einer dieser seltenen
Funde beinhaltet die bis zu 3.500 Jahre alten Textilien aus Hallstatt. Die rund 230 Gewebe aus dem Salzbergwerk in Hall-
statt geben uns Einblicke in das Textilhandwerk und so in das Leben der damaligen Menschen.

Ausgehend von den Sticharten, Ndhten und Sdumen auf den Hallstatt-Textilien wird im Folgenden der Variantenreichtum
des Nahens der Bronze- und frithen Eisenzeit aufgezeigt. Besondere Textilfunde aus Hallstatt werden vorgestellt und
unter dem Aspekt des Néhens betrachtet.

Textiles are very important in human society but there are few clues about textile crafts in Prehistory. In central Europe
prehistoric textiles are very rare. One of these uncommon discoveries are the 3.500 year old textiles from Hallstatt. About
230 textile samples from the salt-mines tell us stories about the intricate crafts and the life of prehistoric man. The Bronze
Age and Iron Age textiles feature a wide variety of differences in textures, patterns and colours. The textiles reveal the se-
wing techniques used. Samples with hems, seams, reedings, and patches with varied stitches are common.

Starting from the stitches, seams and hems on Hallstatt textiles I will discuss the varieties of sewing-techniques in the
Bronze and the Early Iron Age. Some extraordinary finds will be considered under the heading of sewing. Details, like
round hems, slantwise seams and added fabric patches point to more complex clothing patterns and give us some new no-
tions of clothing in prehistoric times.

Ein |eitung iiber Nihtechniken. Uber 70 Textilfunde aus dem Hallstiit-
ter Salzberg weisen gendhte Details auf.
Obwohl Textilien eine sehr wesentliche Rolle im Leben  Das Néhen spielt in der Urgeschichte eine wichtige Rolle.
des Menschen spielen, gibt es aufgrund der klimatischen  Schon seit dem Beginn der Verwendung von Kleidung im
Verhiltnisse leider nur sparliche Hinweise auf das Textil-  Paldolithikum' werden Stoff-, Leder- oder Fellteile mit
handwerk in der europdischen Urgeschichte. Die organi-  Nadel und Faden zusammengendht. Doch das Nihen dien-
schen Materialien vergehen im Boden und es bleiben nur  te nicht nur dazu, Stoffteile zu verbinden und Kanten zu
wenige Zeugnisse von den textilen Produkten iibrig, daher ~ versdumen, auch die Verzierungsfunktion wie bei Ziernéh-

sind in Mitteleuropa prahistorische Textilfunde selten.  ten und der Stickerei ist ein wichtiger Aufgabenbereich
Eine dieser raren Funde wurden im Salzbergwerk von  des Nihens. Das Anniihen von Borten” und anderen deko-
Hallstatt gemacht mit bis zu 3.500 Jahre alten Textilien. rativen Elementen wie Bronzekndpfchen® oder Zierble-

Bisher wurden mehr als 230 Textilreste gefunden, die uns  chen gehdrt ebenfalls zu den Aufgaben der/des Ndhenden.
Einblicke in das Textilhandwerk und so in das Leben der =~ Weiters spielte auch das Reparieren von Kleidungstiicken,

damaligen Menschen geben. Die bronze-, urnenfelder-  das Stopfen und Flicken®, eine nicht geringe Rolle im Be-
und hallstattzeitlichen Textilien weisen ein breites Spek-  reich der Néhtechnik.

trum an Feinheiten, Bindungsarten, Mustern und Farben = Das Néhen sollte als Verbindungsglied zwischen der texti-
auf. Weiters geben uns die Textilien durch die verschiede-  len Flache und dem getragenen Kleidungsstiick betrachtet

nen Sdume, Nihte, Zierndhte und Flickungen Auskunft  werden, und gerade aus diesem Grund ist es ein wesentli-

Fig. 1: Fadendrehung:

Vgl. Stradal und Brommer: 7-8. — Wild 1988: 33. SE@uSdI\%'R::Chgm?
Vel. Grémer 2001: 49-50. (©H. Mautendorfer).

Vgl. Pertlwieser 1987: 64.
Vgl. Hundt 1960: 149, ein geflicktes Gewebe aus Hallstatt.
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Fig. 2: Vorstich — running stitch (Zeichnung: © H. Mautendorfer. Photo: nach Hundt 1967).

cher Bestandteil der Textilverarbeitung. So haben vor
allem Nahte einiges zu erzéhlen, sie fithren zu Erkenntnis-
sen im technischen, handwerklichen Bereich und konnen
uns gleichzeitig etwas iiber die Trageweise und das Ausse-
hen der Gewiénder verraten.

Grundsitzlich versteht man unter Ndhen das Verbinden
von unter anderem textilen Fliachen mittels Nadel und
Faden. Bei Gendhtem konnen verschiedene Naht- und
Sticharten unterschieden werden. Wichtige Details sind
hier die Drehrichtung (Fig. 1), Farbe und Starke des Nah-
fadens, der Stichabstand und die Stichlédnge.

Die Sticharten

Der Schlingstich

Der in Hallstatt am haufigsten vorkommende Stich ist der
Schling-, Schnur- oder Wickelstich (Fig. 3). Die Anwen-
dung des Schlingstiches ist ganz unterschiedlich: Er wurde
zum Festndhen des Saums verwendet, zum Versdumen
von Kanten, ebenso fand er Verwendung beim Néhen ver-
schiedener Néhte und beim Einsetzen von Flicken.

Ein Beispiel fiir den Schlingstich ist ein Fund® aus dem
Kernverwisserungswerk. Das 1849 gefundene Gewebe
aus olivgriiner Wolle von 4 x 9 cm Grof3e datiert hallstatt-
zeitlich. Der relativ feine Stoff mit unregelmiBigem
Spinnrichtungsmuster hat einen 5 mm breiten Rollsaum.

Fig. 3: Schling-, Schnur- oder Wickelstich — top stitch
(Zeichnung: H. Mautendorfer. Photo: © Naturhist. Mu-
seum Wien, Prahist. Abteilung, H. Reschreiter).

Der 0,4 mm starke S-Néhfaden hat dieselbe Farbe wie das
Gewebe. Der Saum wurde mit einer sehr dichten Stichfol-
ge normal zum Saum ausgefiihrt, wobei die Schnittkante
zuerst dicht umnéht, anschlieend umgeschlagen und fest-
geniht wurde®.

Ein anderes Beispiel’ fiir den Schlingstich wurde im Kilb-
werk geborgen. Das gelblich-braune Wollgewebe hat
einen Saum, der lockerer als das vorige Beispiel mit einem
Stichabstand von 3-5 mm genéht wurde.

Wenn die Stiche ganz dicht nebeneinander gendht werden,
entsteht eine Schnuroptik. Ein Beispiel dafiir® stammt aus
dem Kilbwerk (Fig. 13/Detail, Plate 9/2). Das 1966 gefun-
dene 30,7 x 17 cm grofle Wollstiick mit einem aufgendhten
Flicken ist ein interessantes Stiick, das zu den verschiede-
nen Bindungen (Panama und Kd&per mit Spinnrichtungs-
muster) auch verschiedene Nidhte bzw. Sticharten auf-
weist. Der Flicken ist mit einem Schlingstich angeniht.
Die sehr dicht gearbeiteten Stiche wurden abwechselnd in
zwei Farben mit 0,3 mm starkem Zwirn ausgefiihrt (blau
in S-Zwirn, weill in Z-Zwirn). Unter den Schlingstichen
wurden mehrere Fiden mitgefiihrt’, eventuell wollte man
so den Schnureffekt noch verstérken.

Der Vorstich

Der einfachste in Hallstatt belegte Stich ist der Vorstich.
Der Stich entsteht, wenn die Nadel in gleichméBigen Ab-
standen tiber und unter dem Grundstoff durchlauft (Fig. 2).
Dieser einfache Stich kommt bei den Hallstattfunden aller-
dings recht selten vor.

Ein Beispiel fiir den Vorstich ist ein bronzezeitlicher
Fund' aus dem Griinerwerk (Fig. 2/rechts). Das 1926 ge-
fundene Fragment eines hellbraunen Wollgewebes ist 19 x
5 cm grof3. An beiden Léngskanten findet man einen mit
Vorstich durchgezogenen Faden. An der unteren Kante
wurde das 2 mm S-Garn in langen Stichen gendht. An der

5 Inventurnummer des Naturhistorischen Museums 73.341, nach
Hundt: Fundnummer 16.

6 Vgl Hundt 1959: 78-79.
Inventurnummer des Naturhistorischen Museums 75.818b.

8 Inventurnummer des Naturhistorischen Museums 75.955, nach
Hundt: Fundnummer 64.

9 Vgl. Hundt 1967: 46-48.

10 Inventurnummer des Naturhistorischen Museums 73.244, nach
Hundt: Fundnummer 45.
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Fig. 4: Knopflochstich — blanket stitch or buttonhole stitch
(Zeichnung: © H. Mautendorfer. Photo: © Naturhist. Mu-
seum Wien, Prahist. Abteilung, H. Reschreiter).

oberen Kante ndhte man unregelméBige Stiche mit einem
2-3 mm starken Z-Zwirn'',

Der Stielstich

Ein einziger Fund belegt den Stielstich (Fig. 6, Plate 9/2).
Das Gewebe'> wurde 1966 im Kilbwerk geborgen. Das
braune Textilfragment mit dem eingesetzten Flicken ver-
fligt iiber einen 5 mm breiten Rollsaum. Auf dem dufleren
Kantenumbruch befinden sich vier Stielstichreihen in den
Farben blau und weif3. Die mit 0,4 mm starkem Zwirn ge-
ndhten Stielstiche wurden zur Verzierung der Kante als
Ziernihte eingesetzt'.

Der Knopflochstich

Der Kopflochstich dient zum Einfassen von Kanten. Er
wird ldangs der Kante gendht, wobei jeder Stich mit dem
vorherigen verschlungen wird.

Es gibt zwei Belege von Knopflochstichen aus Hallstatt.
Der bronzezeitliche Fund'* aus dem Christian-Tuschwerk
hat einen mit Knopflochstichen umndhten Saum (Fig. 4).
Der zweite Fund" stammt aus dem hallstattzeitlichen
Kilbwerk und zeigt eine Variante des Knopflochstiches'®.
Hier wurde der Faden von der anderen Richtung als beim
normalen Knopflochstich iiber die Nadel gelegt, was zu
einer flechtartigen Oberkante fiihrt (Fig. 5). Optische Ahn-
lichkeiten zu dem kretischen Federstich und zum ,,basket-
stitch® sind hier zu beobachten.

11 Vgl. Hundt 1967: 39.

12 Inventurnummer des Naturhistorischen Museums 75.955, nach
Hundt: Fundnummer 64.

13 Vgl. Hundt 1967: 46-48.
14 Inventurnummer des Naturhistorischen Museums 94.849.

15 Inventurnummer des Naturhistorischen Museums 79.429, nach
Hundt: Fundnummer 96.

16 Vgl. Hundt 1987: 264-265.

17 Inventurnummer des Naturhistorischen Museums 75.816, nach
Hundt: Fundnummer 55.
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Fig. 5: Knopflochstich-Variante — blanket stitch, buttonhole
stitch (Zeichnung: © H. Mautendorfer. Photo: © Natur-
hist. Museum Wien, Préahist. Abteilung, H. Reschreiter).

Nahte und Saume

Die Nahte

Bei den prahistorischen Hallstatt-Textilien kommen einfa-
che Nihte, einfache Nihte mit versdumten Kanten, sowie
Kappnéhte vor.

Bei den einfachen Néhten mit versdumten Kanten (Fig. 7)
— so zum Beispiel beim hallstattzeitlichen Fund'” aus dem

Fig. 6: Stielstich — stem stitch (Zeichnung: © H. Mautendor-
fer. Photo: © Naturhistorisches Museum Wien, Prahist.
Abteilung, H. Reschreiter).
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Fig. 7: Einfache Naht mit versdumten Kanten — simple
seam (Zeichnung: © H. Mautendorfer. Photo: © Natur-
hist. Museum Wien, Prahist. Abteilung, H. Reschreiter).

Kilbwerk — wurden zuerst die Kanten versdubert und an-
schlieBend zusammengenéht. 1964 wurden die drei zu-
sammengendhten schwarzbraunen Wollfragmente gebor-
gen. Der Textilfund mit Spinnrichtungsmuster ist 16,5 x
9,6 cm groB3. Die Kanten wurden eingerollt und anschlie-
Bend mit Schlingstichen zusammengenéht. Die Néhte sind
mit weinrotem S-Zwirn gearbeitet, der Stichabstand be-
trigt 3 mm'®.

Eine recht hiaufig vorkommende Nahtform ist die Kapp-
naht (Fig. 8, Plate 11/1). Ein hallstattzeitliches Beispiel fiir
eine Kappnaht ist der folgende Fund'®: Das olivfarbene, 14
x 8,5 cm groflie Wollgewebe wurde 1989 im Kernverwis-
serungwerk geborgen. Die Kappnaht wurde beidseitig mit
doppelt genommenem hell olivfarbenem S-Garn von 0,2
mm Stirke gendht. Der Stichabstand betrigt 3-4 mm®.

Die Nahte sollen nicht nur die Stoffe verbinden, sondern
haben oft auch eine dekorative Funktion. Bei Ndhfidden,
die bei einer primdren Naht im Farbkontrast zum Gewebe
gewihlt wurden, kann man ebenfalls mit einer Ziermoti-
vation rechnen. Ein besonders eindeutiges Beispiel einer
solchen Ziernaht findet man auf dem oben bereits erwédhn-
ten Fund 75.955*'". Die Naht wurde abwechselt in zwei
Farben, blau und weil3, gestaltet (Plate 9/2).

Bei den genidhten Textilien aus dem préhistorischen Hall-
statt ist auch eine sekunddre Verwendung nachzuweisen.
Manche der Néhte scheinen noch in primirem Verarbei-
tungszustand zu stehen, die Néhte sind mit gleichméaBigen,
gleichfarbigen Stichen gearbeitet. Andere Funde zeigen
neben diesen feinen Nédhten auch grobe und ungleichmafi-
ge Nibhte, oft in einem stérkeren andersfarbigen Nidhfaden
gearbeitet””. Hier kann man von sekundiren Néhten spre-
chen. Diese Néhte sind vor allem Zeugnis der Wiederver-
wertung von textilem Material, bis es schlieBlich nicht
mehr brauchbar war oder verloren gegangen im Bergstol-
len liegen blieb (Plate 8/4).

Die Saume

In Hallstatt finden wir grundsétzlich zwei Arten von Sau-
men:

Zweimal umgeschlagene Sdume, die mit Schlingstichen in
einem Abstand von meistens 3-6 mm angendht wurden
(Fig. 9) und einmal umgeschlagene Sdume, bei denen die
offene Kante dicht an den Unterstoff ebenfalls mit
Schlingstichen angenéht wurde (Fig. 10).

Die meisten Saumreste sind parallel zur Fadenrichtung
orientiert. Doch gibt es aus dem Fundbestand auch einen

18 Vgl. Hundt 1967: 42-43

19 Inventurnummer des Naturhistorischen Museums 89.088.
20 Vgl. Kurzynski, unpublizierter Katalog 1986-1991.

21 Vgl. Hundt 1967: 46-48.

22 Zum Beispiel: Inventurnummer des Naturhistorischen Museums
79.436 aus dem Kilbwerk. Vgl. Hundt 1987: 266.

Fig. 8: Kappnaht — fell seam (Zeichnung: © H. Mautendorfer. Photo: © Naturhist. Museum Wien, Prahist. Abteilung).
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Fig. 9: Zweimal umgeschlagener Saum — the edge is either
folded twice (© H. Mautendorfer).

Fig. 10: Einmal umgeschlagener Saum — the edge is either
folded once (© H. Mautendorfer).

Fig. 11: Naht normal auf Saum — Fell sesam meets Hem: Gewebe aus Hallstatt (mit Detail) im Vergleich zu einer Darstellung
eines keltischen Jagdgottes aus Sarthe, Frankreich (Photo: © Naturhistorisches Museum Wien, Prahist. Abteilung, H.

Reschreiter. Zeichnung: © H. Mautendorfer).

runden Saum (Plate 11/5) und einen Saum, der eckig ge-
arbeitet ist, von einem fadengeraden Stiick zu einem schré-
gen Stiick (Plate 11/3)*. Diese Details lassen manche Ver-
mutungen zur Schnitttechnik zu. So muss man in der Hall-
stattzeit auch mit runden Sdumen, vielleicht im Bereich
des Halses oder des Armels, sowie mit eckigen Abschliis-
sen rechnen.

23 Inventurnummer des Naturhistorischen Museums 77.569, vgl. Hundt
1987: 262.

24 Inventurnummer des Naturhistorischen Museums 75.989b, vgl.
Hundt 1967: 50-51 und Fund 34 (nach Hundt), vgl. Hundt 1960:
139-141.

25 Inventurnummer des Naturhistorischen Museums 73.346, nach
Hundt: Fundnummer 30.

26 Vgl. Hundt 1960: 132-133.
27 nach Hundt: Fundnummer 44.
28 Vgl. Hundt 1960: 146.
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Flickungen

Ein wichtiger Aufgabenbereich des Nihenden ist auch das
Ausbessern von Kleidung durch Flicken und Stopfen. Fiir
beide Tétigkeiten gibt es Belege auf den Textilfunden aus
Hallstatt. Der hallstattzeitliche Fund® aus dem Enderwerk
zeigt eine Flickstelle. Hier wurde ein rechteckiger Flicken
aufgeniht, wobei versucht wurde, auf das Muster des Aus-
gangsmaterials Riicksicht zu nehmen (Plate 10/1).

Ein bronzezeitliche Fund®’ aus dem Griiner-Werk zeigt
neben der Naht eine leinwandbindige Stopfung(Plate
10/2)*.

Besondere Funde

Im Folgenden wird nun eine Auswahl von Funden vorge-
stelt, bei denen mehrere Nihte oder Sdume vorkommen
oder die aufgrund ihrer Form oder Details besondere An-
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Fig. 12: Saum normal auf Saum — Hem meets Hem: Detail eines Gewebes aus Hallstatt, im Vergleich dazu ein einfaches
Gewand, an dem mdgliche Lagen einer derartigen Ecke erkennbar sind (am seitlichen Schlitz oder am Halsausschnitt)
(Photo links: © Naturhistorisches Museum Wien, Prahist. Abteilung, H. Reschreiter. Photo rechts: © K. Gromer ).

haltspunkte fiir die préhistorische Nahtechnik und in wei-
terer Folge fiir die Kleidung der damaligen Zeit aufzeigen.
Neben den textilen Resten konnen wir auch Hinweise auf
die Kleidung bei figiirlichen Abbildungen der damaligen
Kunst finden. Diese Darstellungen sind meistens nicht na-
turalistisch, sondern abstrahiert; dennoch weisen manche
der folgenden Funde schone Parallelen zur eisenzeitlichen
Kunst auf.

Naht normal auf Saum?®

1882 wurde im Josef Ritschner-Sinkwerk ein karierter
hallstattzeitlicher Wollrest gefunden (Plate 9/1, Fig. 11).
Der braun-olivgriine gemusterte Stoff ist ca. 14,5 x 24 cm
grof3. Auf dem Stiick befindet sich eine Kappnaht, die zwei
Teile des gleichen Gewebes miteinander verbindet. Mit
einem Zwirn aus hellgriiner Wolle wurden mit Schlingsti-
chen im Abstand von 5 mm die Teile zusammengefiigt.
Normal zur Naht verlduft ein 1 cm breiter Saum, der eben-
falls mit Schlingstichen im Abstand von 3-5 mm genéht
wurde. Der Kreuzungspunkt des Saumes mit der Naht ist
leider nicht mehr erhalten, da der Stoff dort beschédigt und
ausgefranst ist’’ (Fig. 11, links).

Die normal zum Saum stehende Naht konnte ein Hinweis
auf eine gerade Teilungsnaht bei einem Kleidungsstiick
sein. So kdnnte man sich einen Kittel wie bei der Darstel-
lung eines keltischen Jagdgottes aus Sarthe’' (Frankreich)
mit geraden Teilungsndhten vorstellen (Fig. 11, rechts). Es

29 Inventurnummer des Naturhistorischen Museums 73.344, nach
Hundt: Fundnummer 19.

30 Vgl. Hundt 1959: 82-85.
31 Abbildung Vgl. Cunliffe 1980: 66. Der Fundort Sarthe wird in der
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gibt natiirlich auch andere Interpretationsmoglichkeiten
fiir eine derartige Naht, wie zum Beispiel der untere Teil
einer Seitennaht eines Kleidungsstiickes oder einer Armel-
naht.

Saum normal auf Saum®?

Im Jahre 1846 wurde dieser hallstattzeitliche Wollstoffrest
aus dem Kernverwisserungswerk geborgen (Fig. 12, Plate
11/4). Der 6 x 10 cm grof3e Textilfund aus brauner Wolle
hat einen 7 mm breiten Rollsaum, der iiber die Ecke im
rechten Winkel verlduft. Der durchschnittliche Stichab-
schnitt der normal zum Saum ausgefiihrten Stiche betrédgt
3,5 mm. Die Ecke ist leider ausgefranst’® (Fig. 12, links).
Mehrere Erkldrungen bieten sich auch fiir diesen Fund an:
Zum einen konnte man eine derartige rechtwinklige Ecke
an einer rechteckigen Decke oder an einem rechteckigen
Umhang finden. Eine andere Moglichkeit wire meines Er-
achtens auch ein Schlitz am Saum eines Oberteiles oder
eines Halsausschnittes (Fig. 12, rechts). Allerdings sind
mir keine vergleichbaren Abbildungen aus der damaligen
Kunst bekannt, die jedoch nicht besonders viele detailrei-
che menschliche Abbildungen bietet.

Vom praktischen Nutzen her sind Schlitze nicht von vorn-
herein auszuschlieBen, denn die so gegebene Bewegungs-
freiheit ist enorm und gerade beim Arbeiten von Vorteil.
Dazu kommt, dass ein Schlitz beim Halsausschnitt — vor-
ausgesetzt er ist lang genug und eventuell mit Béndern

Literatur teilweise auch unter Lacellemont Saint Jean gefiihrt.

32 Inventurnummer des Naturhistorischen Museums 73.340, nach
Hundt: Fundnummer 15

33 Vgl. Hundt 1959: 78.



Helga Mautendorfer: Genahtes aus dem prahistorischen Hallstatt

Fig. 13: Rechteckiger Einsatz — Rectangular patch: Zwei Beispiele aus Hallstatt (mit Detail). — a: das Gewebe ist durch die
Lagerung stark verzogen (© Naturhistorisches Museum Wien, Prahist. Abteilung, H. Reschreiter).

oder einer Fibel verschliefbar — vor allem fiir das Stillen
von Babys von Vorteil ist.

Rechteckiger Einsatz

Ein anderes Konstruktionselement ist der Einsatz von
rechteckigen Stoffteilen. Bei zwei Funden kommt ein ein-
deutig rechteckig eingesetztes Stiick Stoff vor.

Folgender Fund® wurde 1992 aus dem Kernverwisse-
rungswerk geborgen (Fig. 13a, Plate 11/2). Der hallstatt-
zeitlich datierende Textilrest ist aus zwei unterschiedli-
chen Stoffen zusammengesetzt, einer in Leinwandbin-
dung, der andere in Panama. Auch farblich sind die zwei
Stoffe unterschiedlich. Der hellere Stoff in Panamabin-
dung wurde im rechten Winkel eingesetzt, er ist jetzt durch
die Lagerung stark verzogen. Sorgfiltig wurden die Kan-
ten versdubert; die Naht wurde mit einem griinen Zwirn
mit Schlingstichen in einem Abstand von 3-5 mm ausge-
fiihrt.

1966 wurde ein dhnlicher Fund® aus dem Kilbwerk gebo-
gen (Plate 9/2, Fig. 13b). Der eingesetzte Teil wurde sorg-

34 Inventurnummer des Naturhistorischen Museums 90.132.

35 Inventurnummer des Naturhistorischen Museums 75.955, nach
Hundt: Fundnummer 64.

36 Vgl. Hundt 1967: 46-48.
37 Inventurnummer des Naturhistorischen Museums 89.832.
38 Vgl. Gromer 2001: 49-58. — Vgl. Kurzynski 1998: 40-41.
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féltig mit einem dichtem Schlingstich eingenédht. Der
zweifarbige Stich ist nur auf einer Seite sichtbar. Mit der-
selben Sorgfalt wurde neben dem Einsatz der Saum gear-
beitet und auf der Saumkante mit farbigen Stielstichen
verziert’®. Diese Saumkante war also mit einem rechtecki-
gen Einsatz geschmiickt. An welcher Stelle eines Gewan-
des sich dieser Saum befunden hat, ist nicht mehr nach-
vollziehbar.

Beide Teile weisen eine Ahnlichkeit in puncto Verzierung
auf. Der Einsatz bei Fund 75.955 ist durch die zweifarbige
Naht besonderes herausgehoben, bei Fund 90.132 sticht
der Einsatz durch die andere Farbigkeit und die andere
Bindung des Stoffes heraus. Es ist durchaus moglich, dass
solche Einsitze als Schmuck- und Konstruktionselemente
der damaligen Tracht verwendet wurden.

Zusammengenéahte Borte®’

1990 stiel man im Kernverwisserungswerk auf einen in
mehrerer Hinsicht groBartigen Fund. Es handelt sich dabei
um eine 1,3 cm breite und 22 cm lange Brettchenborte
(Plate 7/5, Fig. 14a). Die hallstattzeitlich datierende Borte
war zusammengenédht und zudem auch an einen Kéopers-
toff gendht, von dem nur mehr spérliche Reste erhalten
sind. Die kompliziert gemusterte Borte wurde durch Ross-
haarfaden im Schuss verstarkt. Zusammengendht wurde
die Borte mit einem 0,5 cm dicken Zwirn, angenéht wurde
sie an einem Kopergewebe mit olivfarbenem doppelt ge-

nommenem Zwirn’®,
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Fig. 14: Zusammengenahte Borte — Sewn-on Braid: Zusammengenahtes Brettchengewebe aus Hallstatt im Vergleich zu
hallstattzeitlichen Abbildungen mit Borten am Saum der Gewander: b: Ausschnitt der Situla von Magdalenska Gora. — c:
Figur von Idria. — d: Schwertscheide von Hallstatt (Photo: a: © Naturhistorisches Museum, Prahist. Abteilung. — b: und d:
nach Ausstellungskatalog ,Krieger und Salzherren®, Tafel 61, 78. — c: © H. Mautendorfer).

Als Funktion kommt bei der Borte die Verwendung als
Abschlussborte oder Besatz in Frage. Ob die Borte aller-
dings nur aus einer Ziermotivation heraus verwendet wor-
den ist oder etwa, um die Gewandkante zu schonen (oder
beides), ist nicht beantwortbar.

Genauso wenig ldsst sich der ehemalige Anbringungsort
der Borte exakt lokalisieren. Die Borte konnte am Armel
oder auch an einem Hosenbein angenéht gewesen sein.
Hinweise fiir Borten sind auch in der zeitgenossischen
Kunst zu beobachten. Abbildungen von Borten findet man
auf den Situlendarstellungen™ (Fig. 14b). Andere Beispie-

39 Vgl. Ausstellungskatalog ,,Krieger und Salzherren 1970: Tafel
59-66.

40 Vgl. Ausstellungskatalog ,,Krieger und Salzherren™ 1970: Tafel
78-81.
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le sind die aufgenéhten Borten an den Oberteilen der Figu-
ren auf der Schwertscheide aus Hallstatt* (Fig. 14d) und
die angedeuteten Armelborten auf einer Statue von Idria*',
die anscheinend auch an Halsausschnitt und Saum Borten
tragt (Fig. 14c¢).

Aufgenahtes Band*

1993 stiel man im Kernverwésserungswerk auf ein brau-
nes, mit Karomuster versehenes Textil, das auf der Riick-
seite ein mit doppeltem Faden angendhtes Band aufweist

41 Kurzynski 1996: Abb. 41. Ausgestellt in der Schausammlung des
Naturhistorischen Museums Wien.

42 Inventurnummer des Naturhistorischen Museums 90.182. Dieses
Stiick wurde in Rautenkdper angefertigt.
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Fig. 15: Aufgenéahtes Band — Sewn-on band: a: Gewebe aus Hallstatt mit einem an der Rickseite aufgendhten Band (siehe
Detail oben rechts). — b: Figur von Sarthe, die Linien kbnnten ein aufgenéhtes Band sein. — c: Fibel vom Durrnberg, Fal-
tung an der Hose moglicherweise durch aufgenahtes Band an der Innenseite und durchgezogener Kordel. — d: Schwert-
scheide von Hallstatt, moglicherweise aufgenahte Bander an den Hosen (Photo: a: © Naturhistorisches Museum Wien,
Préahist. Abteilung, H. Reschreiter. — b: © H. Mautendorfer. — ¢: nach Kurzynski 1996, 51. — d: nach Ausstellungskatalog

JKrieger und Salzherren®, Tafel 78).

(Fig. 15a, Plate 5/2). Angenidht ist das Band an beiden
Léngsseiten mit Schlingstichen in einem Abstand von ca.
3 mm. Es stellt sich an dieser Stelle die Frage nach dem
moglichen Sinn dieses Biandchens. Da es in der Stoffmitte
angebracht ist, dient es nicht zur Verstiarkung, wie das zum
Beispiel bei Bandern an den Kleidungskanten der Fall ist,
die die Stoffkanten vor Verschleifl durch Abstof3en schiit-
zen und bei Bedarf ausgewechselt werden konnen.

Eine Interpretationsmdglichkeit wire, dass das Band zur
Zierde angebracht wurde. Auch wenn das Band etwas un-
regelmiBig erscheint, ist es nicht auszuschlieBen, dass es
ein Zierband war. Die schon oben erwihnte Abbildung des
keltischen Jagdgottes aus Sarthe (Fig. 15b)* zeigt einen

43 Vgl. Cunliffe 1980: 66.

44 Vgl. Ausstellungskatalog ,,Krieger und Salzherren™ 1970: Tafel
78-81.

45 Vgl. Kurzynski 1996: 51.

46 Inventurnummer des Naturhistorischen Museums 73.347, nach
Hundt: Fundnummer 31.
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Kittel, bei den darauf abgebildeten Léngslinien kdnnte es
sich auch um aufgenéhte Zierbander handeln. Auch die Li-
nien auf den Hosen von den menschlichen Figuren auf der
Schwertscheide aus Hallstatt* konnten als solche aufge-
néhten Bénder interpretiert werden (Fig. 15d).

Eine andere Mdoglichkeit wére auch, dass man eine Schur
durch das aufgendhte Band gezogen hat, um etwas an die-
ser Stelle zusammenzuziehen. Reste einer durchgezoge-
nen Schnur wurden allerdings nicht gefunden. Eine Fibel
vom Diirrnberg zeigt jedoch eine menschliche Figur mit
faltigen Hosen®. Diese Falten konnten durch das Zusam-
menziehen von Schniiren unter einem Band gebildet wer-
den (Fig. 15¢).

Aus mehreren Teilen zusammengesetzt*

Der grofite Fund stammt aus dem Enderwerk und wurde
vor 1901 entdeckt (Plate 9/3, Fig. 16a). Das hallstattzeitli-
che Textil ist ca. 55 x 55 cm grof und wurde aus sechs Tei-
len zusammengesetzt. Die Teile 1, 2, 3 sind groBflachig er-
halten, von den iibrigen Teilen hat man nur mehr geringe
Reste und die Néhte.
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Fig. 16: Aus mehreren Teilen zusammengesetzt — Sewn together out of multiple pieces: a: Grol3es Gewebe aus Hallstatt. —
b: Britannische Statue mit Kapuzenmantel. — c: Ritzzeichnungen auf Kegelhalsgefal3en aus Sporon (Ungarn)
(Photo: a: © Naturhistorisches Museum Wien, Préhist. Abteilung, H. Reschreiter, Zeichnung nach Hundt 1960. — b: H.

Mautendorfer. — c: nach Eibner 1997: Abb. 4) .

An allen AuBlenkanten befinden sich Nahte, mit Ausnah-
me eines 26 cm langen Stiickes, das anscheinend als Klei-
dungsoffnung diente (Fig. 16a, Pfeil). Die Mittelnaht zwi-
schen den Gewebeteilen 1 und 2 ist ebenso wie das Naht-
stiick zwischen den Teilen 5 und 1 eine angendhte
Schlauchkante, die restlichen Nihte sind Kappnihte*’.
Fiir die Funktion dieses Fragmentes eines Kleidungsstii-
ckes ist bis jetzt noch keine befriedigende Antwort gefun-
den worden. Es konnte sich um einen Kittelteil mit Arm-
ausschnitt oder um einen Armel handeln, aber auch ein ka-
puzenformiges Kleidungsstiick — dhnlich einer britanni-
schen Statue® — konnte meiner Meinung nach méglich
sein (Fig. 16b).

Aus mehreren Teilen zusammengesetzte Gewander diirf-
ten nicht selten gewesen sein, sie begegnen uns auch in der
hallstattzeitlichen Kunst — zum Beispiel bei den Ritzzeich-
nungen auf Soproner KegelhalsgefaBen® (Fig. 16¢).

Schlussfolgerung

Die Funde aus Hallstatt zeigen eine Vielzahl an Gendhtem
auf. Verschiedene Sticharten, Naht- und Saumtypen wer-
den dokumentiert. Auch die unterschiedlichen Ndhberei-
che vom Zusammenndhen und Sdumen {iber das Verzieren
durch Zierndhte bis zum Ausbessern durch Flicken und
Stopfen konnen aufgrund der Textilfunde bestétigt wer-
den. Funde mit mehreren genéhten Elementen zeigen uns
wiederum, dass man durchaus mehrere Stoffteile zusam-
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mengefiigt hat. Dabei kann leider nicht geklédrt werden, ob
das aus modischen oder praktischen Griinden der Wieder-
verwertung dlterer Sachen geschehen ist, da kein Ver-
gleichsmaterial in Form ganzer Gewénder vorhanden ist.
Aufgrund der kleinen Textilreste kann man nichts iiber
konkrete Kleidungsformen aussagen. Dennoch zeigen uns
viele kleine Details den Variantenreichtum der damaligen
Gewinder auf. So wie die unterschiedlichen Bindungsar-
ten und Muster die Musterung und die unterschiedlichen
Farben die Farbenfrohheit widerspiegeln, geben uns die
verschiedenen Nihte und Sédume eine Ahnung von der
Vielfalt der Kleidungsformen und spezieller Néhtechni-
ken.

Ohne das Heranziehen und kritische Betrachten zeitgends-
sischer Abbildungen von Menschen in Kleidung wird man
sich nur aufgrund der textilen Reste keine Vorstellung von
der damaligen Tracht machen kdnnen. Solche Abbildun-
gen sind jedoch leider auch selten und dazu oft sehr abstra-
hiert. Dennoch zeigen die bekannten Abbildungen ver-
schiede Kleidungsformen auf und der Variantenreichtum
an Néhten und Sdumen aus Hallstatt scheint zu diesem
Bild zu passen.

47 Vgl. Hundt 1960: 134-137.
48 Vgl. Birkhan 1999.
49 Vgl. Eibner 1997: 131, Abb. 4.
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Sewn Textiles from
Prehistoric Hallstatt

Textiles play a very important role in the life of mankind.
It is sad that there are only a few leads about the textile
crafts of prehistory. The organic materials used decays in
the ground, so there is not much proof of the textile pro-
duction available. Textile finds in Central Europe are very
rare. One of these extraordinary finds is the group of al-
most 3.500 year old textiles from the Hallstatt salt-mines.
About 230 textile samples from the salt-mines tell us about
the intricate crafts and the life of prehistoric man. The
Bronze Age and Iron Age textiles feature a wide variety of
minute differences in textures, patterns and colours. The
textile samples document the sewing techniques used, and
pieces with hems, seams, reedings and patches with varies
stitches are common. Often small samples can reveal the
complex textile skill used.

In prehistory, sewing plays a very important role. The use
of needles and yarn to join leather, pelts and textiles was
already common in the Stone Age™. Sewing was not just
used to join and welt textiles. Artistic work such as reeding
and embroidery is a very important part of sewing. The se-
wing on of braids’' and other decorative elements, such as
bronze buttons™ or ornamental plates is the responsibility
of the sewer. Other tasks such as repairing, mending and
patching® of clothes must have played a very important
role.

Sewing is the link between the uncut textile and the wear-
able piece of clothing. This often-neglected process is an
important part of the production of clothes. Seams especi-
ally can tell us about the look and wearability of prehisto-
ric clothes.

Starting with the stitching methods, seams and hems on
the Hallstatt textiles, I will consider the variety of sewing
in the Bronze and Early Iron Age. Afterwards I will consi-
der some extraordinary finds under the heading of sewing.
These finds should give a solid base for further discussions
and research into the context of textile decoration and clot-
hes in prehistory.

The Stitching Methods

Top Stitch

In Hallstatt the most common stitch is a diagonal stitch,
the top stitch (Fig. 3). By making close or broad stitches it
is possible to create different decorative effects.

50 Compare Stradal, Brommer: — 7-8. Wild 1988: 33.
51 Compare Gromer 2001: 49-50.

52 Compare Pertlwieser 1987: 64.

53 Compare Hundt 1960: 149, a mended textile.

54 Inventarnummer Museum of Natural History Vienna. Compare
Hundt 1959: 78-79.

55 Inventarnummer Museum of Natural History Vienna. Compare
Hundt 1967: 46-48.
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The close stitches in the find 73.341°* from the Kernver-
wisserungswerk from the Hallstatt period create the look
of a rope. Another example is the find 75.955> from the
Kilbwerk (Fig. 13). Here extra yarn under the stitches en-
hances the rope effect. The broad stitches with a stitch in-
terval of 3-5 mm are more for functional than decorative
use.

An example therefore is the find 75.818b from the Kilb-
werk. The top stitch has a variety of uses such as holding
hems, hemming edges, sewing together fabrics or adding
patches.

Running Stitch

The simplest stitch that has been found on Hallstatt textiles
is the running stitch (Fig. 2). The stitch is made by alterna-
ting between the top and bottom of the fabric. The Bronze
Age find 73.244"" is one of the rare pieces having this
stitch.

Stem Stitch

Stem stitch is rare, too (Fig. 6). This stitch is made by
using a backstitch on the reverse side to create a line. This
stitch is used for decorative purposes such as on the hem of
the find 75.955°® from the Kilbwerk (Fig. 13, Plate 9/2).
Using alternating yarn colours the decorative effect was
enhanced.

Blanket Stitch, also known as Buttonhole Stitch

It is used to frame the edges by sewing over the edge and
sewing through the loop just created. Blanket stitch is do-
cumented on two textile samples.

The Bronze Age find 94.849% from the Christian-Tu-
schwerk shows one basic variant of blanket stitch (Fig. 4).
The find 79.429% from the Kilbwerk shows another va-
riant of blanket stitch. This variant is created by stitching
through the reverse side of the loop (Fig. 5). This creates a
braided effect that is similar to basket stitch.

Seams and Hems

The Seams

On prehistoric textiles we find simple seams, simple seams
with hemmed edges and fell seams.

Simple seams are when two edges are sewn together. On
the Hallstatt Period find 75.816°' from the Kilbwerk, the
edges were first hemmed and then seamed (Fig. 7).

56 Inventarnummer Museum of Natural History Vienna
57 Inventarnr Mus. Natural History Vienna. Compare Hundt 1967: 39

58 Inventarnummer Museum of Natural History Vienna. Compare
Hundt 1967: 46-48.

59 Inventarnummer Museum of Natural History Vienna.

60 Inventarnummer Museum of Natural History Vienna. Compare
Hundt 1987: 264-265.

61 Inventarnr Mus. Natural Hist Vienna. Compare Hundt 1967: 42-43.
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One of the most common seams is the fell seam. This seam
is created by sewing edges that have been folded on top of
each other. The textile no. 89.088%* shows a fell seam,
dated to the Early Iron Age, found in the Kernverwisse-
rungswerk (Fig. 8, Plate 11/1).

Seams were not only used to hold together two edges.
They were also used for decorative purposes. This was
done by using different colours of yarn in the seam. A very
good example of a decorative seam is a find 75.955% from
the Kilbwerk. The seam has two different colours that
were used alternately (Plate 9/2).

By examining the textiles from Hallstatt it was possible to
see that recycling fabric was a common occurrence in the
Bronze and Early Iron Age (Plate 8/4).

We consider seams as primary, if the find only contains
seams with the same standard of craftsmanship. Some
finds contain additional irregular and imprecise stitches
that do not show the same craftsmanship as the primary
seams. These are considered as secondary seams and give
the impression that there has been a reuse of the fabric. Se-
condary seams usually have a different yarn colour and
yarn thickness than the primary.

The Hems

In Hallstatt we basically find two different kinds of hems.
The edge is either folded once (Fig. 10) or twice (Fig. 9).
If they are only folded once they are sewn by using the
close top stitch. Edges that are folded twice are sewn with
a top stitch that has stitches 3 to 6 mm apart.

Most finds have hems that are parallel to the line of the
thread; but there is one find that shows a round hem (Plate
11/5)*, some with sewing at an angle to the thread course
and with a corner (Plate 11/3)®. These hems must have
been the result of the shape of cut. It is likely that cut-outs
for arms and the throat were common. This should be
taken into consideration when recreating clothes from the
Hallstatt period.

Mending and Patching

An important aspect of needlework is the repairing of clot-
hes through mending and patching. Patching can be seen
on the Hallstatt period find 73.346° from the Enderwerk.
There it is possible to see a rectangular patch that has a si-

62 Inventarnummer Museum of Natural History Vienna. Compare
Kurzynski, unpublished catalogue 1986-1991.

63 Inventarnummer Museum of Natural History Vienna. Compare
Hundt 1967: 46-48.

64 Inventarnummer Museum of Natural History Vienna: 77.569. Com-
pare Hundt 1987: 262.

65 Inventarnummer Museum of Natural History Vienna: 75.989b. Com-
pare Hundt 1967: 50-51. Fund 34 (nach Hundt) vgl. Hundt 1960:
139-141.

milar pattern to the main fabric (Plate 10/1). The Bronze
Age find 44%7 from the Griinerwerk shows tabby weave
mending, left under the seam (Plate 10/2).

Special Finds

I would like to mention finds where there are multiple
seams and hems, or where the forms and intricate details
give us an idea of prehistoric needlework in respect of
clothing.

Fell seam meets Hem: find 73.344%

In 1882 a wool fragment was found in the Josef Rit-
schner-Sinkwerk (Plate 9/1). The brown olivegreen fabric
is approximately 14 by 24 cm long. It has a fell seam that is
joined pieces of fabric of the same design. The fell seam is
made from a light green wool yarn in a 5 mm top stitch. It
crosses in a right angle a 1 cm broad 3-5 mm wide top
stitch hem. The junction is no longer preserved® (Fig. 11).
The right angle is a clue to a dividing seam from a piece of
clothing, like the ones on the kittle of the Celtic hunting
god statue from Sarthe (France)”” (Fig. 11). There are
many other possibilities of what this fragment could have
been a part of.

Hem meets Hem: find 73.340"*

In 1846 a Hallstatt period wool fragment was excavated
from the Kernverwésserungswerk (Plate 11/4, Fig. 12). It
is a 6 by 10 cm broad textile find. The brown wool frag-
ment has a 7 mm broad hem made out of a 3.5 mm wide
top stitch that makes a right turn. It is a pity that the corner
is frayed’.

It is easier to interpret this find. It is possible to find such
corners on blankets and on capes. Another possibility is a
slit on the side of a top or neck cut-out. I have not found
any representations showing such a construction in Iron
Age art.

The practical nature of slits (Fig. 12) is that it enhances the
manceuvrabilety which is required for physical work, so I
would not exclude them from the list of possibilities of the
Hallstatt period. If the slit at the neck cut-out is long
enough it is also very practical for breastfeeding babies.

66 Inventarnummer Museum of Natural History Vienna. Compare
Hundt 1960: 132-133.

67 Compare Hundt 1960: 146.

68 Inventarnummer Museum of Natural History Vienna.
69 Compare Hundt 1959: 82-85.

70 Compare Cunliffe 1980: 66.

71 Inventarnummer Museum of Natural History Vienna.
72 Compare Hundt 1959: 78.
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Rectangular patch

Another construction element is the use of rectangular pat-
ches of fabric. In two finds we can identify an inserted
piece of rectangular fabric.

In 1992 the find 90.1327 was excavated from the Kernver-
wisserungswerk mine (Plate 11/2 and Fig. 13a). It dates to
the Hallstatt period. The textile sample is made up of two
pieces of fabric of a different type. One is a tabby weave
the other a panama weave. The two fabrics have different
colours; the lighter fabric with the panama weave was set
in at right angle. The edges were hemmed carefully. The
seam was made with a light green yarn with a 3-5 mm top
stitch.

In the year 1966 a similar find was made in the Kilbwerk
mine: 75.9557*. The patched piece was attached with a
close top stitch in two colours. The stitch is only visible on
one side of the fabric (Fig. 13b and Plate 9/2). The same
care was taken when making the hem. It is made with a co-
lourful stem stitch. Its exact whereabouts can no longer be
identified.”

Both finds have similar decoration. The find from the
Kilbwerk is special because of the seam with two colours,
the other find special because of the different colours of
the fabric and the difference in the weave. It is possible
that such patches were used as decoration or constructio-
nal elements that were common in the traditional costumes
of that period.

Sewn-on Braid: 89.832"°

A spectacular find was made in 1990 in the Kernverwésse-
rungswerk (Plate 7/5 and Fig. 14a). A 1.3 cm broad and 22
cm long tablet-woven braid was found. The Hallstatt peri-
od braid was sewn together at the end and sewn onto a
twill fabric that has almost completely disintegrated. The
braid has a complex design of meanders and filled
triangles. It contains hair from a horse, used as the weft
thread. A 0.5 mm thick yarn was used to join the ends of
the braid together. The braid was sewn onto the twill with
an olive green two-fold yarn’’.

The function of the braid could be as a border finish. It
might have been used as decoration or as protection for the
hem, maybe even both? It is also difficult to pinpoint the
location of the braid; it could have been on the end of a
trouser leg or a sleeve.

73 Inventarnummer Museum of Natural History Vienna.

74 Inventarnummer Museum of Natural History Vienna.

75 Compare Hundt 1967: 46-48.

76 Inventarnummer Museum of Natural History Vienna.

77 Compare Gromer 2001: 49-58. — Vgl. Kurzynski 1998: 40-41.

78 Compare Ausstellungskatalog ,,Krieger und Salzherrn®, 1970: Tafel
78-81.

79 Compare Cunliffe 1980: 16. — Kurzynski 1996: Abb. 41.
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It is also possible to find braids in the art of that time. Pic-
tures of braids can be found in Early Iron Age art. One
example is from a sheath found in Hallstatt’® (Fig. 14d).
Another one is a statue from Idria” (Fig. 14c).

Sewn-on band: 90.182%

This find was made in 1993 in the Kernverwisserungs-
werk (Plate 5/2, Fig. 15a). The brown fabric has a cheque-
red design on one side. The other side has a band that was
sewn on with a paired yarn. The yarn was used to make a 3
mm wide top stitch.

Here the question arises as to what this band could have
been used for. In view of the fact that the band is sewn onto
the middle of the fabric it was not meant to reinforce the
fabric which might be the case if it had been attached to the
edge of a fabric to resist wear on the edges.

One possibility would be for a decorative purpose, even if
the band is a bit irregular. The lines on the top of the
celtic-hunting god®' (Fig. 15b) could also be interpreted as
a sewn on band. The leggings from the sheath® could be
interpreted as sewn-on bands as well (Fig. 15d).

Another possibility is that a cord was inserted to pull the
fabric together. On the Hallstatt textiles this cord was
never found, but could still have been in such a good shape
that it was removed and used elsewhere. A brooch from
the Diirrnberg shows a figure with clothes™ (Fig. 15¢).
The pants show folds that can be created by drawing toget-
her a cord under a band.

Sewn together out of multiple pieces: 73.347%

The biggest find made before 1901 is out of the Ender-
werk. The Hallstatt period textile is 55 by 55 centimetres
and is made up of 6 pieces. The parts 1, 2 and 3 are still in
good shape. From the other pieces, only the seam is left.
There are seams on all the edges, except for a 26 cm long
piece that was used as the garment opening. The middle
seam between one and two and the seam between five and
one is made of a tubular edge; all the other seams are fell
seams® (Plate 9/3, Fig. 16a).

There has not yet been an acceptable answer to the questi-
on, as to what its purpose could have been. In my opinion
it could be a sleeve or a top with armholes. Another possi-
bility could even be a hood like the one on a British sta-
tue® (Fig. 16b).

80 Inventarnummer Museum of Natural History Vienna.

81 Compare Cunliffe 1980: 66

82 Comp. Ausstellungskat. ,,Krieger und Salzherrn®, 1970: Taf. 78-81.
83 Compare Kurzynski 1996: 51.

84 Inventarnummer Museum of Natural History Vienna.

85 Compare Hundt 1960: 134-137.

86 Compare Birkhan 1999.

87 Compare Eibner 1997: 13, Abb. 4.
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Using multiple pieces to create clothes seems to have been
common in those days since we can find supporting illu-
strations on the Sopron vessels®’ (Fig. 16c).

Conclusion

The finds from Hallstatt give us an impression of the skills
of the prehistoric tailor. It is possible to identify different
kinds of seams, hems and stitches. The finds document the
different methods used when making or repairing clothes.
Some finds show us that sewing together different ele-
ments was common. Based on the shapes of the preserved
finds it is not possible to identify clearly whether textiles
were sewn together for decorative purpose, whether the se-
wing had some kind of practical use or if it was just to en-
able a reuse of the fabric. Since there are no whole pieces
of clothing, the surviving pieces make it difficult to identi-
fy clearly the shape and use of the fabrics.

A lot of small details show us that there was a wide variety
of different clothing available at that time. There are diffe-
rent bonding types, patterns and colours. The different
seams show us the wide scope of the designs available du-
ring that period.

Without consulting the art of that time, it is not possible to
get an idea of what clothes then could have looked like.
The small pieces left over do not give us enough clues to
reconstruct traditional dress. Not a lot of art from the
Bronze and Early Iron Age has survived and only a few
items show us how clothes looked at that period. Fortuna-
tely these illustrations do show different types of clothing
as well as demonstrating their similarities to the Hallstatt
textiles.
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Dyestuff and element analysis on Textiles
from the prehistoric Salt-mines of Hallstatt

Regina Hofmann-de Keijzer, Maarten R. van Bommel and Ineke Joosten

Abstract

Blue, yellow, green, olive-green, black, reddish brown and brown samples from sixteen textile fragments of the Hallstatt
Period were investigated using high performance liquid chromatography with photo diode array detection (HPLC-PDA),
scanning electron microscopy with energy-dispersive X-ray analysis (SEM-EDS) and various microscopic techniques. It
was remarkable that in each sample, even in those which seem to be brown and black natural wool, at least one dyestuff
was found. In total twenty-five dyestuffs, such as indigotin and indirubin, luteolin and apigenin, quercetin, ellagic acid
and red dyestuffs originating from a dye insect and presumably from lichens were analysed. In the green, black and blue
textiles combinations of dyestuffs were detected. The textiles contain the elements copper, iron and aluminium. In the arti-
cle the origin of the dyestuffs and the elements will be discussed.

Blaue, gelbe, griine, olivgriine, schwarze, rétlichbraune und braune Proben von sechzehn hallstattzeitlichen Textilfrag-
menten wurden mit Hochleistungs-Fliissigkeitschromatographie mit Photo-Dioden-Array-Detektion (HPLC-PDA), Ras-
terelektronenmikroskopie mit energie-dispersiver Rontgenanalyse (REM-EDX) und verschiedenen mikroskopischen
Techniken untersucht. Es war bemerkenswert, dafs in jeder Probe, auch in jenen, die wie braune und schwarze naturfarbe-
ne Wolle aussahen, zumindest ein Farbstoff gefunden wurde. Insgesamt wurden 25 Farbstoffe analysiert, darunter Indigo-
tin, Indirubin, Luteolin, Apigenin, Quercetin, Ellagsdure und rote Farbstoffe (aus einem Férbe-Insekt und vielleicht aus
einer Flechte). In griinen, schwarzen und blauen Textilien wurden Kombinationen von Farbstoffen detektiert. Die Texti-
lien enthalten die Elemente Kupfer, Eisen und Aluminium. Im Artikel wird die Herkunft der Farbstoffe und der Elemente
diskutiert.

Introduction This pilot project was a collaboration between the Prehis-
toric Department of the Natural History Museum Vienna,
Under the special conditions of the salt-mine organic ma-  the Research Department of the Netherlands Institute for

terials as wood, leather, fur and textiles survived for more ~ Cultural Heritage (Instituut Collectie Nederland — ICN) in
than 3.000 years. Since 1849 approximately 230 textilere-  Amsterdam and the Department of Archacometry of the
mains have been found in the Bronze Age and Hallstatt Pe- ~ University of Applied Arts Vienna.
riod salt-mines. Most of the textile fragments consist of =~ The aim of the project Halltex 1 was to investigate if the
wool; only two fabrics of the Bronze Age were made of  woollen textile fragments were dyed and if so, which dyes
flax or hemp. More than 140 woollen textile remains be-  and dyeing techniques were used. It was of interest to ana-
long to the Hallstatt Period (800-400 BC)'. Due to the im-  lyse the elements which affect the colour, whether they
pregnation by salt, the constant climate of the mine and the ~ were used as mordants or came into fibres while the texti-
fact that the textiles were protected from light for more  les laid embedded in the "heathen's rock" (Heidengebir
than 2.000 years these textiles including their colours are  ge)’. Further the condition of the fibres was observed. A
in a relatively good condition. The colours vary from yel-  literature study about dyeing in the Iron Age was carried
low to olive-green, green, brown, reddish brown, greenish ~ out to put the results into a wider context.
blue, blue and black.
In the year 2002 a multidisciplinary research project, cal-
led Halltex 1, started with the investigation of the coloured Dyes and dyeing in the Iron Age
textiles from the prehistoric mine of Hallstatt in Austria.
As written sources are unknown in prehistoric times, our
knowledge about dyeing techniques used is based on the
dyestuff analysis of archaeological textiles and on finds of
1 See Reschreiter, in this volume and Grdmer, in this volume. dye plants and dyes. Additionally dyeing experiments are
2 Explanation see Reschreiter, in this volume. performed to obtain knowledge about dyeing at that time.
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Dyestuff analysis

Many analytical methods are available for the identificati-
on of natural dyestuffs; a microchemical test for indigotin,
chromatographic methods, such as thin-layer chromato-
graphy (TLC) and high performance liquid chromatogra-
phy (HPLC) mostly coupled with spectroscopic techni-
ques’.

During dyeing each dye leaves a fingerprint on the textile,
consisting of a combination of different dyestuffs, main
compounds and minor compounds. Only dyes with a cha-
racteristic fingerprint can be identified, as in the case of
red dyes of the Rubiaceae family (e.g. madder and Galium
species), insect dyes and several yellow dyes. The source
of indigotin and tannins cannot be determined. Only if a
dye is identified can the result tell us something about the
history of the textile. Of course one needs to know the his-
tory of this dye, in which region and in which period it was
used.

Compared to the number of dyestuff analyses performed
on textiles of much later periods only few prehistoric texti-
les have been analysed. We owe most of the knowledge to
Walton Rogers, who analysed the dyestuffs of Iron Age
textiles using UV/Visible absorption spectrophotometry
and thin-layer chromatography (TLC)". Therefore the
early history of dyeing in Europe is far from clear and a
good deal of what has been written on this subject con-
cerns just possibilities, as for instance dyeing in Neolithic
times’. Late Bronze and Early Iron Age textiles made from
both wool and linen show green, red, blue, brown, black
and possibly yellow dyes’. Yet until now it has been
thought that the Iron Age textiles from Hallstatt were
mainly in natural wool colours and that only a few were
dyed’. The Hohmichele textiles and textile fragments from
Norway and Denmark showed a similarly limited applica-
tion of dyestuffs, while in most of the Hochdorf textiles
dyes were detected, such as kermes, unknown reds and
tannins®. Based on her experiences Walton Rogers consi-
ders that where no dyestuff is detected, a dyestuff might
have decayed beyond detection’.

Dyeing methods

Principally three different sorts of organic colorants (pig-
ments, dyestuffs and tannins) and three different dyeing
techniques could have been used for dyeing textiles in the
Iron Age. With indigotin, a non-soluble organic pigment
e.g. gained from woad, textiles could be dyed blue using
the method of vat dyeing. Most of the water-soluble red

Hofenk de Graaff 2004: 23-24.

Walton 1988. — Walton Rogers 1999 and 2001.

Walton Rogers 1999: 244-245. — Barber 1992: 223-224.
Barber 1992: 224.

Hundt 1987: 277. — Ryder 1990. — Walton Rogers 1999: 245.

Bender Jorgensen and Walton 1986: 179. — Walton 1988: 146. —
Walton Rogers 1999: 245.

9 Walton Rogers 1999: 241.
10 Hofenk de Graaff 2004: 14-18.
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dyestuffs (anthraquinones of madder and insect dyes) and
yellow dyestuffs (flavonoids of weld and dyer's broom)
are mordant dyestuffs which in modern technology could
also be called "metal complex dyestuffs"'”.

Co-ordination metals of metal salts (e.g. mordants contai-
ning aluminium, iron or copper) are able to form a chemi-
cal bond between dyestuffs and fibres producing a stable
dyeing on a textile. Most mordant dyes yield different co-
lours with different mordants. Among the water-soluble
substantive dyestuffs, which bind directly to the fibres,
tannins and naphthoquinones, derived from black walnut
shells, could have been used for brown shades and lichen
dyes for red shades.

Vat dyestuffs are suitable to dye protein fibres (wool and
silk) as well as cellulose fibres (linen, hemp and cotton);
mordant dyestuffs bind better to protein fibres and direct
dyestuffs are more suitable for cellulose fibres''.

Blue dyes

The leaves of a number of indigo plants contain a precur-
sor of indigotin, a blue pigment. Indigo, originating from
subtropical and tropical Indigofera species, was used in the
Indus Culture (Mohenjo-Daro, 2.300-1.700 BC)'? and pro-
bably in the Pharaonic Egypt'" but its use seems to have
been only of slight importance to the Romans'*.

Leaves of woad (Isatis tinctoria L.) have a precursor diffe-
rent from that of the indigo shrub. But the different precur-
sors lead to the same colorant indigotin. The natural distri-
bution of woad is from South East Europe to Central Asia.
Yet already in prehistoric times woad seems to have been
widespread in Europe. It has been found in a Neolithic
cave in France (de 1'Adouste near Joursque, Bouches du
Rhone)". Five seed impressions of woad were found on
pottery of the Iron Age (Hallstatt, 6™ and 5™ century BC) at
Heuneburg, southern Germany and woad fruits have been
found in an Iron Age pot at Ginderup, Denmark and in Iron
Age (1* and 2™ centuries AD) deposits on the north-west
coast of Germany and parts of woad were found in Eber-
dingen-Hochdorf (Early La Téne Period)'®. The discovery
of woad in Iron Age Dragonby (first centuries BC and AD)
demonstrates that it was definitely available in Britain at
the time of the Roman conquest, while before it only was
known that Caesar (De Bello Gallico, Book V, 14) repor-
ted its use as a body paint by the ancient Britons'’. Pliny
mentions the use in Gaul (Nat. Hist. XXII 2-3)"%.
Although the source of indigotin cannot be determined by
chemical analysis it is most likely that in Iron Age Europe

11 Hofenk de Graaff 2004: 14-15.

12 Bohmer 2002: 217.

13 Germer 1985: 74-75.

14 Forbes 1964: 111-112.

15 Banck-Burgess 1998: 30. — Banck-Burgess 1999: 86.

16 Bender Jorgensen and Walton 1986: 185. — Hall 1995: 33. — Hall
1996: 638. — Banck-Burgess 1999: 86.

17 Van der Veen, Hall and May 1993: 367, 370.
18 Bender Jorgensen and Walton 1986: 185.
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woad was used for dyeing blue and not indigo. In Tab. 6 it
is shown that indigotin has been identified frequently in
Iron Age textiles. In a woad vat the insoluble indigotin is
transformed by fermentation into a yellowish substance
which is soluble in water, the so-called leuco-indigotin.
The textile is then dipped into the vat, where the leuco-in-
digotin is absorbed by the fibres. When the textile is taken
out of the vat, the leuco-indigotin comes in contact with
the oxygen of the air and is oxidized into indigotin and the
textile is dyed blue. If vat dyeing is combined with mor-
dant dyeing one can dye green and violet (Plate 12/1).

Mordants

In the Iron Age different sources of metal salts were avai-
lable. It is not known if alum, Aly(SO4);'K,SO4-24H,0, the
most important mordant or other inorganic aluminium
sources were available for dyeing in Iron Age Europe. By
the use of natural acidic substances such as vinegar one
could have produced corrosion products (metal salts) on
bronze, copper and iron objects and applied them as mor-
dants. Further iron(IlI)-containing mud from mires could
have been used as well. Plants of the clubmoss family ac-
cumulate aluminium in their tissues. In a much later period
(9"-11" century AD, Coppergate, York) Diphasium com-
planatum (L.) Rothm. which was found together with
madder (Rubia tinctorum L.) and dyer's greenweed (dyer's
broom, Genista tinctoria L.) was probably brought from
the Viking's homelands in Scandinavia as a mordant to
Britain'®. In Plate 12/1 it is shown how iron salts and cop-
per salts affect the colours of mordant dyes.

Red dyes

Since ancient times roots of the plant family Rubiaceae
containing anthraquinones were used world-wide for dye-
ing red. Roots of madder (Rubia tinctorum L.) contain the
dyestuffs alizarin and purpurin and were used as a dye by
the Egyptians, the Greeks and the Romans. The plant is in-
digenous to Asia Minor and Central Asia. It was widely
cultivated in several places in the Roman Empire, e.g. in
Italy and Gaul®™. Yet it seems that the cultivation of the
plant in other parts of Europe did not start before the Early
Middle Ages *'. Madder was found on a textile from the
Roman Iron Age Period in Norway. Since madder has only
been found in rich graves, it seems likely that the ready-
dyed textiles or garments were being brought from abroad
or that the dye was imported for use in the best quality tex-
tiles?>. Madder could be used for dyeing red and, top-dyed
with woad or indigo for dyeing violet; if red-dyed wool is
post-mordanted with iron or copper salts, one obtains dark
red and violet colours (Plate 12/1).

19 Kenward and Hall 1995: 771-772. — Hall 1995: 35. — Hall 1996:
636-638.

20 Bender Jorgensen and Walton 1986: 185, Walton 1988: 154-155.
21 Ploss 1989: 8. — Kurzynski 1996: 43. — Hofenk de Graaft 2004: 94.
22 Walton 1988: 154-155.

23 Hofenk de Graaff 2004: 124-129.
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The roots of the Galium species, also belonging to the Ru-
biaceae, contain anthraquinones different from those of
madder”. As they were growing naturally in Europe they
could have been used as dyes in prehistoric times. On
some Iron Age textiles from less wealthy sites of Denmark
a 'madder type' dyeing was found, in which no alizarin was
present which according to Walton points to the Galium
species™.

Another source for red dyestuffs is insects. In ancient Eu-
rasia four insect dyes were known: kermes, Polish cochi-
neal, Armenian cochineal and lac®. Due to the fact that
each of these dyes contains a characteristic anthraquinone
fingerprint they can be identified on textiles. Kermes (Ker-
mes vermilio (Planch.) Targ) lives on the kermes oak
(Quercus coccifera L.) which is native to the Mediterrane-
an region. Kermes has been used for dyeing since antiqui-
ty. When kermes was identified on locally produced Iron
Age textiles at Hochdorf there was a discussion about
whether the dye was imported or arrived as ready-dyed
cloth, which may have been unpicked and the yarn
re-used”®. Polish cochineal (Porphyrophora polonica L.)
was collected south of the Baltic See, where it lives on
roots of Scleranthus perennis L. For a red colour of one
good quality Norwegian Iron Age textile the identification
of Polish cochineal seems safe’’. Armenian cochineal
(Porphyrophora hameli Brandt) is native to the area of
Mount Ararat and is a parasite on the roots of two grass
types. Lac, together with uncoloured shellac, can be pro-
duced from a resin-like material which is secreted by lac
insects (Kerria lacca Kerr.) living on trees in India and
Southeast Asia. With the exception of lac, of which the ha-
bitat is presumably too far away, such insect dyes could
have been traded in Iron Age Europe.

Beside the Galium species, there was another local source
available for red, namely orchil, made from lichens. So far,
however, it has not been identified in a prehistoric Europe-
an textile. In Tab. 6 the red dyes found in Iron Age textiles
in Europe are summarized.

Yellow Dyes

For dyeing yellow, nature provides a lot of flavonoid dyes.
Weld (Reseda luteola L.), the most important yellow dye
of ancient times is native to South Europe and Western
Asia and contains luteolin as the main component and api-
genin as a minor component. Seeds have been found in
Neolithic and Celtic Central Europe™®. Dyer's broom (Ge-
nista tinctoria L.), another yellow dye, growing in Europe
and Asia could have been used in prehistoric times. It con-
tains the same main component as weld, namely luteolin,
and genistein as a minor component. The yellow dyes

24 Walton 1988: 155.
25 Bohmer 2002: 203-214. — Hofenk de Graaff 2004: 52-91.

26 Banck-Burgess 1996: 63. — Banck-Burgess 1998: 31. — Walton Ro-
gers 1999: 244,

27 Walton 1988: 156.
28 Kurzynski 1996: 42.
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Fig. 1: Hallstatt textiles, fibre-analysis: surface of the wool fibres monitored with SEM. 1a: fibres with scales, green sample
89725. — 1b: fibres without scales, yellowish brown sample 81160 (© ICN).

found in Iron Age textiles are listed in Tab. 6. If an alumi-
nium-containing mordant such as alum is used the yellow
shade is not affected. Yellow top-dyed with woad or indi-
go gives green as a result. If flavonoids are mordanted
with iron salts, brownish and olive-green colours are obtai-
ned; if they are mordanted with copper salts, the resulting
colours are olive-green and olive-brown (Plate 12/1).

Brown and black dyes

Since ancient times water-soluble tannins have been used
for tanning leather and for dyeing (Tab. 6). A lot of plants,
especially barks, contain tannins which bind directly to the
fibres giving brown colours and iron-gall black if they are
used together with iron-rich material (Plate 12/1).

Scientific investigation of the Hallstatt
textiles

Samples were taken from each of the characteristic shades
found on the textiles of Hallstatt, altogether 17 samples
from 16 textiles. Relatively large samples were taken, 2 to
3 cm long, depending on the thickness of the thread, in
order to find out what the possibilities and limitations of
the analytical techniques are, when they are applied to pre-
historic textiles. For the scientific investigation of the
Hallstatt textiles a database was developed using Micro-
soft® Access 97, which was combined with the photo do-
cumentation system of the prehistoric department of the
Natural History Museum Vienna.

Microscopic observation

Prior to dyestuff analysis, all samples were investigated
under an optical microscope by incident and transmitted
light (magnification 20-600x). These techniques were
used to identify the fibres, to observe the condition of the
fibres and the regularity of the colour within the yarns and
the fibres. Microscope photos were taken and added to the
Access database.
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SEM-EDS analysis

Scanning electron microscopy was performed with appa-
ratus equipped with an energy-dispersive X-ray spectro-
meter system (SEM-EDS). SEM enables a much larger
magnification than is possible with an optical microscope
(magnification up to 30.000 times). At higher magnificati-
on fibre analysis and the investigation of the deterioration
and contamination of the fibres can be examined in more
detail. The EDS was used for elemental analysis of the fi-
bres to study the presence of mordants and to investigate if
the samples were contaminated with elements originating
from the mine. Analytical details of these techniques are
given in the appendix.

HPLC analysis

Dyestuff analysis was performed with high performance
liquid chromatography coupled to photo diode array detec-
tion (HPLC-PDA) according to ICN standard operation
procedure (SOP) no. 36”, which is derived from Wouters
and Rosario-Chiniros®. Prior to HPLC analysis, the dye-
stuffs are extracted from the textile fibre in order to get
them into solution. This extraction is done with hydrochlo-
ric acid and is destructive to the sample. After the colo-
rants are separated on an analytical column they are identi-
fied by the retention time and by comparison of the
UV-VIS absorption spectra with data of known reference
materials, stored in an HPLC library. The retention time is
the time needed for a component to elute from the analyti-
cal column and depends on the chromatographic behavi-
our of the compound.

In the HPLC library at the ICN, reference spectra of the
most common natural dyestuffs are available. Unfortuna-
tely, identification is not always possible, due to the low
concentration in a sample or the lack of reference material.
However, if chemical identification is not possible, at least

29 Standard Operation Procedure no. 36, 1997: 1-8.
30 Wouters and Rosario-Chiniros 1992: 237-255.
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Fig. 2: Hallstatt textiles, fibre-analysis: contamination and degradation of wool fibres monitored with SEM. 2a: heavily soiled
fibres, olive-green sample, 75815. — 2b: fibres with tears and without scales, reddish brown sample 89835 (© ICN).

the colour of the unknown dyestuff can be deduced from
the UV-VIS absorption spectrum unless it is a degradation
product, which has undergone a change of colour. Analyti-
cal details of the technique are given in the appendix.

Results and discussion

Analysis of the fibres

With the use of optical microscopy, it was confirmed that
all samples consist of wool, which is consistent with previ-
ous results®’. When SEM was applied, it was observed that
scales were visible but in most of the samples the scales
were degraded. This is shown in Fig. 1a and 1b. The surfa-
ce of nearly all samples was contaminated with several in-
organic particles. Yet some samples were strongly soiled
as is shown in Fig. 2a. In addition, tearing of the fibres has
been found in samples where scales have completely dis-
appeared (Fig. 2b).

The degradation of the scales and the tearing of the fibres
seem to be correlated to the concentration of copper and
the combination of iron and tannins. The degradation of
the fibres could have taken place at different times, during
the wearing of the textiles and their secondary use in the
mine, during the time they were deposited in the mine and
after they were excavated.

Analysis of the chemical elements

For elemental analysis, first energy-dispersive X-ray fluo-
rescence spectrometry (XRF) was performed, since this is
a very fast technique, and non-destructive to the object. It
turned out that this method, frequently used for the identi-
fication of mordants, was not suitable for the investigation
of the Hallstatt textiles, because under the microscope it
was observed that many fibres are contaminated with dif-

31 Ryder 1990 and 2001.
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ferent sorts of particles. As the sample spot is 2 x 3 mm,
XRF detects not only the elements of the textile fibres but
also the elements of these contaminating particles.
SEM-EDS was performed, therefore, to analyse small
areas of a single fibre, which were free of particles. The
particles themselves were analysed separately for compa-
rison. The disadvantage of performing the SEM-EDS ana-
lysis on a small area, about 30 x 30 um of a textile fibre, is
that the overall response is rather low. Even the detection
of the mordant of reference textiles, with a high concentra-
tion of mordant, is sometimes not possible if only a small
area of a single fibre is analysed.

Using SEM-EDS several elements were detected. Three
elements, i.e. sulphur, oxygen and carbon, were detected
in large quantities. They are part of the wool protein. Most
of the samples contained calcium, copper, iron, aluminium
and silicon. In some samples potassium, chlorine, magne-
sium, phosphorus and titanium were found. For dyeing
purposes, however, only elements which could be used as
mordants are of interest, so the research was focussed on
aluminium, copper and iron.

Aluminium was found in six samples (Tab. 1-4). Because
it was always identified together with silicon, which cer-
tainly originates from the minerals of the mine, it is most
likely that the aluminium found is a contaminant. It could
not therefore be proved that an aluminium-containing
mordant was used.

Copper was found in fourteen samples, sometimes in hig-
her concentrations (Tab. 1-4). It is not known if the copper
in the fibres originated from a copper-baring mordant or
from the salt-mine. As no copper is found in the salt-mine
itself, the only external source of copper is the broken-off
tips of bronze picks of the Hallstatt Period (Plate 12/2-3).
Fragments ofur and textiles whjich were situated in areas
close to these copper sources are contaminated with cop-
per as is shown in Plate 12/4-5.

Iron was found in ten samples (Tab. 1-4). As iron-contai-
ning layers containing iron are found in the salt-mines at
Hallstatt, the iron might originate from the mine or from a
mordant. However, it was striking, that in both black texti-
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Fig. 3: Hallstatt textiles, dyestuff-analysis: HPLC chromatogram of light brown sample 75977#1. Luteolin, apigenin, indigotin
and an unknown red dyestuff were detected (© ICN).

Fig. 4: Hallstatt textiles, dyestuff-analysis: HPLC chromatogram of blue sample 78526 and spectrum of unidentified yellow
component (© ICN).

Fig. 5: Hallstatt textiles, dyestuff-analysis: HPLC spectra of red colorants detected. 5a: spectrum 1: probably carminic acid,
spectrum 2: probably orcein, shows fluorescence as well, spectrum 3: kermesic acid. — 5b: spectra of unidentified red
components (© ICN).
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les (88892 and 89893) iron was found and no copper. With
dyestuff analysis an ellagic acid equivalent was identified,
which indicates the use of tannins. As iron, in combination
with tannins, can be used to dye iron gall black, in the case
of the black textiles it is likely that an iron-bearing mor-
dant was used.

Although small areas without contaminating particles
were analysed with SEM-EDS, elements originating from
the mine were found. The general conclusion, therefore,
from the elemental analysis is that it is not possible at this
stage to distinguish between elements originating from the
mine and from the mordant.

One has to realise that not only elements from the mor-
dants but also from the mine can affect the final colour.
Iron and copper salts cause colouration of the wool fibre,
even when no dyes are present. Mordants containing iron
and copper can be used after the dyeing process to achieve
different darker shades. The same 'post-mordanting' effect
could have happened accidentally in the mine. Under the
influence of copper and iron ions red shades dyed with an-
thraquinones become darker showing violet or brown nu-
ances. Yellow shades dyed with flavonoids are changed
into yellowish green and olive-green when copper ions are
present and they are changed into olive-brown and brown
when iron ions are present. While copper ions do not influ-
ence a tannin dye, brown shades dyed with tannins turn
into black when they come in contact with ions of iron
(Plate 12/1).

Analysis of the dyestuffs

In general, the response of the dyestuffs was extremely
low and a much disturbed baseline was observed in all
samples. A typical chromatogram is presented in Fig. 3.
This baseline disturbance probably has to do with the fact
that after the acid hydrolysis, the degraded wool was partly
dissolved as well. This is often seen when fragile archaco-
logical textiles are analysed. Only by a proper magnifica-
tion of the chromatogram were dyestuffs detected.

The results of the HPLC analysis and the conclusions are
given in Tab. 1 to 4. In most samples, dyestuffs could be
identified and the name of the colorants found is listed in
the tables. However, numerous compounds could not be
identified due to the low response, resulting in poor spec-
tra. As aresult, the spectra do not match with the spectra of
reference material. In that case, the retention time (Tr, in
minutes) and the absorbance in the visual range (abs, in
absorption units, AU) is given and, if possible, the name of
the most likely compound is given, for instance "probably
kermesic acid" (see sample 79422 in Tab. 1). In some other
cases, colorants were found with the spectra resembling
those of dyestuffs of reference material but eluted at a dif-
ferent retention time. In that case, the compound is label-

32 Walton Rogers 2001: 243 and 245.

33 Hofmann-de Keijzer and Van Bommel, DHA 21, to be published.
34 Schweppe 1992: 387, 476-479, 480.

35 Schweppe 1992: 295.
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led as "equivalent", such as in sample 77776¢ (Tab. 1)
where an ellagic acid equivalent was found.

Identification of dyes is hampered by the fact that there is
less experience concerning the HPLC-PDA fingerprints of
dyes used in the Hallstatt Period. Furthermore, dyestufts
can be degraded due to the conditions in the mine. At the
present moment there is no knowledge about these degra-
dation mechanisms. In addition, one has to be aware that
textiles as well as dyes could be traded and local dyes
could have been used as well. A lot of different dyes there-
fore could have been used.

Greenish blue and blue textiles

Blue textile fragments are presented in Plate 13/1 und 7/4.
With HPLC-PDA up to ten different compounds were
identified in the greenish blue (77776 and 79442a) and
blue samples (78526 and 89845): indigotin, indirubin, in-
dirubin equivalent, isatin, quercetin, three different red
compounds, yellow compounds and an ellagic acid equi-
valent. The results are presented in Tab. 1.

In all samples, indigotin was analysed in a high concentra-
tion together with its isomer indirubin and isatin, a degra-
dation product of indigotin. Unfortunately, the source of
indigotin cannot be determined by chemical analysis. Indi-
gotin may originate from any indigo plant. Yet in prehisto-
ric Europe woad is the most likely to have been used for
dyeing blue. Woad was the only indigotin-bearing dye
which was widespread across Europe at that time.

Walton Rogers already identified indigotin in three of
these blue samples (77776, 78526 and 79442) by using
UV/visible absorption spectrophotometry®>. In a greenish
blue textile (79442a) and a blue textile (89845a) an un-
identified yellow compound with absorption maxima at
338 and 385 nm was found; the spectrum is represented in
Fig. 4. The same compound, together with indigotin, was
identified in textiles of Late Antiquity™. This yellow com-
pound could originate from woad or might be a degradati-
on product of indigotin. Further research has to be carried
out to determine the origin of this compound.

In all samples the flavonoid quercetin was analysed, in
three of them alongside an ellagic acid equivalent. Querce-
tin is one of the most widespread flavonoids, and there are
many tannin plants which might be the source of ellagic
acid. It could be that both components originate from the
same plant. There are several plants in which the combina-
tion of ellagic acid and quercetin is found such as Sweet
gale (Myrica gale L.), Bearberry (Arctostaphylos uva-ursi
(L.) Spreng.), myrtle-leaved coriaria or Currier's sumach
(Coriaria myrtifolia L.) and several Sumac species (Rhus
L.)**. Due to lack of other specific compounds the dye
plant could not be identified. Another possibility is that
quercetin originates from woad in which it is said to be as a
minor component together with kaempferol®>. It could
have been bound to the fibre by a Hallstatt vat dyeing tech-
nique so far unknown.

In one greenish blue textile (79442a, Plate 7/4) and a blue
textile (89845a, Plate 13/1) kermesic acid was detected
(Fig. 5a). If only kermesic acid is found we can conclude
that kermes had been used for dyeing. Besides kermesic
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Tab. 1: Hallstatt textiles, dyestuff-analysis: results of SEM-EDS analysis and HPLC analysis of the blue and greenish
blue textiles (© ICN / University of Applied Arts Vienna, Dept. Archaeometry).

acid, another red dyestuff was found, the retention time of
which corresponds with that of carminic acid (Fig. 5a).
Unfortunately, the response was very low and the spec-
trum obtained was not well-developed. As a consequence,
identification was hampered. However, based on the reten-
tion time and the fact that it was a red dye, carminic acid is
most likely. It is possible therefore that for these textiles
another dye-insect was used and this may have been Polish
cochineal. Polish cochineal can be identified with HPLC
when approximately 60—90 % carminic acid and 40—-10 %
kermesic acid is present’®. In the samples of the Hallstatt
textiles, the amount of carminic acid was lower than that
of kermesic acid. The ratio between carminic acid and ker-
mesic acid differs from the ratios usually detected in Pol-
ish cochineal, Armenian cochineal or kermes®’. Exact
identification of the dye source, therefore, was not possi-

36 Wouters and Verhecken 1989: 393-410.
37 Wouters and Rosario-Chiniros 1992: 237-255.
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ble. It could be possible that carminic acid is degraded due
to the conditions in the mine. When carminic acid loses its
glucose unit, kermesic acid remains. Yet, it is unknown if
this process happens in the mine. It could also be that a
mixture of Polish or Armenian cochineal with kermes was
applied or another, unknown, dye insect.

Since these insects are not native in the Hallstatt area, the
dye or the dyed textiles must have been imported to Hall-
statt. Polish cochineal originates from Northeast Europe,
Armenian cochineal from Western Asia whereas kermes is
native to the Mediterranean area™.

In addition, a red component was found in the blue sample
(89845a) which is probably orcein (Fig. 5a) and points to
orchil. Although lichens were available in Europe for pro-
ducing orchil, this dye has not yet been identified in any
European prehistoric textile.

38 Bohmer 2002: 203.
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Tab. 2: Hallstatt textiles, dyestuff-analysis: results of SEM-EDS analysis and HPLC analysis of the yellow, green and
olive-green textiles (© ICN / University of Applied Arts Vienna, Dept. Archaeometry).

Microscopic investigation of the samples of the greenish
blue and blue textiles showed that the fibres of the gree-
nish blue sample (79442a) were dyed regularly whereas in
the other samples parts of the fibres, lying in the centre of
the yarn, were light blue or nearly colourless. This means
that tightly twisted yarns were dyed and, as a result, the co-
lorant did not penetrate completely into the textile fibre.
This indicates that in the Hallstatt Period yarn was dyed
and not just loose wool. There is also evidence that fabrics
were dyed as well™.

White wool was used for all greenish blue and blue texti-
les”’. It is an interesting result that the greenish blue as
well as the blue shades turned out not to be pure indigo-
tin-dyeing. The method of dyeing a deep blue-black using
tannin on woad, already found on textiles from Eberdin-
gen-Hochdorf"', was also known by the dyers of the Hall-
statt textiles. Yet, for producing the blue shades of the
Hallstatt textiles, beside tannins, red and yellow dyestuffs
were also used. The combination of all these dyes may
have created deep dark greenish blue or reddish blue sha-
des. It is possible that due to degradation of dyestuffs the
textiles originally had a different shade. At this stage, ho-
wever, nothing is known about the degradation processes
of dyestuffs in salt-mines.

Yellow textile

The textile 77334a has a bright yellow colour, which is
presented in Plate 13/3. With HPLC-PDA only the yellow
dyestuffs luteolin and apigenin were found in this textile
(Tab. 2). If luteolin and apigenin are found together in a
textile one normally concludes that weld (Reseda luteola
L.) has been used. Analysis of reference samples dyed
with weld indicates that luteolin is usually present in abun-

39 Gromer in this volume.
40 Ryder 2001: 230-232.
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dance. In the samples from Hallstatt, the amounts of luteo-
lin and apigenin are equal, so the situation is different from
that normally found in weld dyeings. This may be due to
three causes. Luteolin possibly degrades faster than apige-
nin under the conditions in the mine. It could also be that
weld at that time contained a different concentration of lu-
teolin and apigenin or another plant was used, which also
contains these dyestuffs but in a different ratio. Luteolin
and apigenin for instance occur in Dyer's Chamomile (A4#n-
themis tinctoria L.), in Roman Chamomile (Chamaeme-
lum nobile (L.) All.), in German Chamomile (Matricaria
chamomilla L.) and in Yarrow (Achillea millefolium L.)*.

Green and olive-green textiles

In the green (89725) and the olive-green samples (75815,
90129) luteolin, apigenin and indigotin were detected. The
results are presented in Tab. 2. There are no stable green
natural dyestuffs and therefore green was obtained by dy-
eing blue in a leuco-indigotin vat followed by dyeing yel-
low using a mordant dyestuff. This combination was only
observed in the green textile (89725, Plate 8/3) in which
indigotin, luteolin and apigenin were identified. Copper
ions were also found which influence the green colour, yet
it is not clear if copper was used during the dyeing process
or came into the textile while it was buried in the mine.
There are many olive-green textiles found in the Hallstatt
region; during this project two olive-green samples were
analysed.

In the olive-green sample from fragment 75815, presented
in Plate 13/4 the dyestuffs luteolin and apigenin were
found together with a higher amount of copper. The com-
bination of luteolin and apigenin probably indicates the
use of weld. The use of an indigotin dye can be excluded,

41 Walton Rogers 1999: 243-245.
42 Schweppe 1992: 349-353. — Bohmer 2002: 136.
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because the HPLC system for indigotin is very sensitive
and no indigotin was identified. The olive-green colour,
therefore, is presumably caused by the influence of copper
ions on a yellow dyeing produced with the flavonoids lu-
teolin and apigenin. The dyestuffs themselves indicate a
yellow colour. An olive-green colour could be obtained
when copper was used as a mordant or by contamination
with copper from the mine. It is therefore not possible to
determine the original colour.

In the olive-green sample 90129 only a trace of indigotin
was found. So the green colour is probably caused by the
high amount of copper in the textile. Because only a small
amount of indigotin was found, it is possible that the con-
centration of the yellow dyestuffs was below the detection
limit. Yet, if only vat dyeing had been carried out, no mor-
dant would be necessary and it could be concluded that the
copper originates from the mine and the original colour of
the textile was blue.

In the 1950’s a discussion about the origin of the typical
olive-green of the Hallstatt textiles arose. Hundt suggests
that a method similar to that of an old, traditional Swedish
recipe was used®’. First the wool is dyed yellow with heat-
her or dyer's broom. Then the wool is treated with water
heated in an iron cauldron where through the influence of
iron the yellow turned into olive-green grey. After analy-
zing one olive-green and one brown textile Specht was
convinced that the colour is only caused by copper and
iron salts originating from the prehistoric mine*. Accor-
ding to Barber the uniformity of colour throughout the
piece and the fact, that the colour is so nearly the same co-
lour as a number of other Hallstatt textiles make purpose-
ful dyeing more likely™.

On the basis of the results obtained by this research it is not
possible to draw accurate conclusions. In the olive-green
samples, copper probably has an effect on the final colour
but it is unknown whether it was applied as a mordant or
originates from the mine. Surprisingly, in the two olive-
green samples analysed no iron was found.

Black textiles

A black textile fragment is presented in Plate 13/2. In the
black samples (88892, 89893) up to five different dye-
stuffs were identified using HPLC-PDA. The results are
presented in Tab. 3. An ellagic acid equivalent and indigo-
tin in a relatively high amount were detected in both of the
samples.

In addition, in sample 88892 probably luteolin, probably
apigenin and three unknown yellow components were
found. As the concentration of the yellow colorants was
very low, the spectra were not well-developed and inter-
pretation was difficult. Based on retention time, luteolin
and apigenin are likely, indicating the use of weld (Reseda
luteola L.) or other luteolin and apigenin containing

43 Hundt 1959: 84-85.
44 Hundt 1959: 97-100.
45 Barber 1992: 227-228.
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plants, such as were discussed in reviewing the yellow
sample above.

In addition to ellagic acid and indigotin, an indirubin equi-
valent and a high amount of an unknown red dyestuff were
found in the black sample 89893. Although the red compo-
nent elutes at a retention time comparable with carminic
acid, its spectrum differs significantly. As the concentrati-
on is relatively high, there was no problem in extracting an
appropriate, well-developed spectrum. It is clear therefore
that this is another red dyestuff.

In both black samples the detection of an ellagic acid equi-
valent indicates the use of tannins. Both samples contain
iron, whereas no copper was detected. Although theoreti-
cally the iron could originate from the salt-mine, it is likely
that an iron bearing mordant was used together with tan-
nins to get an iron-gall black. Due to the fact that iron-gall
black dyeing was combined with vat dyeing and dyeing
with yellow or red dyestuffs, very dark and intensive
blacks were obtained.

Furthermore in the wool of the textile 89893 Ryder iden-
tified 99 % pigmented fibres, while the fibres of the other
black textile were not analysed. It is evident that in prehis-
toric times brown and black wool were dyed to produce
deep black colours. In a black fabric from Altrier (Luxem-
burg, Early Laténe Period) indigotin has been detected on
naturally coloured brown wool*”. To produce the black co-
lour of the Hallstatt textile 89893, black wool was presu-
mably dyed with an iron-gall black, with woad and addi-
tionally with unknown red dyestuffs.

Reddish brown and brown samples

The most common method to dye brown is by using tan-
nins. In addition, brown or reddish brown colours can be
obtained by a mixture of red and blue dyestuffs or when
yellow dyestuffs are applied on an iron mordant.

Three reddish brown (73347, 75916, 89835), three brown
samples (75977/1, 75977/2, 78551), and a yellowish
brown textile (8§1160) were analysed; the results are given
in Tab. 4. It is interesting that in none of these samples
were tannins identified.

Most of the colours were achieved by dyeing white wool
using flavonoid dyes combined with red dyes and blue in-
digotin, probably derived from woad. The concentration of
indigotin was low. In the reddish brown sample 89835,
shown in Plate 12/5, and in the yellowish brown sample
81160, a dyestuff was found which probably indicates the
use of orchil. The other red dye- stuffs present in these
samples remain unidentified.

In all samples flavonoids were detected. Luteolin and api-
genin, which were detected in the samples 89835 and
75977#1 (Plate 6/2) could indicate the use of weld. In four
other samples, no luteolin was found but apigenin, alt-
hough the identification was complicated due to the low

46 Ryder 2001: 233.
47 Kurzynski 1996: 41.
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Tab. 3: Hallstatt textiles, dyestuff-analysis: results of SEM-EDS analysis and HPLC analysis of the black textiles
(© ICN / University of Applied Arts Vienna, Dept. Archaeometry).

concentration. This could mean that luteolin was under the
detection limit of the system, due to selective degradation,
or that another dye plant was used. Some plants only con-
tain apigenin, such as Stinking Chamomile (4nthemis chia
L.), Sawwort (Serratula tinctoria L.) and the leaves of the
Galium species®. Since there were no other specific colo-
rants present, the identification of this dye plant was im-
possible. Furthermore, degradation can alter the concen-
tration of the dyestuffs in a sample. Research to determine
the light fastness of textiles dyed with heather (Calluna
vulgaris L.) indicates that of the dyestuffs apigenin, ka-
empferol and quercetin, apigenin is the most stable®. Ho-
wever, one cannot conclude that this is also the case under
the conditions in the mine.

As mentioned above, it was impossible to determine whet-
her the elements found could have been applied as a mor-
dant or were contaminants from the mine. However, the
final colour observed can be the effect of the presence of
iron and copper. Copper was found in all samples and iron
in five out of seven samples. As a result, flovonoid yellows
could be altered to brownish or olive-brown shades. Gene-
rally anthraquinone reds could have been changed into a
reddish brown or violet. The situation is even more com-
plicated, since mixtures of red, yellow and blue dyes were
applied. For that reason, the original colour could not be
determined.

Unidentified red dyestuffs in Iron Age Textiles

In the different Hallstatt textiles several red dyestuffs were
found, sometimes in high concentration. The spectra of the
red colorants are given in Fi. 5a and 5b. Kermesic acid was
clearly identified by its spectrum and retention time. The
spectra of carminic acid and orchil respectively were not

48 Schweppe 1992: 349, 351. — Bohmer 2002: 196. — Hegnauer
1963-1973.
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well-developed due to the low response. They could be
identified, however, by their retention time. Two red dye-
stuffs were found, the spectra of which did not match with
any red colorant found in reference materials. Particularly
the component producing spectrum 4 was present in a rela-
tive high concentration and a well-developed spectrum
was obtained. As reference materials for most of the im-
portant red dyestuffs were analysed, redwood, madder,
Galium species, lichen dyes and fungus dyes of Dermocy-
be species can be excluded. The origin of these two dye-
stuffs remains unknown.

Interestingly, other research indicates the use of unknown
red dyes as well. By using UV/Visible spectrophotometry
and thin-layer chromatography Walton Rogers found an
unidentified red dyestuff in one of the Hallstatt textiles
(73347). The result indicates a mordant dye with an ab-
sorption spectrum close to that of madder and galium, but
not identical. In addition, an unidentified red dyestuff was
found in a textile from Lenne Hede, different from the
dyestuff in the Hallstatt textile sample. According to her
research, the following dyes can be eliminated: madder,
Galium species, redwoods, insect dyes and fungus reds.

Conclusions

Correlation between the different samples

In the seventeen samples, twenty-five different colorants
were detected, but not all of them could be identified.
Based on the results of dyestuff analysis, the dyes which
could have been used for dyeing the Hallstatt textiles are
listed in Tab. 5. Even if identification was not possible, it
often can be indicated from which dye source the compo-

49 Ferreira 2001: 149-150.
50 Bender Jorgensen and Walton 1986: 186. — Walton 1988: 155.
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Tab. 4: Hallstatt textiles, dyestuff-analysis: results of SEM-EDS analysis and HPLC analysis of the reddish brown, brown
and yellowish brown textiles (© ICN / University of Applied Arts Vienna, Dept. Archaesometry).

nents were derived. For example six compounds, indigo-
tin, indigotin equivalent, indirubin, indirubin equivalent,
isatin and an unknown yellow compound are all correlated
with an indigotin dye, which was most presumably woad.
It is remarkable that in most of the samples woad was
found.

Several yellow dyestuffs, all belonging to the flavonoid
dye class, were found. In almost all samples flavonoids
were detected. From the results of dyestuff analyses one
can draw the conclusion that different dye plants must
have been used for dyeing yellow. The luteolin and apige-
nin-containing plant is most probably weld, although the
ratio between luteolin and apigenin is different from the
ratio known from weld-dyeings of textiles of much later
periods. In four of the brown and reddish brown samples
apigenin was present where luteolin was absent. This
could indicate another dye plant, although weld could not
be excluded since tne luteolin could be degraded comple-
tely. Weld and the apigenin-containing dye were not found
in the blue samples and in just one of the black samples.
The origin of the quercetin identified in the blue textiles
and in one yellowish brown textile, sometimes together
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with ellagic acid, is unknown. It is remarkable that querce-
tin was never found with luteolin or apigenin. The presen-
ce of quercetin, which is one of the most widespread fla-
vonoids in plants, indicates another dye plant source. Just
possibly, it originates from woad in which it occurs as a
minor component. The origin of many unidentified yellow
dyestuffs found in the samples is also unknown, but these
could be minor components since they all were found in
combination with luteolin, apigenin or quercetin.

Five different red dyestuffs were found. An insect dye was
identified in a greenish blue and in the blue samples, but
not in the other samples. The presence of a red colorant,
probably indicating the use of orchil, was surprising. Or-
chil is known for its instability, yet it was found in one
blue, one reddish brown and in one yellowish brown sam-
ple. In three samples different red colorants were detected
that could not be identified.

Tannins were found in the black, in a greenish blue and in
the blue samples, but not in other samples. The presence of
tannins, in combination with iron, indicates the use of an
iron-gall dye in the black samples. To improve the colour,
woad was applied as well, together with a red dye in one
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Tab. 5: Hallstatt textiles, dyestuff-analy-
sis: dyes identified in textile fragments
from the prehistoric salt-mines of
Hallstatt (© ICN / University of Ap-
plied Arts Vienna, Dept. Archaeome-

try).

sample and a yellow dye in the other. This clearly indica-
tes that different dyes were used to produce dark shades.
From this research it appears that the dyeing of textiles
was much more common at that time than one would have
supposed. No samples were found which were completely
undyed. Dyestuffs were even identified on three textiles
which were made of wool consisting of 98-100 % pigmen-
ted fibres. Vat dyeing with woad seems to be common. It
was used together with a yellow mordant dye for green.
However, the use of mordants could not be proved due to
contamination, with the exception of the iron-gall black;
mordants must have been used to obtain fast colours. Ele-
ments from mordants and from the mine could have af-
fected the final colour.

Comparison with Iron Age textiles found in other
European regions

The results of this project were compared to those from
analytical research done on textile fragments from the Iron
Age in Europe. An overview is given in Tab. 6. The num-

51 Bender Jorgensen and Walton 1986: 185
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ber of investigations is still limited, so it is difficult to draw
accurate conclusions. However, interesting trends can be
observed.

The blue dyestuff indigotin, indicating the use of woad or
indigo, was found in all regions. Although it is not possible
to distinguish between indigo and woad, since the main
component of both dyes is indigotin, woad is the most li-
kely dye used in Europe at that time. Indigo originates
from subtropical and tropical Indigofera species, so unless
trade over long distances is a possibility, its presence in
Europe at that date is unlikely.

Red dyes were found in Hallstatt, Hochdorf, Norway and
Denmark. It seems that red dyes and the knowledge about
their use were not widespread in the Iron Age. Madder and
possibly Galium species were only found in Iron Age tex-
tiles from Scandinavia. While Galium species are native to
Europe it is highly unlikely that madder was grown in
northern Europe in the Iron Age and unless the dye itself
were traded, the textile is most probably an import’'.
Insect dyes identified in textiles from Hallstatt, Hochdorf
and Norway were probably kermes and Polish cochineal
but identification is not always obvious. If kermesic acid
only is detected, kermes was probably used for dyeing.
The identification of kermesic and carminic acid points to
Polish or Armenian cochineal. In the Hallstatt textiles pre-
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Tab. 6: Dyes identified in Iron Age textiles from Europe. References: 1) Walton Rogers in Ryder 2001. — 2) Hofmann, Van
Bommel & Joosten, see Tab. 5. — 3) Walton Rogers in Banck-Burgess 1999. — 4) Banck-Burgess 1999. — 5) Walton 1988.
— 6) Bender Jgrgensen and Walton 1986. (© ICN / University of Applied Arts Vienna, Dept. Archaeometry).

cise identification was not possible, because the ratio bet-
ween these dyestuffs does not correspond to the ratios
found in reference materials of any insect dye. It could be
that a mixture of Polish or Armenian cochineal with ker-
mes was applied. Alternatively, the ratio could be altered
due to different degradation behaviour of kermesic acid
and carminic acid. While in one Norwegian Iron Age texti-
le of good quality Walton identified Polish cochineal by
using UV/Visible spectrophotometry, in another one the
dye may be either kermes or Polish cochineal®. The iden-
tification of an insect dye in all these regions always indi-
cates trading of the dye or the textile.

Interestingly, some unknown red dyestuffs were found in
Hallstatt, Hochdorf and Lenne Hede. Since different ana-
lytical techniques were used, it is not possible to determine
if the same unknown red dyestuffs were found in these re-
gions. In all investigations presented in Tab. 6, the results
were compared to those from the analysis of reference ma-
terials: redwood, madder, Galium species, insect dyes, li-
chen dyes and fungus dyes of Dermocybe species could be
excluded. Further research has to be carried out to determi-
ne if these unknown dyestuffs are degradation products.
Alternatively, the unknown dyestuffs could indicate an un-
known dye, knowledge of which was lost during the cen-
turies.

From Tab. 6 it can be deduced that lichen dye and flavono-
ids were only detected in the present research. This could
be due to the HPLC-PDA technique applied, which is ge-
nerally more sensitive than TLC or spectroscopic identifi-

cation >,
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One can conclude that in the Hallstatt Period and in the
Iron Age complex dyeing processes were used. Textiles
were dyed using vat dyes, mordant dyes and tannins. Con-
siderable skills were developed for dyeing dark shades and
blacks on Iron Age textiles in Norway>, at Altrier” and
Hallstatt. It was known how to obtain different shades by
over-dyeing and mixing dyes.

Appendix

SEM-EDS analysis

Scanning electron microscopy was performed with an
energy-dispersive X-ray spectrometer system (SEM- EDS,
JEOL 5910LV). All samples were first coated with a thin
layer of carbon to increase their conductivity. In the sam-
ple chamber of the microscope the samples were scanned
under high vacuum by a finely focussed electron beam
with an accelerating voltage of 20&V. When an electron
beam scans the specimen’s surface, interactions between
the electron beam and the atoms composing the sample
produce various kinds of information. Secondary electrons

52 Walton 1988: 156

53 Hofmann-de Keijzer and Van Bommel 2005.
54 Walton 1988: 153-154.

55 Kurzynski 1996: 41.
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carry information on the topography of the sample surface,
back scattered electrons on the composition and X-rays on
the elemental composition. Due to the finely focussed
beam of up to 2 um it is possible to perform in situ micro-
analysis on the sample surface. The analysis is qualitative
since the sample surface was not polished flat. The detecti-
on limit of the EDS system in high vacuum would be
around 1 mass %.

HPLC analysis

All samples were first extracted with 50 pl dimethylforma-
mide (DMF) for 10 minutes at 1402C. The DMF extracts
were separated from the textiles and injected into the
HPLC. Next, the samples were hydrolysed by addition of
50 pl reagent (water/methanol/hydrochloric acid, 1/1/2) to
each sample in a 250 ul small insert vial. The vial was hea-
ted for 10 minutes in a water bath at 100 °C to extract and
dissolve the dyestuffs. After the hydrolysis, the samples
were evaporated to dryness and dissolved in 25 ul dime-
thylformamide. Prior to HPLC analysis, the samples were
centrifuged for 2 minutes at 2000 rpm to remove precipita-
ted matter. A sample volume of 10 pl was injected into the
HPLC system.

The HPLC analyses were performed with equipment from
Waters Chromatography BV (Etten-Leur, The Nether-
lands). The mobile phase was delivered at a flow rate of
0.2 ml/min by a 616 LC pump, controlled by a 600S con-
troller. An in-line degasser degassed all effluents used.
Samples were injected by a 717 autosampler. Detection
was performed with a 996 Photo Diode Array (PDA) de-
tector equipped with a 10 ul detector cell, scanning from
200 to 700 nm at a scanning rate of 1 scan/sec. The equip-
ment was controlled by a computer with Millennium 32
software, version 4.0, from Waters Chromatography BV;
the same system was used for data acquisition. Separation
was performed on a luna C18 column (100 x 2 mm id) pro-
tected by a security C18 guard column, both supplied by
Phenomenex (Torrance, CA, USA). The mobile phase
consists of a gradient of water (HPLC grade 1, purified by
a simplicity system Millipore, Amsterdam, the Nether-
lands), methanol (gradient grade, Fluka, Zwijndrecht, the
Netherlands) and 5% phosphoric acid in water (acs re-
agent, Sigma, Zwijndrecht, The Netherlands). The consti-
tution of the solvents and the gradient profile is given in
Tab. 7.

Farbstoff- und Elementanalyse an
Textilien aus dem prahistorischen
Salzbergwerk Hallstatt

Im bronzezeitlichen und hallstattzeitlichen Salzbergbau
von Hallstatt wurden seit 1849 ungefihr 230 Textilfrag-
mente gefunden, von denen fast alle aus Wolle bestehen.
Dank der konservierenden Wirkung des Salzes und dem in
der Mine herrschenden konstanten Klima blieben nicht nur
die Fasern, sondern auch die Farben der Textilien erhalten.
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Tab. 7: Hallstatt textiles, dyestuff-analysis: gradient profile
of HPLC system (© ICN).

Die Farbnuancen der rund 140 hallstattzeitlichen Textilien
variieren von Gelb und Olivgriin bis Griin, Braun, Rétlich-
braun, Griinlichblau, Blaue und Schwarz.

Im Jahre 2002 wurde in Zusammenarbeit zwischen der
Prahistorischen Abteilung des Naturhistorischen Mu-
seums Wien, des Research Department des Netherlands
Institute for Cultural Heritage in Amsterdam und der Ab-
teilung Archdometrie der Universitit fiir angewandte
Kunst Wien das multidisziplindre Forschungsprojekt Hall-
tex 1 zur naturwissenschaftlichen Untersuchung der farbi-
gen Textilien gestartet. Es wurden 17 Proben analysiert,
die alle in den Textilfragmenten vorkommenden Farbnu-
ancen abdeckten.

Lichtmikroskopie und Rasterelektronenmikroskopie mit
energie-dispersiver Rontgenanalyse (REM-EDX) dienten
zur Faseranalytik. In den verschiedenen Textilien wurden
Wollfasern mit gut erhaltenen oder mit abgebauten Schup-
pen gefunden (Fig. 1aund 1b). Bei fast allen Proben waren
die Fasern mit anorganischen Partikeln kontaminiert, bei
einigen besonders stark (Fig. 2a). Fasern mit abgebauten
Schuppen wiesen Risse und Briiche auf (Fig. 2b).

Mit REM-EDX wurden auf den Wollfasern sehr kleine
Areale von 30 x 30 pm zwischen den Schmutzpartikeln
gemessen, um nur die in den Fasern vorkommende Ele-
mente zu analysieren. Fiir die Untersuchung der Féarbun-
gen waren vor allem jene Elemente wichtig, die aus Beiz-
mitteln stammen kdénnten (Aluminium, Eisen, Kupfer)
oder die wahrend der Lagerung im Heidengebirge in die
Fasern eingedrungen sein konnten und die Féarbungen der
Textilien nachtriglich verédndert haben konnten (Eisen,
Kupfer). Als Eisenquelle kommen eisenhaltige Salzmine-
ralien in Frage, als Kupferquelle abgebrochene Bronzepi-
ckelspitzen (Plate12/2-5). Eisenhaltige und kupferhaltige
Verbindungen fithren zum Abdunkeln von Beizenfarbun-
gen (Plate 12/1).

Die Herkunft der Elemente — aus einem Beizmittel oder
aus der Salzmine — kann nur indirekt bestimmt werden.
Aluminium wurde in allen Proben nur gemeinsam mit Sili-
zium analysiert, das sicher aus dem Bergwerk stammt.
Daher ist anzunehmen, dass das gefundene Aluminium
ebenfalls aus dem Bergwerk stammt. Die Verwendung
eines aluminiumhaltigen Beizmittels konnte daher nicht
nachgewiesen werden. Es ist nicht bekannt, ob Kupfer, das
manchmal in groBeren Mengen gefunden wurde, nur aus
dem Heidengebirge stammt oder ob auch ein kupferhalti-
ges Beizmittel benutzt wurde. Da in beiden schwarzen
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Textilfragmenten (Plate 13/2) Eisen zusammen mit
Gerbstoffen nachgewiesen wurde, kann man mit groBer
Wahrscheinlichkeit annehmen, dass eisenhaltige Beizmit-
tel zur Erzeugung eines Eisengallus-Schwarz benutzt wor-
den sind.

Die Analyse der Farbstoffe erfolgte mit Hochleistungs-
Fliissigkeitschromatographie mit Photo-Dioden-Array-
Detektion (HPLC-PDA). Wie bei anderen fragilen archdo-
logischen Textilien wiesen die Chromatogramme eine Sto-
rung der Basislinie auf, wodurch die Identifikation der
Komponenten erschwert wurde (Fig. 3). Insgesamt wur-
den 25 Farbstoffe analysiert und daraus konnte auf die
Verwendung von mehr als sieben Farbedrogen geschlos-
sen werden (Tab. 1-4, Tab. 5). Die Identifikation der Fér-
bedrogen war schwierig, da es noch keine Erfahrung mit
HPLC-PDA-Fingerprints von in der Hallstattzeit verwen-
deten Farbedrogen gab und die Abbaumechanismen von
Farbstoffen in Salzminen nicht bekannt sind. Da sowohl
Textilien als auch Féarbedrogen iiber weite Strecken gehan-
delt und auch lokale wachsende Farbepflanzen benutzt
worden sein konnen, kommen ein Vielzahl an Farbedro-
gen in Betracht.

Indigotin wurde in dreizehn Proben aus allen Farbnuancen
nachgewiesen, in groflerer Konzentration analysierte man
Indigotin in griinlichblauen, blauen (Plate 13/1) und
schwarzen Textilien (Plate 13/2) und im griinen Textil. Der
Nachweis von Indigotin weist auf die Farbungen mit einer
Indigopflanze hin. Bisher konnen mit verschiedenen Indi-
gopflanzen durchgefiihrte Farbungen nicht an Hand von
Nebenkomponenten chemisch unterschieden werden. Mit
grofler Wahrscheinlichkeit wurde der Farber-Waid (Zsatis
tinctoria L.) benutzt, da er zu dieser Zeit bereits in Europa
kultiviert wurde und der Import von Indigo aus Asien oder
Afrika sehr unwahrscheinlich ist. Fig. 4 zeigt das Spek-
trum einer unbekannten gelben Komponente, die in Indi-
gotin-Féarbungen der Hallstatt-Textilien und in Indigo-
tin-Firbungen von spitantiken Textilien aus Agypten ana-
lysiert wurde.

In fiinfzehn Proben wurden drei verschiedene Flavonoide
nachgewiesen, einzeln oder in Kombination. In je einem
gelben (Plate 13/3), griinen (Plate 8/3), olivgriinen (Plate
13/4), braunen (Plate 6/2), rotlichbraunen (Plate 12/5) und
schwarzen Textil (Plate 13/2) wurden Luteolin und Apige-
nin analysiert, woraus man schlieBen kann, dass hochst-
wahrscheinlich der Farber-Wau (Reseda [uteola L.) be-
nutzt wurde. Eine eindeutige Identifikation war nicht mog-
lich, da Luteolin und Apigenin in gleicher Konzentration
gefunden wurden, wihrend in Wau-Féarbungen normaler-
weise viel mehr Luteolin als Apigenin vorkommt. Entwe-
der wurde Luteolin in der Mine rascher abgebaut als Api-
genin oder im Wau der Hallstattzeit kamen die Farbstoffe
in anderen Konzentrationen vor oder eine andere Pflanze
wurde benutzt.

In braunen und rétlichbraunen Texilien wurde nur Apige-
nin und kein Luteolin nachgewiesen. Zum Farben dieser
Textilien wurde entweder eine unbekannte Pflanze ver-
wendet, oder es handelt sich um Wau-Farbungen, bei
denen das Luteolin vollstindig abgebaut worden ist. Quer-
cetin wurde in allen blauen Textilien (Plates 7/4 und 13/1),
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manchmal zusammen mit Gerbstoffen, und in einem gelb-
braunen Textil gefunden. Die Herkunft dieses héufig in
Pflanzen vorkommenden Flavonoids ist unbekannt. Es
gibt zahlreiche quercetinhaltige Farbstoff- und Gerbstoff-
pflanzen. Es konnte sogar aus dem Férber-Waid stammen,
in dem es als Nebenkomponente vorkommt. Allerdings
miissten dann in der Hallstattzeit fiir die Waid-Farbung
Techniken angewendet worden sein, bei denen auch Bei-
zenfarbstoffe auf die Fasern aufziehen konnten, was bisher
bei Kiipenfarbungen nicht beobachtet wurde.

Eine unbekannte Gerbstoffdroge wurde zum Firben von
blauen und schwarzen Nuancen benutzt. Auffillig war,
dass in keinem einzigen braunen Textil ein Gerbstoff ge-
funden wurde, obwohl man mit Gerbstoffen auf einfache
Art (Direktfarbung) Brauntone erzielt. Die Brauntone der
untersuchten Proben entstanden entweder durch mehrere
Farbeprozesse unter Anwendung von gelben und roten
Farbstoffen und Waid und/oder durch den Einfluf3 von ei-
sen- und kupferhaltigen Verbindungen auf gelbe Flavono-
idfarbungen. Falls diese Verbindungen erst in der Mine in
die Textilien eingedrungen sind, haben sie die Originalfar-
be verdndert.

Es wurden fiinf verschiedene rote Farbstoffe nachgewie-
sen (Fig. 5). In blauen Textilien (Plates 13/1 und 7/4) wur-
den Kermessdure und vermutlich Karminsdure identifi-
ziert, woraus man auf die Verwendung von Férbe-Insekten
schlieBen kann. Mit HPLC-PDA kann man durch quantita-
tiven Vergleich von Haupt- und Nebenkomponenten die
mit Kermes, Polnischer Cochenille oder Armenischer Co-
chenille durchgefiihrte Farbungen eindeutig voneinander
unterscheiden. Doch das in den untersuchten Textilien ge-
fundene Verhiltnis zwischen Kermessdure und Karmin-
sdure entspricht keinem der bekannten Farbe-Insekten. Es
konnte sein, dass dies auf unbekannte Abbaumechanismen
in der Mine zuriickzufiihren ist oder dass eine Mischung
von Firbe-Insekten benutzt wurde.

In zwei braunen (Plate 12/5) und in einem blauen Textil
(Plate 13/1) wurde ein roter Farbstoff gefunden, der aus
Orseille, einer aus Flechten hergestellten Farbedroge,
stammen konnte. Zwei rote Farbstoffe sind unbekannter
Herkunft.

Es war bemerkenswert, dass in allen Proben, auch in
jenen, die wie braune oder schwarze naturfarbene Wolle
aussehen, zumindest ein Farbstoff gefunden wurde. Da-
raus folgt, dass das Farben bei der Textilherstellung in der
Hallstattzeit weit mehr angewendet wurde als bisher ange-
nommen. Kiipenfarberei scheint allgemein verbreitet ge-
wesen zu sein (Tab. 5 und 6).

Sowohl direkt férbende Gerbstoffe als auch gelbe und rote
Beizenfarbstoffe wurden verwendet. Farbungen mit Fér-
be-Insekten, Krapp, Galium-Arten, Gerbstoffen und unbe-
kannten roten und gelben Farbstoffen wurden bereits von
Walton Rogers in eisenzeitlichen Textilien mit UV/Visible
Absorption Spektrophotometrie und Diinnschicht-Chro-
matographie gefunden (Tab. 6). Bei der Untersuchung der
Hallstatt-Textilien wurden erstmals in eisenzeitlichen Tex-
tilien gelbe Flavonoide und ein Flechtenfarbstoff analy-
siert, was vor allem auf die angewandte Analysemethode
(HPLC-PDA) zuriickzufiihren sein diirfte, mit der Farb-
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stoffe in geringsten Konzentrationen nachgewiesen wer-
den konnen.

Obwohl nur bei den schwarzen Eisengallus-Farbungen auf
die Verwendung eines Beizmittels geschlossen werden
konnte, miissen auch bei den anderen Beizenfarbstoffen
Beizmittel benutzt worden sein, um dauerhafte Farbungen
zu erzielen.

Olivgriine Farbungen scheinen auf verschiedene Ursachen
zurlickzufiihren zu sein, bei denen Kupferverbindungen
eine Rolle spielen. In beiden olivgriinen Textilien wurde
nur Kupfer und kein Eisen nachgewiesen. Es ist unbe-
kannt, wann die Kupferionen in die Textilien gekommen
sind. Bei einem olivgriinen Textil (Plate 13/4) wurden die
gelben Beizenfarbstoffe Luteolin und Apigenin nachge-
wiesen. Eine gelbe Flavonoid-Férbung wurde durch Kup-
ferionen ins Olivgriine verschoben, sei es schon wéhrend
des Férbevorgangs durch kupferhaltige Beizmittel oder
erst wihrend der Lagerung im Heidengebirge. Beim zwei-
ten olivgriinen Textil, bei dem nur der Kiipenfarbstoff In-
digotin identifiziert wurde, konnten flavonoide Verbin-
dungen unter der Nachweisgrenze liegen. Falls aber nur
eine Indigotin-Farbung vorliegt, war beim Farben kein
Beizmittel notig und die olivgrine Farbung eines ur-
spriinglich vermutlich blauen Textiles, diirfte nur auf Kup-
ferverbindungen zuriickzufiihren zu sein, die in der préhis-
torischen Mine in das Textil eingedrungen sind.

Man kombinierte Farbedrogen und Férbetechniken, um
bestimmte Farbnuancen zu erzielen. Griin (Plate 8/3) farb-
te man mit einer gelbfarbenden Droge, vermutlich mit dem
Férber-Wau, und mit einer blaufarbenden Droge, dem Far-
ber-Waid. Besonders aufwendige Férbeverfahren benutzte
man fiir blaue und schwarze Farben. Fiir Blau wurde nicht
einfach eine Waidfarbung durchgefiihrt, sondern man ver-
wendete zusdtzlich Gerbstoffe und gelbe und rote Farb-
stoffe, um bestimmte blaue Nuancen zu erzielen. Aus dem
Nachweis von Firbe-Insekten in zwei blauen Textilien
(Plate 13/1) kann man auf den Import der Féarbe-Insekten
oder der Textilien schlieen, weil diese Insekten in der
Umgebung von Hallstatt nicht vorkommen. Da die Farbe-
droge nicht identifiziert werden konnte, weill man nicht,
woher das Farbe-Insekt stammt. Kermes kommt im Mit-
telmeerraum vor, die Polnische Cochenille in Nordosteu-
ropa und die Armenische Cochenille um den Berg Ararat.
Dunkle Schwarztone (Plate 13/2) wurden sowohl auf wei-
Ber als auch auf brauner Wolle mit Gerbstoffen und eisen-
haltigen Materialien (Eisengallus-Schwarz) erzeugt und
zusitzlich noch mit Waid und gelben oder roten Farbstof-
fen gefarbt.
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Untersuchungen zum Erhaltungszustand der ,Hallstatt-Textilien®

Michaela Morelli

Abstract

Im Rahmen dieser Arbeit wurden einerseits Informationen zur bisherigen Handhabung und Behandlung der Fragmente
aus dem Salzbergwerk von Hallstatt gesammelt, andererseits die Stiicke sowohl mit freiem Auge als auch unter dem Mi-
kroskop auf Schiaden untersucht. Da die Fundstiicke seit tiber 150 Jahren laufend ausgegraben werden war die Ermittlung
der Schadensursache iiber Vergleiche zum Grofteil moglich.

In the course of this work information was gathered concerning the treatement of the textile specimens from the salt-mines
at Hallstatt during the last 150 years. The other main point was to check all specimens for damages macroskopically as
well as under microscope. Because the textiles were excavated during the last 150 years, in most cases we were able to

find the specific reasons for the damages.

Einfihrung

Im Jahre 2003 wurde ich mit verschiedenen Fragestellun-
gen zum Thema Reinigung, Konservierung, Aufbewah-
rung, Transport etc. der ,,Hallstatt-Textilien” konfrontiert.
Es war schnell klar, dass vor jeder konservatorischen Aus-
einandersetzung mit den Stiicken deren aktueller Erhal-
tungszustand erfasst werden muss.

AuBerdem sollen alle moglichen Ursachen fiir den mehr
oder weniger schlechten Zustand und den zum Teil starken
Materialabbau zusammen getragen werden.

Zuallererst muss bei der Untersuchung zum Erhaltungszu-
stand bedacht werden, dass wahrscheinlich alle Textilien
aus den préhistorischen Bergwerken in sekundirer bzw.
tertidrer Funktion Verwendung fanden, bevor sie mit ande-
rem unbrauchbar gewordenem Material und Salz am
Boden im Berg liegen blieben.

Dies bedeutet, dass die Stiicke bereits in der Bronze-
zeit/Eisenzeit nicht mehr sehr gut erhalten waren. Es han-
delt sich um Fragmente, welche oft zerrissene/gerissene
Réander aufweisen. Nur selten sind Webkanten und Sdume,
sowie Anschusskanten oder Borten vorhanden.

Was bisher mit den Fragmenten
geschah

Zur bisherigen Handhabung und Behandlungsweise der
Textilfragmente aus dem Salzbergwerk von Hallstatt
konnten folgende Informationen und Beobachtungen ge-
sammelt werden:

* Die Textilien werden seit iiber 150 Jahren aus dem
Bergwerk geborgen und wurden nach der Bergung vor
Ort in Quellwasser gewaschen und gespiilt (siche K.
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Gromer, The Textiles from the prehistoric Salt-mines at
Hallstatt, in diesem Band, Fig. 1).

Einige Stiicke wurden anschliefend in der Sammlung
nass nachbehandelt. Laut Dr. Barth wurden noch anhaf-
tende Verunreinigungen in einem Wasserbad (destillier-
tes Wasser) geldst. Die Fragmente wurden in diesem
Fall mit dem Wasserstrahl aus einem feinen Glasrohr-
chen, welches an einem Wasserschlauch angesteckt
war, unter Wasser gereinigt.

Sieben Textilfragmente befinden sich in der Daueraus-
stellung (Fig. 1). Sie sind mit Stecknadeln auf eine tex-
tilbespannte Weichfaserplatte vertikal genadelt und den
fortwahrenden Klimaschwankungen sowie schidigen-
den UV-Strahlen (photochemischer Abbauprozess) der
Beleuchtung ausgesetzt.

Die Stecknadeln verursachen mechanische Schéden
(Locher durch das Eigengewicht der Fragmente, Einsti-
che in den Faserverbund); die Dampfe aus der Weichfa-
serplatte (Formaldehyd, andere Losemittel etc.) bewir-
ken eine chemische Schadigung.

Bis Anfang der 90er Jahre des 20. Jahrhunderts wurden
die Textilien in Eichenschrinken aufbewahrt, welche
zwar kurzfristige Klimaschwankungen auszugleichen
vermochten, deren Séuren aus dem Eichenholz jedoch
sicherlich auch schiddigenden Einfluss auf die Erhal-
tung hatten.

Bis 1998 waren alle Stiicke den Klimaschwankungen in
den Schau- bzw. Arbeitsrdumen ausgesetzt, erst danach
kamen sie in den klimatisierten Tiefspeicher in einen
Planschrank.

Neun der dltesten Textilfragmente wirken flachgepresst
und werfen sich zum Teil schiisselformig auf (Plate
14/a). Es handelt sich um die ersten Textilfragmente aus
dem Bergwerk, welche Mitte des 19. Jahrhunderts im
Kernverwisserungswerk gefunden wurden und kurz
danach im Kunsthistorischen Museum Wien ausgestellt
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Fig. 1: Vitrine im Naturhistorischen Museum Wien mit den ausgestellten Hallstatt-Textilien. Presentation of the textiles at the
Museum of Natural History Vienna (© Naturhistorisches Museum Wien, Prahist. Abteilung).

wurden. Im Anschluss daran wurden Nachbildungen in
Form kolorierter Kartonabdriicke (Plate 14/d) auf einer
damals allgemein iiblichen Kopierpresse angefertigt '.
Einige Stiicke wurden ausgelegt und wirken heute zum
Teil gekdmmt.

Andere Fragmente weisen heute einen klebrigen Griff
aufund sind zum Teil sehr steif (Plate 14/c). Sie wurden
hochstwahrscheinlich mit einem Festigungsmittel be-
handelt.

Sieben Fragmente wurden verglast (Fig. 2).

Erste Durchsicht der Fragmente

Alle mir im Zeitraum Januar 2004 bis Mai 2004 zugéingli-
chen Stiicke wurden in einer ersten Durchsicht mit freiem
Auge und Lupe auf ihren Erhaltungszustand untersucht.
Eine schnelle Durchsicht nach einfachen, vorher festge-
legten Kriterien wurde bewusst gewihlt, um insgesamt
165 Textilfragmente in einem ,,Guss* zu beurteilen und
einen Gesamtiiberblick des Erhaltungszustandes der Stii-
cke zu schaffen. Es wurde besonders auf abgefallene Parti-
kel, sowie auf die Elastizitdt der Fasern/Fdden geachtet
und Augenfilligkeiten festgehalten.

Der Erhaltungszustand jener Stiicke, welche sich in der
Dauerausstellung befinden, ist eindeutig am schlechtesten.
Die Fasern sind von allen Fragmenten &duf3erst briichig und
unflexibel. Die ausgestellten Stiicke wurden alle vor 1901
ausgegraben, lediglich eines stammt aus dem Jahre 1966.
Die vergleichbaren Fragmente von 1966 aus dem gleichen
Fundkomplex, welche im Depot gelagert wurden, weisen
alle einen guten bis méBig guten Erhaltungszustand auf.

74

Grund fiir den starken Materialabbau der ausgestellten
Stiicke ist mit grofer Wahrscheinlichkeit das instabile
Klima — mit groen Schwankungen von Temperatur und
Luftfeuchte wihrend des gesamten Jahres — sowie die per-
manente Belastung durch schddigende UV-Strahlen der
Beleuchtung.

Insgesamt befinden sich die ,,dlteren* Stiicke mit niedriger
Inventarnummer in wesentlich schlechterem Zustand, als
die ,,jiingeren‘ mit hoherer Inventarnummer. Dies wieder-
um legt den Riickschluss nahe, dass die schlechten klima-
tischen Bedingungen im Hause wéhrend der letzten 150
Jahre mafB3igeblich an der raschen Alterung der Fragmente
beteiligt waren.

Ein GroBteil der jiingeren Textilfragmente weist leichte bis
starke lehmige Verschmutzung auf (Plate 14/b), welche
auf die Fasern versprodend wirkt. Es ist auffallig, dass die
von 1846 bis 1967 geborgenen Textilfragmente keinerlei
oder nur wenig Verschmutzungen aufweisen. Danach, vor
allem ab den 80er Jahren des 20. Jahrhunderts ist eine be-
trachtliche Anzahl an Fragmenten davon betroffen. Ab
1967 sind 43 % der untersuchten Fragmente mit lehmiger
Verschmutzung verbacken bzw. behaftet, 57 % sind ohne
Verschmutzung.

Weiters ist bemerkenswert, dass der Fundort keinen we-
sentlichen Einfluss auf diesen Zustand der Textilfragmente
hat.

Je nach Fundort féllt die Zusammensetzung des Heidenge-
birges sehr unterschiedlich aus. Beispielsweise gilt das

1 Vermutung von F. E. Barth, Naturhistorisches Museum Wien.
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Heidengebirge im Kernverwisserungswerk als stark salz-
haltig, im Christian-Tuschwerk als stark lehmhaltig”.

Das Auswaschen von Salz ist wesentlich einfacher, als das
von Lehm. Das bedeutet, dass Fragmente aus dem Kern-
verwiésserungswerk weniger Verschmutzungen aufweisen
sollten, als solche aus dem Tuschwerk. Dies ldsst sich al-
lerdings aus den Untersuchungen zum Zustand der Stiicke
nicht ablesen: beispielsweise wurden insgesamt 77 Frag-
mente aus dem Kernverwisserungswerk untersucht, davon
15 Stiick von vor 1967, die keinerlei lehmige Verschmut-
zungen aufweisen. Unter den 62 Exemplaren, welche nach
1967 in der Sammlung Eingang fanden, sind 37,5 % (24
Stiick) lehmig verschmutzt.

Die schliissige Erklarung fiir diese Erscheinung liegt wohl
eher in der Vorgangsweise beim Auswaschen und Spiilen
der Fundstiicke, bzw. bei deren Nachbearbeitung oder
Nicht-Nachbearbeitung im Museum.

Fasermikroskopische Untersuchung

In einem zweiten Arbeitsschritt wurden aus 16 Textilfrag-
menten Fasern entnommen und unter dem Durchlichtmi-
kroskop auf Schéden untersucht.

Grundlage fiir folgende Untersuchung waren Fragmente
aus ein und demselben Fundkomplex, dem Kernverwisse-
rungswerk. Ein Teil dieser Fragmente wurde vor tiber 155
Jahren ausgegraben, der andere Teil ging 1990 in den
Sammlungsbestand ein.

Ziel der Untersuchung war es einerseits zu sehen, ob man
Schiden am Fasermaterial feststellen kann, andererseits
sollte der Zustand der Fasern aus den verschiedenen Frag-
menten untereinander verglichen werden, um weitere
Schliisse auf die Schadensursachen fiir den Materialabbau
der Stiicke ziehen zu konnen. Es wurden jeweils aus Kette
und Schuss im Randbereich der Fragmente Faserproben
entnommen und diese in Glyzerin/Wasser entm. eingebet-
tet.

Es konnten unterschiedliche Schadensbilder an den Fasern
festgestellt werden. Am hédufigsten handelte es sich um
Querbriiche in den Fasern, die zu mehreren Faserbruchstii-
cken gefiihrt haben (Plate 14/e). AuBerdem konnten zahl-
reiche Querrisse, Langsrisse, Abspaltungen, Abschilun-
gen, Knicke und andere Deformierungen (Plate 14/f)
sowie splissige (Plate 14/g) oder schroff ausgebrochene
Faserenden beobachtet werden. Hinzu kommen noch Auf-
lagerungen von transparenten bis dunkel opaken Partikel
(Plate 14/i), hier handelt es sich wohl zum Grofteil um
Fremdmaterial wie Salzminerale, welche unzureichend
ausgewaschen wurden.

Beim Vergleich der Faserbilder innerhalb der untersuchten
Fragmentgruppe konnte ein insgesamt schlechterer Zu-
stand der Fasern jener Textilien, welche seit tiber 150 Jah-
ren in der Sammlung sind, festgestellt werden. Dieses Er-
gebnis deckt sich weitgehend mit den allgemeinen Beob-

2 Freundliche Mitteilung Hans Reschreiter, Naturhistorisches Museum
Wien — Vgl. Reschreiter, in diesem Band.
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Fig. 2: Hallstatt-Textilien: Verglastes Fragment mit Abstand-
haltern. Glass mount with fragment and mount elements
(© Naturhistorisches Museum Wien, Prahist. Abteilung).

achtungen. Waren die Fasern/Faden bei den Fragmenten
fragil, verhirtet oder versprodet, zeigten sich unter dem
Mikroskop die bereits oben genannten Schiden wie Quer-
briiche, Abspaltungen u.s.w. und kleinere Faserbruchstii-
cke.

Wies ein Fragment elastische Fasern/Faden auf und war
insgesamt geschmeidig, waren auch dessen Fasern unter
dem Mikroskop eher lang und hatten nur kleinere bzw. we-
nigere Schadstellen.

Ferner wurde jede Faser analysiert und ihre Faserstirke
gemessen, um die Ergebnisse fritherer Analysen zu {iber-
priifen bzw. zu vervollstindigen.

Im Wesentlichen kann nach diesen ersten Unteruchungen
festgestellt werden, dass die wichtigsten konservatori-
schen Mafinahmen fiir die ,,Hallstatt-Textilien* die Einhal-
tung konstanter klimatischer Bedingungen und der Einsatz
unbedenklicher Materialien in der Ausstellung und im
Depot sein miissen.

Da jede Handhabung der Textilien eine mechanische
Schiadigung der Fasern, besonders durch die versproden-
den Verschmutzungen, verursacht sollte bei einem restau-
ratorischen Konzept die Entfernung der lehmigen/salzigen
Verkrustungen an erster Stelle stehen.

Examination of the state of
preservation of the Hallstatt Textiles

The present condition of the Hallstatt textiles was exami-
ned in order to prepare a treatment proposal and find possi-
ble reasons for the badly deteriorated fibres.

What happened to the textiles before?

Textiles have been continuously excavated in the mines
for 150 years. They were washed out from the Heidenge-
birge and ultimately entered the collection of the Natural



"Hallstatt Textiles", British Archaeological Reports 2005

History Museum Vienna. The first textile finds (1849)
from the Kernverwésserungswerk were already displayed
in the second part of the 19" century. Of these card prints
were made and later coloured. These fragments now appe-
ar flat and deformed (Plate 14/a,d).

Some pieces were laid out and partly appear as if they had
been combed.

Some pieces were probably treated with consolidants.
They are very stiff and/or tacky Plate 14/c).

The most "interesting" textiles scientifically were and are
on display (Fig. 1). The pieces are pinned to a fabric cover-
ed mount and are exposed to fluctuating environmental
conditions in the display areas.

Six of the first fragments and one from the 1960 campaign
were mounted behind glass (Fig. 2). Fibres are partly adhe-
red to a mount elements.

Preparatory work for the treatment
proposal

In a first operation most part of the textiles were checked
for condition with the naked eye. Particular attention was
paid to detached particles and the flexibility of the pieces.
Specific features such as accretion, soiling, discoloration,
deformation and so on, were noted.

It was noted that the fragments, which had been in the col-
lection for more than 150 years, were more brittle than the
ones acquired within the last 10 to 40 years. However it
was observed that the later pieces were more soiled with
loam resulting in mechanical desiccation and brittleness of
the fibres.

A greater part of the fragments, which were excavated
since the eighties of the 20™ century, show encrusted,
loamy soiling resulting in brittleness of the fibres (Plate
14/b).

Until the beginning of the nineties the textiles had been
stored in oak cases. These acted as a slight buffer against
minor climate luctuations but they transpired acidic gases
causing further damage to the textiles. Until 1998 all texti-
les from the collection were exposed to major climate fluc-
tuations and were later transferred to the environmentally
controlled basement storage.

In a second step fibres of 15 fragments from exactly the
same location, the Kernverwésserungswerk, were exami-
ned. Eight of these fragments were excavated 155 years
ago; seven of the sample pieces entered the collection in
1990. The fibre samples were embedded in glycerine/
water and examined using a microscope focusing on brea-
kage and damage, accretion, detached and loose particles
(Plate 14/e-j).

Although more samples would have facilitated a more ac-
curate result about the state of preservation of the fibres —
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that is always a problem when dealing with original ob-
jects — this examination and the first one with naked eye
turned out to be conform.

The fragile condition of the pieces that had been in the col-
lection for the last 150 years was in all probability caused
mainly by poor environmental conditions, strong and re-
current fluctuations in temperature and relative humidity
as well as damage by light during display.

For long term preservation of the Hallstatt textiles the
main focus should be on environmental conditions and on
the materials used for storage and display.
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Neues Lagerungskonzept fur die Textilien aus Hallstatt

Carine Gengler

Abstract

Fiir das neue Lagerungskonzept der textilen Funde aus Hallstatt wurden Tableaus angefertigt, auf denen die Textilien so-
wohl gelagert, als auch transportiert und ausgestellt werden konnen. Durch dieses Konzept und die Wahl der Materialien
kann man gewisse Schadensfaktoren aus der Umwelt und durch Handhabungen vermeiden und so eine optimalere Lage-

rung ermoglichen.

For the new storage of the textile finds from Hallstatt, individual trays were created on which the textiles will be stored,
transported and exhibited. Through this storage concept and the choice of materials used for the trays, some of the sour-
ces of damage can be avoide and so optimal storage and preservati conditions can be achieved.

Vorwort

Im Juni 2003 beschloss das Naturhistorische Museum
Wien in Zusammenarbeit mit der Universitdt fiir Ange-
wandte Kunst Wien — Ordinariat fiir Konservierung und
Restaurierung, ein neues Konzept fiir eine verbesserte La-
gerungssituation der textilen Funde aus dem Salzbergwerk
Hallstatt zu entwickeln. Im Zuge einer Lehrveranstaltung
wurde ein Konzept erstellt und dem Naturhistorischen
Museum préasentiert. Die Realisierung der geplanten Maf-
nahmen begann im September 2003.

Seit 1998 werden die Textilien im Tiefspeicher des Natur-
historischen Museums in Wien aufbewahrt. Seitdem lagen
sie jeweils einzeln in offenen Schachteln in einem Plan-
schrank aus Metall. Durch Bewegung, beim Offnen der
Schubladen sowie beim Transport der Schachteln, ver-
rutschten die Textilien auf dem glatten Boden der Schach-
teln, was einen Abrieb der Fasern zur Folge hatte.

Eine neue Aufbewahrungsmethode sollte daher folgende
Anforderungen erfiillen:

Konservatorisch addquate Lagerung

Einfache und risikofreie Handhabung

Einfache Nutzung fiir Ausstellungen und Transport
Leichte Einsicht in die Sammlung

Anbringung von gut sicht- und lesbaren Inventar-
nummern

* % ¥ X% *

Das neue Konzept bestand darin, fiir jedes einzelne textile
Fragment ein eigenes Tableau anzufertigen, auf dem sie

1 Fir Textilen etwa eine Temperatur zwischen ca. 16°C - 20°C und
eine relative Luftfeuchtigkeit zwischen 50 % und 55 %.

2 Maximaler Wert von 50 LUX bei Ausstellungen.
3 Aufgerauhter Baumwollstoff.
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sowohl gelagert, ausgestellt als auch transportiert werden
konnen. Um den Kosten- und Zeitfaktor zu reduzieren,
wurden zwei Arten von Tableaus entworfen: Variante A,
ein flaches Tableau fiir Objekte, die voraussichtlich nie
ausgestellt werden, Variante B, ein Tableau mit Negativ-
bett, fiir Objekte welche zeitweise ausgestellt oder verlie-
hen werden (siehe Fig. 1).

Materialien

Zur konservatorisch addquaten Lagerung gehdren neben
einem stabilem Klima' und dem Schutz vor UV-Strahlung
(Licht)?, auch die Vermeidung von Schadstoffen. Inner-
halb eines Museums sind die Materialien, die zur Lage-
rung der Objekte verwendet werden, die hdufigste Quelle
von Schadstoffen. So kdnnen fliichtige organische Sduren
aus dem Verpackungsmaterial, den Schrinken oder den
Vitrinen abgesondert werden und die Alterung und Zerset-
zung von organischen Materialien beschleunigen.

Fiir den festen Kern der Tableaus wurde ein 3 mm starker
Museumskarton ausgewdéhlt. Dieser Karton ist im Gegen-
satz zu handelsiiblichen Papieren und Kartons sdurefrei
und gibt daher keine Schadstoffe ab. Zusétzlich ist Karton
hygroskopisch und atmungsaktiv, wodurch er als Puffer
bei klimatischen Schwankungen dient und auch eine Luft-
zirkulation unterhalb des Objektes gewihrleistet.

Eine Stirke von 3 mm war bei den kleineren Tableaus aus-
reichend, um eine gute Festigkeit zu bieten. Bei Formaten
ab 40 cm Breite wurden zwei Lagen Karton verwendet,
um auch hier Stabilitdt und eine flache Auflagefliche zu
garantieren.

Die Tableaus wurden zunichst mit einer Schicht Molton’
iiberzogen, der als weiche Zwischenlage und zusitzlicher
Klimapuffer dient. Als &uflerste und zugleich sichtbare
Schicht wurde ein Baumwollgewebe verwendet, auf wel-
chem die Textilien aufliegen. Dieses hat eine glattere
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Oberfliache, bietet jedoch ausreichende Haftung fiir die
Textilien, sodass sie bei Bewegung, wie z. B. beim Offnen
der Schubladen oder sonstigen Handhabungen, nicht ver-
rutschen konnen. Bei der Auswahl der Stoffe ist darauf ge-
achtet worden, dass sie keine fiir die Objekte schéidlichen
Stoffe enthalten und absondern. Es wurden appreturfreie,
naturbelassene und vorgewaschene Stoffe verwendet.

Aufbau

Die Stofflagen verdecken die Riickseite der Tableaus voll-
stindig und wurden mit einem Baumwollfaden festgenéht.
Das Negativbett von Variante B entstand durch Aufschich-
ten mehrerer Lagen Molton mit einer Aussparung in der
Mitte, welche sich nach Grofle und Form des jeweiligen
Fragmentes richtete (Fig. 1).

Funktion der Tableaus

Die Tableaus werden in bereits vorhandenen Schachteln,
entsprechend ihrer Grof3e, aufbewahrt und in die Schubla-
den des metallenen Planschrankes im Tiefspeicher einsor-
tiert. Die Schachteln bieten den Tableaus und Textilien zu-
sitzlichen Schutz in den Schubladen und dienen als Platz-
halter und Aufbewahrung fiir die Inventarkértchen, falls
ein Textil herausgenommen wird (Fig. 2).

An den Kanten der Tableaus wurden Baumwollschlaufen
angebracht, um ein Herausnehmen aus den Schachteln zu
erleichtern. So kann der direkte Kontakt mit den Textilien
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Fig. 1. Schema zum Aufbau der Tableaus der Varianten A
und B (© C. Gengler).

reduziert und eine sichere Handhabung wihrend Untersu-
chungen oder Betrachtungen gewéhrleistet werden. Die
Inventarnummer wurde mit einer Schreibmaschine auf ein
Baumwollbiandchen getippt, welches an der Kante des
Tableaus befestigt wurde. Schlaufen und Inventarschild
konnen bei Ausstellungen auf die Unterseite umgeschla-
gen werden.

In der Vertiefung von Variante B ist ein Textil auch bei lan-
gen Transportwegen vor Verrutschen gesichert. Zusitzlich
bietet die Vertiefung Schutz vor Verpressungen bei der
Transportverpackung.

A new concept for the storage
of Textiles from Hallstatt

The new concept for storing and exhibiting the textiles
consists in creating for each textile fragment an individual
tray on which it will be stored, transported and exhibited.
There are two kinds of trays: version A, flat trays for ob-
jects which are never exhibited; version B, trays with a
cut-out which form a frame for objects which might be ex-
hibited or travel (Fig. 1).

The trays are made of acid-free cardboard covered with a
layer of heavy cotton flannel and an outer layer of untrea-
ted cotton fabric. The version B is constructed with extra
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Fig. 2: Einblick in eine Schublade des Planschrankes im
Tiefspeicher des Naturhistorischen Museums Wien,
nach der Umlagerung der Textilien auf ihre Tableaus
(© Naturhistorisches Museum Wien, Préhist. Abteilung).

layers of flannel built up to match the thickness of the ob-
ject. On the sides of each board two cotton tapes are atta-
ched to facilitate lifting. The accession number is typed
onto a cotton tape and affixed to the side of the tray. Both
label and lifting tapes may be folded back for display. The
trays are stored in boxes of matching size in the existing
metal drawer unit (Fig. 2).
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Bezugsa}dressen der verwendeten
Materialien

- Moltonflanell natur 140 cm, entschlichtet und gebeucht
- Inlett natur 140 cm 100 % Baumwolle, entschlichtet und
gekocht

zu beziehen bei: Anderl & Co. Ges.m.b.H.

Weberei — Farberei — Appretur

Anderlfabrik Nr. 1

A-3943 Schrems-Kleedorf

- Museumskarton sdurefrei 2,7 mm
zu beziehen bei: Nebel KG
Otto-Bauer-Gasse 4-6

A-1061 Wien
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Tablet-woven Ribbons from the prehistoric Salt-mines at Hallstatt,
Austria — results of some experiments

Karina Gromer

Abstract

The multi-coloured and richly patterned tablet-woven ribbons from the Iron Age salt-mines of Hallstatt gave the impetus
to a lot of archacological experiments. They concerned with the reconstruction of the weaving-technique, so pattern dia-
grams had to be prepared in order to analyse the patterns and to reconstruct them. The weaving-experiments with
hand-spun woollen threads showed that the fine yarn of the original fabrics is not easy to reproduce and there is some pre-
treatment of the threads necessary to achieve good weaving results with tablets of various materials such as clay, wood or
leather. An interesting theme is the labour requirement of the work, which can give a better understanding of prehistoric
life.

Die vielfarbig gemusterten eisenzeitlichen Brettchengewebe aus dem Hallstdtter Salzberg waren das Ausgangsmaterial
fiir etliche experimentalarchdologische Versuche, bei denen es neben der Rekonstruktion der Webtechnik auch um das Er-
stellen einer Musterschrift zur Analyse und Nacharbeitung der Muster, sowie um Experimente zum Weben mit handge-
sponnenem Wollvlies ging. Hauptaugenmerk lag auf der Feinheit des bei den Originalen verwendeten Wollgarnes und
seiner Handhabung beim Weben mit Brettchen aus verschiedenen Materialien. Ebenso wurden Fragen zum Arbeitsauf-
wand behandelt.

Introduction facture. We will try to give some answers after having car-
ried out some detailed analysis of fabric and weave techni-

The prehistoric salt-mines of Hallstatt in Austria, dating  que.

from the Bronze and Iron Ages, provide excellent condi-  As a basis for the reconstructions and experiments we first
tions for the preservation of organic materials like wood, =~ have to examine the original fabric specimens from Hall-
leather or textiles, woven fabrics, Strings’ cords and ropes. statt in detail. All three of them were woven with four-hole

Most of the textiles were found in the Hallstatt Period  tablets.

mine located in the modern Kilbwerk and Kernverwésse-

rungswerk mines. Generally they were made of wool; only  Ribbon No. 1

a few specimens were made of flax or hemp. The threads 21 tablets were employed (Plate 15-16).

employed are often extremely fine and of highest quality.  The warp consists of fine, well twisted woollen yarn of z-
The fabric technique is mostly twill; just a few pieces are  gpin direction. Colours: blue-green, brownish-black and
of tabby and basket weave. light olive-green. As an important technical detail we can
We also have bands produced in tablet-weave. Some of  tate that the weft consists of horse hair. The band was
them display multi-coloured designs, very popular during  ysed as trimming ribbon for a sleeve, sewn with paired
the Early Iron Age. fine blue-green yarn. It could still be seen that the ribbon

The figured tablet-woven bands', found during the exca-  once was sewn to a fabric (which is lost now) of coarse
vations carried out by the Museum of Natural History  {ight olive plied yarn.

Vienna under Fritz Eckart Barth from 1989 to 1994 in the  pattern: at one selvedge four and on the other side two tab-

modern Kernverwasserungswerk mine, were of great inte-  |ets with blue-green colour, then brownish-black. The
rest to experimental archeologists. They date from the background of the figures is olive-green and brownish-
Hallstatt Period, the 8" to 4" Century BC. black. The pattern is light olive-green and displays mean-
If one goes into the details of tablet-weaving technique,  der and cross-filled triangles.

many questions arise concerning specific aspects of manu-  Width: 1.3 ¢m; circumference about 22 cm.

Site: Hallstatt, Kernverwésserungswerk 1990. Museum of
Natural History Vienna, Inv. No. 89.832.

1 After Gromer 2001: 50 f., with more details.

2 Vessel fi Hoste: Griebl 1997: Abb. 33. Anoth i 1 Ribbon No. 2
essel from Hoste: Grie : . 33. Another ceramic-vesse . .
with such a pattern was found at Leobendorf: St. Nebehay, Fundber. Thl.s band (Plate 15-16) has a t}fplcal Hazllst?'tt pattern
Osterreich 20, 1981: 424, Fig. 415. which can even be found on ceramic vessels” (Fig. 1). The
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tape was made with 13 tablets and consists of plied wool
yarn (z-twist) in warp and weft. We have two fragments of
this ribbon, one has a hem sewn with dark-green plied
yarn. Colours: dark-green, dark-brown, brownish-yellow,
light olive-green. The weft is dark-brown.

Pattern: at each side one tablet with dark green and one
with dark brown warp. The background of the figures is
light olive-green and dark brown. The design consists of
filled triangles in yellow.

Width: 0.9 cm; length: 8.4 cm and 5.1 cm.

Site: Hallstatt, Kernverwésserungswerk 1993. Museum of
Natural History Vienna, Inv. No. 90.186

Ribbon No. 3

The third band (Plate 15) was made with 12 tablets and
consists of fine s- and z-plied wool yarn employed in warp
and weft. Colours: yellow, brownish-black, olive-green.
The weft is blackish.

Pattern: the pattern-field is surrounded by one tablet with
brownish-black threads; on one side there are two tablets
with olive-green threads. On the opposite side is a single
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Fig. 1: Ceramic vessel from Hoste, Slovakia for comparison
with the pattern of ribbon No. 2 from Hallstatt. Both Hall-
statt-Period (1: © K. Grémer. — 2: based on Griebl 1997).

yellow thread being held by the weft. The background of
the pattern is olive-green and brownish black; the pattern
in yellow shows rhombs with a crossed filling.

Width: about 1.2 cm; Length: 12.5 cm.

Site: Hallstatt, Kernverwésserungswerk 1991. Museum of
Natural History Vienna, Inv. No. 8§9.870.

It is interesting that each ribbon displays a single coloured
edge and a light pattern on a dark background.

For anyone who is familiar with the practice of tablet-
weaving it will be evident that these tapes were not produ-
ced in the simple basic tablet-weave, but a much more
complex technique. P. Collingwood, the author of the
“bible of tablet weave™ describes this specific technique
as tablet-woven twill.

3 Collingwood 1982.
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The technique of tablet-weaving

For the technique of tablet-weaving (Fig. 2)* thin square
tablets were usually used. They were made of wood, bone,
clay or inflexible leather, with holes in each corner.

The number and the size of the threads used for the warp
determines the width of the fabric (as with other weaving
techniques). It is possible to employ as many tablets as one
wishes, but if more than 50 tablets are used, it is easier to
weave on a loom. For the borders of the cloak from Thors-
berg in Germany (transition 3'%/4™ century AD) 178 tab-
lets® were employed.

With this technique it was possible to produce very strong
bands and ribbons. They could be used as belts, straps or
as braids for the decoration of clothings.

The weaving process starts by turning the tablets a quarter
circle (Fig. 3a-b). A weft thread is put through the open
shed (Fig. 3c-d). The weft will not be visible in the band.
The design of the finished band is only created by the dif-
ferently coloured yarns which are employed as warp and
pass through the holes in the tablets. The direction of the
rotation of the tablets results in different patterns too. By
turning the pack of tablets alternately forwards and back-
wards, one gets interesting designvarieties.

The tablet-woven Iron Age bands from Hallstatt display
very elaborate motifs. For such patterns it is necessary not
only to turn the whole pack of tablets, but single tablets
have to be moved and turned in different directions before
the weft goes through (Fig. 3e-f).

Experiments

Our experiments are based on three tablet-woven bands
mentioned above with complicated patterns found in the
Hallstatt salt-mines. Analysis revealed that the ribbons
were woven using 12, 13 and 21 four-holed tablets.
During the experimental work new questions constantly
turned up. In the course of the following discussion I will
only refer to the most important ones.

These are the questions which concern us:

1) Preparation of pattern diagrams for the Hallstatt Period
designs

2) Advantages and disadvantages of weaving with hand
spun woollen threads

3) Pretreatment of the threads to achieve good weaving re-
sults

4) Comparing weaving with tablets from clay, wood and
leather

5) The use of horse hair as weft

6) The labour expended

4 Basic works on tablet weaving: P. Collingwood, C. Crocett, M. und
H. Joliet-van den Berg, K. Schlabow und H. Stolte. See Literature.

5 Schlabow 1965.

6 See for example the differences between O. Staudigl, C. Crocett and
Joliet van den Berg.
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1) Pattern diagrams and analysis of the
fabrics

The first step was to invent a system to transfer the pat-
terns into a technical sketch to be able to analyse them in
order to get a basis for reproduction. There exist a lot of
different drawing systems for tablet-weaving. When it
comes to very complex patterns, every advanced weaver
employs his or her own system®.

For us it was important to have a system from which it is
evident on what part of the pattern one is working. The
system for our drawing shows the appearance of the finis-
hed pattern (Fig. 4).

The pattern diagram shows the twisting direction of the
warps by coloured symbols “/ “ or “\ * and what the co-
lours are, in which sequence they appear and from what
side the tablets are threaded. The small arrows indicate the
direction the tablets have to be turned (forwards or back-
wards). In the sketch each number and row of symbols re-
presents one tablet. The first four lines show which colou-
red threads are passed through the four holes of each tablet
(the holes are marked a-d).

The symbol placed under the pattern indicates the position
of the tablets and the direction the yarns are threaded. Each
line means one turning sequence, each concluded by the
weft passing through. To weave one only has to turn the

Fig. 2: Scheme of tablet-weaving (© K. Grémer).
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Fig. 3: Tablet-weaving: a: shed. — b: turning the tablets round a quarter. — c-d: inserting the weft through the open shed. —
e-f: turning single tablets in different directions (© K. Gromer).

tablets as indicated by the scheme, either all tablets toget-
her, or variably into different directions.

Example Hallstatt-Pattern No. 3: (Fig. 4 and Plate 15)

Starting with tablet No. 1, the four holes of each tablet
have to be threaded with coloured warp according to the
sketch. For example, all four holes of tablet 1 carries dark
brown threads. Of tablet 2, hole a) carries a green, hole b) a
yellow, hole c) a green and hole d) a yellow thread. All the
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other tablets have to be entered with threads in the same
manner.

The direction of insertion of the threads is vital and has to
be done as indicated by the symbols. When the tablets
have been warped, they have to be set up and the warp can
be tightened.

The first step is to turn forward simultaneously all the tab-
lets (as indicated), after each pass of the weft through the
shed. Four times done, this creates the first 4 lines of the
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Fig. 4: Salt-mine Hallstatt: Pattern diagram and reconstructed ribbon No. 3. Compare with Plate 15 (© K. and P. Grémer).

fabric. Afterwards the tablets may only be turned in the di-
rection indicated.

For the present example the next steps would be to turn all
tablets backwards 5 times, and by this create the rhombs.
Then turn three times forwards and divide the tablets into
packages: tablets No. 1-3 and 8-10 are to be turned for-
wards, tablets No. 4-7 are turned backwards. After passing
the weft the last turns have to be repeated. Then take tablet
packages No. 1-3 and 8-10 and turn them backwards and
tablets No. 4-7 forwards and repeated this too. Afterwards
all tablets will be turned 3 times backwards to finish this
Hallstatt Period pattern sequence.

Working on the reproduction of tablet-woven bands it be-
came evident to us that the three patterns which concern us
in this article are of different degrees of complexity. Rib-
bon No. 3 is the simplest one, No. 2 (Plate 16) is much
more elaborate. Even from the draft of Ribbon No. 1 (Plate
16) the highly complicated work is evident. This is much
more than the basic technique of tablet-weaving. The com-
bination of different directions of rotation gives us an idea
of the demands on concentration and three-dimensional
understanding for the prehistoric weavers.

We do not know how the prehistoric people could remem-
ber such difficult patterns. In the scheme of ribbon 1 there
are more than 70 different turning sequences(for the whole
patternn-sequence). A modern weaver has her sketches to
check every single step and so can correct mistakes in
time. What method the Hallstatt people employed is un-

7 Compare Kosswig 1967: 15.
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known. Probably they formed the information into tales or
songs and so handed the knowledge from one generation
to the next. There is nothing we know like a drafting sys-
tem for the complex Hallstatt patterns, although perhaps
some abstract illustrations on pottery could be interpreted
in this light. An interesting ethnographic evidence to this
question is recorded from Turkey’. There exist , pattern
books* made from felt-patches showing the insertion of
the threads. Each single piece represents one tablet; colou-
red woollen threads were inserted with a needle into the
corners to demonstrate the direction of the inserted threads
and the sequence of their colour.

2) Weaving with hand-spun woollen threads

In our experiments we wanted to go beyond the simple
question of how the tapes were produced in general and to
move to more detailed problems.

So, in consequence, the next step after having produced
the Hallstatt patterns using modern cotton yarn was to try
hand-spun woollen threads as in the original bands (Fig.
5). In the following section we focus on the process of ma-
nufacture and the observations made during the experi-
ments.

The threads of the original tablet-woven bands from Hall-
statt are of very fine twisted yarn. For example ribbon No.
I has 84 threads on a width of 1.3£m.

The experiments showed how competent the prehistoric
people were in the use of the hand-spindle. It needs well-
selected wool and outstanding manual skills to produce
such extremely fine yarns as were used in the Hallstatt Pe-
riod. Achieving such a quality of threads with short wools
is very difficult. It is vital to use only the long and finer
parts of the fleece, without the coarse hair. Additionally it
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Fig. 5: Weaving-experiments: Clay tablets, tallow for sizeing and handspun woollen yarn (© K. Grémer).

Fig. 6: Experiment: sizeing the warp with fat (tallow)
(© P. Grémer).
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is necessary to prepare the wool very well. Threads spun
from combed wool (worsted yarn) look more similar to the
original ribbon fragments than yarn from carded wool.

3) The Pretreatment of the threads

The production of threads like those used in the original
ribbons is very difficult due to their extremely fine structu-
re. It is even hard to weave with such fine yarn, for it bre-
aks easily. The turning of the tablets affects the twisting di-
rection of the yarns, which they acquired during the spin-
ning or plying process (s- or z-spun or plied). The twist
gets either strengthened or weakened depending on the di-
rection in which the tablet is turned to. If a thread is weak
twisted, it might untwist and break.

The experiments with hand-spun wool showed that the
threads have to be overtwisted to increase their strength. If
the yarns do not have enough stability, they might be un-
twisted and could break during the weaving process.

The threads require some special treatment to withstand
the extreme conditions during the weaving process.

The problem is that overtwisted yarns easily twist with
other yarns and thereby create chaos. Some experiments,
and advice from an old farmer’s wife from the Upper Aus-
trian Miihlviertel®, showed that there are a lot of advanta-
ges in submitting the threads to a special pretreatment be-
fore weaving. The overtwisted threads were clamped on a

8 Friedly advice from Anna Riener, Altbduerin from Landlgut
z’Oberwinkl, Altenberg bei Linz, Upper Austria.
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Fig. 7: Preparing the warp, method a (© N. Schérgendorfer, after K. Gromer).

Fig. 8: Preparing the warp, method b (based on Schlabow 1957).

frame (or setting) and moistened in a tightened state. After
drying the threads are more stable and they can then be
used without causing tangles.

Some other experiments dealt with the pretreatment of
threads to increase their resistance to wear. The threads
were sized with fat (tallow) (Fig. 6). There was an impro-
vement noticeable through the use of clay tablets, because
these tablets glide much better und do not damage the
warp so much. Generally the sizeing with fat was not very
satisfying; for the threads became rougher than in weaving
without any treatment.

4) Weaving: The use of different materials for
the weaving-tablets

The next step is the preparing of the warp. There are two
possibile methods:

a) If there is a complicated coloured thread-insertion ne-
cessary, the whole threads for the warp is winded off, then
the yarns can be passed through the holes of the tablets in-
dividually (Fig. 7).

b) The second method for preparing the warp is to insert
the thread into the whole package of tablets. In warping,
the hank with the tablets is pulled and in each ,,row* one

9 More details about this: Gromer 2001: 51 f., Fig. 5.
10 Collingwood 1982: 27, Fig. 10.
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tablet will be let back (Fig. 8). This method is very effi-
cient if each tablet has threads with the same sequences of
colours. Using this technique with very fine handspun yarn
has a lot of advantages: there is less danger of the fine
yarns getting entangled easily and breaking.

It is evident from the tablet-woven ribbons from Hallstatt
that each of them could have been produced by the second
warping method. This was probably intended, for this me-
thod is not so hard on the threads and much more easily
carried out.

The weaving process can be started when the warp has
been tied up on both ends and tightened. Weaving with
hand-spun wool was tried with tablets made of wood, clay
(as archaeological finds’) and leather (as ethnographical
examples of tablets, e.g. from Nepal'®). On principle, each
of these materials work very well.

Tablets made of leather have the advantage that they are
very thin. They can be handled easily, especially when
weaving with many tablets, as on tape No 1 with 21 pieces.
A warp with 21 thin leather-tablets can be woven even wit-
hout a loom or other technical device. It is only necessary
to tighten the warp between 2 fixed points. For the use of
thicker tablets of clay or wood for a warp of more than 25
tablets a loom is useful.

While the wooden or clay tablets are still new, they are not
wear-resistant and the threads can break (their rough surfa-
ce can damage the threads leading to breakage). The beha-
vior improves, when the tablets are used often, but by and
large the material of the tablets does not have a lot of effect
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on the weaving process or the finished fabric. In weaving
the difficult Hallstatt patterns usually single tablets have to
be turned in different directions before inserving the weft.
It is useful to make small packages and turn the tablets for-
ward or back as groups (see Fig. 3e-f). After inserting the
weft, the tablets which change their direction can be
moved between the forward- and back packages. Much
concentration is required in order to make no mistakes.
One more observation: a good weaving result can be
achieved if monochrome threads on tablets are used for la-
teral stripes and if they are only turned into one direction.
The edge or border is very regular and the finished ribbon
will not be wavy and hang badly, but it will be flat and ho-
mogeneous. As it can be seen on the ribbons from Hallstatt
this advantage was noted in prehistoric times and every
ribbon displays an edge with monochrome threads turned
only in one direction on both sides.

5) The use of horse hair as weft

One interesting detail on ribbon No. 1 (with the multi-co-
loured woollen warp threads) is the use of horse hair
(maybe from the mane) as weft. The long mane hair is very
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Fig. 9: Experiments to the expenditure of time. Comparison
of the reconstructions (© K. Grémer).

practical for weaving. For the experiments paired hair was
inserted into the shed, overlapping with the next hair.
Horse hair is much stronger and more inflexible than wool
and so generally strengthened the ribbon and made it wear
resistant and inflexible (in the weft-direction). Taking
horse hair for the weft of the original ribbon No 1 is practi-
cable, because it fits very well with the intended purpose
of that fabric which was as a trimming ribbon for a sleeve.

6) Time and labour

An interesting question arose during the experiments con-
cerning the expenditure of work: how much time is needed
to reproduce the patterns of the Hallstatt fabrics? Conside-
ring the patterns of tablet-woven bands from the
salt-mines only theoretically will not provide any satisfac-
tory results. The reproduction showed that the time needed
for band No. 1 is three times longer than band No. 2 and 6
times longer than band No. 3 (Fig. 9). Perhaps these facts
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can give us some indication of the value of the bands in
prehistoric times.

For the experiments on each pattern a 1.30 m long warp
was prepared. The finished ribbon is about 90 cm long, for
the weaving process shrinks the length a little and the last
30 cm cannot be woven because of the tablets situated
there. Time-measurements were taken at several stages in
the weaving of the ribbons, so we were able to calculate
averages.

Ribbon No. 1:

Made by using 21 tablets

* Preparing the warp: 8 min.

* Insertion of the threads and prepare for weaving: 30 min.
* Weaving: each sequence (about 10 cm). 1 h 30 min.

Ribbon No. 2:

Made by using 13 tablets

* Preparing the warp: 5 min.

* Insertion of the threads and prepare for weaving: 30 min.
* Weaving 10 cm: 30 min.

Ribbon No. 3:

Made by using 12 tablets

* Preparing the warp: 5 min.

* Insertion of the threads and prepare for weaving: 25 min.
* Weaving 10 cm: 15 min.

The time spent on this work clearly differs, depending on
the individual practice and the deftness of the weaver. For
myself I must state that after 10 years practice in tablet
weaving and after having woven about 20-30 m of ribbon
in each Hallstatt pattern, I think this is about the time that
prehistoric people also needed for that task.

Summary of the experiments

The experiments on the tablet-woven ribbons from Hall-
statt showed that, in addition to a full knowledge of the art
of weaving, high skills were also demanded for producing
the threads. To spin such fine threads the use of only selec-
ted and well prepared wools and special finger skill is ne-
cessary. In order for the yarns to withstand considerable
strain, especially during the tablet-weaving, they have to
undergo special treatment in advance. In spinning the thre-
ads have to be strongly overtwisted and moistened to give
them extra strength and to prevent them from disintegra-
ting during tablet-weaving where they might become loose
and tear.

Experiments to treat the threads with grease did not prove
satisfactory, for the threads were rougher than when in a
dry condition. The experiments in that case have to go on.
The material employed for the tablets (terra cotta, leather
or wood) has no great effect on the process of weaving or
on the finished band. The combination of tablets being tur-
ned forwards and backwards for each weft shot demands
the ability to think three dimensionally and concentrate
hard.
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Experimentalarchaologische Rekon-
struktion der Brettchenwebereien
aus dem Salzbergwerk in Hallstatt

Die uns hier interessierenden Funde, die gemusterten
Brettchengewebe, stammen aus dem hallstattzeitlichen
Kernverwisserungswerk (8.-4. Jahrhundert v. Chr.) und
wurden bei den Ausgrabungen des Naturhistorischen Mu-
seums in Wien unter Fritz Eckart Barth in den Jahren
1989-1994 zutage gefordert.

Als Webgerit dienen bei dieser Technik grofteils quadrati-
sche, an den Ecken gelochte Brettchen aus Holz, Knochen,
Ton oder steifem Leder. Es wurden meist schmale Gewebe
hergestellt, die wegen ihrer Haltbarkeit und Zugfestigkeit
fiir praktische Zwecke genutzt wurden, beispielsweise als
Tragegurte oder auch als Borten und Giirteln.

Beim Brettchenweben wird das Webfach gebildet, indem
die Brettchen um je eine Vierteldrehung gedreht werden.
Der Schussfaden, der durch das so entstandene Fach ge-
fuhrt wird, ist im Gewebe selbst nicht sichtbar. Je nach-
dem, in welcher Kombination farbige Faden bei der Kette
verwendet werden, sind vielfaltige Musterungen moglich.
Die Drehrichtung der Brettchen bietet eine weitere Mog-
lichkeit der Motivgestaltung. Dreht man abwechselnd vor
und zuriick, ergeben sich bei entsprechender Bespannung
Zickzack- oder Rautenmuster.

Fiir kompliziertere Motive — wie die eisenzeitlichen Brett-
chenborten aus Hallstatt — muss man in einem Arbeitsvor-
gang einzelne Brettchen nach vor, und andere zuriick dre-
hen, bevor der Schussfaden durchgefiihrt wird.

Fiir die Experimente wurden von den Hallstétter Textilres-
ten drei Brettchengewebe mit komplizierten Mustern he-
rausgegriffen.

Durch die Analyse wurde festgestellt, dass die Borten mit
12, 13 bzw. 21 vierlochrigen Brettchen gewebt wurden.
Zunichst galt es, fiir die hallstattzeitlichen Brettchengewe-
be ein Aufzeichnungssystem zu schaffen, um die Muster
analysieren und nacharbeiten zu kénnen.

Die Nacharbeitung ergab, dass die Muster verschiedene
Schwierigkeitsgrade hatten. Auch im Webschema ist zu
sehen, dass das Motiv von Borte 1 am kompliziertesten
war, weit entfernt von der einfachen Grunddrehdynamik
beim Brettchenweben. Die Kombination von verschiede-
nen vor- und riickwérts gedrehten Brettchen bei einem
Schuss zeugt vom grofen rdumlichen Verstindnis und von
der Konzentrationskraft der oder des Ausfithrenden.

Als néchster Schritt nach der Nachvollziehung der Motive
mit leicht zu verarbeitenden modernen Baumwollgarnen
ergaben sich Fragestellungen zum Weben mit handge-
sponnenem Wollgarn, aus welchem in der Hallstattzeit
auch die Originale gefertigt wurden.

Die Experimente rund um die Brettchenborten aus Hall-
statt haben insgesamt gezeigt, dass neben der handwerk-
lich perfekten Ausilibung der Weberei auch den Personen
einiges abverlangt wurde, die die Fiden hergestellt haben.
Es erfordert sehr gute Fingerfertigkeit und die Verwen-
dung ausgesuchter Wolle, um so feine Fiaden spinnen zu
konnen. Dass die Garne (Zwirne) den extremen Belastun-
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gen besonders beim Brettchenweben standhalten, bediir-
fen sie besonderer Behandlung.

Die Fiden der originalen Brettchengewebe sind sehr fein
(bei Borte 1 sind es 84 Faden auf 1,3 cm Breite), es handelt
sich um feinen, scharf gedrehten Zwirn. Versuche mit
handgesponnener Wolle ergaben, dass die Fiden beim
Spinnen sehr stark tiberdreht und anschliefend gewissert
werden miissen, um ihnen besondere Festigkeit zu verlei-
hen und dem Umstand vorzubeugen, dass sich die Faden
beim Brettchenweben wieder aufdrehen und dadurch lo-
cker werden. Eine Gefahr ist auch, dass sie durch das
Scheuern der Brettchen wéhrend des Webvorganges rei-
Ben.

Versuche zum Behandeln der Faden mit Fett (Rindertalg)
waren nicht sehr zufriedenstellend, da die Fiden mehr auf-
gerauht werden, als beim ,,Trocken weben®. Die Webpro-
ben mit handgesponnener Wolle wurden nach den archdo-
logischen Belegen mit Holz- und Keramikbrettchen, sowie
nach volkerkundlichen Hinweisen mit Lederbrettchen
durchgefiihrt. Als Ergebnis kann angemerkt werden, dass
das Material der Brettchen keinerlei groe Auswirkung
auf das Weben oder das fertige Gewebe hat, es ist am Ge-
webe selbst nicht zu sehen, welches Brettchenmaterial
verwendet wurde.

Eine andere Fragestellung bei den Experimenten behan-
delte den Arbeitsaufwand; wieviel Zeit benétigt wurde,
um die einzelnen Borten herzustellen. Dabei ergab sich die
durch reine theoretische Betrachtung der Muster nicht er-
kennbare Tatsache, dass fiir das Weben von Borte 1 fast 3x
soviel Zeit wie fiir Borte 2 und mehr als 6x soviel Zeit wie
fiir Borte 3 bendtigt wurde. Dies kann moglicherweise
auch ein Schliissel dafiir sein, wie ,,kostbar* die einzelnen
Borten in der damaligen Zeit waren.
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Imitating ancient dyeing methods from the Hallstatt period —
dyeing experiments with weld, indigo and oak bark

Anna Hartl and Regina Hofmann-de Keijzer

Abstract

Based on dyestuff analysis of prehistoric textile finds (Hallstatt, 800-400 B.C.), dyeing methods with dye plants were de-
veloped which possibly could have been used in the Hallstatt period and which meet the requirements of modern analyti-
cal technology. The essential elements of traditional dyeing procedures were worked out and carried out with standardized

test materials and standardized dyeing methods.

Basierend auf den Ergebnissen der Farbstoffanalyse von préihistorischen Textilfunden (Hallstatt, 800-400 v.Chr.) wurden
Férbemethoden mit Pflanzenfarben entwickelt, die fiir die Hallstattzeit historisch denkbar sind und auch den Anforderun-
gen der modernen Analytik entsprechen. Die fiir die Fragestellung wesentlichen Elemente der traditionellen Férbever-
fahren wurden herausgearbeitet und auf standardisiertem Material mit standardisierten Verfahren durchgefiihrt.

Dyeing experiments in relation to
Hallstatt textile research

The results of the project Halltex 1' showed that the texti-
les from the prehistoric salt-mines of Hallstatt in Upper
Austria were dyed with plant and insect dyes. In most of
the analysed textiles the element copper was detected.
There are two possible explanations for the origin of the
copper:

* the use of copper-containing mordants (i.e. substances to
fix the colour on the fibre) in the ancient dyeing process
and/or

* the conditions under which the textile pieces were
embedded in the “heathen’s rock” (Heidengebirge).

In the area where the textiles were found, natural-copper
containing salt-rock can be excluded, so the broken-off
tips of bronze picks of the Hallstatt period (800-400 BC)
which are found in the “Heidengebirge” are supposed to
be the source of the copper.

A research project was started to find out how different
mordanting and dyeing methods as well as the embedding
conditions in the “Heidengebirge” influence the copper
content in the textiles. Wool samples were dyed with plant
dyes in Hallstatt in September 2003 and half of them were
buried in the salt-mine in Hallstatt. Analysis of copper and
dyestuff content before and after the embedding in the salt
will enable conclusions to be drawn about the determining
parameters. Analytical results are not yet available,

1 Hofmann-de Keijzer, R., van Bommel, M.R., Joosten, I. 2005: An-
cient colours — recent knowledge. Dyestuff and element analysis on
textiles from the prehistoric salt-mine of Hallstatt, in this volume.
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because the samples are still buried in the mine. This
article therefore focuses on the development of the dyeing
methods, the description of the experiments and — as
preliminary results of the dyeing experiments — the colours
which have been achieved.

Development of dyeing methods

Selection of materials based on analytical
results of prehistoric Hallstatt textiles

Our choice of dyeplants and mordants for the dyeing expe-
riments was based on the analytical results of Halltex 1.
We chose weld (Reseda luteola) because the dyestuffs lu-
teolin and apigenin were identified in the original textiles.
Weld can be used for dyeing yellow as well as green, by
overdyeing blue dyed material with weld. These green
dyes were also found in Hallstatt textiles: in some of the
textiles analysed the dyestuffs luteolin and apigenin were
identified together with indigotin.

The tannins which were found in the Hallstatt textiles can
originate from various tannin-containing plants. From the
analytical results it was clear that tannins were used, but it
is analytically not possible to identify which tannin it was.
We chose oak bark (Quercus sp.) for the experiments. De-
pending on the mordants, oak bark can be used for creating
a light brown to a dark brown, almost black colour.

In the context of the textile finds, the presence of the pig-
ment indigotin leads to the presumption that woad (/satis
tinctoria) was used. Woad was used for colouring blue be-
fore indigo gained from the subtropical indigo plant spe-
cies Indigofera sp. was imported. For the experiments, the
subtropical indigo was used instead of woad indigo, be-
cause it is easier to standardize (see below).
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Table 1: Simplifying the dyeing procedures for the development of standardized dyeing methods (© A. Hartl).
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Table 2: Dyeing procedures — overview (© A. Hartl).

Element analysis of the Hallstatt textiles show copper and
iron ions. The conclusion could therefore be drawn that
copper and iron salts could have been used as mordants.
All Hallstatt textile finds from the period of 800-400 BC
are made of sheep's wool; white as well as naturally
coloured brown wool was used. Even the naturally brown
wool was dyed. We chose therefore white and brown
Merino wool for the experiments.

Little knowledge of ancient dyeing
procedures ...

Little is known about the dyeing procedures from such
early periods of time as the Hallstatt period. In the best
cases there is evidence of dyestuffs or evidence of substan-
ces which lead to the conclusion that they were used as
mordants or dye assistants. Sources of that knowledge are
dyestuff analysis of textile finds® and analysis of substan-
ces found in pots situated in building structures on Crete
and Cyprus and in Palestine which are interpreted as
dye-workshops”.

2 E.g. for the Hallstatt period: Banck-Burgess 1998a: 18-21. —
Banck-Burgess 1998b: 30-31. — Banck-Burgess 1999.

Barber 1992.
4 Bielenstein 1935.
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Because of this lack of knowledge about ancient dyeing
procedures, ideas for dyeing methods were taken from do-
cuments on traditional rural dyeing procedures which were
still practised in the 19" and early 20™ century in Latvia*
and Slovenia’.

Simplification of procedures for the dyeing
experiments

The dyeing experiments should combine dyeing procedu-
res which possibly could have been used in the Hallstatt
period with the requirements of modern analytical me-
thods. To avoid non-definable influences, we decided to
develop standardized dyeing procedures, which imitate
traditional procedures under laboratory conditions: e.g. we
chose iron(Il) acetate as mordant instead of dyeing with
natural acids and pieces of metal; we chose indigo
obtained from the subtropical indigo plant Indigofera sp.
instead of woad indigo, because this indigo is better avai-
lable and the dyeing process (hydrosulfite vat®) is shorter
and easier to standardize.

5 Mautner and Geramb 1932: 76-79.

6 Sodium hydrosulfite is the common commercial name for products
containing sodium dithionite, Na,S,0y, as the active ingredient and
is used as a reducing agent for indigotin.
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To achieve a broader basis for the analysis, dyeing proce-
dures with copper mordant and iron mordant as well as
overdyeing of dyed wool were chosen (it is supposed that
there are mutual effects between iron and copper). To have
one sample dyed without any mordant at all, we tried a
dyeing procedure using yeast. The use of fermenting sub-
stances like yeast, sauerdough, porridge etc. for dyeing
procedures without metal mordants and without boiling
was documented by M. Bielenstein’ for traditional rural
dyeing methods in Latvia. Experiments with fermenting
dyeing methods were also carried out by I. Klempau®.

To colour the wool sufficiently, the quantity of dye plants
and mordants was inspired by modern dyeing descrip-
tions’. The development of dyeing methods is described in
table 1.

Description of dyeing methods

Material

Raw white and brown Merino wool was washed without
detergents, only with demineralized water at 50°C, to
avoid non-definable influences of washing detergents,
bleaching chemicals, etc. According to G. P. Sjoberg'”,
about 80 % of wool fat and dirt is dissolved by just using
warm water. Weld and oak bark were used cut into pieces,
indigo from the subtropical indigo plant species Indigofera
sp. was used pulverized. For mordants and chemicals see
table 2.

Method

The dyeing methods are described in table 2-5. White and
brown wool was dyed in separate glass beakers at the same
time. Temperature and pH-value of the dyeing solution
and the mordanting solution were documented.

Beside the single dyeings of white and brown wool with

7 Bielenstein 1935.
8 Klempau 1991: 361-363.

9 Baichi-Nussbaumer 1980. — Fischer 1999. — Hofmann-de Kejizer
2002.
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Table 3: Mordant dyeing
(© A. Hartl).

oak bark, indigo and weld, overdyeings were also carried
out: indigo-dyed and oak bark-dyed wool was overdyed
with weld (using copper acetate respectively and iron ace-
tate as mordant).

Unfortunately the pre-test dyeing with weld and yeast
(table 5) did not work adequately: it took too long until the
fermenting started and the wool was not coloured enough
(although the treatment was extended for seven days and
honey was added on the third day to improve fermenting).
So we had to stop the experiments with yeast and chose a
sample of washed but undyed wool as control sample . An
overview of the samples is given in table 6. For more de-
tailed description of the dyeing methods see also the final
report of the experiments'".

Preliminary results

The colours which were achieved (Plate 17) look similar to

those of Hallstatt textiles, especially the yellow-olive

green shades. The blue of the indigo dyeing is much

lighter than the blue found in Hallstatt textiles, but darker

shades can be achieved by a higher indigo concentration in

the vat and by carrying out more than one dipping.

Analytical results are not available yet because half of the

samples are still buried in the salt-mine in Hallstatt since

October 2003. After a certain time — still to be discussed —

these samples will be compared with the samples which

were not embedded in the salt, using:

- visual technique

- light microscopy

- Scanning Electron Microscopy (SEM)

- Scanning Electron Microscopy with Energy Dispersive
X-ray microanalysis (SEM-EDS) and

- High Performance Liquid Chromatography coupled to
Photo Diode Array detection (HPLC-PDA).

The aim of this research is to find out the influences of the

mine on the textiles in respect of the colours, the dyestufts

and the metal elements.

10 Sjoberg 1997.
11 Hartl 2003.
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Table 4: Vat dyeing
(© A. Hartl).

Summary

The results of the research project Halltex I showed that
the textiles from the prehistoric salt-mine of Hallstatt in
Upper Austria were dyed with plant and insect dyes. In
most of the textiles analysed the element copper was
detected. Possible copper sources are copper-containing
mordants used in the ancient dyeing processes and/or the
conditions under which the textile fragments were
embedded in the heathen’s rock (“Heidengebirge”).

To find out how different mordanting and dyeing methods
as well as the embedding conditions in the Heidengebirge
influenced the copper content in textiles, wool samples
were dyed with plant dyes and buried in the Heidengebir-
ge. Analysis of the copper content before and after the
embedding in the salt will enable conclusions to be made
about the determining parameters. Dyeing methods with
dye plants were developed, which are based on the dye-
stuff analysis of the textile finds, which possibly could
have been used in the Hallstatt period and which meet the
requirements of modern analytical technology.

The essential elements of traditional dyeing procedures
were worked out and carried out with standardized test
materials and standardized dyeing methods. Mordant
dyeing methods with weld (Reseda luteola) and oak bark
(Quercus sp.), mordanted with iron and copper acetate,
and indigo dyeing (/ndigofera sp.) using a hydrosulfite vat
were carried out on white and naturally pigmented brown
Merino sheep wool. Overdyeings were also done to
achieve a broader basis for the following analysis.

Table 5: Dyeing
procedure with yeast
(© A. Hartl).
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Nachempfindung alter
Farbemethoden aus der Hallstattzeit
— Farbeexperimente mit Farberwau,

Indigo und Eichenrinde

Die Resultate des Forschungsprojekts Halltex 1 zeigten,
dass die aus dem prahistorischen Salzbergbau Hallstatt in
Oberosterreich stammenden Textilien mit Pflanzen- und
Insektenfarbstoffen gefarbt worden sind. In den meisten
der analysierten Textilien wurde Kupfer nachgewiesen.
Als mogliche Kupferquellen kommen die Verwendung
von kupferhiltigen Beizen im Férbeprozess und/oder die
Lagerungsbedingungen im Berg in Frage.

Durch Férbeexperimente, FEinlagern der Proben im
Heidengebirge und vergleichende Analysen soll heraus-
gefunden werden, welchen Einfluss die Verwendung
verschiedener Beiz- und Farbeverfahren sowie die Lage-
rungsbedingungen auf die Kupfergehalte in den Textilien
haben. Es wurden Firbemethoden mit Pflanzenfarben
entwickelt, die auf den Ergebnissen der Farbstoffanalyse
der Originalfunde basieren, fiir die Hallstattzeit historisch
denkbar sind und auch den Anforderungen der Analytik
entsprechen: die flir die Fragestellung wesentlichen Ele-
mente der traditionellen Féarbeverfahren wurden herausge-
arbeitet und auf standardisiertem Material mit standardi-
sierten Verfahren durchgefiihrt. Dazu wurden Beizenfir-
bungen mit Farberwau (Reseda luteola) und Eichenrinde
(Quercus sp.) mit Eisen- und Kupferacetatbeize sowie
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Indigofarbungen (/ndigofera sp.) mit einer Hydrosulfitkii-
pe auf weilem und naturbraunem Merinowollvlies durch-
gefiihrt. Es wurden auch Uberfirbungen gemacht, um eine
breitere Basis fiir die nachfolgenden Analysen zu erzielen.
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Experiments with Weaving and Weaving Tools
Basic considerations after 20 years of work

Ingrid Schierer

Abstract

For experimental archaeology in Austria experiments in the field of textiles — both the production of yarn and the produc-
tion of fabrics — were an essential focus of research. In the museum of Asparn weaving trials were made with looms,
which originally were only used as exhibits. After that the building of more looms, attempts to imitate fabrics, and genui-
ne experiments. Now, after we have developed some understanding of weaving techniques and implements, new que-

stions must be raised about materials and finds.

Fiir die experimentelle Archiologie in Osterreich waren die Versuche im textilen Bereich ein wesentlicher Forschungs-
schwerpunkt, sowohl beziiglich der Fadenproduktion, als auch der Produktion von Geweben. Mit den im Museum zu-
nédchst nur als Ausstellungsobjekten vorhandenen Webstiihlen wurden Webversuche unternommen. Es folgten der Bau
weiterer Webstiihle, nachahmendes Versuchen und echte Experimente. Jetzt, nachdem ein Zugang zu Webtechniken und
Gerdten gefunden ist, miissen neue Fragestellungen an Material und Befunde entwickelt werden.

At the symposium in Hallstatt/Austria', from the 4™ to the
6™ of June 2004, I presented pictures of different looms
and weaves which originated mainly from the annual se-
minar on experimental archeology in Asparn/Lower Aust-
ria and from other places where we worked experimental-
ly.

In Austria we started in the early 80's under the patronage
and guidance of Helmut Windl. Asparn, previously known
only as a museum, became a place of work and experimen-
tation. The different huts and shelters were the ideal sur-
rounding for experiments were to follow. Scientifically,
there were only the widely known publications® to refer to,
and some reconstructions of looms (Fig. 1-2).

Firstly it was necessary to get basic practical knowledge
about the technique of weaving — and secondly it was ne-
cessary to get an overview of the existing finds of textiles
as well as warp-weights. These two fields of skill and
knowledge — the manual and the scientific one —have to be
covered if a person intends to work on that topic.

The technique of weaving

It is only possible to approach this matter from a contem-
porary point of view. That means only industrial weaving
and, to a very small extent, handweaving is accessible to

1 The poster can now be seen at the Archaeological Centre near the
salt-mine in Hallstatt/Hochtal.

2 Such as: La Baume 1955. — Forbes 1964. — Hoffmann 1964. — Vogt
1937.
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us. Factory-made textiles are produced under completely
different conditions from the ones created by prehistoric
workers. The working process has to be translated to the
past and the technical terms, which originally came from
industrial weaving, are applied to the warp-weighted
loom. It is important to develop a standardized draft
(point-paper design) for the experimental weaver to enable

Fig. 1: Reconstructed loom, at that time shown as "Neolithic
loom" in the Asparn museum (© |. Schierer).
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him or her to produce a fabric similar to the original on a
reconstructed warp-weighted loom. Professional weavers,
who are asked for practical advice, need a lot of explana-
tion from the prehistorian.

The existing finds

When we started, knowledge about warp-weights was
very poor. Either the unburned clay weights are lost, or
they are just light clods of earth with a texture different
from the surrounding material. Since the shape is lost,
there is no chance to collect scientific data. The
warp-weights found are sometimes spread all over a settle-
ment, or at times found in heaps; both kinds of evidence
are useless for reconstruction purposes. Warp-weights are
either disk-shaped (Fig. 3) with an eccentric hole, or they
are cone-shaped (Fig. 4) with the hole in the upper third.
They have not changed their shape significally through the
ages. Therefore, they have not been objects of great inte-
rest to the archaeologists: there are far too many of them
and they are of little use in the dating of finds. They were
used for was already decoded in the 19™ century’. Undis-
turbed layers of warp-weights are not common®.

Fig. 3: Disk-shaped clay weights (© 1. Schierer)
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Fig. 2: Big warp-weighted loom, then shown in the so-called
La-Tene-house, Asparn museum (© 1. Schierer).

The surviving textiles

More often than not we have to deal with smaller samples
of material, rather than larger ones. Most of them are bu-
ried in underground storage areas. The only places where
they are preserved are those where the conservation condi-
tions are suitable for textiles, as e. g. in salt-mines’. With
the exception of a few pieces, there are no complete gar-
ments’.

One can approach the topic from two different points of
view: one using the surviving fabrics — without any hints
as to the tools used, and the other examining the excavat-
ion site — without reference to the textiles produced. In the
first case, only the method of imitation’ is possible. It is
appropriate to gain insights pragmatically by trying and
watching, which at times lacks scientific evidence. Trying
and imitating depends strongly upon the personal skill of
the weaver and only proves that he or she can do it. In the
second case, the scientific experiment needs clearly defi-

3 Keller 1861.

There are only a few as impressive as Zimmermann 1982; and as
Dobiat 1990: Abb. 5 and Abb. 25, pp. 83.

5 Hundt 1959.

6 See the finds shown by Margrethe Hald 1962 and Kurt Schlabow
1962.

7 Ascher 1961.
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Fig. 4: Cone-shaped loom weights (© |. Schierer).

ned repetitive conditions which verify or refute the wor-
king assumptions.
The often very fine quality of prehistoric fabric is ama-
zing. The plain, often misshapen, warp-weights mislead us
into disregard them. There are no remains of the wooden
frames which we could study. What we want to examine
are the living conditions of prehistoric man, in order to
convey the results to the interested layman.
Textile remains show a great variety in pattern, colour and
weave structure. Bindings, thickness and density of the
weave also show a great range. Prehistoric technology,
however, limits the possibilities of weaving to tabby and
twill bindings. Also the two materials linen and wool pre-
sent a certain limitation. There are patterns which do not
exist today, e.g. patterns with threads spun in different di-
rections or a change of pattern within one artefact.
There are a lot of possibilities of working by imitation
(Plate 18), e.g. imitation of starting borders, attempts to
achieve the fineness of yarn, attempts to achieve the actual
density of the fabric found, and reproduction of weaving
flaws. Reproducing weaving patterns requires a lot of time
and material.
For scientific experiments certain questions have to be
asked:
* Did a loom originally stand at the place where the
weights were found?
Is it possible to deduce the weave from the position of
the weights?
* How was the loom destroyed?
* How does one try to find out the optimal weight in rela-
tion to the thread?

The reason why we experiment with prehistoric weaving
is that we want to emphasize the important role that it
played in the life of prehistoric man. This fact was not seen

8 Those were mainly the warp-weighted looms built by Stokar, Ulle-
meyer/Tidow and Stahlhofen.
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as significant for a long time. Dealing with textiles adds to
our knowledge of prehistoric cultures, especially the
amount of time spent on weaving compared to other neces-
sities. Our research covers the production of authentic tex-
tiles for exhibitions and events, as well as the process of
decision making with regards to other handicrafts. Making
a clear distinction between local and imported production
is not always possible. The examination of textiles as a
small part of cultural development yields a picture of the
whole.

Experimental archaeology has two aspects. One is retro-
spective, i.e. it researches the methods of prehistoric pro-
duction. The other is directed towards the future, presen-
ting the results to the interested public, thus illustrating the
daily life of prehistoric man.

Conclusion

In the early 80's attempts at reconstructing prehistoric
weaving were mere imitations of already existing recon-
structions®. All weaving "experiments" were conducted to
gain more expertise. The main tasks for the experimental
archaeologist now are to develop new questions as to the
material and to opt either for scientific experiment or for
the imitative approach. Materials are products of complex
technical processes. Reconstructing a prehistoric loom
from a piece of fabric is as difficult as it would be to build
a comtemporary loom from having only the remnants of a
pair of jeans. It is not so important to create true replicas of
the finds, but to get an overview of the various aspects and
the determining factors of the whole area of study. We also
have to bear in mind that there were certainly weaving
tools which have left no remains at all (Fig. 5).

Fig. 5: Weaving implement without weights. It has to be
fixed to the waist of the weaver (© I. Schierer).
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Webversuche und Experimente mit
Webstuhlen

Ausgehend von einigen wenigen "klassischen" Publikatio-
nen und den bereits im Museum vorhandenen Rekonstruk-
tionen von Gewichtswebstiihlen gingen wir daran, einer-
seits praktische Erfahrung beim Weben zu sammeln und
anderseits Textilfunde und Webgewichtsfunde aufzuarbei-
ten.

An Bereichen mussten tiberschaut werden: der handwerk-
liche Aspekt des Webens, die bekannten Befunde und die
erhaltenen Textilreste. Alle Rekonstruktionsversuche
waren zunédchst nur ein Nachahmen bereits existierender
Rekonstruktionen; alle Webversuche dienten dazu, Erfah-
rung zu sammeln. Mit der praktischen Erfahrung und dem
theoretischen Hintergrund ausgestattet, ist jeweils neu zu
entscheiden, ob nachahmend oder im wissenschaftlichen
Sinn experimentell gearbeitet werden soll, bzw. kann. Ge-
webte Stoffe sind das Ergebnis von komplexen techni-
schen Abldufen und man darf sich nicht erwarten, dass der
Arbeitsvorgang einfach ist, nur weil die Werkzeuge primi-
tiv aussehen. Es ist nicht unbedingt wichtig, genaue Nach-
bildungen zu schaffen; wichtiger ist durch das Arbeiten am
Thema, die fiir die Produktion bestimmenden Faktoren zu
erfassen. Der Zugang zu Webexperimenten im weiteren
Sinn kann einerseits von den existierenden Textilresten
aus erfolgen. Sie geben aber nur begrenzt Anhaltspunkte
iiber die verwendeten Geréte und anderseits kann von den
Ausgrabungsbefunden ausgegangen werden. Wobei zu be-
denken ist, dass auch eine ungestorte Webgewichtslage im
Normalfall keine genauen Angaben iiber die produzierten
Gewebe zulésst. Das echte Experiment mit einer klar ab-
gegrenzten Aufgabenstellung und der Moglichkeit zur
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Wiederholung ist zu unterscheiden vom nachahmenden
Versuchen.
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Experiments with the warp-weighted loom of Gars-Thunau, Austria

Ingrid Schierer

Abstract

Based on my work published in 1987 I present my experiments with the warp-weights found in Gars/Thunau. First it was
neccessary to copy the weights and then I built a wooden implement corresponding with the facts of the excavation. The
task was to record in which pattern the weights fall down after destroying the loom. The results of the experiments can be
discussed new.

Basierend auf der bereits in der Zeitschrift Archédologia Austriaca 1987 publizierten Arbeit, werden hier meine Versuche
mit der Webgewichtslage aus der Grabung in Gars/Thunau vorgestellt. Zundchst mussten Duplikate der Webgewichte
hergestellt werden und dann wurde iiber der Zeichnung des Befundes ein Webger<it errichtet. Es galt zu beobachten, wie
bei den verschiedenen Zerstorungsversuchen die Gewichte zu Boden fallen. Diese, neuerlich in Bild und Zeichnung doku-
mentierten "Befunde", konnen nun unter neuen Aspekten interpretiert werden.

I was asked to present my research on the warp-weights ~ am pleased to be allowed to repeat some basic facts. Du-
from Gars-Thunau/Lower Austria' again. This paper is  ring the excavation in Gars-Thunau in 1982 thirty-six
based upon my work, which was published in 1987 and 1 ~ warp-weights were found. There was a layer of thirty-one

Fig. 1: Gars-Thunau (left): Planum 4C, 31 warp-weights in
situ (© I. Schierer).

Fig. 2: Gars-Thunau (right): Planum 5, Note the postholes
of the hut and the fireplace (© I. Schierer).
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Fig. 5: Gars-Thunau-loom: Photo of the loom, used for the
experiments (© I. Schierer).

Fig. 3: Gars-Thunau-loom: Drawing of the warp-weights,
arranged as they were found (© I. Schierer).

weights in situ at planum 4C (Fig. 1) and another undistur-
bed layer of five weights 10 cm deeper at planum 5 (Fig.
2). With the help of other finds, especially the sieve-ves-
sel, which was found nearby, it could be dated to the Bron-
ze Age (Hallstatt B).

The disc-shaped weights with an eccentric hole were 6.4
cm to 10.8 cm in diameter, most of them between 8.5-9.8
cm. The layer consisting of the 31 weights (Fig. 3) was ap-
proximately 1 m long and this evidence was used for the
experiments — the five other weights were admitted becau-
se of their distance to the others. A dark brown coloured
area parallel to the layer of weights was also noticeable;
but there were no signs of postholes connected with the
weights.

The loom (Fig. 4-6) used for the experiments was by no
means a reconstruction, but only a wooden implement,
built as simple as possible following some basic clues: the

Fig. 4: Gars-Thunau-loom: Drawing of the loom, built for the experiments (© I. Schierer).
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width of the layer of weights, the line between the diffe-
rently coloured areas parallel to the warp weights, ethnolo-
gical examples, paintings on Greek vases and already exi-
sting reconstructions of other authors. It was possible to
weave tabby or twill.

The aim of the various experiments was to find out:

* If at this place, where the weights were found, a loom
originally stood

* If the weave could be discovered from the position of
the weights

* How the loom was destroyed

In order to verify or to disprove my assumptions, I tried to
"destroy" the loom and/or the fabric, by burning the thre-
ads, or cutting them short with a knife and with scissors.
For another experiment I pushed the loom sidewards until
it fell over, I turned it over, and so on. The arrangement
and the method of destruction may not copy exactly the
original condition, but the results allow some statements to
be made. Unwinding the cloth, so that the weights touch
the ground, does not reproduce the slow process of natural
decomposition because weight and threads stay connected
(Fig. 7). Loosening the knots is an arbitrary act, usually if
the piece of work is finished — heaps of weights without a
significant line may be the result. My way of burning the
threads was probably too gentle; it could not simulate a da-
maging fire from outside the hut. Using scissors or using a
knife does not make a great difference. Rolling up the
cloth and the remaining warp around the upper beam and
laying this bundle down was also tested (Fig. 8).

Fig. 7: Experiments on the Gars-Thunau-loom:Cloth
unwinded, please note the "standing" weights
(© 1. Schierer).
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Fig. 6: Gars-Thunau-loom: Detailed view of the shafts, the
heddles, the shed rod (© I. Schierer).

In the light of the experiments (Fig. 9-10) I dare say that it
is very likely that a loom stood at the spot, that it was being
worked on and it was in use. It is highly probable that it
was threaded for twill. Tabby, with natural shed, shows a
completely different pattern (Fig. 11A) and can be exclu-
ded; the pattern, shown after destroying tabby, with coun-
tershed, is questionable (Fig. 11B). Only if the loom is de-
stroyed at one stroke, in a heavy or sudden blow —as it is in
the case of fire — do the weights lie in a position compara-
ble to the one in which was found. Contemporary (Bronze
Age) textile finds® show that twill was known at that time,
though not common. The most significant variables in the
experiments result from different kinds of thread-up

Fig. 8: Experiments on the Gars-Thunau-loom: Transpor-
table bundle, produces a pattern similar to the results of
destruction (© 1. Schierer).
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Fig. 9: Experiments on the Gars-Thunau-loom: Twill: A: Shed (1) 2-3 (4), threads burnt. — B: Shed (1) 2-3 (4), threads cut.
Please compare the examples given with Fig. 3 (© I. Schierer).

Fig. 10: Experiments on the Gars-Thunau-loom: A: Shed (1-2-3), threads burnt. — B: Shed (1-2) 3, threads cut with scissors.
Please compare the examples given with Fig. 3 (© I. Schierer).

Fig. 11: Experiments on the Gars-Thunau-loom:Tabby: A: natural shed. — B: counter shed
Please compare the examples given with Fig. 3 (© I. Schierer).
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(tabby or twill) and the presence or absence of natural
sheds.

Ein Webstuhlb_(_efund aus
Gars-Thunau, Osterreich

Rekonstruktionsversuch und Funktionsanalyse

Ausgehend vom Fund einer geschlossenen Webgewichts-
lage im Bereich der urnenfelderzeitlichen Siedlungsflache
wurde versucht, einen Webstuhl iiber den 31(+2), sich in
ungestorter Lage befindlichen Webstuhlgewichten zu re-
konstruieren. Anhaltspunkte dazu waren einerseits die Ge-
wichte, anderseits die im Abstand von 40 cm parallel dazu
verlaufende Verfirbungsgrenze®, Pfostenlécher waren
keine sichtbar.

Im Experiment konnte gezeigt werden, dass hochstwahr-
scheinlich an der Stelle, an der die Webgewichte gefunden
worden waren, ein Webstuhl mit aufgespannter Webe
stand. Die Zerstorungsversuche sollten unter anderem
auch die Frage kldren, ob anhand der befundeten Gewichte
auch die verwendete Bindungsart erschlossenen werden
kann.

Die Dokumentation zahlreicher Zerstorungsversuche
(iber 40) zeigte, dass der Garser Webstuhl hochstwahr-
scheinlich in Koperbindung aufgespannt war. Die Frage
nach der Art der Képerbindung muss offen bleiben. Eine
Betrachtung zeitgleicher Funde, wie eben auch die Gewe-
bereste aus dem Hallstétter Salzberg, aus dem Hohmichele

Schierer 1987.

Such as: Hundt 1971. — Hundt 1962: 199 f. — Hundt 1959: 71. —
Hell 1926: 336 f. — Jockenhovel 1974: 48.

Erst in Planum 5 sichtbar
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und dem Diirrnberg bei Hallein legen einen (4schiftigen?)
2/2 Koper nahe.
Als Zerstorungsart konnte ein Brand in Frage kommen.
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Efficiency and technique —
Experiments with original spindle whorls

Karina Gromer

Abstract

In order to be able to understand better the general context of textile production in European prehistory, it is necessary to
get to grips with spindle whorls — the commonest textile-related artefacts found on archaeological sites. Tests were made
to establish the efficiency of various spindle whorl forms from all horizons of prehistory (Neolithic to Iron Age); measure-
ments were taken of spindle whorl twist frequency and twist duration, together with the yarn strength achieved with the
spindles. This all offers a new perspective on the rare finds of textile remains.

Um den Gesamtkontext der textilen Produktion in der Urgeschichte besser verstehen zu kénnen, ist es nétig, sich vor
allem auch mit den im archédologischen Fundgut am hédufigsten vorkommenden Artefakten, den Spinnwirteln, auseinan-
derzusetzen. Dabei wird die Leistungsfihigkeit verschiedener Spinnwirtelformen aus allen Abschnitten der Préhistorie in
Form von Messungen zur Drehfrequenz und Drehdauer eruiert, sowie auch die mit den einzelnen Spindeln erzielbaren
Fadenstirken, was wiederum einen erginzenden Blickwinkel auf die eher spdrlich gefundenen Textilreste gibt.

Introduction

Textile techniques are a field hard to explore since all or-
ganic material usually decays: the tools used to produce
textiles not the textiles themselves are preserved. General-
ly, in Central Europe we just have artefacts of stone, antler,
bone or pottery. In the course of our textile research we
deal with basic technique, the questions concerning spin-
ning, the production of threads by the use of a hand-opera-
ted spindle.

The aim of this research was to assess the mechanism of
prehistoric spindles, of which we only find the whorls
(usually made of clay) on conventional prehistoric sites in
Central Europe. It was important to evaluate the characte-
ristics and technical facts of different spindle whorls to
make statements about the mode of operation. It was tried
to obtain basic data on the question of efficiency and the
technique of prehistoric spindle whorls. For that it was
very important to test the original artefacts (only examples
in adequate condition could be used).

The experiments were carried out with whorls originating
from sites in Upper and Lower Austria, dating from the
Neolithic to the Roman Period (about 3.500 BC to 400

Thanks for making the original whorls available to: Institute for
Prehistory, Vienna (Malleiten), Dr. Alexandra Krenn-Leeb (Meid-
ling), ASINOE (Krems/Hundsteig), Museum of Natural History
(Hallstatt), Peter Ramsl (Mannersdorf), Nives Doneus (Halbturn)

More detailed see Gromer 2003.
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AD). The whorls were selected according to weight and
shape, but above all used only items which would survive
the handling undamaged. Even minor damage could affect
the behaviour of a piece; for its weight or shape might
change more or less, which could influence the turning
properties.

Within this experiments the typical big whorls from the
late Neolithic Jevisovice Culture from Meidling/Kleiner
Anzingerberg and Krems-Hundsteig were tested. From the
Early Iron Age we have very small, variously shaped and
richly decorated whorls; for the experiments we used ex-
amples from Malleiten/Bad Fischau (Early Iron Age,
HaC) and Hallstatt (Early Iron Age, HaC and HaD). The
originals from a later period, from Mannersdorf (Late Iron
Age, LtB) and Halbturn (Late Roman Period, 2.-5. cent.
AD)', which were tested, were similar (Fig. 1).

Different techniques of spinning

In prehistoric times the hand-operated spindle consisted of
a wooden stick and a whorl as flywheel, usually made of
clay’.

In the process of spinning the fibres were twisted to achie-
ve a thread of a specific thickness. The spindle has to be
rotated, the woollen or flax fibres were drafted and imme-
diately twisted to a thread. It is possible to hold a pick of
fleece in one hand and to spin the thread directly “out of
the hand”. For carrying a large quantum of wool or for
spinning flax a distaff is needed, which is a long stick: The
phytogenetic material or extended fibres have to be fixed
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Fig. 1: Prehistoric spindle whorls used for the experiments: 1-5: Krems/Hundssteig. — 6-8: Meidling/Kleiner Anzingerberg. —
9-12: Malleiten/Bad Fischau. — 13-16: Hallstatt. — 17: Mannersdorf a. Leithagebirge. — 18: Halbturn (The numbers corre-
spond with Fig. 7) (© K. Grémer).
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on and worked with both hands. If the thread is long
enough, it can be wound around the spindle- stick before
continuing to spin.

There are two different basic techniques (with a lot of va-
riations of each) applied to spin threads with a hand-opera-
ted spindle. The first is the use of the spindle ,,free han-
ging® on the lenghtening thread (Fig. 2); the second is to
let the spindle run on the ground or in a vessel (Fig. 3).
The advantage of the second technique is that gravity has
no influence on the spinning process. But with this techni-
que the spinner has to stay on one place, while the use of
the spindle ,,free hanging® makes it possible to spin while
sitting, standing, walking or even while riding on mule-
back. In addition to producing single yarns a spindle can
also be used to ply two or more threads together.

The Experiments

For all experiments the original whorls were attached to
standarised wooden sticks of 27-29 cm length, with a
weight of 3-5 g. For the smaller whorls thinner rods of 3 g,
for the bigger ones sticks of 5 g were used (Fig. 4).

It has to be mentioned that the results of all experiments
are influenced by my personal manual skills (I have about
10 years spinning experience); results achieved by another

Fig. 2: Spinning with a ,free hanging“ hand-operated
spindle (© K. Gromer).
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Fig. 3: Spinning with a hand-operated spindle, running in a
vessel (© K. Gromer).

person even under similar conditions and circumstances
might be different, but in general we would expect the
same results.

Relation between the weight of the whorls and
the thread thickness

To examine the question of a relationship between the
weight of the whorls and the thickness of the threads that
can be achieved, we tested two quite different types of
spindle whorls (Fig. 5). We used the original artefacts from
Hallstatt (weights of the whorls between 8-20 g, Early Iron
Age) and from Meidling (weights of the whorls between
120-140 g). Such extremely big whorls are typical for the
late Neolithic JeviSovice Culture (in Moravia and Lower
Austria) and for the Chamer Culture (in Upper Austria and
Soutern Germany, around 3.000 BC). Those big whorls
here are seen as artefacts for spinning, but it has to be men-
tioned that they are even heavy enough bo be used for
weaving.
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Fig. 4: Spindle whorls from Malleiten, Iron Age, prepared for
the experiments (© K. Gromer).

Flax and mainly carded woollen fleece was used for the
tests, two of the main materials used in European Prehisto-
ry for producing textiles. The spindles with the original
whorls were used both free hanging and running on the
ground to find out the differences between those two spin-
ning techniques.

As a result of our experiments (Fig. 6) generally we can
state that heavier whorls go better with thick woollen thre-
ads (for wool at between 0.7-2 mm and even more) or flax,
but only if the technique of letting the spindle hang free is
adopted.

When the spindle is used running on the ground (or in a
bowl) fine threads of 0.3 mm diameter can also be spun
with heavy whorls (more than 100 g); for gravity does not
affect the spinning process or break the thread. The best re-
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Fig. 5: Comparison between an averaged thread spun with
a heavy Neolithic whorl from Meidling (133 g) and with a
light Iron Age whorl from Hallstatt (12 g) (© K. Grémer).

sults using very heavy spindles were achieved in produ-
cing threads of 0.8 to 1.5 mm. They go very well, quick
and easy, without a lot of concentration (which is needed
in spinning very fine yarns that they do not break). The
work even can be done walking.

A very light spindle with a weight of 10-20 g cannot be
used for threads at more than 1.5 mm diameter or flax,
what ever technique is employed. Because the thread is so
thick, the spindle quickly stops and tries to turn back-
wards, so the thread cannot be twisted correctly. By run-
ning in a bowl the whorl is additionally slowes down,
which has a negative effect on the efficiency. By means,
trying hard it is possible to spin thick woollen threads or
flax with very light spindles, but that was surely not the in-
tended function of this tool. With a small spindle not
enough inertial power can be produced to spin thick or stiff
fibres. The best results we achieved were with woollen
threads between 0.2 and 0.7 mm thick. It is no problem to
produce very thin threads of 0.2 mm thickness, such as can
be found at the prehistoric salt-mines at Hallstatt.

A common result of the testing of the two different types of
spindle whorls (Fig. 6) is that the often published view”,
that heavy whorls are useful for the production of thick
woollen threads and flax, and light whorls are good for
spinning thin woollen threads can be verified. It became

3 For example see Rast-Eicher 1997: 304. — Dunning 1992: 43 f. —
Schade-Lindig and Schmitt 2003: 12 f.
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Fig. 6: Relation between thread diameter and weight of the whorls. Differences between extremely light and extremely he-
avy whorls and differences between using the spindle free hanging or run in a vessel. The experiment was made in spin-

ning wool (© K. Grémer).

evident that whorls between these two extremes brought
results between the minimum and maximum achieved. In
my experience whorls with a weight around 40 g are prac-
tical for nearly every thread thickness which was used in
European prehistory.

Comparing the thread thickness of yarns found at Late
Neolithic and Hallstatt Period sites, these results fit very
well with archaeological finds. For the Hallstatt Period
very small whorls with 10-15 g weight are very often; the
biggest are about 40 g. Even the woven farbics of that age
frequently show fine yarns of 0.2-0.5 mm thickness. Ones
thicker than 1 mm are rarely evidenced®. The rare yarns

4 See Gromer, The Textiles from the prehistoric salt-mines in Hall-
statt, in this volume.
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from Neolithic sites (most of them from lake dwellings in
Switzerland) are usually around 0.6-1.2 mm and of plant
fibre. The Swiss Neolithic whorls are usually heavier than
the Hallstatt Age ones, about 20-100 g°.

Frequency of turns and time-measurement
of operation

The aim of the experiments was to find out differences in
the efficiency of spindle whorls from the Neolithic to the
Iron Age and Late Roman Period. The differences are evi-

5 For example the late neolithic settlement Arbon-Bleiche 3: Leuzin-
ger 2002: 119, Fig. 151 and 123, Fig. 160.
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Fig. 7: Experiments on the frequency of turns and time of operation: Work with free hanging spindle. (time: operation time, in
seconds. Frequ. 1: Frequency of turns in 6 seconds, 1 single turn. Frequ. 2: Frequency of turns in 6 seconds, repeated
turns. Ha C+D: Early Iron Age, Hallstatt Period. Lt B: Late Iron Age, Laténe Period). The numbers correspond with Fig. 1

(© K. Grémer)

dent from the shape and particularly the weight of the
spindle whorls.

To evaluate work with a free hanging spindle of different
prehistoric eras, the duration of operation (how long does
the spindle turn, in seconds) and the frequency of turns
(number of twists in 6 seconds) are examined®.

It is very important for the spinning process that the spind-
le rotates for as long as possible after it has been set in mo-
tion; for each movement of the hand means an additional
effort. With a high frequency of turns the developing thre-
ad can be very quickly twisted to get the desired number of
turns.

In our experiments (Fig. 8) on the number of turns the
spindles were used free hanging. Two differently coloured
threads were twist together, thus making it easier to count
the turns. For the turning frequence experiments the spind-
le was hanging free; the turns were counted in standardi-
zed intervals of 6 sec. Two different points were tested, the
number of twists in a) one single turn and b) repeated turns
within the 6 seconds. For every whorl of each test 5 mea-
surements were taken and the averaged result is shown in
table Fig. 7. A high frequence is positive also because the
thread can be spun very fast in the desired number of turns
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(Fig. 8). The whorls with a weight between 124 to 147 g
turned after being set in motion 78 to 90 times in 6 se-
conds. The lightest spindles weighing 10-20 g completed
between 140 and 170 turns. Repeated motion of the light
spindles within the 6 seconds shows axial rotations of
220-175 turns.

The influence of the weight on the efficiency (light whorls
generally have a higher number of rotation than heavier
ones) changes in the course of conventional spinning due
to the weight of the spun thread wrapped around the spind-
le. The air resistance of the bundle of newly spun threads
also works as an energy-absorber and slows down light
spindles.

The shape of whorls has great effect on the spinning-pro-
cess: discoid pieces turn faster than spherical ones; for
their centre of gravity is further away from the axis.
Measuring the duration of turning after settinng in motion
we saw that light spindles turn much for a shorter time
than more massive examples. Heavy whorls weighing 124

6 Compare with Bohnsack 1985: 57 ff.
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Fig. 8: Frequency of turns: Number of twists in 6 seconds, difference between repeated turns (above) and one single turn
(below) within that time. Differences between light and heavy whorls (© K. Grémer).

to 147 g turned up to one minute, while light pieces of
10-15 g turned only 15-20 seconds. Each whorl was fitted
with a spindle, hung on a 2 m thread and given one twist.
To get an objective result, 3 tests were carried out with
each spindle whorl and the results were averaged.

For the measurement of the rotating time the spindle was
hung on a 2 m long thread and turned once. The aim was to
find out for how long one spindle turns (in seconds) until it
stops and begins to turn backwards. In this experiment
three measurements were taken from each whorl and the
averaged time is shown in table Fig. 7.
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Results

Taken as a whole the experiments inducate that the weight
of the spindle whorl and therefore its efficiency, the num-
ber of turns once the spindle has been set in motion and the
rotating time have a direct influence in the purpose of the
spindles (and whorls).

The great speed with which larger spindles twist the thre-
ad, together with their lesser weight, is an advantage in the
production of fine wool yarns, since fine yarns (perhaps
0.2-0.4 mm thick), assuming a comperable lenght and
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twist angle, require many more rotations than yarn of (say)
1.5 mm diameter. The disadvantage of very light spindles,
that they have to be reset in motion more often, is some-
what reduced to the great number of turns in each sequen-
ce.

For the production of very thick wool threads (over 1.5
mm) it is important that the spindle should have great mass
and be very long and harmonious twining, which guaran-
tees an even rotation sequence. It is of minor consequence
that heavy whorls show a smaller number of turns; for
thick yarns of a length that can be achieved in a single ope-
ration the spindle does not have to be set in motion so often
to stabilise the thread.

Leistung und Technik —
Experimente zum Spinnen mit
Originalspinnwirtel

Der gesamte Bereich der Textilen Techniken ist im archéo-
logischen Fundmaterial aufgrund der Verganglichkeit or-
ganischer Materialien meist nur indirekt, in Form der fiir
die Herstellung verwendeten Gerite erhalten. Diese beste-
hen oft aus Materialien wie Stein, Knochen oder Ton und
konnten daher in unseren Breiten im Boden {iberdauern.
Die hier behandelte Fragestellung bezieht sich auf das

Spinnen, der Bildung von Féden mittels Handspindel. Um
die Wirkungsweise préhistorischer Spindeln — im archéo-
logischen Fundmaterial grofteils nur als tonerne Spinn-
wirtel fassbar — bewerten zu kdnnen, ist es ndtig, sich mit
den Eigenschaften verschiedener Spinnwirtel und damit
den unterschiedlichen technischen Gegebenheiten ausein-
anderzusetzen.

Es wurde versucht, den verschiedenen Aussagen zu Lei-
stung und Technik der Spindeln in der Urgeschichte eine
Datenbasis zu geben. Um moglichst authentische Ergeb-
nisse zu erhalten, war es unbedingt notwendig, die préhis-
torischen Wirteln selbst zu testen, vorausgesetzt der Zu-
stand der Artefakte erlaubte dies. Verwendet wurden fiir
die verschiedenen Experimente Originalspinnwirtel aus
Ober- und Niederdsterreich vom Neolithikum bis zur ro-
mischen Kaiserzeit (Fig. 1).

Das Spinnen in verschiedenen
Techniken

In der Urgeschichte wurde mit der Handspindel gespon-
nen, die aus einem holzernen Stab und einer meist toner-
nen, als Schwunggewicht dienenden Spinnwirtel besteht.

Beim Spinnen werden einzelne Fasern miteinander zu
einem beliebig dicken Faden verdrillt. Das Wollvlies, bzw.
das Flachsbiindel (Bast etc.) wird gleichméBig zu einem
diinnen Band verzogen, die Spindel wird in Drehung ver-
setzt und durch diese Drehung verzwirbelt sich das Faser-

Fig. 9: Duration of operation of light and heavy whorls (© K. Gromer).

114



Karina Gromer: Efficiency and technique — Experiments with original spindle whorls

material sofort zu einem Faden. Bei Schafwolle kann das
Vlies in der Hand gehalten und sozusagen ,,aus der Hand
gesponnen werden. Beim Verspinnen von Flachs oder
anderen pflanzlichen bzw. langfaserigen Materialien muss
ein Hilfsmittel, der Spinnrocken, verwendet werden, von
dem mit beiden Hénden die Fasern verzogen werden.

Es sind beim Spinnen mit der Handspindel zwei unter-
schiedliche Grundtechniken mit zahlreichen Abwandlun-
gen moglich. Zum einen wird die Spindel ,,hdngend* ver-
wendet, sodass die Spindel an dem gerade entstehenden
Faden in der Luft hdngt (Fig. 2). Andererseits ist es auch
mdglich, die Spindel in einer Schale (Fig. 3) oder auch auf
dem Boden laufen zu lassen, sodass die Schwerkraft nicht
auf sie einwirkt. Es kdnnen mit der Spindel auch zwei oder
mehrere Faden miteinander verzwirnt werden.

Die Experimente

Spinnwirtelgewicht in Relation zur
Fadenstarke

Bei der Frage, welcher Zusammenhang zwischen dem Ge-
wicht einer Spinnwirtel und moglichen erzielbaren Fa-
denstarken beim Verspinnen von Wollvlies und Flachs be-
steht, wurden Originalspinnwirtel aus Meidling/Kleiner
Anzingerberg (Spatneolithikum, mit Gewichten zwischen
120-140 g), sowie aus Hallstatt (dltere Eisenzeit, mit Ge-
wichten von 8-20 g) getestet.

Allgemein kann als Ergebnis (Fig. 6) festgehalten werden,
dass sich schwere Spinnwirtel eher fiir dickere Wollfaden
und fiir Flachs eignen, wobei einschrankend hinzugefiigt
werden muss, dass dies nur bei der Spinntechnik gilt, bei
der die Spindel frei hingend verwendet wird.

Wird die Spindel am Boden (in einer Schale) laufend ver-
wendet, so ist mit einer schweren Spindel iiber 100 g auch
bei Wolle eine sehr feine Fadenstirke von 0,3 mm herstell-
bar, da die Schwerkraft nicht auf den Faden einwirkt.
Eine sehr leichte Spindel mit ca. 10-20 g ist hingegen nicht
in der Lage, zu dicke Wollfdaden (ab 1,5 mm Stirke) oder
Flachs zu verarbeiten, unabhingig von der Spinntechnik.
Im Gegenteil, wird sie am Boden laufend verwendet, so
wird sie noch zusétzlich gebremst, was die Effizienz noch
mehr beeintrichtigt.

Drehfrequenz und Laufzeit

Ziel ist es, etwaige Unterschiede bei Spinnwirtel unter-
schiedlicher Zeitstellung festzustellen, die sich auf die
Leistungsfahigkeit der Spinnwirtel auswirken. Diese Un-
terscheide liegen vor allem im Gewicht, aber auch in der
Form der Spinnwirtel. Um die Spinnarbeit mit der frei
hiangenden Spindel unterschiedlicher Zeitstufen richtig
einschitzen zu konnen, wurde die Laufzeit (Drehdauer:
Zeit bis zum Stillstand der Spindel bei einmaligem Andre-
hen) und Frequenz der Spindel (Umdrehungszahl pro Zeit-
einheit, hier 6 sec.) untersucht.

Wesentlich ist fiir die Produktivitit beim Spinnprozess,
dass sich die Spindel moglichst lange dreht, da man die
Spindel dann nicht so oft andrehen muss — jeweils ein zu-
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satzlicher Handgriff beim Spinnen. Eine sehr hohe Spinn-
frequenz ist jedoch auch von Vorteil, da der entstehende
Faden schnell mit den gewiinschten Drehungen versehen
werden kann.

Die Stiicke mit einem Gewicht von 124 bis 147 g drehten
sich in 6 sec. bei einmaligem Andrehen 90-78 mal (Fig.
7-8). Die leichtesten Spindeln zwischen 10-20 g konnten
vergleichsweise mit einer doppelten Drehfrequenz von
140-170 Umdrehungen aufwarten. Dieser Einfluss des Ge-
wichtes auf die Leistungsfahigkeit (die leichteren Spin-
deln haben eine hohere Drehfrequenz als schwere Spin-
deln) dndert sich bei einer im herkdmmlichen Spinnablauf
zunehmenden Bewicklung. Die Bewicklung wirkt sich bei
den leichten Spindeln durch den vermehrten Luftwider-
stand als Schwungdampfer aus.

Bei der Messung der Laufzeit oder Drehdauer der Spin-
deln bei einmaligem Andrehen verhélt es sich nun genau
umgekehrt: leichtere Spindeln haben eine weitaus kiirzere
Laufzeit als schwerere (Fig. 7 und 9). So laufen die schwe-
ren Spindeln mit 124-147 g Gewicht fast 1 Minute lang,
wihrend die mit um 10-15 g sehr leichten Exemplare teil-
weise nur 15-20 sec. laufen.

Ergebnisse

Gesamt gesehen hat das Gewicht der Spinnwirtel und
damit die Leistungsféhigkeit, die Drehfrequenz und die
Laufzeit einen direkten Einfluss auf den Verwendungs-
zweck der Spindeln (und Wirtel) unter der Voraussetzung,
dass sie frei hingend verwendet wurden.

Die grofle Geschwindigkeit, mit der leichte Spindeln den
Faden drehen bei gleichzeitigem geringem Gewicht ist
etwa fiir die Herstellung von diinnen Wollfdden von Vor-
teil, da diinne Fiaden (etwa 0,2-0,4 mm dicke) bei ver-
gleichbarer Lénge und gleichem Drehwinkel viel mehr
Umdrehungen bendtigen als etwa 1,5 mm dicke. Der
Nachteil bei sehr leichten Spindeln, dass 6fter angedreht
werden muss, ist durch die groe Drehfrequenz etwas ge-
mindert.

Es ist fiir die Herstellung von sehr dicken Wollfdden (ab
1,5 mm) wichtig, dass die Spindel eine grole Masse und
Tragheit besitzt, die einen langen gleichméBigen Lauf ga-
rantiert. Dass schwere Wirtel eine geringere Drehfrequenz
aufweisen, stort wenig, da fiir dicke Féden in einer in
einem Arbeitsgang verziehbaren Fadenlédnge nicht so viele
Umdrehungen nétig sind, um den Faden zu stabilisieren.
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Bast before Wool: the first textiles

Antoinette Rast-Eicher

Abstract

Weaving begins in Central Europe not in the Late Neolithic, but at latest at the end of the 6™ millennium BC: this is dedu-
ced from early flax finds, spindle whorls and loom-weights. First, textiles were made of plant fibres; wool appears proba-
bly in the Late Neolithic, but certainly in the Bronze Age. At the end of the Bronze Age all textile techniques used during
the Iron Age like twill and tablet weaving were already settled.

Die Weberei in Mitteleuropa beginnt nicht erst im Jungneolithikum, sondern viel friiher, spdtestens im ausgehenden 6.
Jahrtausend v. Chr: diese Erkenntnis konnen wir durch die Interpretation der friihen Leinenfunde, Spinnwirtel und Web-
gewichte gewinnen. Die ersten Gewebe wurden aus Pflanzenfasern hergestellt; die Wolle erscheint vermutlich schon im
ausgehenden Neolithikum, sicher aber in der Bronzezeit. Am Ende der Bronzezeit sind alle in der Eisenzeit verwendeten
textilen Techniken wie die Koperbindung und die Brettchenweberei schon bekannt.

The following article gives a short overview of early texti-
le history in Europe up to the Hallstatt period. New me-
thods, new finds and many new investigations in textile ar-
chaeology have opened a much larger chapter in the histo-
ry of a major aspect of prehistoric daily life: basketry and
textiles'. The most important steps in development leading
to Iron-Age weaving will be described, beginning a long
time before the well-known finds from the Central Euro-
pean lake-dwellings.

Palaolithic/Mesolithic period

During the Palaeo- and Mesolithic period there is little evi-
dence of basketry, a handful of finds scattered all over Eu-
rope: in the Palaeolithic period there is some cordage, one
piece from Lascaux (F), one from Gonnersdorf (D), and
imprints from Pavlov (CS), strings and others which may
be twining”. With the exception of the string from Lascaux
(F) all remains are imprints; the exact technique is very
difficult to judge in such imprints — the interpretation of
»weaving® especially is problematic. Nevertheless, tree-
bast has certainly been processed and used at that time for
cordage and some basketry.

The technical descriptions are based on: Seiler-Baldinger 1991.
Adovasio et al. 1996: 526-34. — Soffer et al. 2000: 812-21.
Boscato et al. 2003: 127-131.

Mordant 1987-90: 17-38.

Bender Jorgensen 1992: 159 £.

Gramsch 1989: 23-27. The excavation methods there have been
adapted — they excavated with magnifiers! — to be able to find such
fine organic remains in the soil.

o Y B N O S
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In the Mesolithic period, too, there is little evidence such
as the two coiled baskets from southern Italy®, the fishtrap
and the twined receptacle from Noyen-sur-Seine (F)*, the
knotless netting from Tybrind Vig (DK), the cordage from
the Island of Zre (DK)’, or the nets from Friesack (D)°.

Fig. 1: The coiled basketry from Hoge Vaart (NL) (Photo: L.
Klimbie, Voorschoten).
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Fig. 2: Mesolithic basketry techniques. A: cordage. — B: knotless netting. — C: netting. — D: coiling. — E: 3-dim. twining

(based on Rast-Eicher 1997).

Fig. 3: Early Neolithic flax remains in Central and Southern
Europe, 1: Wallisellen-Langachermoos (CH), 2: Hilzin-
gen-,Forsterbahnried” (D), 3: Strogen (A), Neckenmarkt
(A), 5: Sammardenchia (1), 6: San Marco di Gubbio (1), 7:
La Marmotta (1), 8: Chevdar (BU), 9: Sesklo (GR), ®: flax
found, X: no flax remains (© A. Rast-Eicher).
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One example may illustrate how such basketry is usually
found just by accident. Dated to the change from the Me-
solithic to the Neolithic period an imprint of a very large
coiled basket has been found in Hoge Vaart (NL), a place
where they used to hunt birds near the sea’. A big block
was taken out in plaster to save the coarse and fragile pot-
tery around a fire-place. The block was turned over in the
laboratory for further excavation, starting from the bottom.
The restorer found extensive impressions because the lay-
ers separated just there. These are probably remains of a
sitting mat with a diameter of at least one meter. Small bits
of organic material could be identified as birch (Betula sp.)
for the coil and grass (Gramineae sp.) for the wrapping
(Fig. 1).

The techniques applied are limited: cordage, knotless net-
ting, netting, three-dimensional twining and coiling. The
mesolithic objects are sitting mats, little bags, fishtraps
and fishing nets. There is no two-dimensional twining nor
weaving, and as far as we know no clothing made in a bas-
ketry technique. The fact that two-dimensional twining is
missing shows that the objects have not been made on a
frame. The raw materials are all made of plant fibres:
tree-bast, grass, branches and roots (Fig. 2).

Neolithic period

(New) Raw material

Tree-bast was still in use during the Neolithic; it was the
most important fibre until the beginning of the Bronze

7 Hamburg et al. 2001.
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Fig. 4: Spliced linen yarn from Muntelier (CH/FR), excava-
tion 2004, late Neolithic, stripes of unretted flax fibre
bundles visible (© A. Rast-Eicher).

Age, used for many different objects, including clothing.
We can speak of a ,,bast-culture®. The most popular repre-
sentative is certainly ,,Otzi*, the iceman who wore a mant-
le of grass made in twined technique. Bast could be used
either as unretted strips or retted and spun. The coming of
a new fibre did not much change the use of bast. Flax was
processed like tree-bast, unretted or retted (see Fig. 4).
The cultivation of flax (Linum usitatissimum L.) arrived
with settlements and the invention of pottery, as well as the
the breeding of sheep and goats®. This period of early far-
ming is very interesting, and probably the starting point of
weaving. First farming is dated in the Near East to the 9™
millennium BC (first steps in the 10" millenium BC)’, in
Central Europe certainly by the 6™ millennium BC. Paly-
nological research and a few macroremains even point to
the 7™ millennium'®. Flax (Linum usitatissiumum L.) re-
mains show well the beginning of this new fibre in Europe
(Fig. 3: geogr. distribution of early flax remains). There
are few remains south of the Alps which may be a research
problem, especially in France. In southern France, the
Early Neolithic layers are found in caves, and further north
the early neolithic culture of ,,La Hoguette* provide al-
most no remains, and very little pottery. Recent excava-
tions in Italy have shown that flax is certainly present from
the 6" millennium BC'"".

North of the Alps there is one very early find in Switzer-
land, from Wallisellen-Langachermoos (CH/ZH) dated to
the the second half of the 7" millennium BC'? (Fig. 3, no.
1). Other flax finds appear at the end of the 6™ millennium
BC in farming sites of the Linearbandkeramik-culture
(LBK). In many LBK-layers flax seeds have been found,
so flax seems at that time quite wide-spread. For example,

8 General information on the early Neolithic see: Gronenborn 2003:
79-91.

9 Stordeur 2000: 33-62.
10 Erny-Rodmann et al. 1997: 27-56.
11 Rottoli 2003: 65-71.
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Fig. 5: Early neolithic spindle whorls, A: Bescehely (H),
Starcevo-culture. — B: Hilzingen-,Forsterbahnried”, pit of
the LBK-culture dated to 5.259-5.063 BC cal. — C: Youn-
ger Neolithic discoid spindle whorl, Zirich-Mozartstras-
se, Cortaillod-culture, c. 3.900 BC. (Pictures based on:
A: Kalicz 1990: pl. 45/1. — B: Fritsch 1998: Taf. 25/4. - C:
Gross et al. 1992: Taf. 290/1).

there is one noted on the map Fig. 3, the spot no 2 at Hil-
zingen-,,Forsterbahnried (D)". This site is dated to
5.200-4.500 BC cal. Further east in the Czech Republic or
in Hungary the early LBK-layers or other cultures of the
second half of the 6™ millennium BC in many cases produ-
ce no flax, such as Neckenmarkt (A), Strogen (A) (LBK),
sites of the Biikker-culture or Staréevo-culture'*. Two ex-
amples are noted on the map (Fig. 3/no 3, 4). Important
and interesting is the fact that cereals such as emmer have
been found, as well as spindle-whorls and loom-weights
(see below).

The early flax finds in Central Europe and the lack of them
in Eastern Europe show that the direct influence of the cul-
tivation of flax probably becomes more important in Italy
and Southern France via the Mediterranean. The direct in-
fluence of the LBK-culture is therefore not that important
in view of the much earlier flax finds in Central Europe.
How this southern influence affected the indigenous deve-
lopment has to be discussed.

The beginning of flax cultivation can be set 2000 years
earlier than the well-documented agriculture in the lake-
dwellings of Central Europe. In the early lake-dwelling
Egolzwil CH/LU (about 4.300 BC) the cultivation of flax
seems still marginal". The importance rises considerably
in the 4™ millennium with a peak in the layers of the Pfyn
and Horgen culture'®.

As a source of textile fibre sheep and goats do not seem
very important in early farming. Their presence is in fact
highest in settlements before 4.000 BC (in Switzerland) —
97 % of the bones found in the settlement of e.g. Sion-
Planta (CH/VS) dated around 5.000 BC are from domesti-

12 Erny-Rodmann et al. 1997: Fig. 5. Dated to 6.500-6.000 BC cal.
13 Fritsch 1998: 157 f.

14 Lenneis and Liining 1990. — Lichardus 1974. — Kalicz 1990.

15 Bollinger 1994.

16 Brombacher and Jacomet 1997: 220-291.
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Fig. 6: Finds from Wetzikon-Robenhausen (based on 3. Pfahlbaubericht, Antiquarische Gesellschaft Zurich, 1860: Taf. V).
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cated animals (half of them from sheep/goat) — but accor-
ding to their slaughtering age they were kept for meat and
not for wool. In eastern Swiss lake-dwellings this proporti-
on in terms of the bones decreases in the Pfyn culture to
about 10 % and rises again towards the end of the Neoli-
thic. In western Switzerland sheep/goats had more impor-
tance throughout the Neolithic. Until the end of the Neolit-
hic period there are no signs of wool production. This
changes afer 2.800 BC when the number of adult female
animals rises among sheep which could be explained in
terms of milk and wool production'”.

Processing of the fibres

At that time a new tool was invented, the spindle with
spindle whorl. We in fact do not know for which fibre it
was invented, for animal or plant fibres. Considering that
contemporary flax grew only 1/3 of the modern size, we
may assume that the spinning of this fibre was much more
comfortable with a spindle than without. Another fact is
that there are spliced single yarns found on spindles, which
are made of unretted fibres (Fig. 4). This technique implies
the spinning of tree-bast fibres with the spindle before the
cultivation of flax'®. Such continous threads would be nee-
ded for finer basketry in twining as well. Another argu-
ment for the early spinning of plant fibres (first tree-basts,
then flax) is the fact that these early spindles are quite large
(and heavy) and therefore much more suited for plant fi-
bres than for animal fibres (Fig. 5 and ,,Bronze Age*). One
neolithic spindle with whorl has been found with the spun
bast thread still wrapped on it (Arbon-Bleiche TG,
3.380-3.374 BC). The spindle is made of hazel, the whorl
has the form of a disc (diameter: 5 cm), and the thread is
made of tree-bast (lindenbast, z-spun, 0.7 mm)"’.

There are very early finds of spindle whorls, especially in
the LBK-culture around 5.000 BC, and in eastern Europe
in early Neolithic layers. Some of them are very elaborate,
others just made of a recycled piece of pottery (Fig. SA).
The ones from Hilzingen-, Forsterbahnried have been
found in a pit with LBK pottery, and dated by "“C to
5.259-5.063 BC cal.” (Fig. 5B) — these whorls are at least
700 years earlier than the first ones in the lake-dwellings
(Fig. 5C). The size of the whorls seem to be very similar to
the early whorls found in Swiss lake-dwellings, which are
often discoid”".

Most of the Neolithic whorls are made of unburnt clay or
stone; but there was an absence of them in the Pfyn culture
(3.800-3.600 BC). They seem to have been made of wood,
as some remains have now proved™. The spindle brought
the means of spinning a continous thread which is one of
the conditions for fine yarn and for weaving.

17 Schibler 1997: 220-291, 40-121, especially 77 f.

18 Spun Neolithic bast thread in: Rast-Eicher 2003: 55-60.
19 de Capitani et al. 2002: 119, Fig. 147/3.

20 Fritsch 1998: Taf. 25.

21 Rast-Eicher 1997: 322. — Hafner and Suter 2003: Fig. 5.
22 Tobler 2002: Taf. 26/1.

Fig. 7: Stratigraphy of the late Neolithic lake-dwelling of Zii-
rich-Mythenquai (CH/ZH) (© A. Rast-Eicher).

Neolithic lake-dwellings

The first (woven) textiles — despite impressions on pottery
of the LBK-culture® — have been found in lake-dwellings.
The lake dwellings start in the mid 5™ millennium, in Swit-
zerland in Egolzwil (LU, 4.300 BC). Many other sites at
the Swiss lakes are dated beween 4.000 and 2.600 BC pro-
viding a lot of organic material**. The oldest woven textile
has been found in the early Cortaillod layer from Ziirich-
Kleiner Hafner, dated around 4.100 BC®. It is an archaeo-
logical problem that we do not have remains (except im-
pressions) of the 6"/first half 5™ millennium BC.

One of the most interesting sites is Wetzikon-Robenhau-
sen (ZH), a site at the lake of Pfaffikon near Ziirich which
was discovered 150 years ago. Jakob Messikommer who
found the site was working in the peat bog, documenting
and collecting the various objects.

From 1856 onwards, the archacologist F. Keller published
this material in the journals of the ,,Antiquarische Gesell-
schaft in Ziirich* (Fig. 6). The textiles and basketry beca-
me famous after their publications by Emil Vogt in 1937°°.
Recent '*C-analyses have meanwhile dated one fine textile
fragment from Wetzikon-Robenhausen to the Pfyn-culture
(SLM 559: 3.901-3.671 BC cal.), the famous textile from
Irgenhausen to the Middle Bronze Age (1.685-1.493 BC
cal.)”’.

Vogt’s publication emerged during the time of great inte-
rest in textiles and costume, when the Danish Bronze Age
textiles were published by Broholm and Hald*®. Looking
through these very old journals from Ziirich, it was inter-
esting to see how carefully Messikommer and Keller had
observed basketry and textiles. For instance, it was clear to

23 Kostelnikova 1985: 197 f.

24 Hafner and Suter 2003.

25 Bazzanella, Mayr and Rast-Eicher 2003: 87-97, Fig. 1.
26 Vogt 1937.

27 Bazzanella et al. 2003: cat. no 41 and 39, p. 231 and 227.
28 Broholm and Hald 1935.
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Fig. 8: Neolithic, new techniques. A: twining with pile. — B: 2-dim. twining. — C: plaiting (1/1 or 2/1). — D: weaving (based on

Rast-Eicher 1997).

Fig. 9: Twined basketry, Zurich Kanalisation-Seefeld, FK
804, Corded Ware, c. 2.600 BC (© A. Rast-Eicher).

them that the loom-weights were parts of the warp-
weighted loom. Messikommer even remarks that on the
evidence of these weights looms had been seen in nearly
all houses, and he concluded that every family probably
did its own weaving®.

This site is still very special. A sondage in 1999 has shown
how well the organic material of that site is still preser
ved”.

29 ,,Herr Messikommer fand ndmlich in demselben [Raum] an sechs
verschiedenen nach der Entfernung entsprechenden Stellen je eine
Miihle von der in den friiheren Berichten beschriebenen Art, Haufen
von Getreidekdrnern, Stiicke von Geweben, Geflechten, Vorrdte von
unverarbeitetem Flachs stammt den zum Webstuhl gehérigen Tonke-
geln, auch grosse Steine, die den Herd gebildet hatten. Es ist also
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Fig. 10: Starting border of a twined basketry from Zirich-
Mozartstrasse (CH/ZH) (based on Rast-Eicher 1997:
Fig. 309).

In the years after Vogt’s publication early textiles have not
been a research subject in Switzerland. This changed with
the excavations which have taken place in response to lar-
ger constructions or enlargments of ports at the lakes since
the late 1960s. They were also the starting point of under-
water archaeology, now a well established part of Neoli-
thic excavations, and of the excavation of larger quantities
of Neolithic basketry and textiles in Swiss lakes”'.

klar, dass jede Hiitte von einer Familie bewohnt wurde und ihre ei-
gene Vorrichtung zur Zubereitung der Lebensmittel und Herstellung
der Kleider besass.“ F. Keller 1866: 248.

30 Altorfer and Médard 2000: 35-74.
31 Bazzanella and Rast-Eicher 2003: 23-30.
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Fig. 11: Neolithic loom-weights. A: Lanycsék (H), early Neolithic, Staréevo-culture. — B: Zirich-Mozartstrasse (CH/ZH),
younger Neolithic, Pfyn-culture, c. 3.650 BC. — C: Zirich-Mozartstrasse (CH/ZH), late Neolithic, Corded Ware, c. 2.600
BC (Pictures based on: A: Kalicz 1990: pl. 17/5. —B: Gross etal. 1992: Taf. 287/2. — C: Gross et al. 1992: Taf. 289.9).

The layers in such lake dwellings are preserved because of
the wet environment and because they are airtight (Fig. 7).
These soils preserve plant fibres, whereas in the acid soils
in northern Europe animal fibres but nearly no plant fibres
have been found. The thickness of the layers can be very
different which affects the preservation of organic materi-
al. Thin layers will have much less organic material, which
includes flax seeds.

Basketry techniques

The techniques known in the Mesolithic period were still
used during the Neolithic: knotless netting, knotted nets,
twining technique (three-dimensional) and coiled baske-
try. But there are also new techniques now: two-dimensio-
nal twining, plaiting and weaving. Sprang, a technique
known in many cultures in ethnographic contexts, is not
represented in European prehistoric basketry.

The basic crafts were known from earlier times, especially
how to process plant fibres, first tree-bast and later flax
(Fig. 8).

In the region of Ziirich about 1.000 basketry and textile
fragments from over twenty sites has been found up to
2004 (most of them Neolithic), so that a statistical inter-
pretation of the different techniques is possible®”. Some 25

32 Rast-Eicher 1997. — A manuscript from 1994 by A. Dietrich and A.
Rast-Eicher about the finds from Ziirich with a catalogue and more
details could unfortunately not yet be published .

33 J. Winiger postulated in his article about early textiles, that the weft
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% of these finds were made in twining, which is the most
important technique used for various objects. There is
three-dimensional twining which has been used for e.g.
hats. There is also two-dimensional twining which on first
sight can have the aspect of a woven textile because it is
dense and flexible (Fig. 9). Their starting border resembles
the starting borders of woven textiles and is made for a
vertical system (Fig. 10). Moreover, the objects are so
large that one could not think of another way of production
for such twining than with a fixed warp. Certainly the twi-
ning is in the weft and not the warp™. This supposition was
proved in 1999 when a twined object was excavated in
Wetzikon-Robenhausen, with loom-weights still fixed to
the warp threads®*. We now have so called ,Jloom-
weights used for a basketry technique as well. As flax re-
mains lacking on many sites where loom-weights are pre-
sent, as well as spindle whorls (see above), we must assu-
me that these large two-dimensional objects in twined
technique could have been made technically before wea-
ving, and that weaving developed from this technique™.
The small weights from the Star¢evo-culture in Hungary
(as early as the LBK-culture) are too small and therefore
too light to weave flax, but enough for a twining warp
(Fig. 11A).

was twined. He turned around drawings which are clearly the other
way up: Winiger 1995, 119-187, especially Fig. 46.

34 Altorfer and Médard 2000.
35 Rast-Eicher 1997: 322 f.
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Fig. 12: Textile with stripes, Wetzikon-Robenhausen
(CH/ZH), SLM 554, 3.650 BC (© A. Rast-Eicher).

Fig. 11B shows a typical large weight from a Cortaillod
layer, heavy enough for weaving, Fig. 11C shows the late
neolithic round type (Corded Ware), which is lighter and
more adapted for wool.

Woven textiles

The known Neolithic textiles are all made of flax (animal
fibres are destroyed in the alkaline soils of the lake-dwel-
lings) with plied yarn and woven in tabby. The threads are
usually very fine, ranging from 0.3 mm to 1 mm. The first
attested is, that Central European textiles are not begin-
ners’ work at all. They show a highly developed technique
of fibre production, spinning and weaving. Where borders
have been found, they are often reinforced, both the star-
ting borders and the selvedges. The end is often made with
fringes. There are large and narrow textiles. The number of
narrow textiles found gives the impression that larger sizes
could not or were not be made. But this was again an ar-
chaeological problem: narrow textiles are very often rolled

36 Rast-Eicher 2003.

37 Hundt 1991: 251-272. The crossing is omitted in the drawing on Fig.
225, but visible on the photograph.
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up and have therefore a better chance to survive in the lay-
ers. Now there are large textiles known from the Cortaillod
culture, dated around 3.800 BC*®. Some textiles are patter-
ned, either with 3-ply yarn or with supplementary threads
in twill, which are inserted by hand (Fig. 12).

The starting borders show how the warp was prepared.
First they made a small separate band in normal band wea-
ving or in later times in tablet-weaving (Fig. 13). The weft
of that band was on one side long loops to be used as future
warp threads. Such starting borders have two threads in
each shed. Then the band with the long warp threads was
fixed on the loom (Fig. 14). In order to avoid the need to
cut the loops while fixing every second thread on the
heddle, they could just cross two loops (Fig. 15). This
crossing is visible in the starting borders of Neolithic texti-
les. It is visible on several textiles, narrow ones as well as
larger ones.

One is a textile from Niederwil-Gachnang (CH/TG) dated
to the Pfyn culture around 3.700 BC. For the first centime-
ters both selvedges have been preserved; the width is 9.4
cm. The starting border clearly shows the crossing of the
warp®’. Another, younger textile is dated in the Schnurke-
ramikkultur (2.680 BC) and has been excavated in Ziirich-
Mythenquai (Fig. 16). It is a large textile with knotted
pile®. The preserved border is a starting border with cros-
sing of the warp threads. This type of starting border is
used throughout the Iron Age until Medieval times as long
as the warp-weighted loom was in use. It has been docu-
mented also on the Bronze Age textiles in Northern Euro-
pe®. The narrow textiles with the same type of starting
border and reinforced selvedges must have had a special
function like e.g. leg wrappings. Otherwise such compli-
cated selvedges which need three changes of the shed on
each side make no sense.

The warp-weighted loom still existed in northern Europe
in the 20™ century; the archacological evidence of such
loom-weights in Central Europe lasts until the late Middle
Ages.

Clothing

We can assume that for a very long time even in the Neolit-
hic leather or skin were the basic constituent of clothing,
even at a time when linen garments were made, because
wool was probably not used for textiles (see above) —
,,Otzi“ is a typical representative. Tree-bast were useful for
rain-coats or hats, but not to keep somebody warm.

In the lake-dwellings textiles for clothing have certainly
been found. The very fine and decorated textiles from Wet-
zikon-Robenhausen dated around 3.700 BC have to be in-
terpreted like that. Later, there is a very fine textile from
Ziirich-Kanalisation Seefeld dated around 2.600 BC (Cor-
ded-Ware) with an sewn band on which a button hole is

38 Rast-Eicher 1992: 56-70, Figs. 1-6, 9.
39 Hald 1981, 158 ff.
40 Hoffmann 1964.
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Fig. 13: (left) Reconstruction of a Neolithic starting border (© A. Rast-Eicher).
Fig. 14: (right) The starting border is fixed on the loom (© A. Rast-Eicher).

Fig. 15: (left) Crossing of the warp threads after the starting border (based on Hald 1980: Fig. 201).
Fig. 16: (right) Starting border with crossing of the warp-threads, Zirich-Mythenquai (CH/ZH), FK 1375 (© A. Rast-Eicher).

fixed (Fig. 17). The size of the button hole corresponds to
the size of buttons found in layers of the same period in
Ziirich and elsewhere. The buttons are made of bone, ant-
lers or shells and are dated to the last Neolithic period,
some from the Early Bronze Age*' (Fig. 18).

These buttons disappear later in the Bronze Age, as soon
as there is obviously another fibre and pins appearing —
and later brooches — to fix the dresses. Pins are not ideal
for linen garments because they would produce unrepara-
ble holes. Wool is much more flexible in a sense; pins the-
refore do not damage it too much. The buttons disappear
for many hundreds of years — until Late Medieval times.
Further larger pieces of Neolithic garments are preserved:
they have been found in Spain, in Lorca (Murcia). The

41 Hafner and Suter 2003: Fig. 10. The Early Bronze Age buttons are
not on this table. Found in Sion-Petit Chasseur (CH/VS), but also in
Savognin/Padnal (CH/GR) and in a grave from Singen (D).
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fragments are made of fine linen with qualities of 15 or
more than 20 threads/cm. There are a neck-opening and
fringes at the end of the textile™.

Dresses carved in stone...

In Sion (CH/VS), there are big grave-stones from large
graves of the beaker-culture, the youngest Neolithic cultu-
re dated around 2.400-2.200 BC*. These stones are sculp-
tured and show men with clothing, belts and sometimes
pockets. The dresses are patterned with lines, triangles,
rhombus. Some have belts with a loop at the end (Fig. 19).
A belt which looks just the same as on the stele from Sion
has been found in the Early Bronze Age settlement of Mo-

42 Alfaro 1992: 20-30.
43 Gallay 1995, 105-112.
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Fig. 17: Textile with button hole, Ziirich-Kanalisation-Seefeld (CH/ZH, FK 2650), Corded Ware, c. 2.600 BC
(© A. Rast-Eicher).

Fig. 18: Late neolithic buttons. A and B: Zirich-Mozartstrasse (CH/ZH), Corded Ware, c. 2.600 BC. A: made of bone. — B:
made of antler. — C: Sion-Petit Chasseur (CH/VS), Bell Beaker, c. 2.500-2.200 BC, made of a shell (size controlled on ori-
ginal). (Pictures based on: A: and B: Gross et al. 1992: Taf. 160/11 and Abb. 200/2. — C: Gallay 1989: pl. 6, no 1881).
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lina di Ledro in Northern Italy**. This shows that the de-
picted garment existed in reality.

Bronze Age

The Bronze Age brought a completely new tradition. Wool
created new garments. The Neolithic ,,bast-tradition* was
gone, even if some techniques like knotless netting remai-
ned. Objects of bast never again got the importance they
had during the Neolithic period. Wicker-weave is the new
basketry technique which appeared in the Bronze Age and
which became very frequent™.

During the latest Neolithic cultures and early Bronze Age
there are some changes in raw material. As we do not have
animal fibres in lake-dwellings because of alkaline soils
(there two exceptions in the Bronze Age connected with
metal*®), we have to investigate other groups of material.
The loom-weights change in the Neolithic from a normally
large conical form with the hole at the top to round and
lighter ones with a central hole. Furthermore, the spindle-
whorls change from flat and heavy ones to biconical
whorls. This change started in late Neolithic layers as at
Arbon-Bleiche (Horgen-culture, 3.384-3.370 BC) on Lake
Constance”’. There, more than 10 % of the spindle-whorls
are biconical, a form which is standard in the Bronze Age.
The weight of the whorls ranges between 6 g and more
than 80 g; which is the earliest site with such a variety.
Lighter and more compact whorls have a faster rotation,
and are therefore more appropriate for short fibres like
wool.

Sheep/goat bones increase generally and become an aver-
age about four times more important than in the Neolithic
settlements®. Sheep are larger, but still hairy — with an
outer hairy coat and fine underwool. The slaughtering age
is rising, a development coming from the use for milk and
wool. The textile from the Middle Bronze Age settlement
of Castione Marchesi (I) shows well the type of Bronze
Age wool. There is fine underwool (now brown because of
the soil, but originally white) and very large hairs which
appear black (Fig. 20). As wool measurments of Swiss
finds have shown, this type of wool will not change a lot
until the early La Téne period®.

The important source for Bronze Age textiles is shifting to
the North™. Other textiles (wool or flax) are found all over
Europe, but with the exception of the lake-dwellings of
Ledro (I) not in bigger quantities’'. The dating of these
northern textiles is mainly in Danish Bronze Age II and
II1, which in Central European chronology corresponds to
the Middle Bronze Age. In the acid soils of northern Ger-
many and Denmark complete garments have been found in

44 Bazzanella et al. 2003: 162 f.
45 Rast-Eicher and Reinhard 1998: 285-290.

46 Wool yarn in a metal ornament from Hauterive (CH/NE):
Rast-Eicher and Reinhard 1998: Fig. 153. — Textile on a late Bronze
Age sickle from Ziirich-Alpenquai (unpublished).

47 de Capitani et al. 2002: 115 ff.

Fig. 19: Stele from Sion-Petit Chasseur, Dolmen MXI (Dra-
wing: S. Favre, Département Anthropologie, Université
Geneve).

burials (oak coffins). They are nearly all of wool, with ge-
nerally a low density of threads per cm, mostly 3-6, the
same in rich or poor graves. Their characteristics are a
dense and coarse weave, sometimes with pile, which
shows that they are somehow imitating skin. There are

48 Schibler and Studer 1998: 181 f.
49 A. Rast-Eicher, Iron Age textiles in Switzerland, in prep.
50 Hald 1981. — Bender Jorgensen 1986. — Bender Jorgensen 1992.

51 Some Ledro Textiles are published in: Bazzanella M. et al. 2003.
The full publication is in prep.
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Fig. 20: Bronze Age wool from Castione Marchesi (1), with
fine underwool and very large upper fibres (© A. Rast-Ei-
cher).

large textiles like the Muldbjerg garment with a width of
211 cm, and a length of 131 cm, woven by two persons on
the warp-weighted loom. Finer textiles from Voldofte
made of plant fibre (nettle) show that finer textiles were at
least known. It was probably just a matter of function of
the textiles which quality was produced. The textiles with
plaited endings like the one of Harrislee (D) or Egtved
(DK) can have been woven on a tubular loom as well>,
Men’s caps of wool were partly made in a complicated
construction of several layers.

The garments for women consisted of a long skirt or a frin-
ged skirt (Egtved) and a shirt/poncho. The shirts have slee-
ves and body woven in one piece. Men wore a tunic sewn

Fig. 21: Reconstruction of the early Bronze Age textile de-
corated in lozenge twill from Molina di Ledro (1), ¢. 2.100
BC (© Elena Munerati, Ufficio Beni Archeologici, Provin-
cia Autonoma di Trento).
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from different pieces, an oval cloak woven ,,in shape* and
a large textile (cover) made by two persons on the loom.

Twill appears in the Danish Late Bronze Age which corre-
sponds to Central European Hallstatt period. But this new
technology seems to appear earlier:

Rock carvings from the Val Camonica (I), dated to Early
Bronze Age show clearly more than one heddle-rod™. And
the Early Bronze Age textiles from Molina di Ledro (I)
confirm that this technology was known by 2.100 BC. The
lozenge design made in twill on the linen band (girdle)™*
corresponds to the design on the stele from Sion (Fig. 19)
in Switzerland which is dated to the Beaker culture (2.400
-2.200 BC) (Fig. 21). Another piece fits very well what
this stele shows, the 2 m long girdle from Ledro with a
loop at its end — just like the one on the stele. Therefore we
can assume that twill had been invented at the end of the
Neolithic. This is also the time sheep become more fre-
quent and the whorls lighter (see above). For the moment
we just do not have the clear evidence because of the lack
of woollen textiles in our lake-dwellings dated to the last
Neolithic period. Twill doesn’t make much sense for a
linen textile except for special decoration (see above). By
contrast with wool it completely changes the character
from a stiff textile to an elastic one. And furthermore twill
is very decorative. The woollen textiles woven in twill are
normally not heavily fulled — and this is the case throug-
hout the Iron Age and Early Medieval period.

As I mentioned earlier, pins changed the garments. Several
different garments, warm and fine ones were possible, a
material which could for most of the year replace skin.
Very long pins seem to close a dress, such as the recontruc-
tions show made from the Early Bronze Age graves in
Sion, CH/VS). Little bronze tubes and hangings suggest
how the textile has been worn »(Fig. 22).

A special item of clothing is the Late Bronze Age decora-
ted sash from Cromagh in Ireland. It was found in a hoard
together with a pin and an axe dating this find. It is woven
of horse-hair in herringbone twill with 45/15 threads/cm.
The sash is 5 cm wide™.

In the Late Bronze Age lake-dwellings are more frequent
in Central Europe again. But the layers are very often top
layers, so they are not ideal for the preservation of organic
material. Again tools related to textile production give
more informations. On the Late Bronze Age site of
Zug-Sumpf (CH/ZG) there are baskets (wicker-work), but
no textiles. But a large quantity of spindle-whorls with
weights between 10 g and 70 g show indirectly various
qualities of threads. With spinning experiments we could
calculate the final textile quality of about 20 threads/cm

52 Tidow 1992: 31-36.

53 Zimmermann 1988: 26-38.
54 Bazzanella et al. 2003: 161.
55 Bocksberger 1978: P1. 23-26.
56 Heckett 1998: 29-37.



Antoinette Rast-Eicher: Bast before Wool: the first textiles

Fig. 22: Sion, Petit-Chasseur (CH/VS): Finds from grave 3 (1: in situ. — 2: correct placement of the metal objects) and recon-
struction of the garment (3, 4). (based on Bocksberger 1978: Fig. 24).

(plied yarns) for the lightest spindle-whorls. Heavier
whorls produce coarser threads which may have been used
as single yarns® .

Other objects related to textile production are little bob-
bins made of clay. M. Gleba has interpreted these ,,roc-
chetti* from the Etruscan village of Poggio Civitate (I) as
loom-weights in tablet-weaving’®. They have also been
found in the Early Iron Age graves of Verucchio (I), and
the reconstruction proposed in this publication is based on
this idea®. That means in fact, that the bobbins found in
Late Bronze Age context e.g. in Switzerland (such as
Zug-Sumpf) and so far interpreted as ,,bobbins* are poin-
ting to the beginning of tablet-weaving during the Bronze
Age — a technique which was to become very important
and elaborate in the Iron Age (Fig. 23)

Summary

The survey of the early development of textile crafts has
shown that basketry started at latest in the Mesolithic peri-
od. These techniques were then still practiced in the Neo-
lithic. Botanical remains of the 7™ and 6™ millennium BC
place the start of flax cultivation a long time before the
first Central European lake-dwellings. Large spindle
whorls and loom-weights of the 6™ millennium are best fit-
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ted for plant fibres — flax or tree-bast. Besides, impressions
dated to the Linearbandkeramik-culture the first woven
textiles appear in the lake-dwellings around 4.000 BC.
The Neolithic ,,bast-culture® is replaced by a ,,wool-cultu-
re” in the Bronze Age. The important change in textile
technique seems to start at the end of the Neolithic and
brings a change in tools, raw material, textile and dress
types. Complete woollen garments from Northern Europe
show the variety of wool weaving. By the beginning of the
Iron Age the textile techniques used during that period
were already settled, even tablet-weaving, which was pro-
bably the last achievement of the Bronze Age.
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Fig. 23: Bobbins used as loom-weights for tablet weaving. A: Reconstruction after Raeder Knudsen. —

B: Example of late Bronze Age bobbin, Zug-Sumpf
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Hallstatt and La Téne Textiles from the Archives of Central Europe

Lise Bender Jgrgensen

Abstract

After a brief outline of the research history of Hallstatt and La T¢ene textiles, the main results are presented of the author’s
recordings in Central European museums in 1987. These are compared with the results of Hans-Jiirgen Hundt, Katharina
von Kurzynski and Johanna Banck-Burgess. The paper concludes with a discussion of how textile remains can be used to
investigate modes of production, establishing function, and explore symbolical meanings.

Nach einer kurzen Skizze der Forschungsgeschichte hallstatt- und latenezeitlicher Textilien werden die wichtigsten Er-
gebnisse vom Materialaufnahme der Verfasserin aus dem Jahre 1987 in mitteleuropdischen Museen prdsentiert. Durch
den Vergleich mit den Resultaten von Hans-Jiirgen Hundt, Katharina von Kurzynski und Johanna Banck-Burgess kann
das Potential der Textilien fiir Aussagen tiber Produktionsformen, Funktionsbestimmung und Symbolik diskutiert werden.

An Outline of Research History

The study of Hallstatt and La Téne textiles was initiated in
the late 1950°s by Professor Hans-Jiirgen Hundt
(1909-1990) of the Romisch-Germanisches Museum in
Mainz. His work soon caused archaeologists from all of
Central Europe to send textile finds to Mainz for investiga-
tion, analysis and conservation. By 1980 he had published
textiles from 15 graves of the Hallstatt Period and 24 of the
La Téne Period, and a further 63 textiles from the salt-
mines in Hallstatt and Diirrnberg in Hallein'. Before his
death in 1990, several further finds had been added to his
portfolio, such as the textiles from the princely Hochdorf
grave”. Hundt’s textile publications are usually quite brief,
although longer works exist. Regardless their length, his
works always focus on meticulous description and docu-
mentation of the textiles examined, rather than indulge in
generalisations and interpretations. Still, over the years he
built up an extensive overall knowledge of Hallstatt and La
Téne textiles, and had clear ideas that can be found as
sparks of insights in his publications. His paper on the tex-
tiles from the Worms-Herrnsheim princely grave is a
splendid example of this’. In addition to a detailed descrip-
tion of the textile remains from Worms-Herrnsheim, its
three pages also contain a of summing-up of the develop-
ment of textiles in Central Europe from the Neolithic to the
Migration Period. Among the points made may be mentio-

Hundt 1959, 1960, 1961, 1962, 1963, 1967, 1968, 1969, 1970, 1972,
1974a, b, ¢, 1975.

Hundt 1981, 1983a, b, 1985, 1987.
3 Hundt 1974c.
4 Bender Jorgensen 1986, 1992a.
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ned the preference for plied yarns throughout the Bronze
Age and Hallstatt periods, and that 2/2 twill first appears in
the Late Bronze Age (final Tumulus and Urnfield Cultu-
res) but is not commonly used until the beginning of the
Iron Age. Hundt further stated that 2/2 twills with plied
warp and single weft yarns appear to be a standard fabric
of the Hallstatt Period, although accompanied by other
types such as twills made from single yarns, arranged in
groups with different twist to create subtle spin patterns.
With the advent of the La Teéne Period plied yarns were re-
placed by single yarns. At the time of writing, Hundt did
not know any examples of spin patterned fabrics from the
La Téne and Roman Periods, but remarked that that they
seemed to have returned to favour in the Migration Period.

While attempting to establish an overview of archaeologi-
cal textiles in northern Europe, the present author entered
the field of Hallstatt and La Téne textiles in the 1980’s.
Establishing data to accomplish this was an essential part
of my work. Textile remains may be preserved — or repla-
ced — by metal salts. This made bronze and iron artefacts
from inhumation graves an important hunting ground. At
that time, such minor textile remains had generally remai-
ned unnoticed, but could be retrieved by being searched
for systematically. It meant visiting museums all over nort-
hern Europe, rummaging through their stores. My work re-
sulted in the construction of a textile typology — a chrono-
logical and geographical structure — presented in two
books, one on Scandinavia (1986), the second covering the
North European Lowlands and the British Isles (1992a). In
1987, I started recording finds in the central parts of Euro-
pe, visiting regional museums in Austria, Belgium, former
Czechoslovakia, southern Germany, Hungary, Switzerland
and parts of France. Only preliminary reports on the texti-
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Fig. 1: Pie diagrams of Hallstatt and La Tene textiles in eastern and western Europe (after Bender Jargensen 1992, drawing:
Alice Lundgren).
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Fig. 2. (left) Pie diagram of weave types, Hallstatt C/D eastern group (after von Kurzynski 1996).
Fig. 3: (right) Pie diagram of weave types, Diurrnberg La Tene (after von Kurzynski 1996).

Fig. 4: (left) Pie diagram of Hallstatt weave types recorded 1987 (© L. Bender Jgrgensen).
Fig. 5: (right) Pie diagram of La Téne weave types recorded 1987 (© L. Bender Jgrgensen).

les catalogued have as yet been published’. The main out-
come of those dealing with textiles of the Hallstatt and La
Tene periods is a proposal for establishing three distinctive
textile types: the Diirrnberg type (twills with plied warp
and single weft), the Hunsriick type (tabbies with plied
warp) and the Vace type (spin-patterned twills). Further-
more, textiles of the two periods are sorted into an eastern
and a western group (Fig. 1).

In 1996, Katharina von Kurzynski catalogued 95 Hallstatt
Period sites with textiles from Austria, France, Germany,
Slovenia, Slovakia, Switzerland, and a further 69 La Téne
finds from the same countries plus the Czech Republic,
Great Britain, Hungary and Luxembourg’. Most of these
had been published, or mentioned, in previous publica-
tions; some were investigated by von Kurzynski herself.

5 Bender Jorgensen 1991a, b, 1992b.
6 von Kurzynski 1996.
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This allowed her to conclude that the development of texti-
le technology during the Hallstatt Period must be conside-
red the most rapid in Europe’s Prehistory. 2/2 twill repla-
ced tabby as the main weave, accompanied by a multitude
of new weaves such as half-basket and basket weave, vari-
ous twill variants such as 2/1 twill, chevron twill, herring-
bone twill and various forms of diamond twill. Tablet-
woven braids with complicated and colourful patterns
have turned up in several princely graves, as well as em-
broideries and other forms of patterning. Fibres included
wool, flax and hemp, and occasionally other fibres such as
horse or badger hair. La Tene textiles are simpler; like
Hans-Jiirgen Hundt, von Kurzynski states that the spin-
patterned twills of the Hallstatt period almost disappear
with the advent of the La Téne, except for the striped versi-
on. Contrary to Hundt, however, von Kurzynski finds
plied warps combined with single weft yarns in more than
half of the La Téne textiles, at least from the Diirrnberg.
Kurzynski did not find much of value in my works, and
certainly did not approve of the textile types I had defi-
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Table 1: Museums and number of Hallstatt and La Tene textile finds recorded 1987 (© L. Bender Jgrgensen).

ned’. Instead she stuck to weaves when creating graphs to
illustrate the fabrics she found in the eastern Hallstatt
group and among the La Téne textiles from Diirrnberg
(Figs. 2 and 3).

Table 2: Dating framework of Hallstatt and La Téne textiles
recorded 1987 (© L. Bender Jgrgensen).
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Johanna Banck-Burgess was next in line. In her 1999 doc-
toral thesis, she lists 538 textile finds from 364 graves, de-
riving from 234 sites in Austria, Belgium, the Czech Re-
public and Slovakia, Germany, Luxemburg, the Nether-
lands, Silesia, Slovenia and Switzerland®. This gives her a
solid foundation for discussing chronological and geogra-
phical differences. She finds that my four groups are too
simplistic, and adds to them’. According to Banck-Bur-
gess, the textiles can be divided into three phases, an early,
comprising Hallstatt C, a middle one consisting of Hall-
statt D and La Tene A, and a late phase, formed by La
Tene B-D. Although only represented by ten finds, the
early phase has a rich variety of weaves, generally of high
quality. The middle phase has a high find frequency, and
allows Banck-Burgess to distinguish three geographical
groups with different textile traditions: Mid- and Southern
Central Europe, Western Europe, and East Central Europe.
Differences are found in the use of plied or single yarns,
and the use of spin-patterns. Banck’s late phase is sorted
into two geographical groups, one covering the former
Czechoslovakia, the second Southwest and West Central
Europe.

Further important contributions have been made by Hubert
Masurel, who performed in-depth analyses on the Hallstatt

7 von Kurzynski 1996: note 184.
8 Banck-Burgess 1999.
9 Banck-Burgess 1999: 45 ff).
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Fig. 6: (left) Scatter diagram of Hallstatt tabbies, half-basket and basket weaves recorded 1987 (© L. Bender Jgrgensen).
Fig. 7: (right) Scatter diagram of Hallstatt twills recorded 1987 (© L. Bender Jgrgensen).

Fig. 8: (left) Scatter diagram of La Téne tabbies, half-basket and basket weaves recorded 1987 (© L. Bender Jgrgensen).
Fig. 9: (right) Scatter diagram of La Tene twills recorded 1987 (© L. Bender Jgrgensen).

period textiles from La Motte d’Apremont in France and
their raw materials'® and by Antoinette Rast-Eicher on the
wool qualities of a number of La Téne textile finds from
Switzerland, finding that early La Téne wools are coarser
than those from the late La Téne''. Vaclav Furmanek and
Karol Pieta catalogued Slovak textile finds'>. The extraor-
dinary textile finds from the “Tomba del Trona” in the Vil-
lanovan cemetery of Verucchio in Italy add to our under-
standing of textile production and garment forms among
the neighbours to the Hallstatt culture’. Recently, rene-
wed investigations at both Hallstatt and the Diirrnberg in
Hallein have recovered substantial numbers of textiles that
have been studied by Katharina von Kurzynski'*.

10 Masurel 1988, 1990, 1992),

11 Rast-Eicher 1998.

12 Furmanek and Pieta 1985. — Pieta 1992.

13 von Eles 2002.

14 von Kurzynski 1998. — Stéllner et al. 2003).

Central Europe Revisited

The occasion of the 2004 symposium on Hallstatt textiles
caused me to take a fresh look at my 1987 records of Cen-
tral European textiles dating to the Hallstatt and La Tene
periods, investigating how they fit into recent scholarship,
and if they can still raise new questions and add to our
knowledge. Visits to 17 museums and the Archaeology
Department of the Slovak Academy of Science in Nitra re-
sulted in the recording of 253 textile fragments from 212
different graves (Table 1). Few of these had been noticed
before — comparisons with the catalogues of von Kurzyns-
ki and Banck-Burgess show a concurrence of only c. 20.
This means that there are almost two hundred finds that
may be added to the corpus of Hallstatt and La Téne texti-
les in Central Europe. 91 of the 212 finds may be dated to
the Hallstatt period, 111 to the La Téne (Table 2). As re-
gards Banck-Burgess’s three-period system, 31 finds that
can be attributed to her early phase, 28 to the middle, 57 to
her late phase. Banck-Burgess’ middle phase is the rich
one, divisible into three geographical groups. As only a
few new finds can be added, this paper will keep the older,
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Fig. 10: (left) Scatter diagram of Hallstatt and La Téne tabbies, all yarn types, recorded 1987 (© L. Bender Jgrgensen).
Fig. 11: (right) Scatter diagram of Hallstatt and La Tene twills, all yarn types, recorded 1987 (© L. Bender Jgrgensen).

simplistic phasing of the Central European Iron Age, that
of the Hallstatt and La T¢éne periods.

When the 1987 records are sorted into weaves (Figs. 4 and
5), we see that 2/2 twill is the most common form among
the Hallstatt textiles. Tabbies are 21 %, repp and basket
weave each make up a certain proportion. Half-basket,
twill variants and others occur, but are rare. The La Téne
diagram differs markedly; half of the textiles are now
tabby. 2/2 twill is almost as dominant, while only 5 % are
left for other weaves. What can we learn from that? What I
find most conspicuous is the similarity to Katharina von
Kurzynski’s diagrams of weaves from the eastern Hallstatt
area and the La Téne of Diirrnberg, particularly for the
Hallstatt period. The 1987 records have an eastern empha-
sis. The majority derive from Austria, the Czech Republic,
Slovakia, Hungary and Slovenia. Swiss finds are frequent
too, but mainly date to the La Téne period. Finds from
western Europe are comparatively few. It makes sense that
the weaves of the “new” Hallstatt textiles compare well
with Kurzynski’s results.

When sorted into groups according to their yarns, we find
that fabrics with plied warp are few among Hallstatt period
finds (Figs. 6 and 7). This matches the few finds from wes-
tern Europe. As mentioned above, a preference for plied
yarns in the western parts of the Hallstatt area was recogni-
sed both by Banck-Burgess and myself. Among fabrics
made from single yarns, tabbies, half-basket and basket
weaves are based on either z- or s-spun yarns. The latter
seem generally slightly coarser than the former, but not ex-
clusively. Among the twills, spin-patterned fabrics show a
wider range of qualities compared to the two other groups;
those with plied warp are all relatively coarse. The La
Tene fabrics show a different picture (Figs. 8 and 9). Tab-
bies, half-basket and basket weaves present a wide range
of varieties, particularly among those made from single
yarns. La Téne twills are quite coarse, 12 threads per cm
being the finest count except for a single piece of 14/20.
This has plied warp. No clear difference is apparent bet-
ween spin-patterned twills and others. If we compare tab-
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bies of all types of Hallstatt date with those of the La Téne
period (Fig. 10) we get a relatively uniform pattern; when
comparing the twills it becomes obvious that La Tene
twills are much coarser than Hallstatt ones (Fig. 11).

What may we learn from this?

What can this investigation into my 1987 textile records
add to our knowledge? For the eastern group of Hallstatt
textiles, the distribution of weaves established by Kathari-
na von Kurzynski seems to be confirmed; as for the west
and mid-south, and the three phases proposed by Johanna
Banck-Burgess, more data are now available but much
more work is needed to extract possible additional infor-
mation, variations or confirmation. We are still in the pro-
cess of constructing a chronology and typology of Hall-
statt and La Téne textiles, but it seems as if most of the
main structure is in place; what is left is a matter of adjust-
ment and refinement.

What else may we learn? Chronology and typology are the
means to an end, not the sole objectives of research. What
do the chronological changes and regional variations re-
flect? Why are La Téne twills coarser than those from the
Hallstatt period? Why did people in the west prefer plied
yarns for their warps, while those in the east mostly used
single yarns? We are used to interpreting such changes in
evolutionary terms, and tend to feel awkward about chan-
ges such as that from fine twills of Hallstatt date to coarse
ones from the later La Téne period, and from a wider range
of weaves to a more limited one. Did the textile technolo-
gy go backwards? Or should explanations be sought el-
sewhere?

In 1992, I argued that the Vace and Diirrnberg types —
twills with spin-pattern or a combination of plied warp and
single yarns respectively — marked the beginnings of orga-
nised textile production in Europe. This was built on the
assumption that such easily recognisable fabric forms
could only exist if deriving from a standardized producti-
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on". Recent research has opened further possibilities. Pre-
liminary reports on the recent textile finds from Diirrnberg
interpret changes between the Hallstatt and La Téne period
textiles as the development from complicated, domestic-
style fabrics to a much more standardized production'®,
Further, in her analysis and interpretation of the textiles
from the Tomba del Trono from Verucchio, Annemarie
Stauffer argues that the two mantles — identifies as teben-
nae — were woven on a tall, narrow loom, and their tab-
let-woven borders added at a later stage. Although compli-
cated and time-consuming, this would make it possible for
a single person to perform the whole work process, and
Stauffer proposes that certain aspects of textile production
— such as the weaving of ceremonial garments like the fe-
benna — were the privilege of aristocratic women'’. The
Verucchio tebennae, and an unidentified garment from the
same grave are all spin-patterned twills, i.e. examples of
what I have termed the Vace type. If garment and fabric
type were linked, the idea of form that caused standardiza-
tion might be embedded in that of garment rather than that
of production'®. Was the textile production in the Hallstatt
Period then controlled by women of the nobility, and the
complicated production process both a reason for and
symbol of their privilege? Were the menial tasks of spin-
ning and weaving transferred to servants and slaves by the
La Téne period? Possibly; but simpler explanations have
been put forward too, e.g. by Johanna Banck-Burgess who
interprets the change from twills to tabbies in the La Téne
in Czechoslovakia in terms of the introduction of linen
shrouds to clothe the dead".

Other pertinent questions are those of the function of the
various textiles, and their meaning. Most textiles found in
graves are small scraps encrusted on metal artefacts such
as dress accessories or weapons. They supposedly derive
from the dress or shrouding of the deceased. Clothing of
the Hallstatt and La Téne periods is an almost virgin re-
search field. Katharina von Kurzynski has gathered exam-
ples of iconographical evidence that shows a rich variety
of garment forms, richly decorated and patterned™. They
form an important background for trying to understand the
Iron Age costume of Central Europe. The Verucchio gar-
ments, and the various items of clothing found in the acid
bogs of northern Europe help too, although they belong to
different cultural groups. Still, there is a huge leap from
these evocative examples to the majority of textile finds —
tiny metal-replaced scraps. There is much work to do, and
we shall need some larger pieces with structural details to
be able to start reconstructing garments. Textile properties

15 Bender Jorgensen 1992: 122 ff.
16 Stollner 2003: 180.
17 Stauffer in von Eles 2002: 207 ff.

18 The Verucchio tebennae would have appeared subtly patterned, in
shimmering checks according to how the light fell. We find the same
check pattern in the oval wool mantle from Gerumsberget in Sweden
(von Post et al. 1925). Folded, the form of this garment would have
resembled the febenna; its checks are created by colour rather than
spin pattern, but when seen from a distance, the appearance would
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is another theme that has hardly been addressed. When
sorting textile fragments into weaves, yarns and fibres it is
easy to forget that the combination of these features does
in fact promote specific properties. Textiles may be warm,
cool, absorbent or water repellent, all according to their
construction; insights into how these properties are estab-
lished may help us to distinguish between textile catego-
ries and identify likely functions. Rich finds like the prin-
cely grave from Hochdorf remind us that textiles are used
for other things than clothing: wall hangings, carpets, bed-
ding and household textiles like towels*'. The study of an-
cient textiles is a Pandora’s box just waiting to be opened.

Hallstatt- und latenezeitliche Textilien
aus Museumsarchiven
in Zentraleuropa

Etwa im Jahre 1960 begann Prof. Dr. Hans-Jiirgen Hundt
(Romisch-Germanisches Zentralmuseum in Mainz), hall-
statt- und lateénezeitliche Textilfunde aus ganz Mitteleuro-
pa zu studieren und publizieren. Meist geschah dies in
ganz kurzer Form, wobei die genaue Beschreibung und
Dokumentation der Hauptziel war. Uber die Jahre hinweg
baute er eine solide Kenntnis auf, die als kurze aber weit-
reichende Zusammenfassungen der bronze- und eisenzeit-
lichen Textilgeschichte Europas in seine Artikeln auf-
taucht®>. Hundt’s Beobachtungen erfassen etwa die Vorlie-
be von Zwirnen der Bronze- und Hallstattzeit; die Einfiih-
rung von Koper 2/2 am Ende der Bronzezeit, sowie die Er-
kenntnis, dass Koper 2/2 mit Kette aus Zwirn und einfa-
chem Garne als Schuss wihrend der Hallstattzeit gingig
war, aber am Anfang der Laténezeit von Geweben aus ein-
facheren Garnen ersetzt wurde. Die Verfasserin hat in den
1980er Jahren die Arbeit von Hundt fortgesetzt und hat
1991-1992 drei hallstatt/laténezeitliche Gewebetypen de-
finiert und die Einteilung in eine Ost- und eine Westgruppe
vorgeschlagen®™ (Fig. 1). Katharina von Kurzynski (1996)
und Johanna Banck-Burgess (1999) haben diese chronolo-
gische und geographische Struktur weiter abgestuft (Fig.
2-3).

1987 wurde von der Verfasserin eine umfassende Fundauf-
nahme vor- und frithgeschichtlicher Textilien in Mitteleu-
ropa durchgefiihrt. 253 davon sind hallstatt- oder laténe-
zeitlich, und stammen aus 212 Grédbern oder Fundplitzen
(Tabelle 1 und 2). Nur etwa 20 von diesen waren bereits

have been quite similar. Is this accidental or intentional? The theme
of oval and semicircular mantles and their decoration could be worth
investigating. The Gerumsberg mantle has been carbon-14 dated to
c. 300 BC. — Nockert and Possnert 2002.

19 Banck-Burgess 1999: 47.

20 von Kurzynski 1996: 44 ff.

21 Banck-Burgess 1999: Abb. 4 and Beilage 2.
22 Z.B: Hundt 1974c.

23 Bender Jorgensen 1991a, 1992a,b.
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bei von Kurzynski oder Banck-Burgess katalogisiert. Das
neue Material 146t sich nicht gut mit der detaillierten chro-
nologischen und geographischen Struktur von Banck-
Burgess korrelieren, aber zeigt gute Korrespondenz mit
den Resultaten von Katharina v. Kurzynski. Dies gilt so-
wohl bei der Verteilung von Gewebetypen (Fig. 4-5), als
auch bei den Kombinationsanalysen von Garn- und Gewe-
betypen (Fig. 6-11). Die hallstattzeitlichen Textilien zei-
gen eine grossere Variationsbreite als die laténezeitlichen,
sowohl was die Auswahl von Gewebetypen als auch die
Feinheiten betrifft. Die laténezeitlichen Kopergewebe 2/2
sind markant grober als die der Hallstattzeit.

Wie konnen wir die chronologische und typologische
Struktur hallstatt- und laténezeitlicher Textilen deuten?
Wie war die Textilproduktion organisiert? Verschiedene
Vorschldge liegen dazu schon vor. Die Verfasserin sah
1992 die charakteristischen Gewebetypen der Hallstattzeit
als Argumenten fiir eine organisierte Textilproduktion®*;
die engere, mehr einheitliche Auswahl von laténezeitli-
chen Gewebe sah auch Thomas Stollner” als Beleg fiir
eine Entwicklung von individuellen, hausgemachten Tex-
tilien an eine standardisierte Produktion. Die Untersu-
chungen von zwei Ménteln der villanovazeitlichen Tomba
del Trono in Verucchio zeigen eine sehr komplizierte Pro-
duktionsweise, was Annemarie Stauffer zu einer Interpre-
tation veranlasste, bei der sie die Produktion solcher Mén-
tel als ein Privilegium vornehmer Frauen sicht*®. Johanna
Banck-Burgess hat eine einfachere Auslegung vorgeschla-
gen: die Abdnderung vom hallstattzeitlichen Kopergewe-
be zur latenezeitlichen Leinwand in Tschechien und in der
Slowakei wird von der Einfithrung von Leichentiichern
verursacht.

Die Frage der Produktionsform ist nur eine unter vielen
neuen Perspektiven, die uns die wachsende Menge von
hallstatt- und latenezeitlichen Textilfunden er6ffnen. Auch
Fragen tiiber die Bedeutung, Funktion und Eigenschaften
gehoren dazu. Wie die Schachtel der Pandora fasst auch
die Textilforschung reiche Mdglichkeiten.

Catalogue of Hallstatt
and La Tene Textiles

Czech Republic

1: Unknown, Narodni Muzeum Praha Description of find: Iron
sword, mount with textile remains. Weave: 2/2 twill, spin
warp: S2z, spin weft: z, warp count 7, weft count 7, fibre -,

Date La Téne Phase - , Date of record 1987-03-03

: Brno-Zidenice, Moravia. Moravske Muzeum. Description of
find: Bronze mail with textile remains on back. Weave: half
basket, spin warp: z, spin weft: zz, warp count: 12, weft count:

24 Bender Jorgensen 1992a: 122 ff.
25 Stollner et al. 2003: 180.
26 Stauffer 2002: 207 ff.
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11, fibre: - Date: Hallstatt, Phase: -, Date of record
1987-03-12

: Stare Méste, Moravia. Moravske Muzeum, 108.603, Pa 36/73.
Description of find: Pottery fragment with textile remains.
Weave: tabby? spin warp: S2z,z, spin weft: S2z, warp count:
20, weft count: 20, fibre: -, Date: Lausitz/Velatice, Date of re-
cord: 1987-03-12.

: Bluc¢ina, Brno-Venkov, Moravia. Moravske Muzeum, grave
11. Description of find: Iron sword w sheath and textile re-
mains. Weave: tabby, spin warp: z, spin weft: z, warp count: 9,
weft count: 6, fibre: wool, Date La Téne B, Date of record:
1987-03-12

Bluc¢ina, Brno-Venkov, Moravia. Moravske Muzeum,
55-56/63 grave 13. Description of find: Iron fragment with
textile remains. Weave: tabby, spin warp: z, spin weft: z, warp
count: 7, weft count: 5, Date: La Téne C, Date of record:
1987-03-12.

: Bluéina, Brno-Venkov, Moravia. Moravske Muzeum, 69/63,
grave 16. Description of find: Lance with textile fragment.
Weave: 2/2 twill, spin warp: S2z, spin weft: z, warp count: 8,
weft count: 8, Date: La Téne C/D, Date of record: 1987-03-12

: Brno-Maloméfice, Brno-Mésto, Moravia. Moravske Muzeum,
107.558, Pa 14.418, grave 48. Description of find: Hollow
bronze ring filled with fabric. Weave: tabby, spin warp: z, spin
weft: z, warp count: 11, weft count: 6, fibre: flax, Date: La
Tene, Date of record: 1987-03-12.

: Brno-Maloméfice, Brno-Mésto, Moravia. Moravske Muzeum,
111.014, grave 67. Description of find: Hollow bronze ring
filled with textile. Weave: tabby, spin warp: z, spin weft: z,
warp count: 14, weft count: 15, fibre: flax, Date: La Téne B/C,
Date of record: 1987-03-12

: Brno-Maloméfice, Brno-Mésto, Moravia. Moravske Muzeum.
Description of find: Iron fragment with textile. Weave: tabby,
spin warp: z, spin weft: z, warp count: 5, weft count: 4, fibre:
wool, Date: La Tene B, Date of record: 1987-03-12.

10: Bucovice, Vyskov, Moravia. Moravske Muzeum, Pa
31/35-192, grave 14. Description of find: Bronze rings with
iron and textile. Weave: tabby, spin warp: z, spin weft: z, warp
count: 15, weft count: 14, fibre: flax?, Date: La Téne B, Date
of record: 1987-03-12.

11: Bucovice, Vyskov, Moravia. Moravske Muzeum 111.422,
grave 20. Description of find: Bronze fibula with textile.
Weave: - Spin warp: z, spin weft: z, warp count: -, weft count:
- . Frag.2, Moravske Muzeum, 111.417 grave 20. Description
of find: Bronze ring with impressions of textile remains.
Weave: tabby?, spin warp: z, spin weft: z, warp count: 6, weft
count: 8. Date: La Téne B, Date of record: 1987-03-12.

12: Holubice, Vyskov, Moravia. Moravske Muzeum 111.127,
grave 8. Description of find: Iron ring with replaced textile
fragment. Weave: tabby, spin warp: z, spin weft: z, warp
count: 9, weft count: 7, fibre: wool, Date: La Téne B/C, Date
of record: 1987-03-12.

13, Site Holubice, Vyskov, Moravia. Moravske Muzeum
111.273, grave 21. Description of find: chain fragments, iron
and bronze, with several textiles fragments. Weave: tabby,
spin warp: z, spin weft: z, warp count: 9, weft count: 8, fibre:
wool?, Date: La Téne C, Date of record: 1987-03-12.

14: Holubice, Vyskov, Moravia. Moravske Muzeum 111.311,
grave 35. Description of find: iron fragment from sword with
textile remains. Weave: half-basket, spin warp: z, spin weft:
zz, warp count: 10, weft count: 13. Frag. 2: Moravske Mu-
zeum 111.307. Description of find: iron fragment (sword,
knife) with mineralised textile. Weave: tabby, spin warp: z,
spin weft: z, warp count: 4, weft count: 4, fibre: wool?, Date:
La Téne B, Date of record: 1987-03-12.

15: Holubice, Vyskov, Moravia. Moravske Muzeum 111.182,
grave 50. Description of find: fragment of sword scabbard
with textile remains. Weave: tabby, spin warp: z, spin weft: z,
warp count: 5, weft count: 4, fibre: wool?, Date: La Téne B,
Date of record: 1987-03-12.
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16: Holubice, Vyskov, Moravia. Moravske Muzeum 111.204,
grave 56. Description of find: iron fibula mineralised textile
fragments, several layers. Weave: tabby, spin warp: z, spin
weft: z, warp count: 18, weft count: 15, fibre: flax?. Frag. 2:
Moravske Muzeum 111.204. Description of find: iron fibula
mineralised textiles in several layers. Weave: twill, spin warp:
z, spin weft: z, warp count: 8, weft count: 8, fibre: wool?,
Date: La Téne C, Date of record: 1987-03-12

17: Holubice, Vyskov, Moravia. Moravske Muzeum 64.872.
Description of find: chain fragments, iron and bronze, with
several textile fragments. Weave: 2/2 twill, spin warp: z, spin
weft: z, warp count: 8, weft count: 7, Date: La Téne B, Date
of record: 1987-03-12.

18: Kienovice u Slarkova, Vyskov, Moravia. Moravske Muzeum
111.059, Pa 1295/38, grave 12. Description of find: iron fibu-
la with impression of textile on back. Weave: tabby, spin
warp: z, spin weft: z, warp count: 6, weft count: 5, fibre:
wool?, Date: La Téne B, Date of record 1987-03-12.

19: Kfenovice u Slarkova, Vyskov, Moravia. Moravske Muzeum
111.069, Pa 1316/38, grave 17. Description of find: fragments
of bronze arm ring covered by textile. Weave: tabby, spin
warp: z, spin weft: z, warp count: 9, weft count: 9, fibre: flax,
Date: La Téne B, Date of record: 1987-03-12.

20: Postoupky, Krométiz, Moravia. Moravske Muzeum 65.237.
Description of find: fragments of iron sword with mineralised
textile. Weave: tabby, spin warp: s, spin weft: s, warp count:
5, weft count: 5, fibre: wool, Date: La Téne, Date of record:
1987-03-12.

21: Slavkov, Vyskov, Moravia. Moravske Muzeum 64.898-99.
Description of find: Iron button with mineralised textile frag-
ment. Weave: 2/2 twill, spin warp: z, spin weft: z, warp count:
8, weft count: 8, Date: La Téne B, Date of record:
1987-03-12.

22: Slavkov, Vyskov, Moravia. Moravske Muzeum 70.450. Des-
cription of find: Iron fragment with textile remains. Weave:
tabby, spin warp: z, spin weft: z, warp count: 14, weft count:
15, fibre: flax?, Date: La Téne, Date of record: 1987-03-12.

23: St. Bieclav, Bieclav, Moravia. Moravske Muzeum 65.097.
Description of find: Iron shears? with textile remains. Weave:
tabby, spin warp: z, spin weft: z, warp count: 5, weft count: 4,
fibre: wool?, Date: La Téne, Date of record: 1987-03-12.

24: Telnice, Brno-Venkov, Moravia. Moravske Muzeum 66.162.
Description of find: iron fragment with textile fragment.
Weave: tabby, spin warp: z, spin weft: z, warp count: 14, weft
count: 14, Date: La T¢éne, Date of record: 1987-03-12.

25: Zidenice, Moravia. Moravske Muzeum 65.085, 65081-92.
Description of find: Iron fragment with textile remains.
Weave: tabby, spin warp: z, spin weft: z, warp count: 12, weft
count 9, fibre: wool? Frag. 2: Moravske Muzeum 65.084,
86-87, 65081-92. Description of find: Iron fragment with tex-
tile remains. Weave: tabby, spin warp: z, spin weft: z, warp
count: 12, weft count: 9, Date: La Téne, Date of record:
1987-03-12.

26: Site unknown, Moravia. Moravske Muzeum 432. Descripti-
on of find: iron fragments with textile remains. Weave: tabby,
spin warp: z, spin weft: z, warp count: 10, weft count: 7, fibre:
wool?, Frag. 2: Moravske Muzeum 432. Description of find:
iron fragments with textile remains. Weave: tabby, spin warp:
z, spin weft: z, warp count: 15, weft count: 16, fibre: flax?,
Date: La T¢éne, Date of record: 1987-03-12.

Slovakia

27: Molpir, Smolenice, Trnava. Slovensku Akademie Vlad P ¢
46. Description of find: lump of strings. Yarn, Z2s, fibre:
wool. Date: Hallstatt D, Date of record: 1987-03-19.

28: Bueany, Kopanice, Trnava. Slovensku Akademie Vlad grave
7. Description of find: iron knife with textile fragments.
Weave: half-basket, spin warp: z, spin weft: zz, warp count:
11, weft count: 22, Date: Hallstatt D, Date of record:
1987-03-18.
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29: Dolny Peter, Komarno, Slovensku Akademie Vlad grave 55.
Description of find: hollow bronze ring filled with textile.
Weave: tabby, spin warp: z, spin weft: z, warp count: 14, weft
count: 14, fibre: flax?, Date: La Téne, Date of record:
1987-03-18.

30: Dolny Peter, Komarno, Slovensku Akademie Vlad, grave 58.
Description of find: Textile fragments. Weave: tabby, spin
warp: z, spin weft: z, warp count: 24, weft count: 14, fibre:
flax, Date: La Téne, Date of record: 1987-03-18.

31: Hurbanovo, Komarno, Slovensku Akademie Vlad Pc 39,
grave 1/80. Description of find: Bronze ring with textile re-
mains. Weave: tabby, spin warp: z, spin weft: z, warp count:
24, weft count: 22, Date: La Teéne, Date of record:
1987-03-19.

32: Nitra. Slovensku Akademie Vlad Pc 5. Description of find:
Textile fragment from arm ring. Weave: tabby, spin warp: z,
spin weft: z, warp count: 16, weft count: 9, Date: La Tene.
Date of record: 1987-03-19.

33: Nové Zamky, Nové Zamky. Slovensku Akademie Vlad grave
9/70. Frag. 1: ¢ 2. Description of find: Textile fragment,
Weave: tabby, spin warp: z, spin weft: z, warp count: 24, weft
count: 13, fibre: flax. Frag. 2: ¢ 5. Description of find: Textile
fragment, Weave: tabby, spin warp: z, spin weft: z, warp
count: 20, weft count: 16, fibre: flax. Frag. 3: ¢ 3. Description
of find: Textile fragment from hollow bronze ring. Weave:
tabby, spin warp: z, spin weft: z, warp count: 30, weft count:
14, fibre: flax. Frag. 4: grave 9/70? Description of find: Texti-
le fragment, Weave: tabby, spin warp: z, spin weft: z, warp
count: 30, weft count: 19, fibre: flax. Frag. 5: ¢ 4. Description
of find: Textile from hollow arm ring. Weave: tabby, spin
warp: z, spin weft: z, warp count: 24, weft count: 13, fibre:
flax, Date: La Téne A/B, Date of record: 1987-03-18.

34: Trnovec, Galanta. Slovensku Akademie Vlad grave 362.
Description of find: Iron sword with textile remains. Weave:
tabby, spin warp: z, spin weft: z, warp count: 4, weft count: 3,
fibre: wool?, Date: La Téne, Date of record: 1987-03-19.

35: Vélka Mana, Vrable. Slovenska Narodne Muzeum ¢ 7138.
Description of find: Lance with textile impressions. Weave:
2/2 twill, spin warp: z, spin weft: z, warp count: 8, weft count:
7, Date - Date of record: 1987-03-16.

Hungary

36: Janoshasza, Magyar Nemzeti Muzeum 43/1949:6. Descripti-
on of find: Half of iron ring buckle with textile fragments.
Weave: 2/2 twill, spin warp: z,s, spin weft: z,s, warp count:
14, weft count: -, fibre: 20, Date: Urnfield? Date of record:
1987-03-25.

37: Kismez6, Magyar Nemzeti Muzeum 46/1949:20, tumulus.
Description of find: Iron ring fragment with textile remains.
Weave: half-basket, spin warp: z, spin weft: zz, warp count:
12, weft count: 14, Date: Hallstatt/La Téne, Date of record:
1987-03-25.

38: Kosd, Nograd, Magyar Nemzeti Muzeum 46/1951:289, k 29.
Description of find: Sickle-shaped razor with textile frag-
ment. Weave: tabby, spin warp: z, spin weft: z, warp count: 6,
weft count: 6, fibre: wool?, Date: La Téne, Date of record:
1987-03-25.

39: Kosd, Nograd, Magyar Nemzeti Muzeum 46/1951:625,
grave 43, fragment. 1: Description of find: Iron knife wrapped
in textile remains. Weave: tabby, spin warp: z, spin weft: z,
warp count: 5, weft count: 5, fibre: wool. Fragment 2. Des-
cription of find: back side of above. Weave: tabby, spin warp:
z, spin weft: z, warp count: 9, weft count: 6, fibre: wool. Date:
La Téne, Date of record: 1987-03-25

40: Kosd, Nograd, Magyar Nemzeti Muzeum 46/651:666 k 66.
Description of find: La Tenefibula with textile fragment.
Weave: tabby, spin warp: z, spin weft: z, warp count: 23, weft
count: 17, fibre: flax?, Date: La Téne C, Date of record:
1987-03-25.

41: Kosd, Nograd, Magyar Nemzeti Muzeum 46/1951:520,
grave 54. Description of find: Iron knife with textile remains.
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Weave: tabby, spin warp: -, spin weft: -, warp count: 22, weft
count: 20, Date: La Téne B, Date of record: 1987-03-25.

42: Kosd, Nograd, Magyar Nemzeti Muzeum 46/1951:571. Des-
cription of find: bronze ring with textile fragment. Weave:
tabby, spin warp: z, spin weft: z, warp count: 16, weft count:
12, Date: La Téne, Date of record: 1987-03-25.

43: Szentes-Vekerziug, Csongrad, Magyar Nemzeti Muzeum
53/51:216. Description of find: Bronze disc with textile im-
pressions on back. Weave: half-basket, spin warp: z, spin
weft: zz, warp count: 13, weft count: 20, Date: La Téne D1,
Date of record: 1987-03-25.

44: Bodroghalom, Borsod-Abatij-Zamplen, Herman Otto Mu-
zeum Miskolc 83.18.24, 1977 grave 20. Description of find:
Iron fragments with textile remains. Weave: twill?, spin warp:
z, spin weft: s, z?, warp count: 10, weft count: 12, Date: La
Téne C, Date of record: 1987-03-31.

45: Bodroghalom, Borsod-Abatj-Zamplén, Herman Otto Mu-
zeum Miskolc 83.18.55. Description of find: Piece of felt.
Fibre: wool. Date: La Teéne C? Date of record: 1987-03-31.

46: Bodroghalom, Borsod-Abauj-Zamplen, Herman Otto Mu-
zeum Miskolc 83.18.107, 3.vas kés grave 10. Description of
find: Iron knife with textile fragment. Weave: 2/2 twill, spin
warp: z, spin weft: z, warp count: 4, weft count: 3, Date: La
Tene C? Date of record: 1987-03-31.

47: Csanylelek, Ujhalasto, Mora Ferenc Muzeum Szeged
83.1.84, 1979 nr 26, 15 milt?, grave 16. Description of find:
Iron ring with textile remains. Weave: tabby, spin warp: z,
spin weft: z, warp count: 28, weft count: 19, Date: Hallstatt,
Date of record: 1987-04-02.

48: Csanylelek, Ujhalasto, Mora Ferenc Muzeum Szeged
83.1.207, grave 44. Description of find: Iron ring with textile
remains. Weave: tabby, spin warp: z, spin weft: z, warp count:
16, weft count: 8, Date: Hallstatt/La Téne. Date of record:
1987-04-03.

49: Sandorfalva, Eperjes, Mora Ferenc Muzeum Szeged 84.2.70,
grave 138. Description of find: Iron ring with textile remains.
Weave: tabby, spin warp: z, spin weft: z, warp count: 15, weft
count: 6, fibre: wool? Date: Hallstatt D, Date of record:
1987-04-02.

Austria

50: Mattsee, Buchberg, Salzburg-Land. Salzburger Museum Ca-
rolino Augusteum 222/48. Description of find: Iron object
partly covered by textile remains. Weave: basket weave, spin
warp: zz, spin weft: zz, warp count: §, weft count: 15, Date:
Hallstatt C, Date of record: 1987-08-18.

51: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum 6/75 grave 6. Description of find: Iron
knife with encrusted textile remains. Weave: 2/2 twill, spin
warp: z,s, spin weft: z,s, warp count: 18, weft count: 14, Date:
Hallstatt C, Date of record: 1987-08-18.

52: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum 2/76 grave 15. Description of find: Iron
fragment with encrusted textile remains, badly preserved.
Weave: 2/2 twill, spin warp: -, spin weft: -, warp count: 14,
weft count: 14, Date: Hallstatt C, Date of record: 1987-08-18.

53: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum QU 15, 13/76 grave 19. Description of
find: Iron knife with encrusted textile remains. Weave: 2/2
twill, spin warp: 8z, 8s, spin weft: z,s, warp count: 22, weft
count: 18, Date: Hallstatt C, Date of record: 1987-08-18.

54: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum QU 30, 38/76 grave 26. Description of
find: Iron knife with impression of textile. Weave. 2/2 twill,
spin warp: z,s, spin weft: z,s, warp count: 14, weft count: 18,
Date: Hallstatt C, Date of record: 1987-08-18.

55: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum QU 43, 86/77 grave 56. Description of
find: Iron knife with textile remains. Weave: basket weave,
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spin warp: ss,zz, spin weft: zz, warp count: 10, weft count: 8,
Date: Hallstatt C, Date of record: 1987-08-18.

56: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum QU 68, 141/78 grave 102. Description
of find: Mehrkopfnadel with textile remains. Weave: 2/2 twill,
spin warp: z,s, spin weft: z,s, warp count: 12, weft count: 13,
Date: Hallstatt C, Date of record: 1987-08-18.

57: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum QU 52, 181/77 grave 79. Description of
find: Iron knife with incrusted textile remains and loose frag-
ments. Weave: tabby, spin warp: s, spin weft: s, warp count: 9,
weft count: 13, Date: Hallstatt C, Date of record: 1987-08-18.

58: Uttendorf im Pinzgau, Salzburg-Land. Salzburg Museum,
170/77 grave 76. Description of find: Iron knife with textile
remains. Weave: tabby, spin warp: z,s, spin weft: z,s, warp
count: 9, weft count: 10, Date: Hallstatt C, Date of record:
1987-08-18.

59: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum 201/77 grave 83. Description of find:
Iron knife with encrusted textile remains. Weave: 2/2 twill,
spin warp: 8z,8s, spin weft: 8z,8s, warp count: 11, weft count:
12, Date: Hallstatt C, Date of record: 1987-08-18.

60: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum QU 41, 231/77 grave 88. Description of
find: Iron pin with encrusted textile remains and loose frag-
ment. Weave: tabby, spin warp: z,s, spin weft: z, warp count:
10, weft count: 8, Date: Hallstatt C, Date of record:
1987-08-18.

. Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum QU 76, 192/78 grave 116, frag. 1. Des-
cription of find: Bronze and iron fragments with encrusted
textile remains. Weave: basket weave, spin warp: ss, spin
weft: ss, warp count: 5, weft count: 4. Frag. 2: Description of
find: Weave 2/2 twill, spin warp: z, spin weft: z, warp count:
9, weft count: 9. Frag. 3: Description of find: Weave: 2/2 twill,
spin warp: z,s, spin weft: z,s, warp count: 10, weft count: 12.
Frag. 4: 191/78. Description of find: Iron knife with encrusted
textile remains. Weave: 2/2 twill, spin warp: s, spin weft: s,
warp count: 13, weft count: 10. Frag. 5: 191/78. Description
of find: loose fragments. Weave: basket weave, spin warp: sz,
spin weft: ss,zs, zz, warp count: 6, weft count: 7. Date: Hall-
statt C, Date of record: 1987-08-18.

62: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum QU 77, 250/78 grave 127. Description
of find: Iron knife with encrusted textile remains. Weave: 2/2
twill, spin warp: z,s, spin weft: s, warp count: 7, weft count: 8,
Date: Hallstatt C, Date of record: 1987-08-18.

63: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum 383/79 grave 209. Description of find:
Iron Mehrkopfnadel with encrusted textile remains. Weave:
2/2 twill, spin warp: z,s, spin weft: z,s, warp count: 14, weft
count: 12, Date: Hallstatt C, Date of record: 1987-08-18.

64: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum QU 88, 531/80 grave 239. Description
of find: Iron fragments with encrusted textile remains. Weave:
2/2 twill, spin warp: s, spin weft: s, warp count: 8, weft count:
7, Date: Hallstatt C, Date of record: 1987-08-18.

65: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum QU 131, 550-52/80 grave 250. Descrip-
tion of find: Fragment of iron mount with encrusted textile
fragment. Weave: tabby, spin warp: z, spin weft: z, warp
count: 4, weft count: 4, Date: Hallstatt C, Date of record:
1987-08-18.

66: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum QU 141, 303/81 grave 258. Description
of find: Iron pin with textile remains. Weave: 2/2 twill, spin
warp: 12z,12s, spin weft: z,s, warp count: 22, weft count: 24,
Date: Hallstatt C, Date of record: 1987-08-18.

67: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum QU 141, 310/81 grave 259. Description
of find: Bronze mount with textile remains. Weave: 2/2 twill,
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spin warp: z,s, spin weft: z,s, warp count: 17, weft count: 18,
Date: Hallstatt C, Date of record: 1987-08-18.

68: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum 465/81-82 grave 273. Description of
find: Iron fragments with textile remains. Weave: tabby, spin
warp: s, spin weft: s, warp count: 6, weft count: 12, Date:
Hallstatt C, Date of record: 1987-08-18.

69: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum 1139/83 grave 378. Description of find:
Iron knife fragment with textile remains. Weave: 2/2 twill,
spin warp: z,s, spin weft: z,s, warp count: 15, weft count: 18,
Date: Hallstatt C, Date of record: 1987-08-18.

70: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum 1140/83 grave 382. Description of find:
Iron fragments with textile remains. Weave: 2/2 twill, spin
warp: z,s , spin weft: s, warp count: 12, weft count: 11, Date:
Hallstatt C, Date of record: 1987-08-18.

71: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum 1149/83 grave 384. Description of find:
Iron fragment with encrusted textile remains. Weave: 2/2
twill, spin warp: z, spin weft: z, warp count: 7, weft count: 8,
Date: Hallstatt C, Date of record: 1987-08-18.

72: Uttendorf im Pinzgau, Salzburg-Land. Salzburger Museum
Carolino Augusteum 1115/83 grave 386. Description of find:
Encrusted textile remains. Weave: 2/2 twill, spin warp: z,s,
spin weft: z,s, warp count: 16, weft count: 16, Date: Hallstatt
C, Date of record: 1987-08-18.

73: Diirrnberg Salzbergwerk, Hallein, Salzburg-Land. Salzbur-
ger Museum Carolino Augusteum. Description of find: Texti-
le fragment 1. Weave: 2/2 twill, spin warp: S2z, spin weft: z,
warp count: 11, weft count: 12, fibre: wool. Textile fragment
2: Weave: tabby, spin warp: S2z, spin weft: z, warp count: 9,
weft count: 9, fibre: wool, Date: La TéneA, Date of record:
1987-08-18.

74: Lehen, Mitterkirchen, Oberdosterreich. Oberosterreichisches
Landesmuseum Linz, mound II grave 1, fragment 1. Descrip-
tion of find: Iron fragment with textile impression. Weave:
repp, spin warp: -, spin weft: s, warp count: 8, weft count: 46.
Fragment 2: Description of find: Iron fragment with textile re-
mains. Weave: repp, spin warp: Z2s, spin weft: s, warp count:
5, weft count: 34. Fragment 3: Description of find: Weave:
repp, spin warp: -, spin weft: s, warp count: 8, weft count: 36.
Fragment 4: Description of find: Iron fragment with textile
impression. Weave: repp, spin warp: Z2s, spin weft: s, warp
count: - weft count: - Date: Hallstatt C, Date of record:
1987-08-27.

75: Schusterwald Hoch, Steiermark. Steiermérkisches Landes-
museum Joanneum Graz 18212 mound 24. Description of
find: Encrusted textile remains. Weave: 2/2 twill, spin warp:
S2z, spin weft: s, warp count: 8, weft count: 5, Date: Hallstatt,
Date of record: 1987-08-31.

76: Hallstatt, Oberosterreich. Naturhistorisches Museum Wien
23829 grave 57. Description of find: Iron sword? with encrus-
ted textile remains. Weave: basket weave, spin warp: zz, spin
weft: zz, warp count: 14, weft count: 8, Date: Hallstatt, Date
of record: 1987-02-09.

77: Hallstatt, Oberdsterreich. Naturhistorisches Museum Wien
23888 grave 75. Description of find: Bronze ring with encrus-
ted textile impression. Weave: 2/2 twill, spin warp: z,s, spin
weft: z,s , warp count: 17, weft count: 18, Date: Hallstatt, Date
of record: 1987-02-09.

78: Hallstatt, Oberosterreich. Naturhistorisches Museum Wien
24480 grave 260. Fragment 1. Description of find: Sword
fragment with encrusted textile remains. Weave: repp, spin
warp: S2z, spin weft: -, warp count: 17, weft count: 7. Frag-
ment 2: Description of find: Sword handle with textile re-
mains. Weave: repp, spin warp: S2z, spin weft: -, warp count:
15, weft count: 6, Date: Hallstatt C, Date of record:
1987-02-09.

79: Hallstatt, Oberdosterreich. Naturhistorisches Museum Wien
24514 grave 271. Description of find: Stone pendant with tex-
tile remains. Weave: 2/2 twill, spin warp: 4z,4s, spin weft:
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4z,4s, warp count: 27, weft count: 28, Date: Hallstatt. Date of
record: 1987-02-09.

80: Hallstatt, Oberosterreich. Naturhistorisches Museum Wien
24554 grave 283. Description of find: Iron hammerhead? with
encrusted textile remains. Weave: 2/2 twill, spin warp: z,s,
spin weft: z,s, warp count: 16, weft count: 15, Date: Hallstatt,
Date of record: 1987-02-09.

81: Hallstatt, Oberosterreich. Naturhistorisches Museum Wien
25161. Description of find: Iron sword wrapped in encrusted
textile impression. Weave: repp , spin warp: z, spin weft: -,
warp count: 20, weft count: 12, Date: Hallstatt, Date of re-
cord: 1987-02-09.

82: Hallstatt, Oberosterreich. Naturhistorisches Museum Wien
25235 grave 504. Description of find: Sword fragments with
remains of scabbard wrapping. Weave: repp, spin warp: S2z,
spin weft: -, warp count: 17, weft count: 7, Date: Hallstatt.
Date of record: 1987-02-09.

83: Hallstatt, Oberosterreich. Naturhistorisches Museum Wien
26060 grave 792. Description of find: Iron axe with encrusted
textile remains. Weave: repp, spin warp: z,s, spin weft: z,s,
warp count: 29, weft count: 14, Date: Hallstatt D, Date of re-
cord: 1987-02-09.

84: Hallstatt, Oberosterreich. Naturhistorisches Museum Wien
26474 grave 937. Description of find: Sickle-shaped knife
with encrusted textile remains. Weave: 2/2 twill, spin warp:
z,s, spin weft: z,s, warp count: 20, weft count: 16, Date: Hall-
statt. Date of record: 1987-02-09.

85: Schrattenberg, Mistelbach a d Zaya, Niederdsterreich. Natur-
historisches Museum Wien 79550. Description of find: Hol-
low bronze arm ring with textile filling. Weave: tabby, spin
warp: z, spin weft: z, warp count: 19, weft count: 18, fibre:
flax?, Date: La Téne B, Date of record: 1987-03-09.

Slovenia

86: Brezje, Krain. Naturhistorisches Museum Wien 33845
XII1:24:p grave 5. Description of find: Iron lance with encrus-
ted textile impression. Weave: tabby, spin warp: s or S2z, spin
weft: s or S2z, warp count: 8, weft count: 6, Date: Hallstatt C,
Date of record: 1987-02-09.

87: Germ, Podsemel, Motting, Krain. Naturhistorisches Mu-
seum Wien 66855 b(30.1V, 1888). Description of find: Iron
lance with textile impression. Weave: tabby, spin warp: -, spin
weft: -, warp count: 11, weft count: 10, Date: Hallstatt, Date
of record: 1987-02-09.

88: Germ Podsemel, Métting, Krain. Naturhistorisches Museum
Wien 66808 1a(IV 1888). Description of find: Lump of bron-
ze rings with textile remains. Weave: 2/2 twill, spin warp: z,
spin weft: z, warp count: 9, weft count: 10, Date: Hallstatt.
Date of record: 1987-02-09.

89: Germ Podsemel, Métting, Krain. Naturhistorisches Museum
Wien 67194 tumulus 1i. Description of find: Boat fibula with
encrusted textiles around head. Weave: 2/2 twill, spin warp:
z, spin weft: z, warp count: 7, weft count: 12. Fragment 2: Na-
turhistorisches Museum Wien 67201. Description of find:
Iron fragment with textile remains. Weave: 2/2 twill, spin
warp: z, spin weft: z, warp count: 8, weft count: 10, Date:
Hallstatt D3, Date of record: 1987-02-09.

90: Klenik, Vace, Krain. Naturhistorisches Museum Wien 3570
Find 4. Description of find: Iron arm ring with encrusted texti-
le remains. Weave: tabby, spin warp: s, spin weft: s, warp
count: 10, weft count: 8, Date: Hallstatt, Date of record:
1987-02-09.

91: Mihovo St Bartolina, Krain. Naturhistorisches Museum Wien
53319, grave 11. Description of find: Boat fibula with cord
around head. String, z-twisted. Date: Hallstatt D3, Date of re-
cord: 1987-03-09.

92: Mihovo St Bartolina, Krain. Naturhistorisches Museum Wien
53423 grave 60. Description of find: Boat fibula with remains
of string around head. String, Szzzzz. Date: Hallstatt D3, Date
of record: 1987-03-09.
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93: Podsemel, Krain. Naturhistorisches Museum Wien 88899.
Description of find: Boat fibula with textile remains on head
and foot. Weave: 2/2 twill, spin warp: z,s, spin weft: z, warp
count: 10, weft count: 8, Date: Hallstatt D3, Date of record:
1987-02-09.

94: Rovise St. Margarethen, Krain. Naturhistorisches Museum
Wien 7798 XIIL8,1B. Description of find: Lance head with
textile remains. Weave: 2/2 twill, spin warp: z, spin weft: z,
warp count: 7, weft count: 8, Date: Hallstatt, Date of record:
1987-02-09.

95: Rovise St. Margarethen, Krain. Naturhistorisches Museum
Wien 7822 tumulus 1. Description of find: Belt mount partly
covered by textile. Weave: tabby, spin warp: z, spin weft: s,
warp count: 14, weft count: 13, Date: Hallstatt, Date of re-
cord: 1987-02-09.

96: Skrile Podsemel, Méttling, Krain. Naturhistorisches Museum
Wien 67394 19.X.1887 5. Description of find: Small iron
fragment encrusted with textile remains. Weave: 2/2 twill,
spin warp: z, spin weft: z, warp count: 14, weft count: 8, Date:
Hallstatt, Date of record: 1987-02-09.

97: Skrile, Podsemel, Méttling, Krain. Naturhistorisches Mu-
seum Wien 67423 16. Description of find: Bronze fibula with
textile remains on foot. Weave: 2/2 twill, spin warp: s, spin
weft: 3z,1s, warp count: 13, weft count: 10, Date: Hallstatt,
Date of record: 1987-02-09.

98: Smarje, Magdalenska Gora, Grosuple. Krain. Naturhistori-
sches Museum Wien 86602 XIILS,3 grave 57, fragment 1.
Description of find: Bronze belt mount with encrusted textile
remains. Weave: 2/2 twill, spin warp: z, spin weft: z, warp
count: 7, weft count: 8, fibre: wool. Fragment 2: Weave: 2/2
twill, spin warp: s, spin weft: s, warp count: 20, weft count:
20, fibre: wool. Fragment 3, Naturhistorisches Museum Wien
86603. Description of find: Rectangular belt mounts covered
by textile remains. Weave: 2/2 twill, spin warp: z, spin weft: s,
warp count: 19, weft count: 20, Date: Hallstatt, Date of re-
cord: 1987-02-09.

99: Smarje, Magdalenska Gora, Grosuple, Krain. Naturhistori-
sches Museum Wien 86714, grave 74. Description of find:
Bronze belt mount with textile impression. Weave: 2/2 twill,
spin warp: -, spin weft: -, warp count: 5, weft count: 6, Date:
Hallstatt, Date of record: 1987-02-09.

100: Smarje, Magdalenska Gora, Grosuple, Krain. Naturhistori-
sches Museum Wien 86762 VI. Description of find: Bronze
ring with encrusted textile remains. Weave: 2/1 twill?, spin
warp: z, spin weft: s, warp count: 18, weft count: 15, Date:
Hallstatt, Date of record: 1987-02-09.

101: St Michael, Adelsberg, Krain. Naturhistorisches Museum
Wien 48764 grave 29. Description of find: Iron object with
textile remains. Weave: 2/2 broken/diamond twill, spin warp:
s, spin weft: s, warp count: 12, weft count: 22, Date: Hallstatt,
Date of record: 1987-02-09.

102: St. Michael, Adelsberg, Krain. Naturhistorisches Museum
Wien 81123. Description of find: Iron fragment with textile
remains. Weave: tabby, spin warp; s, spin weft: s, warp count:
8, weft count: 7, Date: Hallstatt, Date of record: 1987-02-09.

103: Tschernembl, Krain. Naturhistorisches Museum Wien
37654, tumulus I, grave 2. Description of find: Iron arm ring
with encrusted textile remains. Weave: 2/2 twill, spin warp: z,
s, spin weft: z,s, warp count: 11, weft count: 11. Fragment 2:
Naturhistorisches Museum Wien 37648. Description of find:
Iron fragment with encrusted textile fragments. Weave: 2/2
twill, spin warp: 4z,2s, spin weft: z,s, warp count: 13, weft
count: 12, Date: Hallstatt, Date of record: 1987-02-09.

104: Insel Veglia, Bescanova. Naturhistorisches Museum Wien
72574 grave 3. Description of find: Bronze fibula with textile
remains around head. Weave: 2/2 twill, spin warp: z,s, spin
weft: z, warp count: 14, weft count: 12, Date: Hallstatt D/La
Téne A, Date of record: 1987-03-09.

105: Vace, Tittai, Krain. Naturhistorisches Museum Wien 6504
XIII:8,6. Description of find: Bow fibula with encrusted texti-
le remains around pin holder. Weave: 2/2 twill, spin warp: z,s,
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spin weft: z,s, warp count: 10, weft count: 11, Date: Hallstatt
D, Date of record: 1987-02-09.

106: Vace, Tittai, Krain. Naturhistorisches Museum Wien 6564.
Description of find: Iron knife with encrusted textile remains.
Weave: 2/2 twill, spin warp: s, spin weft: s, warp count: 7,
weft count: 8, Date: Hallstatt, Date of record: 1987-02-09.

107: Vace, Tittai, Krain. Naturhistorisches Museum Wien 6575.
Description of find: Fragments of bow fibula with encrusted
textile remains. Weave: 2/2 twill, spin warp: s, spin weft: s,
warp count: 10, weft count: 9, Date: Hallstatt, Date of record:
1987-02-09.

108: Vace, Tittai, Krain. Naturhistorisches Museum Wien 6579
XII1,8,7. Fragment. 1. Description of find: Iron ring with en-
crusted textile remains. Weave: 2/2 twill, spin warp: 8z,8s,
spin weft: 6z,6s, warp count: 24, weft count: 19. Fragment 2:
Description of find: Iron armring with encrusted textile re-
mains. Weave: 2/2 twill, spin warp: s, spin weft: s, warp
count: 10, weft count: 7, Date: Hallstatt, Date of record:
1987-02-09.

109: Vace, Tittai, Krain. Naturhistorisches Museum Wien 6598.
Description of find: Iron fragments with encrusted textile re-
mains. Weave: 2/2 twill, spin warp: 6z,6s, spin weft: 6z,6s,
warp count: 15, weft count: 24, Date: Hallstatt, Date of re-
cord: 1987-02-09.

110: Vace, Tittai, Krain. Naturhistorisches Museum Wien 6704
1882. Description of find: Iron axe with encrusted textile re-
mains. Weave: 2/2 twill, spin warp: z, spin weft: z, warp
count: 18, weft count: 19, Date: Hallstatt, Date of record:
1987-02-09.

111: Vace, Tittai, Krain. Naturhistorisches Museum Wien 8003,
grave 43. Description of find: Bronze axe with textile remains
on blade. Weave: 2/2 twill, spin warp: z,s, spin weft: z,s, warp
count: 18, weft count: 19, Date: Hallstatt, Date of record:
1987-02-09.

112: Vace, Tittai, Krain. Naturhistorisches Museum Wien 8515.
Description of find: Iron rod with encrusted textile remains.
Weave: 2/2 twill, spin warp: z, spin weft: z, warp count: 12,
weft count: 14, Date: Hallstatt, Date of record: 1987-02-09.

113: Vace, Tittai, Krain. Naturhistorisches Museum Wien 14192.
Description of find: Iron fragment with bronze flakes and en-
crusted textile remains. Weave: 2/2 twill, spin warp: -, spin
weft: -, warp count: 16, weft count: 12, Date: Hallstatt, Date
of record: 1987-02-09.

114: Vace, Tittai, Krain. Naturhistorisches Museum Wien 14196,
XI111,10,3. Description of find: Iron ring with encrusted textile
remains. Weave: 2/2 twill, spin warp: s, spin weft: z,s, warp
count: 22, weft count: 20, Date: Hallstatt, Date of record:
1987-02-09.

115: Vace, Tittai, Krain. Naturhistorisches Museum Wien 14216.
Description of find: Fragments of large iron bow fibula with
encrusted textile remains. Weave: 2/2 twill, spin warp: s, spin
weft: s, warp count: 12, weft count: 14, Date: Hallstatt, Date
of record: 1987-02-09.

116: Vace, Tittai, Krain. Naturhistorisches Museum Wien 14218,
1887, XII1,19, p. 1: Description of find: Bow fibula and bron-
ze armring w encrusted textile remains. Weave: 2/2 twill, spin
warp: z,s, spin weft: s, warp count: 12, weft count: 14. p 2.
Description of find: Loose textile fragment. Weave: 2/2 twill,
spin warp: s, spin weft: s, warp count: 14, weft count: 14.
Date: Hallstatt, Date of record: 1987-02-09.

117: Vace, Tittai, Krain. Naturhistorisches Museum Wien 80938.
Description of find: Iron armring with encrusted textile re-
mains. Weave: 2/2 twill, spin warp: s, spin weft: s, warp
count: 10, weft count: 6, Date: Hallstatt, Date of record:
1987-02-09.

118: Vace, Tittai, Krain. Naturhistorisches Museum Wien 80944.
Description of find: Bronze ring with encrusted textile re-
mains. Weave: tabby, spin warp: s, spin weft: s, warp count:
11, weft count: 8, Date: Hallstatt, Date of record: 1987-02-09.

119: Vage, Tittai, Krain. Naturhistorisches Museum Wien 80948,
XI111,10,6. Description of find: Bow fibula with encrusted tex-
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tile remains. Weave: -, spin warp: S2z?, spin weft: s, warp
count: 11, weft count: 6, Date: Hallstatt D, Date of record:
1987-02-09.

120: Vage, Tittai, Krain. Naturhistorisches Museum Wien
XIIL11,2A. Description of find: Bronze fibula fragment with
encrusted textile remains. Weave: 2/2 twill, spin warp: z,s,
spin weft: s(z?), warp count: 8, weft count: 9, Date: Hallstatt,
Date of record: 1987-02-09.

121: Vale, Tittai, Krain. Naturhistorisches Museum Wien
XIII,11,2¢c. Description of find: Fragment of iron armring
with textile remains. Weave: 2/2 twill, spin warp: 6z,6s, spin
weft: 6z,6s, warp count: 11, weft count: 12, Date: Hallstatt,
Date of record: 1987-02-09.

122: Vace, Tittai, Krain. Naturhistorisches Museum Wien
XII1,11,2d. Description of find: Several iron rings with textile
remains. Weave: 2/2 twill, spin warp: 4z,4s, spin weft: z,s,
warp count: 12, weft count: 17, Date: Hallstatt, Date of re-
cord: 1987-02-09.

123: Vace, Tittai, Krain. Naturhistorisches Museum Wien
XII1,11,2b. Description of find: Part of iron ring with encrus-
ted textile remains. Weave: tabby, spin warp: z, spin weft: z,
warp count: 18, weft count: 10, Date: Hallstatt, Date of re-
cord: 1987-02-09.

124: Erddd, Nirobititz, Krain. Naturhistorisches Museum Wien
39915. Description of find: Lance head with textile remains.
Weave: tabby, spin warp: z, spin weft: z, warp count: 11, weft
count: 10, Date: La Téne, Date of record: 1987-03-09.

125: Roje, Moréntsch, Krain. Naturhistorisches Museum Wien
x3621, grave 1. Description of find: Iron knife with faint texti-
le remains. Weave: tabby, spin warp: -, spin weft: -, warp
count: 16, weft count: 14, Date: La Téne, Date of record:
1987-03-09.

Switzerland

126: Andelfingen, Kt. Ziirich. Schweizerisches Landesmuseum
Ziirich 22291, grave 12. Description of find: Pointed iron ob-
ject with encrusted textile remains. Weave: tabby, spin warp:
z, spin weft: z, warp count: 15, weft count: 12, Date: La T¢éne
B, Date of record: 1987-12-08.

127: Andelfingen, Kt. Ziirich. Schweizerisches Landesmuseum
Ziirich 22343-48, grave 21. Description of find: Iron ring with
textile fragment. Weave: tabby, spin warp: z, spin weft: z,
warp count: 15, weft count: 12, Date: La Téne B, Date of re-
cord: 1987-12-08.

128: Andelfingen, Kt. Ziirich. Schweizerisches Landesmuseum
Ziirich 22377-93, grave 29. Description of find: Iron object
with encrusted textile remains. Weave: tabby, spin warp: z,
spin weft: z, warp count: 13, weft count: 15, Date: La Téne,
Date of record: 1987-12-08.

129: Arbedo-Castione, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich P 11844, grave 32. Description of find: Iron belt
hook with textile remains on back. Weave: 2/2 twill, spin
warp: z,s, spin weft: z, warp count: 7, weft count: 7, Date: La
Téne A, Date of record: 1987-12-08.

130: Arbedo-Castione, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 13579-81, grave 45. Description of find: Iron fi-
bula with faint textile remains. Weave: 2/2 twill?, spin warp z,
spin weft: -, warp count 8, weft count: 7, Date: La T¢ne B,
Date of record: 1987-12-08.

131: Arbedo-Cerinasca, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 11923-27, grave 10. Description of find: Bronze
fibula with textile remains on back. Weave: 2/2 twill, spin
warp: z,s, spin weft: z,s, warp count: 20, weft count: 18, Date:
Hallstatt D, Date of record: 1987-12-08.

132: Arbedo-Cerinasca, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 12446, grave 108. Description of find: Head of
bronze fibula with faint textile remains on pin. Weave: 2/2
twill, spin warp: z,s, spin weft: s, warp count: 10, weft count:
10, Date: La Téne A, Date of record: 1987-08-13.

145

133: Arbedo-Cerinasca, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 12492, grave 115. Description of find: Bronze fi-
bula with textile fragment under head. Weave: 2/2 twill, spin
warp: z,s, spin weft: s, warp count: 10, weft count: 9, Date: La
Téne A/B, Date of record: 1987-08-13.

134: Arbedo-Cerinasca, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 12637, grave 140. Description of find: Iron belt
hook with encrusted textile fragment. Weave: 2/2 twill?, spin
warp: z, spin weft: -, warp count: 11, weft count: 8. SLMZ
12635, grave 140? Description of find: Iron fibula with textile
remains under foot. Weave: tabby, spin warp: z?, spin weft:
z?, warp count: 6, weft count: 6, Date: La Téne B, Date of re-
cord: 1987-08-13.

135: Arbedo-Cerinasca, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 12642, grave 149. Description of find: Iron fibu-
la with textile remains on head. Weave: 2/2 twill, spin warp: z,
spin weft: z, warp count: 6, weft count: 6, Date: La Téne B,
Date of record: 1987-08-13.

136: Arbedo-Cerinasca, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 12645, grave 150. Description of find: Iron fibu-
la with textile remains under spiral. Weave: 2/2 twill, spin
warp: z, spin weft: z, warp count: 8, weft count: 6, Date: La
Téne B, Date of record: 1987-08-13.

137: Arbedo-Molinazzi, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 11483. Description of find: Iron belt hook with
encrusted textile remains. Weave: 2/2 twill, spin warp: z, spin
weft: z, warp count: 7, weft count: 8, Date: La Téne A/B, Date
of record: 1987-08-13.

138: Arbedo-Molinazzi, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 13390, grave 59. Fragment 1. Description of
find: Iron fibula with encrusted textile remains. Weave: 2/2
twill, spin warp: z, spin weft: s, warp count: 6, weft count: 6.
Fragment 2. Description of find: Iron fibula with encrusted
textile remains. Weave: 2/2 twill?, spin warp: z, spin weft: z,
warp count: 6, weft count: 6, Date: La Téne A/B, Date of re-
cord: 1987-08-13.

139: Arbedo-Molinazzi, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 13394, grave 60. Description of find: Large iron
fibula with textile remains on ball. Weave: 2/2 twill, spin
warp: z, spin weft: z, warp count: 8, weft count: 7, Date: La
Téne C?, Date of record: 1987-08-13.

140: Arbedo-Molinazzi, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 13441, grave 69. Description of find: Iron fibula
with textile remains on foot. Weave: 2/2 twill, spin warp:
6z,6s, spin weft: 6z,6s, warp count: 11, weft count: 11, Date:
La Téne A/B, Date of record: 1987-08-13.

141: Arbedo-Molinazzi, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 13472, grave 70. Description of find: Iron ring
with encrusted textile remains. Weave: 2/2 twill, spin warp:
4z,4s, spin weft: z, warp count: 9, weft count: 8, Date: La
Teéne A/B, Date of record: 1987-08-13.

142: Arbedo-Molinazzi, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 13530-33, grave 82. Description of find: Iron fi-
bula with textile remains under foot. Weave: 2/2 twill, spin
warp: z, spin weft: z, warp count: 8, weft count: 6, Date: La
Téne A/B, Date of record: 1987-08-13.

143: Arbedo-Molinazzi, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 13848, grave 87. Description of find: Iron fibula
with encrusted textile remains. Weave: 2/2 twill, spin warp:
z,s, spin weft: z, warp count: 10, weft count: 10, Date: La
Téne A, Date of record: 1987-08-13.

144: Arbedo-Molinazzi, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 131xx. Description of find: Iron fibula with tex-
tile remains under head. Weave: 2/2 twill, spin warp: z, spin
weft: z, warp count: 8, weft count: 7, Date: La Téne A/B, Date
of record: 1987-08-13.

145: Arbedo-Molinazzi, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich no number. Description of find: Iron fibula with
textile remains. Weave: 2/2 twill, spin warp: z, spin weft: z,
warp count: 8, weft count: 8, Date: La Téne B, Date of record:
1987-08-13.
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146: Arbedo-S. Paolo, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 13014, grave 1. Description of find: Iron ring
with encrusted textile remains. Weave: 2/2 twill, spin warp: -,
spin weft: -, warp count: 8, weft count: 7, Date: La Téne A,
Date of record: 1987-08-13.

147: Arbedo-S. Paolo, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 13020-23, grave 3. Description of find: Iron fi-
bula with encrusted textile remains. Weave: 2/2 twill, spin
warp: z, spin weft: z, warp count: 8, weft count: 7, Date: La
Téne A, Date of record: 1987-08-13.

148: Kastell, Bellinzona, Kt. Ticino. Schweizerisches Landes-
museum Ziirich, no number. Description of find: Iron fibula
with textile remains underpin. Weave: 2/2 twill, spin warp:
z,s, spin weft: z, warp count: 7, weft count: 8, Date: La Tene
A/B, date of record: 1987-08-13.

149: Castione-Bergamo, Kt. Ticino. Schweizerisches Landesmu-
seum Ziirich 12996, grave 14. Description of find: Iron fibula
with encrusted textile remains. Weave: 2/2 twill?, spin warp:
-, spin weft: -, warp count: 10, weft count: 9, Date: La Téne
A/B, Date of record: 1987-08-13.

150: Frauenfeld-Langdorf, Kt. Thurgau. Schweizerisches Lan-
desmuseum Ziirich 19065, grave 3. Description of find: Iron
fibula with textile remains on underside. Weave: tabby, spin
warp: z, spin weft: z, warp count: 6, weft count: 5, Date: La
Téne C, Date of record: 1987-08-13.

151: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 14004, grave 24. Description of find: Iron belt hook with
faint textile remains. Weave: 2/2 twill?, spin warp: z, spin
weft: z, warp count: 10, weft count: 8, Date: La Téne B, Date
of record: 1987-08-13.

152: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 14091, grave 51. Description of find: Iron fibula with
faint textile remains under head. Weave: tabby, spin warp: z,
spin weft: s, warp count:6, weft count: 6, Date: La Téne B,
Date of record: 1987-08-13.

153: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 14138, grave 61. Description of find: Iron fibula with tex-
tile remains under spiral. Weave: 2/2 twill, spin warp: z, spin
weft: z, warp count: 6, weft count: 7, Date: La Téne A/B, Date
of record: 1987-08-13.

154: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 14170, grave 68. Description of find: Iron belt buckle
with encrusted textile remains. Weave: 2/2 twill, spin warp:
z,s, spin weft: z, warp count: 8, weft count: 8, Date: La Téne
B/C, Date of record: 1987-08-13.

155: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 14313, grave 78. Description of find: Iron fibula with en-
crusted textile remains. Weave: 2/2 twill, spin warp: z, spin
weft: z, warp count: 10, weft count: 8, Date: La Téne B, Date
of record: 1987-08-13.

156: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 14311, grave 79. Description of find: Fragment of iron fi-
bula with encrusted textile remains under head. Weave: 2/2
twill, spin warp: z, spin weft: z, warp count: 7, weft count: 6,
Date: La Téne B, Date of record: 1987-08-13.

157: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 14575, grave 109. Description of find: Iron fibula with
textile remains under head. Weave: 2/2 twill, spin warp: z,
spin weft: z, warp count: 7, weft count: 8, Date: La Téne C,
Date of record: 1987-08-13.

158: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 14580, grave 110. Description of find: Iron object partly
covered by encrusted textile remains. Weave: - spin warp: z,
spin weft: -, warp count: 9, weft count: -, Date: La Téne A,
Date of record: 1987-08-13.

159: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 14669, grave 122. Description of find: Iron ring with en-
crusted textile remains. Weave: 2/2 twill, spin warp: z, spin
weft: -, warp count: 10, weft count: 8, Date: La Téne A/B,
Date of record: 1987-08-13.

146

160: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 14914, grave 145. Description of find: Iron fibula with
textile remains under head. Weave: 2/2 twill, spin warp: z,
spin weft: z, warp count: §, weft count: 7, Date: La Téne C,
Date of record: 1987-08-13.

161: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 14922, grave 147. Fragment 1. Description of find: Iron
fibula with textile remains under foot. Weave: 2/2 twill, spin
warp: z, spin weft: s, warp count: 9, weft count: 7. Fragment
2. 14294. Description of find: Iron fibula partly covered by
encrusted textile remains. Weave: 2/2 twill, spin warp: z, spin
weft: z, warp count: 9, weft count: 6, Date: La Téne B/C, Date
of record: 1987-08-13.

162: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 14968, grave 161. Description of find: Iron fibula with
textile remains on foot. Weave: 2/2 twill, spin warp: z, spin
weft: -, warp count: 8, weft count: 8, Date: La Téne B, Date of
record: 1987-08-14.

163: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 14974, grave 164. Description of find: Iron fibula with
textile remains under foot. Weave: 2/2 twill, spin warp: z, spin
weft: s, warp count: 8, weft count: 7, Date: La Téne B/C, Date
of record: 1987-08-14.

164: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 14988, grave 177. Description of find: Iron fibula with
encrusted textile remains. Weave: 2/2 twill, spin warp: z, spin
weft: s, warp count: 6, weft count: 5, Date: La Téne B, Date of
record: 1987-08-14.

165: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 14998, grave 194. Description of find: Iron fibula with
encrusted textile remains. Weave: tabby, spin warp: z, spin
weft: z, warp count: 6, weft count: 8. Fragment 2. 14141 grave
1947 Description of find: Iron knife with textile remains.
Weave: tabby, spin warp: z, spin weft: z, warp count: 14, weft
count: 9, Date: La Téne B/C, Date of record: 1987-08-14.

166: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 15040, grave 211. Description of find: Iron fibula with
textile remains under foot. Weave: 2/2 twill, spin warp: z,s,
spin weft: z, warp count: 8, weft count: 6, Date: La Téne A/B,
Date of record: 1987-08-14.

167: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 15043, grave 213. Description of find: Iron fibula with
encrusted textile remains on bow. Weave: 2/2 twill, spin warp:
z, spin weft: z, warp count: 8, weft count: 5, Date: La Téne B,
Date of record: 1987-08-14.

168: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 15060, grave 216. Description of find: Iron fibula with
faint textile remains under foot. Weave: 2/2 twill, spin warp:
z,s, spin weft: z,s, warp count: 9, weft count: 8, Date: La Téne
B/C, Date of record: 1987-08-14.

169: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 15071, grave 222. Description of find: Iron fibula with
textile remains. Weave: tabby, spin warp: z, spin weft: z, warp
count: 5, weft count: 5, Date: La Téne D, Date of record:
1987-08-14.

170: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 15091, grave 227. Description of find: Iron fibula with
textile remains on bow. Weave: tabby, spin warp: z, spin weft:
z, warp count: 5, weft count: 5, Date: La Téne B, Date of re-
cord: 1987-08-14.

171: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 15181, grave 243. Description of find: Iron fibula with
textile remains under head. Weave: 2/2 twill, spin warp: z,
spin weft: z, warp count: 6, weft count: 7, Date: La Téne A/B,
Date of record: 1987-08-14.

172: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 15539, grave 305. Description of find: Iron fibula with
encrusted textile remains on foot. Weave: 2/2 twill, spin warp:
z, spin weft: z, warp count: 8, weft count: 6, Date: La Téne
B/C, Date of record: 1987-08-14.

173: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 15773, grave 398. Description of find: Iron fibula with
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textile remains around pin and foot. Weave: 2/2 twill, spin
warp: 4z,4s, spin weft: 4z,4s, warp count: 9, weft count: 8,
Date: La Téne B, Date of record: 1987-08-14.

174: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 15783, grave 404. Description of find: Iron belt? with
textile fragment. Weave: tabby, spin warp: z, spin weft: z,
warp count: 6, weft count: 7, Date: La Téne, Date of record:
1987-08-14.

175: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 15979, grave 444. Description of find: Iron fragment with
textile remains. Weave: tabby, spin warp: z, spin weft: z, warp
count: 8, weft count: 9. SLMZ 15978: Description of find:
Iron fibula with textile remains. Weave: tabby, spin warp: z,
spin weft: z, warp count: 7, weft count: 6, Date: La Téne B/C,
Date of record: 1987-08-14.

176: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich, 16724, grave 477. Description of find: Iron fibula frag-
ment with encrusted textile remains. Weave: tabby, spin warp:
z, spin weft: -, warp count: 6, weft count: 5, Date: La T¢ne,
Date of record: 1987-08-14.

177: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 16776, grave 498. Description of find: Iron fibula with
textile remains. Weave: 2/2 twill, spin warp: z,s, spin weft: z,
warp count: 8, weft count: 6, Date: La Téne B, Date of record:
1987-08-14.

178: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 16791, grave 501. Description of find: Iron fibula with
encrusted textile remains. Weave: 2/2 twill, spin warp: z, spin
weft: z, warp count: 7, weft count: 6, Date: La Tene A/B, Date
of record: 1987-08-14.

179: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich 16822, grave 510. Description of find: Bronze pendant
with encrusted textile remains. Weave: 2/2 twill, spin warp: z,
spin weft: z, warp count: 10, weft count: 6, Date: La Teéne
A/B, Date of record: 1987-08-14.

180: Giubiasco, Kt. Ticino. Schweizerisches Landesmuseum Zii-
rich no number. Description of find: Iron fibula with textile
remains under spiral. Weave: 2/2 twill, spin warp: z, spin
weft: -, warp count: 8, weft count: 6, Date: La Téne B, Date of
record: 1987-08-14.

181: Misox, Kt. Graubiinden. Schweizerisches Landesmuseum
Ziirich 11785. Description of find: Iron sword with encrusted
textile remains. Weave: 2/2 twill, spin warp: z, spin weft: z,
warp count: 5, weft count: 5, Date: La Téne B?, Date of re-
cord: 1987-08-14.

France

182: Bezange St Marie, Lorraine. Musée Historique Lorrain
Nancy XXIV K80. Fragment 1. Description of find: Iron
sword with textile remains. Weave: 2/2 twill, spin warp: S2z,
spin weft: z, warp count: 5, weft count: 4. Fragment 2. Des-
cription of find: Weave: tabby, spin warp: S2z, spin weft: z,
warp count: 8, weft count: 5. Fragment 3. Description of find:
Weave: 2/2 diamond twill, spin warp: S2z, spin weft: z, warp
count: 14, weft count: 20, Date: La Téne A, Date of record:
1987-10-20.

183: Liverdun la Garenne, Lorraine. Musée Historique Lorrain
Nancy ML 134.05. Description of find: Bronze fibula with
textile remains around spiral. Weave: twill, spin warp: -, spin
weft: -, warp count: 5, weft count: -, Date: La Téne A, Date of
record: 1987-10-20.

184: Ifs La Dronnerie, Calvados, Normandie. Musée de Norman-
die Caen D78-3.21, grave 6. Description of find: Iron ring
with encrusted textile remains. Weave: 2/2 twill, spin warp:
S2z, spin weft: 4z,4s, warp count: 10, weft count: 9, Date:
Hallstatt D?, Date of record: 1987-10-28.

185: Poiseul la Perriere, Dept. Cote d'Or , Bourgogne. Musée du
Chatillonnais Chatillon-sur-Seine, grave 1. Fragment 1. Des-
cription of find: Iron sword with textile remains on blade.
Weave: tabby, spin warp: z, spin weft: z, warp count: 14, weft
count: 10, Fibre: wool? Fragment 2: Description of find:
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Weave: tabby , spin warp: z, spin weft: z, warp count: 16, weft
count: 9, fibre: wool?, Date: Hallstatt C, Date of record:
1987-04-11.

186: Poiseul la Perriere, Dept. Cote d'Or, Bourgogne. Musée du
Chatillonnais Chatillon-sur-Seine, grave 3. Description of
find: Tron sword with textile remains on blade. Weave: tabby,
spin warp: z, spin weft: z, warp count: 16, weft count: 9, Date:
Hallstatt C, Date of record: 1987-04-11.

187: Poiseul la Perriere, Dept. Cote d'Or, Bourgogne. Musée du
Chatillonnais Chatillon-sur-Seine, grave 4. Description of
find: Iron sword with textile remains on blade. Weave: tabby,
spin warp: z, spin weft: z, warp count: 19, weft count: 19,
Date: Hallstatt C, Date of record: 1987-04-11.

Germany

188: Budenheim, Kr Mainz, Rheinland-Pfalz. Mittelrheinisches
Landesmuseum Mainz, 1334/1834? Description of find: Iron
fragments with textile remains. Weave: 2/2 twill, spin warp: z,
spin weft: -, warp count: 10, weft count: 10, Date: La T¢ne,
Date of record: 1987-01-06.

189: Schwabsburg, Kr Mainz, Rheinland-Pfalz. Mittelrheini-
sches Landesmuseum Mainz V-1104-1108. Description of
find: Iron fragment (bow fibula) with textile impression on
side. Weave: tabby, spin warp: S2z, spin weft: z, warp count:
11, weft count: 10, Date: La Téne A, Date of record:
1987-01-06.

190: Udenheim, Rheinland-Pfalz. Mittelrheinisches Landesmu-
seum Mainz 97/1bv B. Description of find: Iron fragment
with textile remains. Weave: repp/tablet?, spin warp: S2z,
spin weft: -, warp count: 19, weft count: 9, Date: La Téne
B/D, Date of record: 1987-01-06.

191: Ulversheim, Rheinland-Pfalz. Mittelrheinisches Landesmu-
seum Mainz 59/4, grave III, fragment 1. Description of find:
Iron pincer with textile remains. Weave: ,Spin warp: z, spin
weft: z, warp count: 7, weft count: 6. Fragment 2. Description
of find: Iron shears with textile remains. Weave: tabby, spin
warp: z, spin weft: z, warp count: 9, weft count: 7, Date: La
Téne, Date of record: 1987-04-06.

192: Breungenborn, Kr Birkenfeld, Rheinland-Pfalz. Rheini-
sches Landesmuseum Trier, 70,949a-f, tumulus 34, grave 9.
Fragment 1. Description of find: Iron razor wrapped in textile
remains. Weave: tabby, spin warp: z, spin weft: z, warp count:
5, weft count: 7, fibre: wool. Fragment 2. Description of find:
Weave: tabby, spin warp: S2z, spin weft: z, warp count: 10,
weft count: 7. Fragment 3. Description of find: Iron ring with
textile fragment. Weave: tabby, spin warp: S2z , spin weft: z,
warp count: -, weft count: -, Date: La Téne A, Date of record:
1987-10-06.

193: Hasborn Kr Wittlich, Rheinland-Pfalz. Rheinisches Landes-
museum Trier ev 41,31. Description of find: Iron fibula frag-
ment with textile remains. Weave: tabby, spin warp: -, spin
weft: -, warp count: 10, weft count: 10, Date: La Tene B/D;
Date of record: 1987-11-06.

194: Heinzerath Kr Bernkastel-Kues, Rheinland-Pfalz. Rheini-
sches Landesmuseum Trier 36,368d, tumulus 1, grave 1. Des-
cription of find: Iron fragment (sword) with textile remains.
Weave: tabby, spin warp: S2z, spin weft: z, warp count: 5,
weft count: 5, fibre: wool? Date: Hunsriick-Eiffel Kultur.
Date of record: 1987-09-06.

195: Hermeskeil Kr Trier, Rheinland-Pfalz. Rheinisches Landes-
museum Trier 5808-12. Description of find: Bronze armring
with textile fragment. Weave: tabby, spin warp: S2z, spin
weft: z, warp count: 7, weft count: 8, fibre: wool? Date: Huns-
riick-Eiffel Kultur. Date of record: 1987-11-06.

196: Hoppstddten Kr Birkenfeld, Rheinland-Pfalz. Rheinisches
Landesmuseum Trier 52,285, tumulus 2. Fragment 1. Des-
cription of find: Cakes of corroded textile. Weave: tabby, spin
warp: z, spin weft: S2z?, warp count: 9, weft count: 10. Frag-
ment 2. Description of find: Bbronze ring with textile re-
mains. Weave: 2/2 twill, spin warp: S2z, spin weft: z, warp
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count: 9, weft count: 9, Date: La Téne A, Date of record:
1987-10-06.

197: Irsch Kr Saarburg, Rheinland-Pfalz. Rheinisches Landes-
museum Trier 38,xxx, tumulus 2. Description of find: Fibula
with textile fragment. Weave: sprang?, Spin: z, Date: Huns-
riick-Eiffel Kultur, Date of record: 1987-10-06.

198: Rascheid Kr Trier, Rheinland-Pfalz. Rheinisches Landes-
museum Trier 19353a, tumulus D2. Fragment 1. Description
of find: Iron armring with textile remains. Weave: tabby, spin
warp: S2z, spin weft: z, warp count: 7, weft count: 6. Frag-
ment 2. Description of find: Iron sword with sheath and textile
remains. Weave: tabby, spin warp: -, spin weft: -, warp count:
9, weft count: 8. Date: Hunsriick-Eiffel Kultur. Date of re-
cord: 1987-10-06.

199: Trier Paulinstrasse, Kr Trier, Rheinland-Pfalz. Rheinisches
Landesmuseum Trier 5028. Description of find: Iron sword
with textile remains on scabbard. Weave: 2/2 twill, spin warp:
-, spin weft: -, warp count: 8, weft count: 8, Date: La Téne A,
Date of record: 1987-10-06.

200: Wallscheid Kr Wittlich, Rheinland-Pfalz. Rheinisches Lan-
desmuseum Trier 1017. Description of find: Several textile
fragments from bronze bowl. Weave: tabby, spin warp: S2z,
spin weft: z, warp count: 17, weft count: 12, fibre: wool, Date:
La Téne A, Date of record: 1987-11-06.

201: Bescheid Kr Trier-Saalburg, Rheinland-Pfalz. Rheinisches
Landesmuseum Trier, tumulus 124 gr 1. Fragment 1. Descrip-
tion of find: Fragments of band. Weave: tablet weave, spin
warp: S2z, spin weft: -. Fragment 2. Description of find: Two
repp bands. Weave: repp, spin warp: S2z, spin weft: s, warp
count: 33, weft count: 12. Fragment 3. Description of find:
Small textile fragment. Weave: tabby, spin warp: s, spin weft:
s, warp count: 12, weft count: 12, Date: Hallstatt D, Date of
record: 1987-12-06.

202: Beilngries Eichstadt, Bayern. Bayrisches Nationalmuseum
Miinchen 1920.537-540, 1902, grave 1. Description of find:
Iron spiral with textile remains. Weave; 2/2 twill, spin warp:
z,s, spin weft: S2z, warp count: 17, weft count: 15, Date: Hall-
statt, Date of record: 1987-06-22.

203: Uffing Ldkr Garmisch-Partenkirchen, Bayern. Bayrisches
Nationalmuseum Miinchen 1203-1204, grave 5. Description
of find: Iron objects with encrusted textile remains. Weave:
2/2 twill, spin warp: z, spin weft: s, warp count: 10, weft
count: 12, Date: Hallstatt D1, Date of record: 1987-06-22.

204: Authausen I Ldkr Harnberg, Bayern. Bayrisches National-
museum Miinchen 1895.156, grave 9. Description of find:
Iron spirals with encrusted textile remains. Weave: 2/2 twill,
spin warp: S2z, spin weft: z, warp count: 10, weft count: 9,
Date: Hallstatt, Date of record: 1987-06-22.

205: Schirndorf, Ldkr Schwandorf, Bayern. Bayrisches Natio-
nalmuseum Miinchen 1976, 1520d, grave 20. Description of
find: Iron object with encrusted textile remains. Weave: tabby,
spin warp: z, spin weft: z, warp count: 10, weft count: -, Date:
Hallstatt, Date of record: 1987-06-22.

206: Prachting Ldkr Lichtenfels, Bayern. Bayrisches National-
museum Miinchen 4729b1, tumulus 55. Description of find:
Iron ring with textile remains. Weave: 2/2 twill, spin warp:
S2z, spin weft: z, warp count: 9, weft count: 11, Date: Hall-
statt, Date of record: 1987-06-22.

207: Donauwdrth Ldkr Donau-Ries, Schwaben. Bayrisches Na-
tionalmuseum Miinchen 1979, 1232a, tumulus 2. Description
of find: Fragments of iron sword wrapped in textile. Weave:
2/2 twill, spin warp: S2z , spin weft: z, warp count: 20, weft
count: 11, Date: Hallstatt, Date of record: 1987-06-22.

208: Schwenderdd Ldkr Amberg-Sulzbach, Oberpfalz. Bayri-
sches Nationalmuseum Miinchen 1895/189.7, tumulus 3.
Description of find: Iron fragment with textile remains.
Weave: tabby, spin warp: z, spin weft: z, warp count: 11, weft
count: 10, Date: La Téne, Date of record: 1987-06-22.

209: Riekofen, Ldkr Regensburg, Oberpfalz. Bayrisches Natio-
nalmuseum Miinchen 1279a-h, grave 6. Description of find:
Iron fibula with tiny textile remains. Weave: 2/2 twill?, spin
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warp: z, spin weft: z?, warp count: 10, weft count: 10, Date:
La Téne B2, Date of record: 1987-06-22.

210: Aidling/Riegsee Ldkr Weilheim, Oberbayern. Bayrisches
Nationalmuseum Miinchen 1890.272. Description of find:
Iron sword scabbard partly covered by textile impression.
Weave: twill?, spin warp: z, spin weft: s, warp count: 40, weft
count: -, Date: Hallstatt C, Date of record: 1987-06-23.

211: Bastheim Ldkr Mellrichstadt, Unterfranken. Bayrisches Na-
tionalmuseum Miinchen 1965,1474, tumulus 1 grave 1. Des-
cription of find: Iron sword partly covered by textile remains.
Weave: tabby, spin warp: S2z, spin weft: S2z, warp count: 12,
weft count: 12, Date: Hallstatt C, Date of record: 1987-06-22.

212: Hirscheid, Ldkr Bamberg, Bayern. Bayrisches Nationalmu-
seum Miinchen 1975,934e. Description of find: Wood frag-
ments from scabbard with textile remains. Weave: tabby, spin
warp: s, spin weft: s, warp count: 26, weft count: 16, Date:
Hallstatt, Date of record: 1987-06-23.

Following numbers are catalogued by Johanna
Banck-Burgess, Hans-Jiirgen Hundt, Katharina von Kurz-
ynsi or Vaclav Furmanek and/or Karol Pieta: 27, 28, 31,
33, 34, 55, 56, 61, 62, 86, 185, 186, 187, 192, 196, 201,
202,211, 212, 213.
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Schweizerisches Landesmuseum in Ziirich, the Naturhis-
torisches Museum in Wien, the Oberosterreichisches Lan-
desmuseum in Linz, the Salzburger Museum Carolino Au-
gusteum, the Steiermérkisches Landesmuseum Joanneum
in Graz, the Musée du Chatillonnais Chatillon-sur-Seine,
the Musée Historique Lorrain in Nancy, and the Musée de
Normandie in Caen, all of which I visited in 1987 and pro-
ved to have Hallstatt or La Téne period textiles in their
keeping. Further thanks are owed to Antoinette Rast-Ei-
cher, with whom I compared notes on my Swiss records, to
Annemarie Stauffer who generously lent me the German
version of her manuscript on the Verucchio textiles, pub-
lished in Italian, and to the organisers of the Symposium
on Hallstatt Textiles for their splendid initiative and offe-
ring me a reason for delving into my dusty boxes of index
cards and presenting this paper.
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Iron Age Textile artefacts
from Riesenferner/Vedretta di Ries (Bolzano/Bozen — Italy)

Marta Bazzanella, Lorenzo Dal Ri, Alfio Masperot and Irene Tomedi

Abstract

In the summer of 1992, several wool and leather artefacts were found on the edge of a receding snow-field in the Riesen-
ferner group (Bolzano/Bozen-Italy) at a height of 2.850 m. These finds were complementary articles of clothing: a pair of
stockings, two pairs of leggings, two inner shoes and many fragments which were probably part of a pair of hide shoes. A
radiocarbon date classifies them as belonging to the Early Iron Age.

Im Sommer 1992 wurden in der Nihe der Riesenfernerhiitte (Provinz Bozen — Italien) am Rande eines schmelzenden
Schneefeldes einige Wolltextilien und Lederreste geborgen. Es handelt sich um ein Paar "Striimpfe" und ein Paar Leg-
gings, um wollene Fussbekleidung und um zahlreiche Bruchstiicke von Uberschuhen aus Leder. Eine erste Datierung

weist in die Eisenzeit.

Discovery of the finds

In the summer of 1992, Gottfried Leitgeb of Anterselva
found an item of textile footwear at the limit of a melting
snow-field about 200 m from the Vedretta di Ries-Riesen-
fernerhiitte shelter.

After its discovery, the find was brought down to the val-
ley and kept without special care.The find-spot is on the
eastern side of the alpine chain, in the Aurine Alps, along
the watershed that currently marks the political boundary
between Italy and Austria (Fig. 1). More precisely, the
find-spot is located in the Vedretta di Ries/Riesenferner

Fig. 1: The Riesenferner glacier with the Riesenferner shelter (large circle) and the find-spot (small circle). On the right the
Antholz valley and on the left the Reintal valley (© Tappainer, Lana).
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Fig. 2: The Riesenferner glacier: in black the political boun-
dary between Italy and Austria.

group: a massif delimited to the south-east by the Antersel-
va/Antholz valley and to the north-west by the Riva/Rein-
tal valley. The discovery took place on the western side of
the Geltalspitze Mountain at a height of 2.841 m above sea
level in a place relate to the so-called "Passo Gemsbichl"
(Fig. 2). From here, one follows the Anterselva/Antholz
valley which leads into the Pusteria/Pustertal valley some
miles south and the Dobbiaco/Doblach pass (1.210 m).
This pass is of great historical and geographical relevance
for the exchange relationships between north Italy and the
Danube basin. Another pass that also had a great importan-
ce in the past is the so-called "Passo Pirnliicke", which per-
mits a quick, direct link from the Aurina valley to the Sal-
zach valley. Today it is only frequented by tourists and
pastoralists: a far reduced significance compared to its
uses in prehistory.

The discovery area is extremely steep, with a slope of
about 35°, formed by Oligocenic magmatites.

In August 1994, two years after the discovery, G. Leitgeb
noted a retreat of about 5-7 metres of the snow-field limit.

1 AMS 14C 13C [0/00] ETH-12932 Nr. 2 BP 252540 -23.91.2 BC/AD
795-499 (98.7%). (Dal Ri 1995-96).

2 Conducted by Irene Tomedi in Bolzano.
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Between the overhanging stones, he found other textile
and leather fragments. On September 1% 1992, the Ufficio
Beni Archeologici (Cultural Heritage) of Bolzano/Bozen
took responsibility for their recovery.

The finds include two pairs of leggings and a pair of inner
shoes (Fig. 3).

A radiocarbon date placed the textiles between the begin-
ning of 8" and the 5™ century BC.'

The textiles were submitted for conservation treatment?,
which verified that they were in a good condition of pre-
servation.

The under-leggings

The first pair of leggings (Fig. 4) was made in tabby
weave. These leggings are about 62 cm long, 16 cm wide,
with a slightly conical shape and a circumference of more
than 34 cm. In the lower part, a type of flap is clearly visi-
ble. It protrudes from the front and functions to protect the
ankle. This flap is destined to be covered by the outer
shoes and consists of a single piece of cloth, that is folded
and laterally sewn. The threads are thin and single and the
textile has an homogeneous appearance. This is due to the
simplicity of the weave, and the similarity between the
weft and warp threads. On the right legging, there is a
simple seam which keeps the two borders together (Fig.
4B, 5). On the left one, the two borders do not touch but
are sewn together along the margins of a narrow ribbon
(Fig. 4D).

This lateral ribbon is made of two pieces (Fig. 6), which
are clearly of different weaving techniques and colours.
On the lower extremity, a reinforcement of the borders is

Fig. 3: The finds (© M. Samadelli, South Tyrol Museum of
Archaeology, Bozen).
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Fig. 4: The under-leggings in tabby: 4A: the outer side of the right legging. — 4B: the inner side of the right legging. — 4C: the
outer side of the left legging. — 4D: the inner side of the left legging (© M. Samadelli, South Tyrol Museum of Archaeology,
Bozen).
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Fig. 5: Seam on the inner side of the right legging (© M. Sa-
madelli, South Tyrol Museum of Archaeology, Bozen).

evident: reinforcement is obtained by the application of a
ribbon in brown-red colour, similar to that which constitu-
tes the lateral stripe.

Under-leggings in tabby: technical details

Warp material: natural grey to brown wool, single yarn;
spin direction: strong S-twist; density of the fabric 18 per
cm

Weft material: natural grey to brown wool, single yarn;
spin direction: strong S-twist; density of the fabric: 7 per
cm

Seam internal side of the right legging (Fig. 5): material
natural grey wool, 2-ply yarn; spin direction: Z-twist; fab-
ric: simple seam

Ribbon on the left legging (inferior part: cm 30x1,5 cm —
Fig. 6A): material natural grey wool, single yarn; spin di-
rection: S-twist; fabric: made of 12 double interlaced thre-
ads

Ribbon on the left legging (superior part: cm 20,5x1,5 cm
— Fig. 6B); material: natural brown wool, single yarn; spin
direction: S-twist; fabric: made of 12 double interlaced
threads

Seams of the ribbon on the left legging (Fig. 4D); materi-
al: natural grey wool, 2-ply yarn; spin direction: Z-twist;
fabric: simple seam

Ribbon on the lower edge of the left legging (Fig. 4C);
material: natural grey wool, 2-ply yarn; spin direction:
S-twist; fabric: made of 5 double threads

Seams of the ribbon on the lower edge of the left legging
(Fig. 4C); material natural grey wool, 2-ply yarn; spin di-
rection: Z-twist; fabric: simple seam

Strings made of 5 interlaced wool threads, with Z-twist
are inserted to keep the leggings firmly in place (Fig.
4A-B).

The over-leggings

The second pair of leggings (about 55 cm long, 16 cm
large and with a circumference of about 34 cm) is made of
a heavier textile in a weaving technique which could be
classified as herringbone twill (Fig. 7). The current colour
varies from a light brown-grey to a heavy brown-red; a
complicated chromatic effect simply produced by a chan-
ge of bobbin during the weaving process. We can also see
an obvious patch on the left knee (Fig. 8), made of a piece
of thin tabby, which does not seem to be similar to the
other samples. Two short flaps, which stick out frontally,
are visible on this pair of leggings, too. In the lower part of
the legging thin cords are inserted across the textile to keep
the leggings held firmly to the heel and the big toe. The
lower part of these two pieces of cloth shows intermittent
reinforcements and darns.

Over-leggings in 2/2 twill: technical details

Warp material: natural beige wool, 2-ply yarn; spin direc-
tion: Z-twist; density of the fabric: 8 per cm

Weft material: natural light brown to dark brown wool,
single yarn; spin direction: S-twist; density of the fabric: 7
(double yarn) per cm

Seams on the over-leggings (Fig. 7 B,D); material: natural
beige wool, 2-ply yarn; spin direction: Z-twist; fabric:
simple seam

Fig. 6: Ribbon on the inner side of the left legging: 6A: lower extremity of the ribbon, natural grey coloured. — 6B: upper ex-
tremity of the ribbon, natural brown coloured (© M. Samadelli, South Tyrol Museum of Archaeology, Bozen).
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Fig. 7: The over-leggings in herringbone twill: 7A: the outer side of the right legging. — 7B: the inner side of the right legging. —
7C: the outer side of the left legging. — 7D: the inner side of the left legging (© M. Samadelli, South Tyrol Museum of Ar-
chaeology, Bozen).
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Fig. 8: Patch on the upper extremity of the outer side of the
left legging (© M. Samadelli, South Tyrol Museum of Ar-
chaeology, Bozen).

Cords made of 5 interlaced 2-ply wool threads with Z-spin
direction are inserted to keep the leggings firmly in place
(Fig. 7C-D)

Patch on the upper part of the left over-legging in tabby
(9,5x16 cm - Fig. 8)

Warp material: natural brown wool, single yarn; spin di-
rection: Z-twist; density of the fabric: 9 per cm

Weft material: natural brown wool, single yarn; spin direc-
tion: Z-twist; density of the fabric: 6 per cm

Seams of the patch; material: natural brown wool, 2-ply
wool yarn; spin direction: Z-twist; fabric: simple seam

The inner shoes

One of the two inner shoes (Fig. 9) was found in good con-
dition; the second sample, however, was in a very bad state
of preservation. In both cases the inner shoes are of thin
textile made in 2/2 twill. On the better preserved sample
(about 30 cm long, 11 cm wide and 20 cm high) it is possi-
ble to see that the inner shoe, including the sole, was made
of ten separate pieces of material, sewn together and
roughly wrapped (Fig. 11). The separate pieces were sewn
together using 2-ply brown woollen thread with the sides
of the pieces overlapping by approximately 0.5 cm.

The inside and outside surfaces are felted and where the
textile is worn-out the colour appears lighter and the weft
and warp can be seen. The narrow textile cords (8-10 mm
in breadth) in tabby were attached to the ankle (Fig. 10).
Two patches of grey-coloured woollen material were sewn
to the inside of the inner shoes to strengthen the soles,
while two dark brown-black patches were added to protect
the pointed toes and heels of the shoes. Both shoes are ess-
entially very similar in shape and appearance although
their component parts differ somewhat. General wear-and-
tear has caused them to lose much of their original shape.

Inner shoes in 2/2 S twill: technical details

Warp material: beige-brown wool, single yarn; spin direc-
tion: strong Z-twist; density of the fabric: 12 per cm
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Weft material: beige-grey wool, single yarn; spin directi-
on: S-twist; density of the fabric: 8 per cm

Patch (in two pieces) to strengthen the sole in 2/2 S twill
Warp material: grey wool, single yarn; spin direction:
Z-twist; density of the fabric: 10 per cm

Weft material: grey wool, single yarn; spin direction:
Z-twist; density of the fabric: 8 per cm

Seam of the first sole patch, material: light to dark brown
wool, 2 ply yarn; spin direction: Z-twist (of two S-spun
yarns); fabric: simple seam

Seam of the second sole patch, material: light to dark
brown wool, 2-ply yarn (used double); spin direction:
Z-twist; fabric: simple seam

Patches to strengthen the point and the heel of the shoe, in
2/2 S twill

Warp material: dark brown wool, single yarn; spin directi-
on: Z-twist; density of the fabric: 8 per cm

Weft material: dark brown wool, single yarn; spin directi-
on: Z-twist; density of the fabric: 6 per cm

Seams of the patch on the point material: light beige
wool, 2-ply yarn; spin direction: Z-twist (of two S-spun
yarns); fabric: simple seam

Seams of the patch on the heel material: blue 2-ply wool
thread; spin direction: Z-twist (of two S-spun yarns); fab-
ric: simple seam

Cord in tabby (8-10 mm in breadth)

Warp material: dark brown 2-ply wool yarn; spin directi-
on: Z-twist (of two S-spun yarns); density of the fabric:
20-22 per cm

Weft material: dark brown wool, 2-ply yarn; spin directi-
on: Z-twist (of two S-spun yarns); density of the fabric: 6
per cm

Additional finds

There are various wool ribbons and cord fragments that
probably belonged to the clothing and / or footwear, al-
though these cannot be precisely attributable to any single
garment.

Fig. 9: The two inner shoes in tabby (© M. Samadelli, South
Tyrol Museum of Archaeology, Bozen).
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Fig. 10: (left) Inner shoe with string (© M. Samadelli, South Tyrol Museum of Archaeology, Bozen).
Fig. 11: (right) The inner shoe, with detail of the seams (© M. Samadelli, South Tyrol Museum of Archaeology, Bozen).

There are two larger fragments and a series of smaller
fragments of tanned skin including preserved seams, and
hemmed borders that are identified by following the
alignment of the seam holes. These are parts of a piece of
leather footwear (Fig. 13).

The analysis of the leather finds’ attributed most of the
hide parts to the species Capra. Some of the laces are how-
ever attributed to ox-leather and an immunological test
confirmed this hypothesis.

There is a total absence of vegetable material. The textile
is made completely of wool and there are leather remains,
which are sewn with thin skin strips that are sometimes
mixed with wool thread or with a different material of ani-
mal origin such as tendons or intestines”.

The textile fibres

The textile fibre identification attested the use of goats'
wool’. Among the samples examined, there was no evi-
dence for the use of fibre of a different nature, nor of hairs
of other mammals. However, among the Riesenferner
finds of ox-leather, there is a possibility that the hairs of ox

Fig. 12: Reinforcement on the left inner shoe by the heel,
sewn with a blue coloured thread (© M. Samadelli, South
Tyrol Museum of Archaeology, Bozen).
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were used as a resource. The fibre used in the Riesenferner
finds come from animals that were clearly well supplied
with rigid and strongly pigmented hairs.

Different qualities of textile fibre have been used in the
production of the artefacts. This was surely an intentional
process. The raw hair fibres were destined for the produc-
tion of threads for seams® or in those cloths which did not
need to be soft. The weft of the over-leggings, in her-
ringbone twill, were woven in coarse and rough wool,
while the threads of the under-leggings in tabby weave are
made of a lighter and thinner, soft and homogeneous wool.
The warp of the over-leggings is made of light and thin fi-
bres and on this occasion the choice was probably for tech-
nical reasons. The warp threads need to be resistant’, since
they are exposed to the greatest wear.

Dyeing

Traces of dye are only visible on the thread that was used
for the seam of the reinforcement patch on the sole of the
left shoe (Fig. 12).

By careful observation with the naked eye, the colour is
also evident and preserved in a particularly protected area.

Conducted by Cristina Cattaneo, E.L.I.S.A. (enzyme linked immuno
sorbent assay), for the Museum in Como.

The analysis of the seam threads was conducted by Antonella Lazza-
ro for the Museum in Como.

The analysis was conducted by Alfio Maspero, who unfortunately
died before he could publish his final results. It is not yet clear if all
the Riesenferner wool fibres are goats” wool (Maspero 1995-96).
The manuscript that he left seems to confirm this hypothesis. Some
other analyses will be made in the future.

Most of the leather seam threads are made of small, leather strips or
in other material of animal origin, (tendons, intestines?). Some of the
skin threads are associated with thread of spun animal hairs, maybe
the same material as in the main part of the cloth.

The coarse hairs of sheep and goats have a reduced cortex and an ex-
tremely expanded medulla. The wools elasticity is due to the exter-
nal layers, while the medulla its rigid and tends to break. The over-
hairs are also big and delicate, contrastingly the underhairs are thin
and resistant, almost totally lacking medulla (Ryder 1983).
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Fig. 13: Leather finds (© M. Samadelli, South Tyrol Museum of Archaeology, Bozen).

The rest of the colouring of the textiles has probably been
washed away®. Chemical analysis has identified indigo as
the dyestuff.

However, it is not possible to distinguish between the co-
louring molecule of the indigo plant and that of Isatis
tinctoria L. (woad), the traditional plant from which indi-
go colour was extracted in Europe. It seems highly proba-
ble that the dye was obtained from this latter plant.

Interpretation

In the Riesenferner finds we find ourselves confronted by
clothing elements of a male individual. The shape and size
of the two pairs of leggings are more or less the same. In
relation to their function, the first pair of leggings (the un-
der-leggings) has been interpreted as a variety of “socks”
to wear directly next to the skin. The second pair (the
over-leggings) is instead a type of "trousers" to wear over
the first pair. It is probable that two garments of the same
type, manufactured with textiles of different weight, were
worn at the same time to secure better protection against
the cold. The double layer of wool textile, which covered
the legs and the complicated structure of the footwear (le-
ather outer-shoes and wool inner shoe) suggest high
mountain equipment, suitable for the late spring or the
early autumn. There does, however, seem to be a certain

8 The analysis showed that among the wool there are occasional fibres
in light-blue colour.

9 Hundt 1959, 1960, 1961, 1967, 1987. — Barth 1990.
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contradiction between the elaborate technique of the texti-
les, especially in relation to the over-leggings and the pre-
sence of many darns and patches.

In both samples, the under-leggings show contrasting ma-
nufacture, and despite the textile likeness, they appear not
to be matching fabrics. The same could be observed for the
over-leggings: if the weaving technique is the same, the
difference is undoubtedly in the manufacturing density.
All of these observations increase the sense of second-
hand dress or the reuse of clothes of some value. The large
number of darns and repairs seem to reflect people who
were forced to live in isolated contexts for long periods of
the year.

The weaving technique on the textiles of the Riesenferner
group shows the use of herringbone twill. This is also fully
documented in the salt mines of the Eastern Alps (Hallstatt
and Diirrnberg)’ and well attested in the Etruscan World
(for example, the late Villanovan tomb of the VII-VI cen-
tury at Furbara near Rome and in the Tomba di Verucchio,
Ravenna)'”.

The diffusion of twill, with the heddle-loom, shows the
great innovation in weaving techniques during the Early
Iron Age'". This kind of production has its predecessors in
the Early Bronze Age, as demonstrated by a decorated
item found in the lake-dwelling of Molina di Ledro (TN)"%.
More significant perhaps is the contribution of the Riesen-
ferner textiles to the history of fashion. We have relatively

10 Bonfante 1975. — Stauffer 2002.
11 Hoffman 1964. — Sailer-Baldinger 1991.
12 Perini 1970. — Bazzanella, Belli, Mayr 2003.
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good evidence on this subject for males and females in the
Bronze Age, but information for the Iron Age is considera-
bly more sparse.

The first attempt to reconstruct a male outfit of the Iron
Age was by Hans-Jiirgen Hundt in the 1960°s, essentially
based on the iconography of the well-known scarbbard
from Hallstatt tomb 994 which is dated to the end of the V
century B.C. Based on this representation, Hundt conside-
red that strips or "puttees" were used to cover the legs".
Otto Hermann Frey however in 1991 interpreted the gar-
ment of the Hallstatt scabbard as fabric trousers that were
variously decorated. The Similaun finds, which are 2.500
years older, would confirm this second interpretation'®.
Regarding actual finds of leg wrappings or leggings in the
Iron Age, we have the Segaard Mose example in Den
mark"®, Knee wrappings at Obenaltendorf and leg wrap-
pings at Bernuthfiled, both in North Germany'®.

As to the inner-shoes, there are strong similarities with a
find from the Bronze Age Guldej tomb in Denmark. Texti-
le foot wrappings of simple, approximately rectangular
shape like those for example from the Skrydstrup burial in
Denmark'’, belong by contrast to a different type of clot-
hing. For the Iron Age, similarities can be seen with the
textile find of Padova — Largo Europa'®.

The leather shoes can be classified as footwear in which
the vamp and sole are formed by a single piece of leather:
the very regular sewing holes along the sole margin are
proof at this. This kind of shoe falls into the ethnographic
category of the so-called "saalsko". Analogous artifacts
are attested, for example, in the Danish bog finds of
Segaard Mose and Franer Mose'’. However, the fragmen-
tary condition of the leather prevents the reconstruction of
important relevant details, especially the shape of the toe
of the shoe.

The findspot is within the cultural influence of the Pusteria
valley and is on one of the more important trade routes of
the Alps. In the Hallstatt period, this represented a primary
thorough-fare artery for the diffusion of many types of cul-
tural acquisition.

In terms of the settlement history of the two territories con-
nected by the Gemsbichljoch, that is to say from the Rain
and Antholz valleys, it is likely that the absence of finds is
only a reflect of a gap in research. In the valleys, but espe-
cially in the second one (Antholz), there may have existed
a different type of Iron Age settlement. The Riesenferner
traveller probably originated here. A series of isolated
finds (a fibula from Antholz, a lance tip from Tures, a
bronze axe from Sand am Taufers and another one from
Ahornach (Sand in Taufers)®), suggest that there may

13 Hundt 1970.

14 Goedecker-Ciolek 1993.

15 Hald 1980.

16 Hahne 1920.

17 Hald 1972.

18 It is a woollen textile, which covered a left human foot. It is compo-

have been a network of permanent settlements within a
reasonably short distance of each other. The identification
of a system of Iron Age settlements in this area is really
only a question of time.

In the current state of research there is only one
well-known settlement of the Iron Age, the Windschnur
burial near Niederrasen, at the bottom of the Pusteria val-
ley’'. The distance is certainly modest, 4-5 hours walk
from Riesenferner, and furthermore, in the Windschnur
burials recent finds* include typical equipment and tools
for use in the high mountains, such as metal crampon foot-
wear.
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More than old rags
Textiles from the Iron Age Salt-mine at the Durrnberg*

Thomas Stoliner

Abstract

In the frame of archaeological mining research an extended complex of Iron Age textiles has been discovered under-
ground in the Celtic salt-mining complex at the Diirrnberg near Hallein, Austria, since 1990. Most of the fabrics are recor-
ded as rags and pieces — most of them may have come in a secondary or in even their last use into the mines. Miners’ clot-
hes can be recognized only rarely. In comparison with Hallstatt more simple weaving and spinning patterns were domina-
ting but in contrast more than one quarter of all fabrics were made of hemp/flax, partly as very fine weaves. On the basis
of recent research the state of knowledge is discussed with a view on archaeological context and find situation, on wea-
ving, on dyes as well as on fibres.

Im Zuge der montanarchdiologischen Forschungsarbeiten zum keltischen Salzbergbau im Salzberg von Diirrnberg bei
Hallein, Osterreich, wurden seit 1990 umfangreiche Bestinde eisenzeitlicher Textilien geborgen. Die Textilien umfassen
meistenteils Fetzen und Stiicke, die in Endverwendung in die Gruben gekommen sind. Nur selten sind Reste eigentlicher
bergmdnnischer Kleidung zu erkennen. Im Vergleich zu Hallstatt iiberwiegen einfachere Web- und Spinnmuster, dagegen
ist zu einem Viertel der Félle Flachs/Hanf als Faserstoff nachgewiesen. Der Forschungsstand zu den Diirrnberger Texti-
lien wird auf Basis bisheriger Untersuchungen in Hinblick auf Fundlage und archdologischen Zusammenhang, auf Web-
technik, Farb- und Faserstoffe dargestellt.

Introduction market developed during that time®. The richness of ar-

chaeological monuments still preserved has attracted
The Diirrnberg can be considered as one of the most im-  scholars for nearly a century. The outstanding survival of
portant Iron Age sites of Central Europe. The area is situa-  rich burial grounds, of settlements and production areas

ted ca. 15 km south of Salzburg in middle-range highlands,  like the salt-mine as well as of the wide range of organic
part of the Northern Calcareous Alps. The Alpine salt de-  material preserved by salt or by waterlogged conditions
posits of the Diirrnberg — largely responsible for the speci-  presents a complete and panoramic picture of the econo-
al topographic conditions of the area — are mostly Permian ~ mic life of a complex society over a period of more than
in age and represent sediments laid down in a marine basin 500 years.

surrounded by alluvial fans and mudflats in a rift arm of  Textiles are among the most important artefacts found du-

the Tethys Ocean. In parts these layers were shifted north-  ring many years of underground research in the Diirrnberg
wards and forced upwards by tectonic movements in the  salt-mine’. During that time nearly 600 complexes of texti-
course of the formation of the Alpine anticlines'. les have been excavated at the different underground
In parts these salt containing layers, now called "Haselge- ~ mines. They give a strong impression of textiles as funda-

birge", were pressed upwards to a degree that they became  mental materials in the Early Iron Age — it seems at least to
reachable for early exploitation. This situation attracted  be one of the largest complexes from the European Iron
man from the Neolithic periods on to use the salty springs ~ Age®. According to our chronological studies the dating of
and later on also the salt deposit by underground mining the fabrics ranges between the 6™ and the 3™ and 2™ centu-
(Fig. 1). Especially between the 6™ and the 1% century BC ~ ries BC — but it turns out that most of them date to the Late
the Diirrnberg was one of the leading salt-producers in  Hallstatt and the Early La Téne Period, especially to the 5"
southern central Europe — a large economic centre and  and 4™ century BC.

* The conference and the publication could not be attended by the col- await the completion of K v. Kurzynski's PD-thesis.
leagues who are actually are working on Diirrnberg fabrics, particu-

! ! 1 Schauberger 1986. — Gawlick and Lein 2000.
larly K. v. Kurzynski, M.A., Marburg, in the frame of her PhD-work. . B
M. L. Ryder, Southampton (analysis of wools and fibres), J. Wou- 2 Recently summarizing: Zeller 1995. — Stollner et al. 2003.
ters, Brussels (analyses of dyestuffs) and G. Bonani, Zurich 3 Klose 1926. — Hundt 1961. — Kurzynski 1996 and 2003.
(AMS-"*C-dating). For their work all these colleagues are 4 Compare Bender Jorgensen 1992. — Kurzynski 1996. —
gratefully recognised and thanked. A final publication must Banck-Burgess 1999.
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Fig. 1: The Dirrnberg with its salt deposit dominated by the Hahnrainkopf (height: 1.026 m) and other important topographi-
cal landmarks from West (Foto: © Bayer. Landesamt f. Denkmalpfl., Archive-Nr 8344/004, SW 3453-12, O. Braasch).

The large number of fabrics in the mining waste is remark-
able. This prompts us to ask about the production mode of
textiles in the Diirrnberg community. Generally it seems
clear that fabrics were produced on the Diirrnberg, but it is
still a matter of discussion, whether they were made by a
group of craftspersons, who worked in an industrial mode,
or whether textile production was still bound to the house-
hold units. This question is raised particularly by obvious
differences between the older textile-complexes of Hall-
statt and those of the Diirrnberg’. In Hallstatt individual

Fig. 2: Percentage of textiles found in three of the prehisto-
ric mines at the Durrnberg (excavations 1990-2000)
(© Th. Stoliner).
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patterns and weaving techniques dominate while at the
Diirrnberg more standardised fabrics are known. As the
textiles at Hallstatt are generally earlier in date compared
with those of the Diirrnberg, these differences may reflect
remarkable economic changes between the periods repre-
sented by the two salt-mining sites.

The archaeological context of textiles at
the Durrnberg

Most of the fabrics are discovered in the so called “Hei-
dengebirge”, secondary rock-salt debris compressed toget-
her with waste of the production process by continuous
tectonic pressure within the salt deposit’. These layers
completely fill up the old galleries. Their stratigraphies re-
flect the changing fortunes of ancient salt-mining. If mi-
ning was exploiting successfully rich rock-salt layers, the
debris generally contains more small fragments of salt
than when poorer clay-containing strata were worked. In
some cases inundations of mud filled the open under-
ground spaces.

They reflect catastrophes like floods after heavy rain sho-
wers, mainly in summer, or even mud slides — avalanches

5 Kurzynski 1996: 33-36.
6 Recently Stollner 2002/2003: esp. 45-49.
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Fig. 3: Distribution of textile assemblages per numbers in the Ferro-Schachtricht excavation, Late Hallstatt to Early La Téne
period. The dotted line marks the prehistoric waste dump mentioned in the text (© Th. StolIner).

that really could lead to a collapse of mining work. Such
contexts are nearly free of archaecological debris and only
by chance do textiles derive from such layers.

As the mining of rock salt took much more working effort
and time, generally organic waste like wooden handles and
working equipment, excreta or textiles are much more nu-
merous in salty debris attributed to this type of exploitati-
on. This special debris is called “kerniges Heidengebirge”,
the a so called “Old man-layer” or a “pagan-rock layer”
that is nearly as hard as a rock salt-layer (therefore called a
“Gebirge”).

7 Stollner 2002/2003: esp. 24-34.
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Due to the high degree of salt penetration all organic mate-
rial is preserved in a fascinating and unique way — even co-
lours still look like they were in their original stage. Consi-
dering the hard state of those layers and their salty consis-
tency archaeologists have to use mine worker’s techniques
to conduct an excavation’. Most of the time we use pneu-
matic drills to dig the pagan-rock layers — sometimes we
have been successful in using a sieving system under-
ground. Advancing the excavation-galleries by wet lea-
ching generally had positive effects as the pneumatic dril-
ling work led to serious damages for the archaeological ar-
tefacts. So sometimes we could observe that textile materi-
al was cut up by advancing the galleries with the help of a
pneumatic drill. We looked systematically for smaller
remnants by washing the salt-bearing archaeological de-
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Fig. 4: Distribution of human faeces (excrement) per weight in the Ferro-Schachtricht excavation, Late Hallstatt to Early
La Tene period. The dotted line marks the prehistoric waste dump mentioned in the text (© Th. Stéliner).

bris on a sieving station — so, as a consequence different
artefact numbers were used for some of the fabrics accor-
ding to their provenance from the excavation gallery or
from a sieving sample®.

As a result of our constant sieving — which in fact could
not been done for all the archaeological layers — even the
smallest rags have been found. After examination by K. v.
Kurzynski we now can count more than 565 textile as-
semblages — most of them, about 89 %, came from the ex-
cavation site at the Ferro-Schachtricht. The mining layers

8 Thanks to the examination of K. v. Kurzynski we are able to have a
rough idea about pieces belonging together.

9 All textiles found between 1990 and 2000 are published in Stollner
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found there can be considered to be probably the oldest
and so far also largest mining area from the Iron Age in the
Diirrnberg salt deposit’ (Fig. 2). A system of two overlap-
ping galleries, in fact halls, have been discovered, dating
within a range of nearly 200 years during the sixth and the
fourth century BC'”. Both mining-galleries have a length
of more than 200 m and have been deformed by subse-
quent tectonic movement; only their filling with salty
pagan rock hindered the final compression. These layers
were always remarkably rich in artefacts — this was men-

2002/2003 with an additional catalogue of all textiles in the second
volume by K. v. Kurzynski.

10 Stéllner 2002/2003: 439-445.
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Fig. 5: Distribution of wooden shaft-handles for picks, axes and adzes per numbers in the Ferro-Schachtricht excavation,
Late Hallstatt to Early La Tene period. The dotted line marks the prehistoric waste dump (© Th. Stdliner).

tioned even in the early years when mining work was car-
ried out here.

Our excavation was focussed on the north-western end of
this mine (over the years more than 50 m of galleries were
excavated there). These comparatively large-scale investi-
gations now allow discussion of the special mechanisms
whereby fabrics were deposited in the mining debris. Such
information may give a glimpse about the textiles’ usage in
mines. Correlations in locating artefact groups may help us

11 The other, very extensively excavated site is the so called Georgen-
berg mine; there we only investigated roughly 8 m of a comparable
“pagan-rock layer” enriched with small salt pieces and artefacts.
Therefore reasonable results comparing with those from the Ferro-
Schachtricht were not expectable.
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to understand interrelated usage: if human faeces are al-
ways found always in great quantities in the same areas
where textiles have been discovered (Fig. 3 and 4), one
may conclude that rags have been used as toilet paper or
even as part of personal sanitary equipment. As we will
see below textiles cannot be interpreted as miners’ clothes
most of the time. It seems more likely that they were alrea-
dy brought as rags to the mines in view of their special pre-
servation and marks of use. Coming back to depositing
mechanisms, a general comparison between different arte-
fact groups allows first insights. As the Ferro-Schachtricht
has produced textiles and other artefacts in great numbers,
it was the only excavation site where reasonable results
could be expected''; for this investigation we mapped
three different groups of finds, all being found in compara-
ble and considerable numbers.
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Fig. 6: Weave types from disturbed and undisturbed layers
in the Ferro-Schachtricht excavation, Late Hallstatt to
Early La Tene period (© Th. Stdliner).

* Textiles only show slight differences in the salt enriched
“pagan-rock” that is directly linked with the exploitation
of salt. The only remarkable concentration was found in a
waste tailing that was dumped in an area connecting both
working galleries together. Perhaps this dump can be rela-
ted with reworking, cooking and repairing of tools (Fig. 3).

* The distribution of human faeces (excreta) confirms that
some locations were used as non-permanent latrines; com-
paring the distribution of excreta-weights with the number
of textiles we easily cannot recognize a strong correlation.
Especially interesting is the difference to be seen at the
waste dump described above. At this waste dump, presu-
mably also a site where people were resting, only a small
amount of faeces was discovered. On the other hand the ir-
regular distribution of facces does not match that of the
fabrics. If they were used in a sanitary role then generally
they were not used as some kind of toilet paper — even the
textile rags may have been too good for that (Fig. 4).

* A better correlation is shown by comparison with the dis-
tribution of wooden pick handles. These handles were nor-
mally broken in proportion to the hardness of the salt layer
being mined, so the great number of tools found in the Fer-
ro-Schachtricht can easily be traced back to the excellent
but hard rock-salt layers of this mine. It is not surprising to
find them at the working face, consistently sometimes, but
more often irregularly distributed. But it is striking to have
them in great numbers — like the fabrics — in the waste
dump mentioned above. The high number as well as some

12 Stollner 2002/2003: esp. 44 f., 118 f., 200-209, 267-274, 381.
13 Kilb-Werk: Hundt 1960: 127, 150.

14 Some of the earlier misinterpretation could have been avoided if one
had our present experience and plenty of dates.

15 For more than 10 years dendrochronological investigations have
been carried out in the Austrian salt-mining complex by T. Sormaz
and U. Ruoff, Labor fiir Dendrochronologie, Amt fiir Stédtebau, Ar-
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handles which never have been used but were broken
when shafting the iron pick confirm our interpretation: re-
pair work must have taken place there. This underlines the
importance of fabrics used as repairing materials for diffe-
rent purposes (Fig. 5).

Observations concerning the build-up of waste in the mi-
ning debris underground generally help to explain the nu-
merous textile finds occurring in the mine. They seldom
came as parts of clothing actually worn in the mine; it is
more likely that textiles were collected as rags above
ground. Even today miners often have their bag of rags on
a working site — they are useful for many things in daily
work.

Dating of the Durrnberg textiles

As revealed by the stratification in the prehistoric mines
most textiles belong to a time span from the Late Hallstatt
period to the Middle La Téne period. But as some of the
Iron Age mines have been re-opened in later periods (bet-
ween the 14™ and the 17" century) we have to reckon with
disturbances'?. Such disturbances also may cause a mixtu-
re of mining waste in some cases and so some criticisms
were made of the dating of the Diirrnberg and the Hallstatt
textiles'’. We should add some notes on that point. The
most critical point is the recognition of later disturbances
in older mining layers — this is especially true in unstruc-
tured mining waste consisting mainly of clay or “Haselge-
birge”. In such cases the soft sediments of the salt deposit
can close up and consolidate again with hardly any sign of
having done so. Fortunately for most of the time later gal-
leries have left working equipment, timbers and occupati-
on layers, detectable by careful observation and excavat-
ion. But there are many other criteria that can be used for a
relative dating, like type of gallery and exploitation techni-
que. Medieval and modern mining generally leave other
traces; for it uses water as a leaching and transporting
agent for salt in contrast to the dry rock quarrying of pre-
historic miners. But there are also difficult cases where
stratigraphical observations are invalidated by particular
tectonic movements of layers. In such situations it is best
to have a series of dates established by dendrochronology
and "C to get reliable information'*.

Nearly 80 AMS "*C-dates have been established and more
than 90 tree-ring samples have produced exact dates'” — al-
together a sound basis for further chronological discussi-
on. As dating of archaeological deposits does not always
deliver reliable artefact dating it was reasonable to date in

chdologie und Denkmalpflege, Seefeldstrasse 317, CH-8008 Ziirch.
The work resulted in an Iron Age mean curve built up from fir (abies
alba) and Norway spruce (picea abies) that comprises the whole
Iron Age Exploitation from the late 9" century BC to the late 2™
century BC. More than 150 dates became available that allow many
new insights into Iron Age chronology and the economic history of
the Eastern Alps. A full publication of the results is planed by the
work-group in the near future.
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Fig. 7: General chronology on basis of tree-ring chronology of Dirrnberg and Hallstatt, state of investigation:
2004 (after F. E. Barth, M. Grabner, H. Reschreiter, T. Sormaz and Th. Stéllner in preparation).

addition a series of textiles. But in nearly all cases the ar-
chaeological dating was confirmed'®. In some cases later
material was detected by weave and fibre type. But dating
of the textiles seems unproblematic in the most cases since
there are no major differences between disturbed and un-
disturbed Iron Age layers (Fig. 6): considering possible
later pieces it is interesting to find a higher amount of 2/1
twill in disturbed layers of the Ferro-Schachtricht. That
possibly points to early modern textiles, but without furt-
her dating this is just an open question.

Apart from some dating problems the general picture
seems clear nowadays. First of all the Diirrnberg textiles
are later than the Hallstatt Eastern group fabrics: this is
quite obvious if one compares the tree-ring dates of the
Eastern group with those from the Diirrnberg (Fig. 7). This
was not always as clear as it is today: earlier scholarship
was not able to establish more exact dating for single mi-

16 In two cases a 20" or 19™ century date was obtained for some con-
spicuous pieces. Unfortunately one of the two silk threads found is
now much younger in date — in this case perhaps it came from a
backfilling of a modern gallery pressed later on the pagan-rock-layer
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ning sites in the Eastern group mining complex or the
Diirrnberg mines'’. So it was not clear in detail if fabrics
from the two salt-mines should be considered contempora-
ry or different in date. Apart from some Late Bronze Age
textiles from the Northern Group and the Tuschwerk most
of the Hallstatt textiles come from Eastern group sites that
are covered by remnants of a large mud-slide that most
probably reduced Hallstatt’s salt production for years. Ho-
wever, the Diirrnberg textiles are later and date between
the 2™ quarter of the 6™ century BC and the 4™ century;
later mining sites (3 and 2™ century) are known but they
have only produced textiles rarely. This is important to
consider when comparing Diirrnberg and Hallstatt textiles.
A handful of pieces also can be identified as medieval and
early modern in date, as mentioned above, mostly by clear
archaeological context and some differences in weave and
fibre.

of the Ferro-Schachtricht — a very strict and clean sampling of layers
(which is in fact like mining rubbish) cannot always be obtained for
sieving.

17 Barth, Felber and Schauberger 1975.
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Fig. 8: Acomparison of weave-types from Dirrnberg and Hallstatt on the basis of Stollner 2002/2003 and Kurzynski 1996.

Observations on weaving techniques,
fibres and dyestuffs

Recent investigations by K. v. Kurzynski (Marburg) and
M. Ryder (Southampton) give an overview of weaving
techniques and fibre; textiles typical of the La Téne period
made of wool and plant fibres. On the Diirrnberg tabby
weaves — fine and coarse — dominate, in fabrics made of
hemp/flax or of wool. Twill weaves likewise are numerous
but at all mining sites the regular 2/2 twill is predominant.
In comparison the 1/2 or the 2/1 twill are known in much
smaller proportions and this applies to other weaves too,
like tablet-woven bands, rep weaves or other specialised
twills. There is only one example of twill with point repeat
(Spitzkoeper) up to now. This generally stands in contrast
to the fabrics of Hallstatt recorded by H.-J. Hundt and K. v.
Kurzynski'®. While on the Diirrnberg tabby weaves (linen
weave) have a portion of 50 % compared with 25 % for 2/2
twills, it is the other way round in Hallstatt (Fig. 8). The

Fig. 9: Percentage of animal and plant fibres at the Durrn-
berg salt-mine complex, on basis of Stéliner 2002/2003
and M. Ryder. Note that hemp is certainly underrepre-
sented as Ryder only investigated a small portion

(© Th. Stoliner).
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occurrence of weaving patterns is more common in Hall-
statt. Herringbone twills as well as twills with point repeat
are found often in Early Iron Age contexts, accompanied
by rep- and basket-weaves. This produces a picture more
varied for Hallstatt fabrics. Nethertheless the Diirrnberg
weavers created a number of very artistic decorative sche-
mes and spinning patterns. In some cases a so called “fly-
ing thread” was identified, which can be the basis of diffe-
rent ornamental patterns. In one case such a fabric was de-
corated quite elaborately with small S-shapes, triangles
and a sand-glass motif'’. Often the Diirrnberg textiles are
decorated with woven stripes, often different in colours,
natural as well as dyed ones™.

In considering the fibres there are also striking differences:
besides wool, flax and flax/hemp occurs in considerable
quantity on the Diirrnberg — nearly 25 % of fabrics were
made of plant fibres while in the Hallstatt Eastern group
we have not a single example (Fig. 9). According to the in-
vestigations of M. Ryder there were also developments in
wool fleece types — Ryder’s classification and his discussi-
on make clear that at the Diirrnberg finer and more develo-
ped fleece types were in use (Fig. 10). There are fewer of
the primitive Hairy-medium and Generalised-medium
wools which are favoured in Hallstatt”'. In addition more
of the "modern" Medium and Semi-fine wools were detec-
ted in the Diirrnberg material. Ideally one would expect

18 Hundt (1959; 1960; 1967; 1987) has published already 109 fabrics,
K. v. Kurzynski later worked on further 53 samples; these are the ba-
sis for the later on published statistics (Kurzynski 1996: 31-33, 111).
Nowadays more than 200 textile complexes are known, for that see
reports and essays in this volume.

19 Kurzynski 1998.
20 Kurzynski 1996 and 2003.
21 Ryder 1990.
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Fig. 10: Percentage of fleece types from Durrnberg in com-
parison with those from Hallstatt, investigated by M. Ry-
der (1990; unpublished).

warp yarns to be thin (tightly spun) and straight and weft
yarns to be thicker and wavy. Ryder especially has found
evidence that for warp yarns stronger, hairy medium wool
was used more often than for weft yarns, where fine, gene-
ralised medium wool dominates. The more ‘modern’ sta-
tus of the Diirrnberg wool can be explained by the more
’modern’ date of Diirrnberg fabrics. In view of the chrono-
logy of the textile assemblages sheep-keeping and wool
selection must have developed in quite a short space of
time (between the 7" and the 6™/5" century BC). M. Ryder
also tried to distinguish flax and hemp fibres by their
thickness. But Ryder was uncertain at the end about this
and other criteria for differentiation. So he doubts the cor-
relation of natural z-twists of hemp and those twists in
hemp-yarns since other natural twists have been observed
in some other areas. Anyhow it is interesting that hemp
was also detected by botanists in the water-logged settle-
ment of Ramsautal at the Diirrnberg — a further hint that
points to the local use of hemp®.

Nearly 40 % of the Diirrnberg textiles show traces of dy-
eing (Plate 19). Thanks to the salt these dyes are still im-
pressively preserved as bright colours. Besides natural co-
lours such as beige, brown and black we find reddish
brown, bright red, blue, bluish-green and olive-green — the
latter certainly are more or less intentionally coloured fab-
rics. But there still remains some uncertainty as we may
even reckon on the possibility of detecting dyestuffs also
in other fabrics, whose colouring effect has not been pre-
served. So the percentage presented may not reflect the
true proportion of dyed to non dyed fabrics, although in
general it points to comparatively high number of dyed

22 Swidrak 1999. — Swidrak and Schmidl 2002: 148.

23 J. Wouters and M-C. Maqoui, Dye analysis of Iron Age fabrics.
Diirnberg Project. Unpublished Report 1999. All analysis carried out
for the Diirrnberg fabrics will be published together with K. v. Kurz-
ynski’s PhD-thesis. In order not to anticipate a final publication I
just give some general information on the results.

24 Walten-Rogers 1999: 240-246.
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fabrics. In the Diirrnberg material there are textiles dyed
overall, but at the same time we also find textiles with a
single or a couple of coloured yarns woven into the fabric
as decoration.

In the course of an EU-Project it became possible to inves-
tigate a considerable number of the Diirrnberg fabrics for
their dye constituents. The analyses were carried out by Dr
J. Wouters and M.-C. Maquoi (KIK/IRPA Brussels) using
High Performance Liquid Chromatography (HPLC)>. The
series analysed comprised 30 fabrics, some including a
range of coloured yarns. A total of 58 analyses was eventu-
ally carried out of which 41 samples revealed dye constitu-
ents (Fig. 11). It was interesting that some of the bright co-
loured fabrics (yellowish, blue and olive colours) did not
produce any dye consituent while some of the brown yarns
in fact indicate that they were coloured originally. It is very
likely that degradation products influence the actual hues
to a great extent and that the intensity of colours is not re-
presentative of the amounts of actual dye constituents,
especially in the brown hues. The variation among the dye
constituents found was standardised and not very variable:
blue and yellow colours can be traced back to Isatis tincto-
ria. Presumably woad was used, the classic dye for blue
before the introduction of Indigo to the European markets.
Considerable amounts of the colouring agent Indirubin in-
dicate that blue textiles were dyed by vatting under the in-
fluence of sunlight. Other dye-sources were traced for red-
dish brown colours, where investigations probably proved
an elaborate use of dyestuffs like Sambucus nigra, Reseda
luteola, weld, and tannins. A combination of tannins and
weld suggests that they also mixed certain dyeing agents.
This also seems true for green colours, possibly a mixture
of weld with woad. In other cases we have evidence for
imported dyestuffs from the Mediterranean — in some
bright red colours traces of Kermesic acid and of alizarin
where detected. These red dyeing agents were probably
produced from Kermes vermilio coccoidea, a louse species
that normally lives in holm oak forests in the Mediterrane-
an** (Plate 19). On the other hand the dyestuff Rubia

Fig. 11: Dye sources of the Durrnberg textiles: evidence for
each dye sources (after J. Wouters and M.-C. Maquoi,
Brussels).
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Fig. 12: Textiles from the Dirrnberg salt-mine in “secondary” use (drawings: M. Krause, Marburg. — Fotos: V. llic, Belgrad).

170



Thomas Stélliner: More than old rags — Textiles from the Iron Age Salt-mine at the Dirrnberg

tinctorum is evidenced (at that time not in use north of the
Alps)® The fact that they are combined in one case may
indicate the use of mixed red dyes and perhaps their trans-
port to the northern Alpine regions The same result was
obtained for the princely tomb of Hochdorf, although the
red dyestuff was used there for quite a large piece of fab-
ric*®. At the Diirrnberg only decorative threads were co-
loured with it.

Interpretation of textiles as an important
aid to mining

The plentyiful of richly decorated Iron Age textiles from
Hallstatt and from the Diirrnberg have often been discus-
sed with respect to to the mining process”’. The questions
raised by H.-J. Hundt are still worth thinking about especi-
ally in the light of textiles found in the older Late Bronze
Age contexts of Hallstatt. Just rough and partly worn wor-
king equipment made of cloth was found there, which
even more underlines the vagaries of post-depositional
contexts, but also the special situation in the Eastern
Group of Hallstatt and the Late Hallstatt to Early La Tene
mines of the Diirrnberg. It has often been pointed out that
the fragments came underground already as rags for some
special purpose (see also above)™®.

Apart from such general considerations, there are still the
fragments which provide information about their previous
use before being deposited in the waste dump of a salt-
mine. Larger pieces were often torn deliberately into
strips. Perhaps this was done shortly before use; for this
kind of “ad hoc” conversion was done most probably un-
derground. There are indications that such rags then hel-
ped to fix iron picks in their hafting (Fig. 12/1640) or to re-
pair a broken wooden handle by wrapping and fixing it*.
Loops show sophisticated preparation for quick connecti-
on, possibly for hauling devices — for example to fix some-
thing when hoisting up loads (Fig. 12/2289).

In contrast to leather straps that may also have been used
for heavier connections such as to secure removable woo-
den working platforms, fabrics seem to have served as joi-
ning materials in a personal context. Often we found very
small links made of of bast fibres and fabrics, sometimes
just a fibre with a yarn (Fig. 12/2192-2). In other cases
heavy knots indicate heavier weights that had to be hand-
led — perhaps these belonged to hauling devices (Fig.
12/1617-2).

Archaeological work also produced more or less complete
artefacts such as fingerstalls and bundles wrapped and

25 Korber-Grohne 1987: 419-423.

26 Banck-Burgess 1999: 85-89.

27 Hundt 1987: 285 f.

28 Hundt 1987: 285 f. — Kurzynski 2003: 154.
29 E.g. Klose 1926.

30 Kromer 1985.

31 E.g. Stollner 2002.

fixed by bast strips or yarns (Fig. 12/2817). The fingers-
talls obviously reflect the importance of textiles as a hygie-
nic device. Besides fingerstalls bandages can also be iden-
tified — for example find number 1188 that was fixed pre-
sumably by a bast strip adjusted to fit when wrapped up
(Fig. 12/1188). Perhaps such bundles were prepared cen-
trally for the miners and given to them when they entered
the mines. In this regard these bundles remind us of the fa-
mous petasites officinalis (butterbur) bundles that were
found in large numbers in the Eastern group of the Hall-
statt salt-mines™.

Textile production at the Durrnberg —
household work or craft production?

Finally we may ask if the considerable differences bet-
ween the Hallstatt and Diirrnberg textiles reflect also im-
portant changes in the way textiles were producedin gene-
ral. To sum up: most of the Diirrnberg fabrics date to the
Late Hallstatt and Early La Teéne periods and represent a
later chronological stage in comparison with the Hallstatt
Eastern group textiles. They seem to be more standardised
and less varied. Weaving was done generally with finer
wools: one quarter of the textiles were of plant fibres.
There are reasons to think that the plant fibres were wor-
ked locally. On this assumption the fine linen made of flax
is particularly remarkable.

In order to understand the production of fabrics we have to
look at production modes in general. At the Diirrnberg a
remarkable concentration of different crafts can be obser-
ved. They were especially flourishing while the mines also
produced salt on a large scale (this has been discussed el-
sewhere)’".

This interdependency clearly underlines the fact that salt
and its immediate products like pickled meat and refined
leather and skins were a primary product of the Diirrnberg
while others range on a secondary level but were likewise
important for the regional markets. For the Diirrnberg it
seems more clear than for Hallstatt that a regional hinter-
land (especially the Salzach valley, the Salzburg basin and
the northern Alpine foreland) were close trade-partners
and supplied the Diirrnberg salt-mining centre™.

The character of local crafts can be studied at the best in
the Ramsautal where several excavations have provided an
insight into workshop and domestic structures™. Besides
butchery there is evidence for smelting and smithing iron
and non-ferrous metals, glass-working, pottery-production
and for wood-working like lathe-turning as well as for pro-

32 Stollner 2002. — Stollner et al. 2003.

33 Zeller 1984. — Stollner 1996. — Locker and Lobisser 2002. New ex-
cavation on the north-eastern fringes of the Ramsautal were carried
out by the Osterreichisches Forschungszentrum Diirrnberg (OFD) in
2003 and 2004 under direction of St. Moser. At the Putzenfeld a sett-
lement area gave evidence of smelting of nonferrous metals were
finds of half-finished products and crucibles. For information I am
grateful to Mag. St. Moser, OFD Hallein.



"Hallstatt Textiles", British Archaeological Reports 2005

Fig. 13: Weaving implements found in settlements at the Duirrnberg, after Brand 1995, Fig. 84; quadrangles: spindle whorls
made of ceramic sherds, points: spindle whorls, rectangular symbols: loom weights; lozenge: “play-stones”. Irregular
shaded areas represent mining tailings in the Dirrnberg Mining area, south west of the central settlement area

(© Th. Stoliner).

ducing tools. These crafts are not only concentrated in the
Ramsautal: the distribution of slags, crucibles or tools and
other production waste possibly associate the whole settle-
ment with these crafts-processes®. To what extend proces-
ses were concentrated on sites like the Ramsautal is still a
matter of further research as we have far too little
knowledge about details of craft production in individual
areas.
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There is no doubt that weaving and spinning were com-
mon at the Diirrnberg. The distribution of implements like
whorls and loom weights clearly shows that for all settle-
ment areas (Fig. 13). What may be deduced from such a

34 Brand 1995.
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picture is just that textile work was common in many hou-
seholds — which at a first glance contradicts the theory of
craft-production. While loom weights are not very often
represented in comparison to spindle-whorls one could
suppose that spinning was more common than the actual
production of fabrics. Spinning may have been an every-
day task in most of the households but the weaving could
be handed over to some specialised craftspersons. Stri-
kingly heavier loom weights are rare’ and loom weights
for vertical looms may not have played a dominating role.
The production of tabby fabrics of flax, sometimes very
fine linen, may have required to (re-)introduction of hori-
zontal looms (two-beam looms).

There are still many questions unsolved concerning fabric
production at the Diirrnberg, especially regarding the tech-
nical aspects. On present knowledge it appears likely that
textiles were produced on a specialised basis. In this re-
spect it is worth debating whether textile production also
became an important secondary-level craft at the Diirrn-
berg, its products being used not only at the Diirrnberg but
also delivered to the local markets.

Mehr als alte Fetzen —
Textilien aus dem eisenzeitlichen
Salzbergwerk von Hallein-Durrnberg

Die Textilfunde zdhlen zu den Ausgrabungsschitzen der
langjdhrigen Untertageforschungen (1990-2004) im Salz-
bergwerk des Diirrnberges. Mittlerweile sind etwa 600
Textilkomplexe geborgen worden, die einen umfangrei-
chen Eindruck iiber den Grundrohstoff Textil in der frithen
Eisenzeit, besonders zwischen dem spiten 6. und dem
3./2. Jahrhundert v. Chr. geben.

Die meisten Textilfunde sind in "sekundérer" oder "letz-
ter" Verwendung im Heidengebirge des Salzbergwerkes —
meist stark zerschlissen und abgenutzt — aufgefunden wor-
den. Die Analyse der Ablagerungsbedingungen zeigt An-
sammlungen an bestimmten Stellen an, so etwa an Repara-
turpldtzen und zugehorigen Abfallbereichen. In einigen
Féllen lieB sich auch die urspriingliche Weiterverwendung
im Bergwerk noch klaren.

Das Gros der Textilfunde gehort in die spédte Hallstatt- bis
in die mittlere Laténezeit, entsprechend der Abraum-
schichten des préhistorischen Bergwerkes. Da aber einige
der eisenzeitlichen Abraumschichten des Salzabbaues in
jingerer Zeit (zwischen dem 14. bis 17. Jahrhundert n.
Chr.) wieder aufgefahren wurden, liegen in mehreren Fél-
len Stérungen vor. Diese Problematik wird in ihren Konse-
quenzen diskutiert.

Die vielen, auch reich verzierten Textilfunde waren schon
in der élteren Forschung haufiger diskutiert und in ihrem

35 Brand 1995: 55.
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Verhiltnis zum eisenzeitlichen Bergbau hinterfragt wor-
den. Wir gehen davon aus, dass die meisten Funde als
Lumpen in Zweit- oder Drittverwendung in die Grube ge-
kommen sind und dort als Hygieneartikel, als Handhaben,
als Verbandsmaterial oder fiir geknotete Verbindungen
gedient haben.

Die bisherigen Untersuchungen durch K. v. Kurzynski
(Marburg), J. Wouters (Briissel) und M. Ryder (Southamp-
ton) zeigen typisch latenezeitliche Gewebearten aus Wolle
und pflanzlichen Fasern; dabei lassen sich markante Un-
terschiede zum &lteren Hallstatt herausstellen. Haufig sind
auch bunt gefarbte Stoffe sowie die Verwendung von exo-
tischen, besonders geférbten Zierfaden.

Im Textilbestand des Diirrnberges fillt die weitaus stérke-
re Vereinheitlichung von Webmustern und Faserstoffen
etwa im Vergleich zum &lteren Hallstatt auf. Feine Leinen-
gewebe aus Flachs oder Hanf kommen in groBer Zahl vor
und lassen an die stirkere Verwendung horizontaler Web-
stiihle denken. Nach dem Zeugnis der Siedlungsfunde ist
das Textilhandwerk in der gesamten Siedlung verbreitet
und mag so wie andere Handwerkszweige eine liber den
lokalen Bedarf hinausgehende Produktion andeuten.
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The State of Research of La Téne Textiles
from Slovakia and Moravia

Tereza Belanova

Abstract

The most complex collection of archacological textiles from the territory of Slovakia and Moravia, dated to the La Téne
period, is considered. Questions about working with this sparse material are discussed and new trends in renewed textile
research using interdisciplinary approaches are reviewed. The preliminary results are given of macro- and microscopic

analyses.

In diesem Artikel wird die iiberaus komplexe Sammlung archdologischer Textilfunde aus der Slowakei und Mdhren behan-
delt, in diesem kleinen Rahmen kénnen jedoch lediglich die latenezeitlichen Funde beriicksichtigt werden. Es werden so-
wohl Fragen beziiglich dieses Materials diskutiert, als auch neue Ansdtze in der Erforschung der Textilien in Zusammen-
hang mit interdisziplindren Forschungen. Es wurden neue makro- und mikroskopische Analysen durchgefiihrt, deren erste

Resultate hier vorgestellt werden.

Introduction

An interesting collection of archaeological textiles has
been recorded from the territory of Slovakia and Moravia.
Though the finds are rather scarce, they deserve their place
in European textile research. Attention should be paid to
every little potential textile fragment sealed or stuck to
metal artefacts, as well as to the textile impressions on va-
rious materials or fragments of charred threads and cords.
Unfavourable soil conditions for the preservation of such
fragile organic remains as textiles in this geographical area
are the main reason why the textile collection is not larger.
As a result, there is a tendency to overlook textile finds,
which consequently leads to lack of published material.
Moreover, the work with such scarce and inaccessible ma-
terial is considered to make little contribution to the
knowledge of society at that time. It is sad, that although
various published works from Northern Europe have
showed that every little textile fragment offers unique and
important information, this archaeological resource is
constantly neglected.

Some of the published Moravian La Téne material is at our disposal,
together with original analyses from L. Bender Jorgensen. It has
been reviewed and completed recently. For other information see
also the paper by L. Bender Jorgensen in this volume.

M. Kostelnikova analysed a large collection of Moravian La Teéne
textile finds, but unfortunately did not manage to publish. Most of
her analyses are at our disposal.

Present research is revisiting the older material from Slovak grave
finds of La Tene period. Most of the older analyses we have at our
disposal.
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In the past, only a few authorities dealt with research on ar-
chaeological textiles from the territory (above all those
dated to the Hallstatt and La Tene periods). First of all the
Scandinavian specialist Lise Bender Jorgensen (1992) in-
cluded the finds from territory of former Czechoslovakia
in her work on North European textiles'. Marie Kostel-
nikova (1973, 1988) dealt with the analyses of textile finds
from Moravia and Bohemia. She mostly focused on Great
Moravian textiles of the 9" and 10™ century but she also
worked with textile remains from several other periods
(Kostelnikova, 1978, 1985, 1987, 1990a,b, 2002)*. Helena
Beezinova (1996, 1997, 2004) built up a general picture of
medieval textile production for the territories of Bohemia,
Moravia and Slovakia. A concise picture of Slovak textile
finds was drawn by Karol Pieta (1985, 1992) who focused
on a number of La Téne textile remains®. Slovak and Czech
finds were also mentioned by Katharina von Kurzynski
(1996) in the context of Hallstatt and La Téne textile re-
mains and by Johanna Banck-Burgess (1999) in her catalo-
gue of textile finds from the princely tomb at Hochdorf.
A renewed research project on archaeological textiles in
Slovakia which started in 2003 is aimed at collecting all
accessible sources on the textile production from the terri-
tory and by using new methods to revise the most complex
assemblage of La Téne textile fragments from Moravia
and Slovakia.

The goals of the research

The main intention is to undertake a series of advanced
analyses incorporating special microscopic techniques like
study of fibres by polarised light and SEM, which would
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Fig. 1: The territory of south-west Slovakia and southern Moravia. Slovakia: Buéany, Hurbanovo-Abadomb, Hurbanovo-Ba-
cherov majer, Chotin, Kamenin, Mala nad Hronom, Malé Kosihy, Mada, Nové Zamky, Palarikovo, Svaty Peter, Trnovec
nad Vahom, Moravia: Bluéina, Brno-Malomigice, Brno-Zidenice, Buéovice, Holubice, Kaenovice Miroslav, Musov, Nizko-
vice, Postoupky, Sedlec, Slavkov, Stara Bgeclav,Svatobogice-MistginTelnice.

enlarge knowledge, for example as to type and quality of
fibres used and spin pattern. Discussions with an ethnolo-
gist, who provides knowledge of traditional textile techni-
ques and their position in contemporary European and
non-European cultures, widens the possible ways of inter-
preting and reconstructing historical and prehistoric tech-
niques and the role of textile production in past societies.
Cooperation with skilled conservators provides proper
conservation and/or restoration of textile fragments and
their preservation for future research. The individual finds
are evaluated in wider European context, but their local
importance is being stressed. The collected data are being
statistically processed and a multilevel database of finds
and related information is being prepared. Ultimately, ap-
plication of all knowledge gained is being tested in experi-
ments and eventually will be presented to specialists as
well as to the public.

Chorology and chronology of the finds

The available textile fragments (many of these were analy-
sed several decades ago®) originate from the northern part
of the Middle Danube area, more precisely from the terri-
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tory of south-west Slovakia and adjacent area of southern
Moravia (Fig. 1). They all date to the La Téne period and
belong to the same “cultural group”.

Only primary sources — textile fragments recovered from
the graves — were taken into account. The majority of texti-
le fragments belong to the phases LTB,, LT B, and LT C,,
which are in Central Europe commonly described as the
horizon of “flat Celtic inhumation graves™®. Two cremati-
on graves from Buéany dated to the late Hallstatt and early
La Téne period are the exception. The textile finds were re-
covered almost exclusively from rich male warrior and
rich female graves. Most textiles come from inhumation
graves, fewer from the cremations and several finds are of
unknown origin. The groups of finds, Slovak and Moravi-
an, are comparable and analogous.

4 Analysed by L. Bender Jorgensen, M. Kostelnikova, K. Pieta, J.
Opralova and H.-J. Hundt.

5 Bujna 2004: 321.
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Fig. 2: The map of small La Tene graveyard in Nové Zamky. Female grave 9 with pair of anklets, detail in the left corner

(based on E. Rejholec 1971, K. Pieta 1992).

Mode of preservation

As already mentioned, apart of a few exceptions, the pre-
served textiles are often very fragmented and most of them
are mineralised. In some cases mineralization and corrosi-
on works destructively and leads to complete destruction
of fibre anatomic structure. By analysing such objects, the
structure of the fabric could be read, but organic (vegetable
or animal) material cannot be identified. On the other hand
the partial (mild) mineralization enables identifiable or-
ganic material to be preserved, which would otherwise de-
compose.

Textile fragments from La Téne graves in Moravia and
Slovakia found in rich warrior graves adhere to iron sword
sheaths, lance heads, knives, razors, iron fibulas and belt
rings. In female graves, pieces of textiles are found on fi-
bulas, bracelets or inside the tubular sheet anklets. Tubular

Bujna et al. 1996: 71.
Bujna 2004: 326.

Pieta 1992: 56. Anklets filled with clay are found e.g. in Hurbano-
vo-Bacherov majer, grave 6; Kamenin, grave 16; Trnovec nad
Vahom-Horny Jatov, grave 233; Dubnik, grave 7, 12. Anklets filled

177

anklets made from bronze sheet appear often in west Slo-
vakian female graves, but are found in a few pieces on Mo-
ravian sites, too. These anklets with transversely ribbed
hoop and moulded decoration of triple protuberances® are
specific decoration of “East-Celtic” women’. Usually, two
tubular anklets are situated on each ankle of the deceased.
They represent the most fruitful source of textile informati-
on. If it has not fallen apart, we can find a piece of twisted
fabric inside. In the majority of cases the anklet is filled
with fine clay and sometimes the piece of textile lies in the
ends of tube®.

The anklets filled with twisted pieces of fabric are known
from several Slovakian sites. Embroidered pieces of texti-
les from Nové Zamky (grave 9)° (Fig. 3), textiles from gra-
ves 55 and 58 in Svéty Peter and similar finds from Trno-
vec nad Vahom (grave 234) and Hurbanovo-Bracherov
majer (grave 11)'° have to be mentioned.

with clay and closed by so-called ‘textile plug’ in their ends are
found in Mana, grave 113, 116.

9 For detailed analysis see also Pieta 1992.

10 Svity Peter: Dusek 1960, Trnovec nad Vahom and Hurbanovo-Ba-
cherov majer: Benadik et al. 1957.
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Fig. 3: Nové Zamky, grave 9: Embroidered linen fabrics taken out from bronze sheet anklets (© Tereza Belanova).

The Moravian finds are similar. Bronze tubular anklets
were recovered at the largest La Téne graveyard in
Brno-Malomégice (graves 48 and 67)". They were filled
with twisted pieces of textiles, which showed a resemblan-
ce to Slovakian finds. We can learn about these finds from
the hundred year old records of Alois Prochazka, a Czech
“Gaul” expert at the time. Let us see what he writes about
similar finds from Nizkovice, grave 4: “These rings are
hollow and made of sheet metal. Transverse rows with
three bulges were beaten into a very thin bronze sheet, the-
reafter this sheet was rolled up in a tube, so that the length-
wise edges were not joined, but there was a narrow gap.
The tube was rolled in the form of a ring. The fabric from
these two rings, which was laced through the socket and
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preserved by patina is very interesting. These anklets com-
prised of entirely closed rings. This was achieved by thin-
ning of one end in a jag and sliding it into the socket of the
other™".

Similar finds come from La Téne graves in Miroslav and
Musov.

It is worth mentioning, that there are today tubular anklets,
which are still filled with twisted fabric and have not been

opened. Specialists debate the function of clay or textile

11 Poulik 1942: 69-70. — Cizméagova 2004.
12 Prochazka 1909: 206-207, translated by author.
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Fig. 4: Embroidered fragment of textile from grave 9, Nové
Zamky (Reconstruction of embroidery by T. Belanova
and J. Zajonc, 2004).

pieces. According to author they bear witness to the tech-
nology of production. Some archaeologists deal with usual
problem: ‘to destroy the anklet because of a tiny scrap of
textile?” From the point of archaeological textile research,
there is only one solution: ‘and what if there is hidden an
embroidered piece or other unique information?” We are
working on a method to find a way, of taking out the fabric
without entirely destroying of the anklet.

As pilot analyses 130 samples from 92 graves (27
cemeteries) have been studied. Due to the bad state of pre-
servation of the finds, relatively large numbers of the frag-
ments were of indeterminate character. Most of the minera-
lised fragments were too small to define the cloth type and

13 The analysis by J. Opralova, archives of Archaeological Institute Ni-
tra, nr. 10.414/83.
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assiciation with metal and other contaminants on the fibres
prevented their species determination. In some cases ho-
wever determinations could be made.

Finds from the territory of Slovakia

79 samples in Slovakia (from 58 graves) were studied.
Most frequent were metal objects with textiles replaced by
corrosion products. It was calculated that fabrics in tabby
predominate (61 %), plain twill is very rare (5 %) and high
number (34 %) was left as unspecified.

Even more biased information has been obtained for utili-
sation of fibres. Flax was identified in 27 % and hemp in
one while the rest (72 %) of the finds stayed undetermined.
Plain twill occurred on the edge of sword sheath in most of
the cases. From grave 28 at Chotin came two cloth-types
adhering to each other — a loose one in twill and a dense
fabric in tabby on the other side". A unique textile frag-
ment of twill weave and hemp fibre showing a difference
from the usual spin direction comes from grave 15 at
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Fig. 5: The map of two largest La Téne graveyards in Moravia — Brno-Malomigice and Holubice. Graves with textile finds are

marked (based on V. Podborsky et al. 1993).

Palarikovo'. The finds from Slovakia almost have exclusi-
vely z/z spin direction in single yarn. The fabric from
Palarikovo is an exception and has threads spun in s/s di-
rection. Isolated cords made of plied yarn (Sz) were found
at Mana".

Due to the very small size of the preserved fragments a
thread count on 1 square centimetre was measured. It was
found that the thread count varies from 5-10 threads to
14-28 in both systems — from loosely woven gauze-like to
very dense ones. The impossibility of distinguishing warp
from weft led the author to attribute the higher number of
fibres to the warp and lower to the weft (cf. L. Bender
Jorgensen, 1986).

In general, all the fabrics taken out of the bronze anklets
were finer in comparison to other finds. Thanks to their
better preservation, we can also observe other significant
features: stitch-holes (Nové Zamky — grave 9, Svity Peter
— grave 58), weaving faults (Svéty Peter — grave 58) or sel-
vedges, hems and seams (Nové Zamky — grave 9, Svity

14 Pieta 1992: 52. The analysis by J. Opralova, archives of Archaeolo-
gical Institute Nitra, nr. 11.919/87.

15 The analysis by J. Opralova, archives of Archaeological Institute Ni-
tra, nr. 10.779/84.

16 Pieta 1985: 56-57. — Pieta 1992: 56-60 and J. Opralova, archives of
Archaeological Institute Nitra, nr. 10.410/83, 11.022/85.
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Peter — grave 58). Without question, the prettiest and best
preserved pieces of textile come from the La Téne female
grave 9, in the small graveyard in Nové Zamky (Fig. 2, 3).
In a pair of bronze tubular anklets five tattered fabrics were
found. They all belong to plain linen tabby with a z/z spin
direction of threads and a selvedge with traverse face stitch
occurs. Moreover, these pieces were embroidered with
woollen thread, in one case red dye was proved'®. Accor-
ding to the older documentation, the sample of red woollen
thread was taken for microscopic analyses (and is lost). As
no traces of woollen threads has been preserved on the fab-
rics, new analyses could not be undertaken. Today, only
stitch-holes marking the former embroidery can be seen.
Besides, the fabrics were re-embroidered with modern cot-
ton thread to show the pattern in an exhibition. Thread
count of this fine fabric was 12-14/20-24. The thickness of
the threads varied from 0.5 to 0.8 mm in warp and 0.3-0.6
mm in weft'’. K. Pieta assumes that all these pieces were
originally part of one bigger textile fragment.

17 I would like to add a note to these former analyses: though it is not a
written rule, the warp-threads, stretched on the loom were usually
thinner and therefore the density in thread count was higher then in
weft direction. The attributes of 12/20 meant 12 threads in warp and
20 in weft, should be probably understood conversely (20/12) and
the same with thickness of the thread 0.5/0.3- 0.3/0.5 mm. This ap-
plies to most older Slovak material.
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We would also like to present here the most interesting
piece of all the fabrics from Nové Zamky: “Two embroide-
red stripes, which are situated parallel to the selvedge, run
in the weft direction. The embroidered motifs are executed
in a technique of a face stitch and they consist of changing
obliquely placed S-motifs and a trumpet-like pattern remi-
niscent of an inter-wedged horn of plenty”"®. This signifi-
cant embroidered fragment was experimentally recon-
structed on a piece of cloth and the pattern was redrawn,
too (Fig. 4, Plate 20).

As for the other Slovakian finds, mineralised pieces of tex-
tile occurred mostly on one side of various artefacts, e.g.
on fragmentary iron belts from graves 42, 93B, 104 and
138 at Mana. From the same graveyard two different cloth
types adhering to one iron object (grave 93B and 115)"
were also recovered. Similar finds can be seen on a belt-
ring from grave 29 from Chotin, where two types of cloth
were attached — a coarse, gauze-like cloth laid over a dense
one. In the same grave was found an iron fibula with piece
of mineralised textile®.

In Malé Kosihy (grave 331) next to the skull lay an iron fi-
bula completely wrapped in fabric®'. A piece of very fine
linen tabby was attached to a knobbed anklet from grave
1/80 at Hurbanovo, where the thickness of thread varied
from 0.2 to 0.5 mm and thread count of 22/26 per cm.

Finds from the territory of Moravia

The Moravian collection comprises 51 samples analysed
from 34 graves® (Fig. 5). The mode of preservation was
very similar to that of the Slovak material and textile frag-
ments were mostly attached to iron objects. Along with
these, there is a collection of textiles taken from inside tu-
bular anklets.

Tabby weave predominates in 68 % of finds in this collec-
tion, too: 8 % comprised of plain twill, 4 % consisted of
half-basket weave attached to the edge of sword sheaths
(grave 35 at Holubice) and an indeterminate kind of fabric
adhering to a leaf-shaped lance head (grave 16 at Bluéina,
Fig. 6). The remaining 20 % of the fragments could not be
more closely characterised.

Textiles of flax (25 %) and wool (24 %) predominated this
collection; 2 % were of hemp and 49 % remained impossi-
ble to identify.

An interesting find comes from grave 56 at Holubice,
where two recognizable cloth types were attached to an
iron fibula. On a fine z/z tabby, which has a thread count
18/15, lies a coarser plain twill fabric with around 8/8 thre-

18 Pieta 1992: 57, translated by author.

19 J. Opralova, archives of Archaeological Institute Nitra, nr. 10.779/84
and 12.016/87.

20 Pieta 1985: 65 and J. Opralova, archives of Archaeological Institute
Nitra, nr. 10.414/83.

21 Bujna 1995: 73, tab. 36:4,5.

22 Most of the analyses were made by the author recently, as well as
longer ago by L. Bender Jorgensen and M. Kostelnikova.

181

Fig. 6: Blueina, warrior grave 16: Detail of a fabric adherent
on the edge of leaf-shaped lance head (based on V.
Podborsky et al. 1993, photo by author).

Fig. 7: Kaenovice,double grave 17: Piece of linen tabby
covering two semi-globes of bronze anklet
(© Tereza Belanova).
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ads per cm. Due to corrosion, unfortunately, the fibre could
not be closely identified. A fragment of walnut-shaped
knobbed anklet, placed next to the ankle of the deceased,
with a nice piece of linen tabby (thread count around
13/13) was attached on two semi-globes of the anklet in the
double grave 17 at Kgenovice® (Fig. 7).

As in the case of the Slovak finds, textile fragments reco-
vered from bronze anklets in Moravia are larger and well
preserved. Textiles were found in a pair of anklets from
two female inhumation graves 48 and 67, which come
from the largest Moravian La Téne graveyard at
Brno-Malomégice™.

Four tattered fabrics were found in two anklets from grave
48 (Fig. 8). They are all green due to patina, dusty and
slightly folded. Impressions of the inner side of the anklet
are still visible on some of the pieces. Neither starting bor-
der nor selvedge nor stitch-holes have occurred. These
four fragments are z/z linen tabbies, having a count of
12-14/9-10 per cm with the thickness of threads 0.6/0.8
mm. Since the same features can be recognised on all four
pieces, it may be assumed, that they originally came from
one bigger piece.

A larger assemblage comes from grave 67. Several pieces
of green and slightly folded fabric in z/z linen tabby, some
very tattered, were observed. The first anklet contained
three pieces, which the thread count varied 12-16 in warp,
12-14 in weft and the thickness of threads was 0.5-0.7 mm
(Fig. 9). On some small fragments selvedges are visible.
One bigger piece shows several stitch-holes situated in a
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Fig. 8: Brno-Malomigice, grave 48: Pieces of textile frag-
ments in z/z linen tabby, taken out of bronze sheet an-
klets (© Tereza Belanova).

row, at right angles to the direction of folding. The follo-
wing group of textile fragments coming from another an-
klet seem to be very similar (Fig. 10). Thread count is in
some parts denser in warp (16-18) and the same in weft
(12-14). Threads are from 0.3 to 0.6 mm thick. Across half
of the width of one significant piece stitch-holes run in a
row and a simple hem is visible in one end. It looks as if in
both cases the cloth was originally stitched into a fold
through the holes, by a different kind of thread, which had
already vanished. Though there are some small differences
in textile features among these fragments, they could origi-
nally be a part of one bigger piece.

Tattered textile fragments were also preserved inside the
bronze anklet from grave 4 in a small graveyard at Nizko-
vice. They are in a very bad state of preservation, but basic
features can be identified. Loose z/z tabby with a count of
7-12 threads in both systems and a thickness of 0.5-0.7 mm

23 This find is in older unpublished analyses identified as flax, but
maybe hemp. The exact identification of the fibre is not clear from
SEM analysis, but it seems to be more like hemp than flax (my
thanks for help with SEM identification to A. Rast-Eicher).

24 Poulik 1942: 70, 77. — Cizmagova 2004: fig. 74:11,13; 79:20,22.
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Fig. 9: Brno-Malomigice, grave 67: Pieces of textile fragments in z/z linen tabby, taken out of bronze sheet anklets
(© Tereza Belanova).
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Fig. 10: Brno-Malomigice, grave 67: Pieces of textile fragments in z/z linen tabby, taken out of bronze sheet anklets. Stitch

holes and simple hem are visible (© Tereza Belanova).

can be recognized. Despite having several hardly percepti-
ble selvedges, no stitch-holes, hems or seams were found.
According to the oldest notes about this find the fabric is
made of hemp®. Unfortunately, we could only identify the
fabric as belonging to a plant fibre category.

25 Prochazka 1937: 45.
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Microscopic analyses

In addition to basic macroscopic analyses and descriptions
of fabrics (weave, spin-direction, thread-count and thre-
ad-thickness) the definition of the raw material is essential,
too (Fig. 11). By doing this the questions about what kind
of material a given fragment was made of and what the fea-
tures are of the fibre used are being addressed. To answer
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these questions microscopy analysis methods, mostly po-
larized light microscopy and scanning electron microsco-
py, have to be investigated®. The application of these stu-
dies in our research is only at the beginning, but we try to
develop a suitable technique of fibre identification and de-
velop a vital methodology for the microscopic examinati-
on of archaeological textiles.

All samples were first analysed by using a simple stereo-
microscope to define basic textile features. Later single fi-
bres were studied in polarized light and compared to the
modern reference collection. Consequently the fragments
and fibres were examined by SEM. Contamination (“dirt”)
and conservation agents covering the surface of fibres stu-
died caused the biggest problem during both microscopic
processes, and did not allow us to establish direct matches.
The nodes, transverse cuts and natural ends of flax/hemp
fibres in polarized light were clearly seen, but the distincti-
on between flax and hemp was rather difficult (Plate 20).
The scanning electron microscope offered more detailed
study of the surface of the fibres. The possibility of under-
taking a physical-chemical analysis of the fibre from
Nizkovice, enabled us to detect and identify mineral com-
ponents of contaminants (“dirt”), as well as mineral con-
sistence of clean single fibre components — carbon and
oxide (Fig. 12, 13). A closer look at bundles of fibres and
nodes of single fibres was possible too (Fig. 14) and in
some cases retted or fresh fibres could be distinguished.

Results and discussion

Slovak and Moravian La Téne archaeological textiles
show very similar features and no striking differences were
observed. Furthermore this collection is comparable to
well-examined finds from cemetery and salt-mines at
Diirrnberg near Hallein.

Plain linen tabby of z/z spin direction predominates. As re-
search on Central European textiles in last two decades has
shown, this combination prevails in the eastern area of dis-
tribution of La Téne culture®.

The replacement of 2-ply yarn by single yarn during the La
Tene period as recorded in other parts of Europe, a turning
point of textile production®, is also attested in our material.
The change relates to the introduction of summer-annual
flax which enabled the spinning of single yarns. i.e. to
weave finer cloth®. This change is sometimes also associa-
ted with climatic change to dry and warm weather, which

26 For these analyses were applied: stereomicroscopes x40 and x150,
polarized light microscope x400 and scanning electron microscope
(SEM), max x10000 .

27 Bender Jorgensen 1991, 1992. — Pieta 1992.
28 Bender Jorgensen 1992: 125.

29 Helbak 1959. — Korber-Grohne 1987. — After Bender Jorgensen
1992: 125.

30 Crumley 1995: 128.

31 Bratislava-Devin, Puchov-Skalka and Liptovska Mara — E.
Hajnalova 1999: 69 and M. Hajnalova — personal communication.

32 Kostelnikova 1978: 225-228. — Waldhauser 1978: 228-230.

Fig. 11: Nové Zamky, grave 9: Detail of tabby weave, x30 (©
D. Janova 2004) .

reached Central Europe by 300 BC*. Though we do not
have much evidence of hemp fabrics, it is likely that they
were commonly produced. Hemp seeds were identified in
several Late La Téne contexts from the territory of Slova-
kia ',

The most notable difference between the Slovak and Mo-
ravian collection is evinced in the use of wool. Within the
Moravian assemblage, the ratio of woollen to linen textile
fragments is almost the same. In contrast the Slovakian as-
semblage lacks the wool fibres completely. Moravian
woollen fabrics attached to iron weaponry were coarser
than the other finds. The date on Slovak finds of such a
character show the same trend. However, the absence of
woollen thread in the Slovak material could be partly due
to the state of research, and its occurrence in the future is
probable.

Geographically the closest analogous example to these
fragments can be found in the Early and Middle La Téne
cemetery at Jenistiv Ujezd (Bohemia) with only woollen
textiles*. Coarser z/z tabbies were attached to iron swords;
finer twills and tabbies were associated with fibulas, an-
klets, bracelets and other supplements to clothing. Similar

Fig. 12: Nizkovice, grave 4: The surface of single fibre,
x500. Dirt and conservation products can be seen on
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spot 1. Spot 2 shows the fibre, from where psysic-chemical analysis was made (© D. Janova 2004).
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finds were recently recovered in some other Bohemian
graveyards of the La T¢ne period, including textiles from
bronze tubular anklets®.

The original function of the textiles recovered from graves
is hard, but important to define. In general, finer fabrics are
found with jewellery and other accountrements of clot-
hing: fibulas fastened a dress; fabrics attached to bracelets
and anklets may come from individual parts of clothes
(sleeves, skirt and mantle) or a shroud. As for the warrior
graves, the deceased was buried in his full costume, which
could include other items of his equipment.

To be able to make more detailed interpretations of the
finds and reconstructions of particular pieces of garments a
database containing a variety of information is needed.
Exact identification of textile fragments in graves and de-
termination of their function depends largely on the prima-
ry and basic documentation, made during the recovery of
the finds directly in the field.

As ethnographic studies show it is not only natural envi-
ronment and climate which influenced the use of particular
materials. Cultural factors such as fashion and a preference
for certain materials, patterns and decoration are equally
important. Probably it was not much different in prehisto-
ry. There are (and were) practical reasons, but the function
of dress in pointing to the status of its wearer within socie-
ty is (and was) important.

As for the secondary use of textiles, like the ones recover-
ed from bronze anklets, it is necessary to say that a textile
was a valuable artefact and therefore utilized for a very
long period of time, often until it almost fell apart. It is
clear that the steps from spinning the threads to weaving a
certain amount of fabric must have taken much energy and
time. Hence, as the historical and ethnographic sources
show, the final product came through several different le-
vels of use — from the festive and everyday one to worn-out
piece, ultimately used by other crafts or in a different con-
text.

The technology of weaving in the La Téne period is based
upon the warp-weighted loom. This fact is supported by
finds of loom-weights and spindle-whorls distributed at
settlements. These secondary sources, including partial
impressions on pottery, will be dealt in further research. A
reconstruction of a La Téne warp-weighted loom was
made in 2004 for an archaeological exhibition “The Celts
at Devin.” Together with an ethnologist, the author gathe-
red important sources of information needed for the con-
struction of the loom. The textile fragments from Nové
Zamky and Brno-Malomégice were used as a model for
thread-count, spin-direction, type of weave and raw mate-
rial. This little experiment was very helpful for research
and it is hoped that all planned reconstruction projects will
move the research of La Téne textiles one step further.

33 Sankot and Kurzynski 1994.
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Fig. 13: Nizkovice, grave 4: Spot 2, the results of psy-
sic-chemical analysis of components of single flax/hemp

Summary and conclusion

Macro- and microscopic analyses of La Téne textile frag-
ments from south-west Slovakia and southern Moravia
(the adjacent region of the Czech Republic), were revie-
wed. It was recognised that all main textiles characteristics
(spin direction, count of threads, their association with
specific artefacts, etc.) show a very similar pattern across
the region. The only striking difference is in the use of
woollen textiles in the western part of the area studied.
Their absence on the territory of Slovakia could to a large
extent be a result of lack of focused research in the past.
New excavations are being more closely monitored and
more attention is being paid to collecting a representative
assemblage of textile finds on the territory under discussi-
on. All accessible information about each fragment is
being recorded. It is hoped that these new finds and the ar-
chaeological data collected will enable us to draw a more
realistic picture of textile production and its role in prehis-
tory and to correct contemporary highly biased results.

As was shown above, in view of the typical soil and cli-
mate conditions recovery of any larger pieces of textiles, or
even complete clothes would be rather a surprise. On the
other hand, many data regarding technical descriptions
could be extracted even from tiny pieces of this sparse ma-
terial. The deposition and recovery context of the find and
its chronological and chorological determination have the
capacity to provide very important archaeological infor-
mation.

Monitoring of different kinds of traditional techniques by
incorporating ethnographic methods, does help us to un-
derstand the role, function and evolution of textile produc-
tion. Important, too, is the focus on advancing analystical
methods of microscopy. The methodology and logistics of
fibre identification must be enhanced and become a routine
and active part of archaeological research in the region.
Badly preserved textile pieces must be carefully treated,
prepared for the analysis and either preserved for future re-
search and/or presentation to public.
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Even if our research is only at the very beginning, we do
hope that it will help to solve many archaeological que-
stions, not answered to date.

Zum Forschungsstand
der latenezeitlichen Textilfunde
aus der Slowakei und Mahren

Zusammenfassung und Ausblick

Gegenstand dieser Arbeit sind die laténezeitlichen Textil-
reste aus der Stidwestslowakei und Siidméhren, bei denen
neuere makro- und mikroskopische Analysen durchge-
fiihrt wurden. Dabei ist auffillig, dass alle Hauptmerkmale
der Textilien, etwa die Spinnrichtung (s- und z-Garne)
oder die Gewebedichten ein sehr einheitliches Bild zeigen,
ebenso wie die Vergesellschaftung mit spezifischen Arte-
fakten. Der einzige herausragende Unterschied ist die Ver-
wendung von Wolle im westlichen Teil des behandelten
Gebietes, wobei das Fehlen von Textilien aus Wolle in der
Slowakei auch forschungsbedingt sein kann.

Bei neueren Ausgrabungen wird ein grofleres Augenmerk
auf Textilreste gelegt, wobei versucht wird, jede mogliche
Information iiber die aufgefundenen Fragmente zu doku-
mentieren. Diese neuen Funde und archiologischen Be-
funde werden es ermdglichen, ein realistischeres Bild der
Textilproduktion und der Rolle der Textilien in der Urge-
schichte zu zeichnen und veraltete Forschungsmeinungen
zu korrigieren.

Wie in der englischen Langversion dieses Artikels gezeigt,
ist die Erhaltung von groBeren Gewebeteilen aufgrund der
klimatischen Einfliisse ein Ausnahmefall, vollstédndige Ge-
wiander kommen unter diesen Bedingungen nicht vor. An-
dererseits ist es aber auch mdglich, allein aufgrund kleine-
rer Reste technische Detailbeschreibungen zu geben.
Ebenso konnen aufgrund der Fundumstdnde und des Kon-
textes im archéologischen Befund, sowie durch die chro-
nologischen und chorologischen Aussagemoglichkeiten
interessante Informationen gewonnen werden.

Die Beobachtung verschiedener traditioneller enthnologi-
scher Textiltechnologien kann helfen, die Rolle, Funktion
und Entwicklung der Textilproduktion zu verstehen. We-
sentlich fiir die Forschungsarbeiten sind aber vor allem die
Fortschritte in den Analysemethoden in der Mikroskopie,
um eine prizisere Faserbestimmung gewihrleisten zu kon-
nen. Zudem miissen schlecht erhaltene Gewebe sorgsam
behandelt und konserviert werden, sowohl fiir spétere For-
schungen als auch fiir eine etwaige Préasentation in einem
Museum.

Obwohl die Forschungen zu den laténezeitlichen Textilien
erst am Beginn stehen, so hoffen wir doch, bereits einige
interessante archdologische Fragestellungen beantwortet
haben zu kdnnen.
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Anton Kern: Hallstatt — eine Einleitung zu einem sehr bemerkenswerten Ort

Plate 1: Hallstatt: 1: Aquarell aus Ramsauer Fundprotokoll, Tafel 1a Kérperbestattungen. — 2: Aquarell aus Ramsauer Fund-
protokoll, Tafel 2a Brandbestattungen. — 3: Brandgrab einer Frau, Nr. 60 (2002); Brandschiittungsgrab mit Steinumfas-
sung und 8 Proviantgefalen, flach gedriickte TongeféaRRe im hinteren Teil des Grabes gehdren bereits zur nachsten Be-
stattung.— Korpergrab einer adulten Frau, Nr. 54; in einer von der Norm abweichenden Nord-Stidlage (normalerweise
West-Ost); ein grofRes Proviantgefa® an der rechten Schulter
(© Naturhistorisches Museum Wien, Prahistorische Abteilung).



Hans Reschreiter: Die prahistorischen Salzbergbaue in Hallstatt und ihre Textilreste

Plate 2: A: Der Ort Hallstatt am Hallstattersee und das darlber liegende Hochtal. — B: Luftbild von Hallstatt mit dem Areal
des bronzezeitlichen (Nordgruppe), des hallstattzeitlichen (Ostgruppe) und des keltischen (Westgruppe) Bergbaues und
dem hallstattzeitlichen Gréberfeld (A: © Naturhistorisches Museum Wien, Prahist. Abteilung, H. Reschreiter. — B: mit
freundlicher Genehmigung DORIS — Digitales Oberdsterreichisches Raum-Informations-System).



Hans Reschreiter: Die prahistorischen Salzbergbaue in Hallstatt und ihre Textilreste

Plate 3: Hallstatt Salzbergwerk: A: Bronzezeitliches Heidengebirge aus dem Christian-Tuschwerk alter Grubenoffen. —
B: Kerniges Heidengebirge aus dem Kilbwerk. — C: Verlaugtes Heidengebirge aus dem Kilbwerk (links unten unverlaug-
tes kerniges Heidengebirge) (© Naturhist. Museum Wien, Préhist. Abteilung. A: K. Kowarik. — B und C: A. Rausch).



Karina Gromer: The Textiles from the prehistoric Salt-mines at Hallstatt

Plate 4: Hallstatt salt-mines: Tabula lll from the report of J. G. Ramsauer containing illustrations of textiles (detail). Waterco-
lour from I. Engl. Tabula Il des Berichts von J. G. Ramsauer aus dem Jahre 1850 mit Bildern von Textilien (Ausschnitt).
Aquatrell von I. Engl (© Naturhistorisches Museum Wien, Prahist. Abteilung, H. Reschreiter).



Karina Gromer: The Textiles from the prehistoric Salt-mines at Hallstatt

Plate 5: Hallstatt salt-mines: checkered patterns from the Hallstatt period. Karierte Stoffe aus dem hallstattzeitlichen
Bergwerk. 1: Inv. No. 78.552c. — 2: Inv. N0 90.182. — 3: Inv.No. 75.967a. — 4: Inv.No. 75.973.
(© Naturhistorisches Museum Wien, Prahist. Abteilung, H. Reschreiter).



Karina Gromer: The Textiles from the prehistoric Salt-mines at Hallstatt

Plate 6: Hallstatt salt-mine: various patterns. Verscheidene Muster. 1: Inv. No. 75.891. — 2: Inv.No. 75.977. —
3: Inv.No. 89.718. — 4: Inv.No. 79.153 (© Naturhistorisches Museum Wien, Prahist. Abteilung, H. Reschreiter).



Karina Gromer: The Textiles from the prehistoric Salt-mines at Hallstatt

Plate 7: Hallstatt salt-mines: various coloured ribbons in tablet weaving and band weaving from the Early Iron Age Verschie-
dene Bénder in Brettchenweberei und Gitterweberei aus der Alteren Eisenzeit. 1: Inv. No. 89833. — 2: Inv. No. 90.180. —
3:Inv. No. 89.842. — 4: Inv. No. 79442b. — 5: Inv.No. 89.832. — 6: Inv. No. 73.345 (© NHM Wien, Prahist. Abteilung).



Karina Gromer: The Textiles from the prehistoric Salt-mines at Hallstatt

Plate 8: Hallstatt salt-mines: 1: textile with loops on one side and ribbon sewn on. Gewebe mit Schlaufen auf einer Seite und
angendéhter Borte, Inv.No. 90.067. — 2: tabby and basket-weave sewn together. Leinenbindung und Panama zusammen-
genéht, Inv.No. 90.126. — 3: herringbone twill fabric. Fischgrétképer, Inv.No. 89.725. — 4: patched fabric. Geflicktes Ge-
webe, Inv.No. 79.436 (© Naturhistorisches Museum Wien, Préhist. Abteilung, H. Reschreiter).



Helga Mautendorfer: Genahtes aus dem prahistorischen Hallstatt

Plate 9: Hallstatt salt-mines: 1: Fell seam meets Hem. Textil mit Naht normal auf Saum, Inv.No. 73.344. — 2: Rectangular
patch and seam with white and blue colour. Textil mit eingesetztem Rechteck und zweifarbiger Ziernaht, Inv.No 75.955.
— 3: Large textile put together of 6 pieces. Aus 6 Teilen zusammengesetztes Textil, Inv.No 73.347
(© Naturhistorisches Museum Wien, Prahist. Abteilung, H. Reschreiter).



Helga Mautendorfer: Genahtes aus dem prahistorischen Hallstatt

Plate 10: Hallstatt salt-mines: 1: patched fabric. Rechteckige Flickstelle, Inv.No. 73.346. — 2: mended textile. Stiick mit lein-
wandbindiger Stopfung, No. Hundt 44 (1: © Naturhistorisches Museum Wien, Prahist. Abteilung, H. Reschreiter. — 2: ba-
sed on Hundt 1960).



Helga Mautendorfer: Genahtes aus dem prahistorischen Hallstatt

Plate 11: Hallstatt salt-mines: 1: Fabric with fell seam. Fragment mit Kappnaht, Inv.No. 89.088. — 2: Rectangular patch.
Rechteckiger Einsatz (durchLagerung verzogen), Inv.No. 90.132. — 3: Hem with a corner. Saum mit Ecke im stumpfen
Winkel, Inv.No. 75.989b. — 4: Hem meets Hem. Fragment mit Saum normal auf Saum, Inv.No. 73.340. — 5: Fabric with
round hem. Gerundeter Saum, Inv. No. 77.569 (© Naturhistorisches Museum Wien, Préahist. Abteilung, H. Reschreiter)



Regina Hofmann-de Keijzer, Maarten van Bommel and Ineke Joosten: Dyestuff and element analysis

Plate 12: Dyes and dyeing techniques: 1: white woollen yarn dyed with indigo, madder, dyer's broom, alum, iron and copper
salts. — 2: Bronze pick (reconstruction). — 3: Copper salts in the surroundings of a broken-off tip of a bronze pick in the
prehistoric salt mine of Hallstatt. — 4: Fragment of fur from the salt-mine, the olive-green colour is probably caused by cop-
per salts originating from bronze objects embedded in the mine. — 5: reddish brown textile contaminated with copper
salts, Inv. No. 89835, (1 and 3: © University of Applied Arts Vienna, Dept. Archaeometry. — 2, 4 and 5: © Naturhistori-
sches Museum Wien, Prahist. Abteilung).



Regina Hofmann-de Keijzer, Maarten van Bommel and Ineke Joosten: Dyestuff and element analysis

Plate 13: Dyes and dyeing techniques: 1: detail of a blue textile, Inv. No. 89845a. — 2: black textile, Inv. No. 88892. —
3: yellow textile, Inv. No. 77334. — 4: olive-green textile, Inv.No. 75815
(© Naturhistorisches Museum Wien, Prahist. Abteilung, H. Reschreiter).



Michaela Morelli: Untersuchungen zum Zustand der "Hallstatt Textilien"

Plate 14: Textilien und Faserproben aus dem Salzbergwerk in Hallstatt. Textiles and fibresamples from Hallstatt:
a: Flach gepresstes Fragment mit gewolbter Deformierung. Fragment pressed flat bent out of shape.
b: Fragment mit verhartender lehmiger Verschutzung. Fragment with encrusted loamy soiling.
c: Fragment mit Festigungsmaterial behandelt. Fragment treated with consolidant.
d: Kolorierter Kartonabdruck eines Fragmentes. Coloured card print of a fragment.
e: Wollfaser mit harten Querbriichen, Faserstarke: 2,5 um. Fragment with strong cross breaks, Fibre thickness: 2,5 um.
f: Wollfaser mit bogenférmiger Deformierung und beginnendem Quer- und Langsbruch, Faserstérke: 4 um. Wool fibre
with curved deformation and starting cross and length break, fibre thickness: 4 um.
g: Faserende, Spliss und Partikel, Faserstarke: 2,5-3 um. Fibre end, breakage and particles, fibre thickness: 2,5-3 um.
h: Wollfaser mit Langsbriichen, Faserstarke: 3-3,5 um. Wool fibre with longitudinal separation, fibre thickness: 3-3,5 um.
i: Wollfaser, dunkle und transparente Partikel, Faser: 2,5 um. Wool fibre, dark and transparent particles, fibre: 2,5 um.
j: Wollfaser in gutem Zustand mit Schuppen und Markkanal, Faserstarke: 4 um. Wool fibre in good condition with scales
and medulla, fibre thickness: 4 um (© Naturhistorisches Museum Wien, Prahist. Abteilung).



Karina Gromer: Tablet-woven Ribbons from the prehistoric Salt-mines Hallstatt

Plate 15: Prehistoric salt-mines Hallstatt: Above: Tablet-woven ribbons. Inv. No. 89.832, 90.186 and 89.870. —
Below: Pattern diagram and reconstructed ribbon No. 3
(Photos: © Naturhistorisches Museum Wien, Préhist. Abteilung, H. Reschreiter. — Drawings: © K. and P. Gromer).



Karina Gromer: Tablet-woven Ribbons from the prehistoric Salt-mines Hallstatt

Plate 16: Prehistoric salt-mines Hallstatt: Tablet-woven ribbons. Pattern diagrams and reconstructed ribbons from Hallstatt,
No. 1 and 2 (© K. and P. Gromer).



Anna Hartl und Regina Hofmann-de Keijzer: Imitating ancient dyeing methods
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Plate 17



Ingrid Schierer: Experiments with Weaving and Weaving tools

Plate 18: Weaving-Experiments done in Asparn: 1: One of the first weaves done in Asparn, produced on a big
warp-weighted loom; twill with a tablet-woven starting border. — 2: The same weave, showing the change of pattern and
the tablet-woven border on the right side. — 3: Finely woven tabby fabric, yarn not plied. — 4: On the left side there is the
tablet woven starting border; on the right side there are the long threads, intended to build the warp (© I. Schierer).



Thomas Stéliner: More than old rags — Textiles from the Iron Age Salt-mine at the Durrnberg

Plate 19: Dirrnberg salt-mines: Examples of coloured textiles. Typical are coloured stripes woven in. 25, 1674 and 2190 are
naturally coloured besides the decorative yarns, while 1664 is coloured with woad. The bright red dye was determined as
a mixture of Kermes vermilio and madder (© based on Stéliner 2002/2003).



Tereza Belanova: La Tene Textiles from Slovakia and Moravia

1 2
3 4
5

Plate 20: Moravian and Slovakian textiles: 1-2: Brno-Maloméfice, graves 48 and 67. — 3-4: Nové Zamky, grave 9. Details of
the flax fibre in polarized light, x200. Note on 3 Transversal cuts, nodes, sharp natural ending, as well as the destruction
of fibre are visible. — 5: Nové Zamky, grave 9. Most of the textile remains from bronze sheet anklets were in the past
re-embroidered with modern cotton thread. Nowadays, they would probably fall apart by taking the thread out.

(1-4: © J. Zelinska. — 5: T. Belanova).
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