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ABSTRACT

This paper investigates the production and use of resin and pine tar in ancient Greece and beyond, from
prehistory through the Byzantine and early modern periods. Drawing on ancient literary sources alongside
archaeological, archaeometric, and ethnographic evidence, the study reconstructs resin tapping and tar-making
techniques from antiquity to modern times, with a particular focus on the ancient pitch industry and the long-
surviving use of katramokdmina kilns in modern rural Greece. Resinous substances obtained either by tapping
live trees for resin or by subjecting resinous wood to pyrolysis to produce tar served diverse functions in Greek
society: sealing ships and wine jars, healing wounds, perfuming spaces, and fuelling torches and weapons.
The study emphasizes both the material applications and symbolic roles of these substances in domestic, mari-
time, medical, and religious contexts. By tracing technological continuity and adaptation across millennia, the
paper highlights the ecological knowledge embedded in resin-related practices. It contributes to the study of
ancient woodland industries and the preservation of intangible cultural heritage, offering insights into the long-
standing relationship between natural resources, artisanal expertise, and cultural resilience in the Greek world.

Keywords: resin, pine tar, pitch, Greece, ancient Greek technology, traditional crafts, forest products, forest
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INTRODUCTION

Resinous substances, such as resin, pitch or tar' and
their derivatives, have long played a central role in

! Although various types of resin and pitch were recognized in
antiquity and denoted by different terms (see Table 1), there was
no clear distinction between pitch and tar in the modern techni-
cal sense, where far refers to the liquid distillate and pitch to
the thicker byproduct of further heating. For bitumen and crude
oil, the Greeks used primarily the words dogpaizog (asphalt) and
vapBa (naphtha) respectively. For an overview of the terminolo-
gy, see Forbes, 1936; André, 1964; Schramm, 1937; Wartke and
Burford-Cooper, 2006; the section titled “Pitch” in Appendix 7 of
Meiggs, 1982; as well as Vassiliadou, 2011 and Panagou, 2019.

“tmoullou@culture.gr; https://orcid.org/0000000307046098

the technological, economic, and medicinal practices
of the Greek world. Resin (Greek pnrivy, rhéetiné or
petoivy, retsini) refers to the viscous exudate from
trees (notably pines and pistachio trees), obtained
by tapping live trunks (fig.1a), while pine tar — often
termed ziooa (pissa), or katpdur (katrdmi) in modern
Greek — is a black, sticky distillate produced by the
destructive heating of resinous wood in low-oxygen
conditions (Fig.1b).

Both substances were ubiquitous in Greek life,
serving a wide range of artisanal, medical, religious,
and maritime functions across eras, a pattern mirrored
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Table 1. Ancient greek terms for resin and pitch
Tabela 1. Starozytne greckie okreslenia zywicy i dziegciu

Greek Term Transliteration

Explanation / Use

mevkivn pntivn peuking réting

mTvivn pntivn pityin€ rétiné

otpofidivn pntivn strobiling rétiné
€\ativn pntivy elating rétiné

Kumaptttiv pnTivn

teppvOivy/tepePvOivn pnrivn

oxwivn schining rétiné
micco/TitTa pissa/pitta
micoa Vypa pissa hygra
mioca Enpa pissa xéra
nicoa dun pissa ome
TOAUTIGGO palimpissa
Aapié larix
{omooa Z0opissa
Bookdg boskas
PPUKTY phrykte
KOV kona
BdAog mitTNg bolos pittes
Kolooavia Kolophonia
MGGELLOV pisselaion
miccaviog pissanthos

0pO¢ mioong oros piss€s

pntvitng oivog rhétinit€s oinos

mooing otvog pissit€s oinos

r 3 . Pa— .
mocilov otvog pissizon oinos

terminthiné/terebinthing rétiné

pine resin

pine resin (different s. than above)

possibly cone resin (pine or fir)

fir resin (Abies s.)

cypress resin

terebinth resin

mastic (Pistacia lentiscus) resin

pitch or tar

liquid tar

dry pitch

raw or unboiled resin, before further refinement.
reused or reboiled pitch

thick or solid resin (possibly from larch)

pitch and wax mixture used a sealant, or pine-resin
viscous derivative of liquid tar produced through boiling
torch-pitch or flare material

liquid tar

lump of hardened pitch

liquid resin; originally from the city of Colophon

oily fluid that rises to the surface when the raw pitch
is left to stand/ mixture of oil and pitch

oily fluid that rises to the surface when the raw pitch
is left to stand

oily fluid that rises to the surface when the raw pitch
is left to stand

resinated wine
pitch-flavoured wine

wine tasting of pitch

in other world cultures, where resins have historically
played comparable roles in traditional technologies
and healing systems (Langenheim, 2003). Their impor-
tance in Greek society is extensively documented in an-
cient botanical, medical, and encyclopaedic literature,
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including the works of Theophrastus, Dioscorides, and
Pliny the Elder (see, for example, Pliny, Naturalis Hi-
storia (HN), 14.20, 16.19-24, 24.33; Dioscorides, De
Materia Medica, 1.74). In Historia Plantarum (Hist.
Plant., 9.2.1-4), Theophrastus provides the earliest
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a

b

Fig. 1. (a) A drop of pine resin exuding from the trunk of a tree; (b) freshly produced pine tar flow-
ing from a wooden stirring stick produced during the Tar (Resin & Pitch Workshop, 18-20 June
2025, Tomas Chlup: photo archive of the Czech Academy of Sciences)

Ryc. 1. (a) Kropla zywicy sosnowej wyplywajaca z pnia drzewa; (b) Swiezo wytworzona smota
drzewna sptywajaca z drewnianego patyczka uzywanego do mieszania, uzyskana podczas warsz-
tatow Tar (Resin & Pitch Workshop, 18-20 czerwca 2025) (fot. Tomas Chlup, archiwum fotogra-

ficzne Czeskiej Akademii Nauk)

systematic description of resin (vhétiné, pntivn in An-
cient Greek) and pitch (pissa or pitta, micoa N witTO
in Ancient Greek), distinguishing between the natural
exudate from incised bark of trees and its thermally
transformed derivative, produced through heating and/
or distillation processes (pyrolysis).

Although no securely identified pitch production
installations from the ancient or byzantine periods
have been excavated in Greece, the scale of its use
suggests that specialized processing methods were
known and practised, as described by ancient authors.

Modern and early modern resin and pitch produc-
tion in Greece preserve key features of ancient tech-
niques. Traditional resin collection through bark inci-
sions, the use of clay or metal containers, and pitch
production through slow carbonisation in shallow
pits or kilns are well documented in ethnographic
and historical studies (Kommatas, 1999). Notably,
the traditional production technology of pine tar (ka-
trami) was recently inscribed in the National Inven-
tory of Intangible Cultural Heritage of Greece (Ayla,
2025). These survivals provide valuable analogies for
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understanding ancient methods, offering insights into
seasonal labour organization, woodland management,
and artisanal knowledge.

The present study explores how resin and pitch
were produced, transformed, and used in Greece from
antiquity to modern times. Drawing on ancient textual
sources, material analyses, archaeological finds, and
modern ethnographic documentation, it adopts a mul-
tidisciplinary approach to reconstruct the technical
processes and cultural significance of these substances
over time. In doing so, the study highlights both the
persistence and adaptation of resin-related knowledge
across historical periods, contributing to a broader
understanding of craft continuity, resource use, and
environmental adaptation in the Greek world. The
geographical scope includes mainland Greece, the Ae-
gean islands, and select cross-referenced case studies
from Asia Minor, Cyprus and the Levant. This syn-
thesis allows for a diachronic reconstruction of resin
and tar-related technologies and practices, highlight-
ing continuities, adaptations, and regional variations
across millennia.
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HISTORICAL CONTEXT AND LITERARY SOURCES
ON RESINOUS SUBSTANCES IN GREECE

Resinous substances have been exploited in the Greek
world since prehistoric times. In northern Greece,
finds from the 6th to 5th millennium BCE attest to
the exploitation of both pine pitch and birch bark tar
in domestic and craft contexts. At several Neolithic
sites — including Makriyalos, Stavroupoli and Pal-
iambela — archaeometric residue analyses have identi-
fied pine-derived pitch used as a glue, as well as pine
resin employed to seal ceramic vessels intended for
the storage of liquids. In parallel, evidence has re-
vealed the use of birch bark tar — a material less com-
mon in the later Greek world. This tar functioned as an
adhesive, particularly for repairing broken pottery, and
as a waterproofing agent for closed ceramic vessels
(Urem-Kotsou et al., 2002, 2004, 2018; Mitkidou et
al., 2008). Moreover, at Dikili Tash — dated to around
4300 BCE — two-step GC-MS analysis of Neolithic
jars revealed not only fermentation biomarkers (tar-
taric, malic, and succinic acids) indicative of red wine
production, but also residue from resinous materials
from conifers used to seal the vessels before fermenta-
tion. This is the earliest documented evidence in the
Eastern Mediterranean and Europe for the combined
use of resin sealing and wine-making (Garnier and
Valamoti, 2016).

These early uses mark the beginning of a long tradi-
tion in the Greek world of transforming resinous sub-
stances into multipurpose materials. From this early
phase onward, resin and pitch were gradually integrat-
ed into broader systems of craft production, food stor-
age, seafaring, medicine, and ritual — a development
that can be traced through ancient literary sources and
continues, in modified forms, in traditional practices
of rural Greece.

In the Bronze Age (3200-1050 BCE), the aromatic
resins of Pistacia trees (terebinth or mastic) were im-
portant trade commodities, indicating an early demand
for resin in the region (Merousis, 2010; 2012; 2019).
Canaanite merchants shipped terebinth resin in large
pottery amphorae to Mycenaean Greece and Minoan
Crete. Notably, the 14th-century BCE Ulu Burun ship-
wreck off Anatolia contained Canaanite jars loaded
with resin, likely collected from the Levant in late
summer and destined for Aegean markets (Merousis,
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2012). In Egypt, terebinth resin (possibly referred to
as sntr in texts) was so prized that during the reign
of Thutmose III an average of 9,000 L were import-
ed yearly for use as incense and embalming material
(Loret, 1949; Merousis, 2012). In Minoan and My-
caenean periods (ca. 2000-1050 BCE), resins served
as incense in cult practices, adhesives in crafts (e.g.
glue for gold leaf on the Palaikastro ivory kouros), and
additives to wine for flavour and preservation (Mer-
ousis, 2010). Resinated wine became increasingly
widespread, as shown by ceramic residue analyses,
and was linked to domestic consumption, feasting,
and ritual contexts (Merousis, 2019). Palatial econo-
mies likely systematized resin, its production and stor-
age. Textual evidence confirms resin use, for example,
Linear B tablets (a Mycenean syllabic script used for
administrative records) may reference ki-ta-no (pos-
sibly kritanos or tsikoudia, i.e. terebinth plant or resin)
administered by palace industries (Merousis, 2012;
2019). Similar practices are also attested noted also
in the western Mediterranean, where Rageot (2015)
has showsn that Neolithic and Bronze Age communi-
ties used both raw and pyrolyzed resinous substanc-
es — such as pine resin and vegetable tar — and often
blended them with beeswax, animal fats, or oils to en-
hance their sealing, adhesive, or preservative qualities.
These findings demonstrate that empirical knowledge
of resin manipulation was widespread across prehis-
toric societies, extending beyond the Aegean.

The first literary reference to pitch appears in
Homer’s Iliad (4, 277), where it is used metaphorically
to describe dark clouds gathering before battle. By the
Classical period (5th—4th centuries BCE), the focus
shifted to pine resin and pine-derived tar as critical
resources in Greece. Ancient literary sources distin-
guished a famed Pierian (a region within Macedonia)
or Macedonian pitch, suggesting Macedonia as a ma-
jor production centere. Herodotus (Histories, 4.195) in
the 5th century BCE is the first to mention “Pierian
pitch,”, implying it was a well-known commodity by
his time. Indeed, Macedonia’s extensive pine forests
(notably on Mount Olympus and around Pieria) be-
came the heart of a large-scale tar industry. Theo-
phrastus (Hist. Plant., 9.2.1f) and Pseudo-Aristotle
(mir. Auscultationibus, 842b) both refer to a renowned
“Macedonian pitch” as distinct from other grades. In
fact, Macedonia had monopolistic supremacy in tar
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production during the Classical and Hellenistic eras
(Vassiliadou, 2018).

Tar from Macedonia was considered among the
highest quality in the Greek world — Pliny the El-
der later rated it “premium” and most in-demand
(HN, 14, 25). Hence, it became a significant export
commodity. Macedonian control over pitch produc-
tion was tied to royal authority (Vassiliadou, 2018).

The forests of Mount Olympus and other uplands
were royal property; harvesting resin or wood for tar
required a crown license (Borza, 1982; Hatzopoulos,
1996, p. 176, 226). The Argead and Antigonid kings
derived revenue from this industry. Philip V of Mac-
edon, for instance, raised rents on royal forests as
a wartime fiscal measure (Hatzopoulos, 1996, p. 433).
The scale of production and trade is underscored by
a remarkable historical episode: around 225 BCE,
King Antigonus III Doson donated 1000 talents of
Macedonian pitch and 1000 metretai of raw liquid
pitch to Rhodes to aid in rebuilding their fleet after an
earthquake (Polybius, Hist., 5.89) — an extraordinary
shipment equating to roughly 26 tons of solid pitch and
39 tons of liquid (unrefined) tar, which is the largest
tar consignment on record of the Greco-Rroman world
(Vassiliadou, 2019). By the Hellenistic period, Mac-
edonian pine tar had become a strategic resource, fuel-
ling naval maintenance and other industries, and func-
tioned as a “brand-name” product (to use Vassiliadou’s
2018 terms) in the international tar market of the era.

Ancient inscriptions, such as those from Delos
dating to the 4th—3rd centuries BCE, offer valuable
insight into the economic role of pitch in the classi-
cal and Hellenistic world. These records indicate that
pitch was marketed and priced in two distinct forms:
as a liquid (pissa ygra), it was measured and sold in
keramia — ceramic storage vessels of approximately
26 liters — meters (approx. 39.3 liters) or hemiampho-
ria (half amphoras), while in its solidified state (pissa
xéra), it was traded in boloi, or lumps (Bean, 1954;
Chankowski, 2023, Vassiliadou, 2011; for volumes,
see Grenquist, 2018). On Delos, the price of a kera-
mion of pitch ranged between 17 and 22 drachmas
(Chankowski, 2023). Given that a non-specialized la-
bourer in Classical period earned about half a drach-
ma per day and a skilled worker about one drachma
(Guthmann and Scheidel, 2025), purchasing a single
unit could cost the equivalent of 17 to 44 days of
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wages. This highlights the considerable market value
of pitch, especially considering its essential role in
sealing, waterproofing, and ship maintenance. The
Kaunos Customs Law further underscores its impor-
tance by recording the taxation of pitch sold in lumps
(Bean, 1954), demonstrating its integration into regu-
lated trade networks and the fiscal priorities of Hel-
lenistic authorities.

The Roman conquest of Macedonia in 167 BCE
brought changes to this industry. The lex Aemiliana
imposed by the Roman general Aemilius Paulus abol-
ished royal monopolies and forbade the Macedonians
from exploiting royal forests (Livy, Ab urbe cond.,
39, 24). This likely disrupted large-scale pitch pro-
duction. Vassiliadou (2018) notes that Roman policy
“signaled the end of the industrial production and
wide-range trade of Pierian-Macedonian pitch” as an
export industry. Nevertheless, production continued
at a reduced scale, likely serving local and regional
markets. In 63 BCE, a century after the conquest,
Cicero mentions former royal lands in Macedonia be-
ing managed by Roman contractors, suggesting that
forest resources (including pitch) were again being
tapped under new administration (Cic. De leg. agr.,
2.50). During the Roman Imperial era, tar and resin
remained in steady demand across the Mediterranean.
Greek and Roman writers like Dioscorides (De mat.
Med. 171,3), Atheneus (Deipnosophistae, V.40), Pliny
(HN, 16.20), documented multiple production locales
and techniques beyond Macedonia, including Italy,
Gaul, Spain, Syria, Cyprus, Asia Minor and more (for
references see Panagou, 2019; Vassiliadou, 2011,
pp. 73-82; Vassiliadou, 2019). A 1st-2nd-century CE
funerary relief from Thasos is especially intriguing:
it depicts tools (an axe-like implement, tripod legs,
etc.) and bears the partial inscription “Artemidoros...
pissokaustes” (pitch-burner), revealing the profession
of tar maker in the Roman period (Archaeological
Museum of Thasos, see Panagou, 2019). This unique
find suggests that Thasos (in the northern Aegean) was
another pitch- producing area by the Imperial era, and
it provides a rare iconographic representation of tar-
making technology in antiquity.

In the Byzantine era (4th—15th centuries CE),
pine resin and tar continued to play an important
role, althoughalbeit the historical spotlight shifts
more to its consumption and less to large-scale export
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(Germanidou, 2019). Forests rich in coniferous trees,
especially pines (genus Pinus), were a crucial part of
the imperial landscape. Their exploitation was often
tied to monastic estates, aristocratic landholdings, or
state-administered properties (Germanidou, 2019).
Evidence from legal, fiscal, and agronomic sources
suggests that the collection of resin and the produc-
tion of tar were subject to customary rights, labour ar-
rangements, and sometimes taxation or regulation. The
Eparchikon Biblion, a 10th-century manual regulating
the guilds and trades of Constantinople, reveals that tar
is among the goods associated with the provisioning
of the city, pointing to its recognized economic role in
urban supply chains (Koder, 1991, 13.1.118).

The geographic distribution of resin-bearing for-
ests shaped regional economies across the empire. Ar-
eas such as Macedonia, the Peloponnese, Attica, the
islands of the Aegean (notably Chios), Asia Minor,
and parts of the Levant appear in Byzantine references
to resin and pitch (Anagnostakis, 2013; Jacoby, 2013;
Koukouni, 2011; Vroom, 2018). These zones were not
only natural habitats for pine but also hubs of local
production that fed into interregional trade. The im-
portance of Chios, for example, known for its Pistacia
lentiscus resin (mastic), persisted into the Byzantine
period, linking ancient traditions with medieval com-
merce (Koukouni, 2011).

The strategic significance of pine-derived materials,
especially resin and tar, further explains the continu-
ity of their extraction and management. As Byzantium
inherited and developed a complex naval infrastruc-
ture, including shipyards and fleets vital to its defence
and communication, the empire had a direct interest
in securing materials necessary for ship maintenance
(Koukouni, 2011). In Byzantium, pine resin held not
only practical value but also symbolic significance.
While primarily used in medicine, ship maintenance,
wine-making, sealing, and adhesives, it was also en-
dowed with spiritual meaning in Christian allegory and
monastic literature (Germanidou, 2019). Resin’s role
in healing wounds was likened to the healing power of
divine grace, and its preservative and adhesive proper-
ties were interpreted as symbols of spiritual preserva-
tion and the soul’s bond with God (Germanidou, 2019).
These allegorical interpretations appear especially in
moral and didactic texts, where natural substances
served to illustrate theological concepts.
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Following the fall of Byzantium in 1453, the
production of pine tar and resin in Greek-populated
regions continued as a traditional craft under Otto-
man rule and into the early modern period (Dursun,
2007). While maritime powers in the 17thth to 19thth
centuries increasingly sourced tar from Northern Eu-
rope — especially Sweden — for large-scale naval use,
indigenous methods of small-scale pitch production
persisted in Greece for domestic and artisanal pur-
poses. These practices involved the dry distillation of
resin-rich pine wood (particularly stumps and heart-
wood) in sealed, low-oxygen earthen kilns known
as katramokdamina, a technique maintained across
mountainous landscapes including Epirus, Pieria, the
Geraneia Mountains (Attica), Crete, Thassos, and
parts of western Macedonia (Ministry of Commerce,
2025).

In particular, the region of Distrato in Epirus re-
tained this knowledge well into the 20th century. Eth-
nographic evidence and oral traditions document the
role of itinerant craftsmen — known as katranades —
many of whom were of Vlach or Sarakatsani origin.
These tar-burners would move seasonally through for-
ested areas, harvesting and processing pine wood and
collecting the viscous pitch in sheepskins or ceramic
vessels (Tzora, 2025). Their knowledge of terrain, tree
species, and controlled carbonization or destructive
distillation techniques was passed down from genera-
tion to generation, forming part of a broader local eco-
logical knowledge system.

The uses of pine tar in post-Byzantine agrarian
society were diverse and deeply integrated into daily
life. It was employed to preserve and protect wooden
implements such as ploughws, cartwheels, and yokes;
to waterproof barrels, roofs, and small boats; to seal
ceramic containers used for storing oil, wine, or water;
and to repel insects and rodents from storage areas and
wooden structures (Ari et al., 2014; Kizilarslan and
Sevgi, 2013; Lardos et al., 2011; UNESCO Cyprus,
n.d.). Pine tar also served important roles in veterinary
and folk medicine: it was applied to wounds, hooves,
and udders of livestock as a protective salve and an-
tiparasitic agent; it was used in poultices for skin dis-
eases such as mange and eczema; and, in some rural
communities, poured along the backs of freshly shorn
sheep to prevent mite infestations (Ari et al., 2014;
Lardos et al., 2011).
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The katrdmi also played a key role in long-term
timber preservation in humid, mountainous environ-
ments, reinforcing its value in self-sufficient rural
economies. A similar pitch-making tradition is docu-
mented across the border in Turkey’s Kiire Mountains,
where comparable kiln-based techniques were prac-
tisced by Turkish and Greek-speaking forest dwellers,
suggesting a broader trans-Balkan and Anatolian con-
tinuity (Dursun, 2007).

Despite industrial decline in the 20th century, iso-
lated production survived into the 21st. The communi-
ty of Distrato continues to host occasional kiln firings,
and in 2025, the Greek Ministry of Culture inscribed
“the traditional technology of making katrdmi” into
the National Inventory of Intangible Cultural Herit-
age. This recognition acknowledges both the survival
of the craft and the continuity of forest-based knowl-
edge systems that have adapted across centuries of
post-Byzantine transformation. The case of pine tar
reflects how traditional ecological practices outlived
imperial systems, adapted under Ottoman provincial
life, and maintained cultural value into modern Greece
(Téooepa..., 2025).

PRODUCTION METHODS

Ancient sources describe two main methods of obtain-
ing pine products: (1) tapping live trees for resin, and (2)
burning resinous wood to extract tar/pitch. Theophras-
tus (4th c¢. BCE), in his Historia Plantarum (9.2-3),
provides a detailed account of both approaches, which
he notes could vary by region. His descriptions align
remarkably well with techniques used in later historical
periods and even recent folk practice (For a translation
in English of his work, see Theophrastus, 1916).

Resin tapping

In Theophrastus’ account (Hist. Plant., 9.2), harvest-
ers would cut incisions into the trunks of pine or re-
lated trees to stimulate resin flow. Typically, the bark
was stripped or scored during the warm season, after
the tree had leafed out when resin flow was strongest.
Different species yielded resins of different quality:
terebinth (Pistacia terebinthus) resin was considered
the finest — “firm-setting and most fragrant” — though
available only in small quantities. The resin of “pine of
the seashore” according to Theophrastus terms (likely
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P. halepensis or P. pinea) and silver-fir (4bies sp.) was
next best, more delicate than that of common pine.
Common pine (P. brutia or P. nigra) yielded resin in
the greatest volume, but it was “the grossest and most
pitchlike” (for species identification, see Karakatsani,
1998).

Collectors sometimes removed a piece of resin-
rich wood (“the resinous wood after the tree has been
tapped”) to create a reservoir cavity, into which resin
would collect more abundantly. The fresh resin would
be liquid and sticky; harvesters allowed it to thicken
and solidify for ease of transport, often gathering it in
leather flasks until it congealed into the familiar solid
form. No uniform rule applied — for instance, Theo-
phrastus notes that with terebinth they tap both trunk
and branches, whereas with pines they might focus on
the trunk. The timing and frequency of tapping were
also regulated to avoid killing the tree. Generally, trees
were not tapped every single year; they were given
time to recuperate resin. Theophrastus (Hist. Plant.,
9.2.5-8) remarks that in Mount Ida (Troas, Asia Mi-
nor) and Macedonia, tapped resin pockets would refill
after one to three years depending on the tree’s vigour,
after which another round could be collected. In one
described method on Mt. Ida, collectors would ring-
bark one side of the pine’s trunk (the sun-facing side)
for a height of 2—3 cubits (0.92 to 1.39 m; for the met-
ric system, see Smith and Anthon, 1851), leave it for
a year to let that section become saturated with resin,
then cut out that resin-impregnated wood the next
year, and repeat on a new section; after a few such
cycles the weakened tree would finally blow down,
at which point its resin-rich stump and roots could be
dug up for pitch wood. This method reflects a sustain-
able sequence to maximize resin yield over a tree’s
life. Notably, byproducts of resin tapping included
turpentine (the liquid oleoresin) and rosin (solidified
resin); these terms are rarely distinguished in ancient
sources but were certainly obtained in practice. Tap-
ping techniques, consisting of simple incisions with
knives or chisels and collection of resin droplets (the
famous “tears”), remained essentially unchanged into
modern times, as seen in the traditional harvesting of
pine resin in various regions of Greece and mastic
(Pistacia lentiscus) on the island of Chios. Whether
for pine or mastic, the tools (scrapers, gouges) and the
careful timing of cuts were crucial to yield a good flow
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Fig. 2. Resin tapping scars on Aleppo pines in Evia, Greece, showing bark removal (left) and collection gutters (right)
Ryc. 2. Slady nacinania pni sosny alepskiej na wyspie Eubea (Grecja) — widoczne usunigcie kory (po lewej) i rynienki

do zbierania zywicy (po prawej)

without killing the plant (for the tools in antiquity, see
Vassiliadou, 2011).

In modern Greek practice — especially in Aleppo
pine forests — two main resin tapping methods have
been documented: the traditional “chipping” method
and the more recent “debarking with sulfuric acid”.
The older chipping technique, now obsolete, involved
creating 1.5 cm-deep wounds in the trunk using an
axe. Three variations of this method existed in Greece,
depending on the tool used and the interval between
applications. In contrast, the modern method involves
peeling the bark and applying a chemical irritant paste
(typically containing sulfuric acid) to stimulate resin
flow (Papadopoulos, 2013). These activities left dis-
tinctive scarring patterns — “tapping faces” — on ma-
ture and older trees, still visible in many forest stands
today (Fig. 2).

Pine tar production

A relatively simple method for producing pitch from
resin involved collecting the raw material in containers
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and then boiling it to obtain tar (Theophr., Hist. Plant.,
9.2.5; Plin, HN, 14.25; 16.22). According to Pliny
(HN, 16.22), one technique consisted in placing red-
hot stones into oaken tubs or basins (alvei) filled with
“pitch resin” (picea resina), which facilitated its lig-
uefaction through direct heat. In another method de-
signed to produce a medicinal-grade tar, various res-
inous substances were boiled in water, and the fatty
residue (expressum pingue) was likely skimmed off
the surface once it rose to the top (HN, 16.32).

To obtain large quantities of tar, however, the an-
cient Greeks relied on heating resinous wood in an
oxygen-poor environment (pyrolysis) so that liquid
tar could exude. Theophrastus (Hist. Plant., 9.3) calls
this procedure “pitch burning” and describes the Mac-
edonian method in detail. Macedonian pitch-burners
would prepare a level, smooth area of ground, slightly
sloping to a collection hollow at the centre. They split
pine logs and stacked them upright leaning against
each other to form a conical pile, much like a charcoal
kiln, but without an underground pit, as the pile was
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built above ground. The wood mound was enormous:
Theophrastus reports an optimal pile might reach 180
cubits (=80 m) in circumference and 50-60 cubits
(=22-27 m) high, using hundreds of talents of wood,
although bigger stacks (of 100 cubits ~ 46 m) were
also made if the wood was very resinous (Makkonen,
1969 suggests this may be an exaggeration or a textual
distortion, and that the actual mound was likely small-
er; for a discussion, see Vassiliadou, 2011, 84). Once
stacked, the entire mound was covered with brushwood
and then a thick layer of earth, sealing it completely
except for a single opening through which it could be
ignited. The makers would start a fire at the base of the
pile (using the small opening), then immediately close
that aperture with wood and earth, essentially creating
an anaerobic slow-burn inside the mound.

As the wood smouldered, the heat would liquefy
the resin contained in the pine wood, and liquid tar
would drip down, guided by a stone or ceramic-lined
channel, toward a collection pit about 15 cubits (=7m)
away. The distance allowed the tar to cool as it flowed
through the channel before reaching the pit. After ~48
hours (maximum) of controlled burn, the tar flowed
out and was gathered; the process was complete by the
second day, when the pile eventually collapsed inward,
having yielded all its pitch. Throughout, workers vigi-
lantly monitored for any outbreak of open flames or
leaks in the earthen seal, smothering any smoke vents
with more dirt, since exposure to air could cause flam-
ing combustion that would ruin the pitch by burning it
off. Theophrastus vividly notes that the Macedonian
pitch-burners offered sacrifices and prayers during the
burn, effectively holding a vigil and festival in hopes
of a bountiful, high-quality tar yield. The tar obtained
in this manner could be used as is, or further heated to
make a thicker pitch. The distinction, as modern anal-
ysis confirms, is mainly one of consistency; ancient
practitioners generally conflated the terms, simply
calling the product pissa (pitch/tar) unless a specific
differentiation was needed (Murray, 2009).

Other regions also developed distinct pitch-making
techniques. Theophrastus (Hist. Plant., 9.3) contrasts
the above with a Syrian method: in parts of Syria,
where true pines were less available, people extract-
ed tar from terebinth trees by applying fire directly
to a living tree. They used a specialized iron tool to
set a portion of the tree on fire in a controlled way,
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melting the resin out of that spot, then moved the tool
to another spot to continue the extraction. Essentially,
the tree itself served as the “kiln,” and the process
was stopped when tar ceased to flow. This method
was likely inefficient and potentially destructive to the
tree, but Theophrastus notes it was used particularly
because Syria had abundant terebinths and lacked
large pines. Interestingly, he adds that even terebinth
resin (akin to turpentine) could be turned into a form
of pitch through burning in this way. He also mentions
that some claimed this Syrian method could be applied
to Aleppo pine and Phoenician cedar as well, though
he notes such uses were rare and not commonly prac-
tised. Modern experimental studies have confirmed
that cedar wood, particularly from species such as Ce-
drus libani, can yield a distinctive, aromatic pitch via
controlled pyrolysis, although in lower quantities than
pine (Kilig¢ Pekgozlii et al., 2017; Ninich et al., 2024).

Pliny the Elder, writing in the 1st century CE, echoes
much of Theophrastus’ information but also describes
a distinct Roman variant (HN, 16.21-23). He describes
a method where cut pine logs were enclosed in a pur-
pose-built kiln or furnace, which was heated from the
outside, causing tar to exude and be collected in a ves-
sel. This may represent Roman-era technological re-
finement — an approach to pitch-making that is more
contained and controllable than the giant earth mound,
perhaps on a smaller scale (Orengo et al., 2013). All
these methods, however, operate on the same principle
of destructive distillation of pine wood. Chemical anal-
yses of Hellenistic-Roman pitch samples from Pieria
show terpenoid degradation signatures consistent with
pine wood pyrolysis (Vassiliadou, 2018).

Resin tapping and pitch burning often went hand-
in-hand. In some contexts, resin was collected from live
trees for certain uses (like medicine or wine-making),
while the same trees’ wood (rich in resin after years of
tapping or after death) might eventually be burned to
produce tar. Theophrastus (Hist. Plant., 9.2) observes
that Macedonians preferred to only burn the “male”
pine trees (those without cones) for tar and normally
did not burn the “female” (cone-bearing) pines unless
they found a fallen pine with especially resinous wood
or roots. This suggests a deliberate management strat-
egy: some trees were left to grow and be tapped for
resin, whereas others (perhaps inferior for tapping or
at end of life) were converted to pitch.
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The base pit for tar collection. Left — the pit. The sloped channel will guide the tar into a vessel placed at the lowest point. Right —
participants carefully arrange kindling into a circular core, forming the central shaft of a traditional tar mound.

Fig. 3. A revived experimental demonstration in Distrato village in Ioannina, Greece (Phot. K. Paganias, November 2024)
Ryc. 3. Odtworzony pokaz eksperymentalny w miejscowos$ci Distrato, loannina, Grecja (fot. K. Paganias, listopad 2024)

The season and environment also influenced the
quality and quantity of resin produced. According to
both Theophrastus (Hist. Plant., 9.2) and Pliny (HN,
16.23), wood from trees in sunny, facing slopes pro-
duced the best, clearest resin, whereas shaded-site
trees gave a more turbid, lower grade. Moderately

cold winters would result in greater resin production
the next summer (hence more tar), whereas extremely
harsh winters reduced the flow. Even the weather dur-
ing the burn mattered: people observed that a given
quantity of wood would yield more tar in wet weather
than in drought, because the moisture prevented the tar

Fig. 4. Traditional tar kiln prepared by stacking split pine wood into a conical mound (left). The
tar kiln is covered with soil and ignited (Phot. by K. Paganias, November 2024)

Ryc. 4. Tradycyjny piec do wypatu smoty przygotowany przez utozenie roztupanego drewna
sosnowego w stozkowatym kopcu (po lewej). Piec zostaje przykryty warstwg ziemi i pod-

palony (fot. K. Paganias, listopad 2024)
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Fig. 5. Graphical representation of the traditional Pine Tar production in Distrato, loannina (Drawing by

K. Paganias)

Ryc. 5. Graficzne przedstawienie tradycyjnego procesu produkcji smoly sosnowej w miejscowosci Dis-

trato, loannina (rys. K. Paganias)

from volatilizing away and allowed it to flow out more
completely (Theprhr. Hist. Plant., 9.2.5).

From the above, it is evident that Greek and Roman
pitch producers had a deep understanding of resinous
combustion and distillation techniques. The process
was labour- and resource-intensive, often requiring
communal effort. Archaeologically, no physical tar
kilns from antiquity have been identified in Greece,
likely because they were temporary earth mounds or
simple pits that leave scant traces. However, the writ-
ten descriptions confirm how it was done.

Notably, the traditional tar-making pits used by
Greek villagers in the 19th century, called katramo-
kamina (tar kilns), were essentially smaller versions of
the ancient mound described by Theophrastus: a coni-
cal stack of pine logs, covered with turf, slowly burned
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so that tar could be tapped from a collecting channel
at the base. The continuity of this technique over two
millennia is striking and illustrates the resilience of
resin-processing knowledge in Greek woodland com-
munities (Figs. 3-5).

USES OF RESIN AND TAR

Ancient Greeks and Romans found a remarkably wide
range of uses for tree resins and pine tar, exploiting
their waterproofing, adhesive, aromatic, and medicinal
properties. The ubiquity of resin and tar in daily life is
attested by both literary sources and material remains.
Here we outline the major applications across differ-
ent spheres, noting continuity (and changes) through
Byzantine and later times.
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Shipbuilding and waterproofing

Perhaps the most critical use of pine tar in antiquity was
in maritime technology. Wooden ships were preserved
and sealed with pitch — a practice so common that it
was effectively universal among Greek shipwrights.
This included techniques such as caulking: sealing
seams between planks with resinous substances or with
textiles soaked in pitch, paying: smearing seams or sur-
faces with pine pitch or resin, and pitching: coating tim-
ber with heated pine pitch for waterproofing and pres-
ervation (Beresford, 2013, p. 196; Meunier and Guyon,
2020; Pomey et al., 2012; Pomey and Boetto, 2019; see
also Homer, lliad B 524; Aristophanes, Acharnenses,
190; ib. Ranae 354). In Athens, the 4th-century BCE
Naval Records of the Neorion (shipyard) show that
each warship (trireme) on active duty was issued an
amphora of tar and/or tar-based paint for maintenance,
among other amenities (IG 112 1627.313). Tar was
such a strategic resource that during the Peloponnesian
War (431404 BCE), Athens restricted or banned its
export, likely to ensure adequate supplies for its fleet
(Aristophanes, Ranae, 361-364). Tar and pitch were
applied liberally to ship hulls (usually on the interior
of planks, and sometimes the exterior below the water-
line) as a waterproofer and to impede shipworm dam-
age. Archaeological evidence confirms this (Parker,
1992). For example,: the 4th-century BCE warship
battering ram found at Athlit had timbers coated in
tar, as did hull fragments of many shipwrecks (Cas-
son and Steffy, 1991). Tar may also have been used to
coat other textiles, such as ropes, cordage, and sails, for
waterproofing and preservation (Meunier and Guyon,
2020; Wartke and Burford-Cooper, 2006). These same
materials and techniques — especially the use of pine
tar for sealing and protecting wooden hulls — remained
central in shipbuilding throughout the Byzantine period
as well. Resin and tar continued to be employed in the
construction and maintenance of dromones (war gal-
leys), merchantmen and other naval vessels (Kahanov
and Royal, 1996; Kocabasg, 2015; Pomey et al., 2012;
Pryor and Jeffreys, 2006). This continuity extended into
the post-Byzantine and modern periods. Traditional
wooden caiques (kaikia in Greek) are still maintained
with resinous substances, applied to seams, hulls, and
rigging to preserve seaworthiness and protect against
decay — evidence of the longevity of this artisanal
knowledge (Lagontzou, 2017; Oikonomou, 2012).
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Pitch was widely employed in ancient construc-
tion to preserve and protect wooden architectural ele-
ments from moisture and decay. It was used in struc-
tural timbers, beams, and fittings, particularly in areas
exposed to weathering or in contact with masonry.
Vitruvius (VI1.4.2) advises its application to walls
and roofs to prevent dampness, and Plautus (Mostel-
laria, 111.2.140—141) mentions its use in maintaining
wooden doorposts. Pliny notes that pitch from wood
was used to waterproof roofs and even to protect cer-
tain soft building stones from weathering (HN, 36.48,
in Carthage). Epigraphic evidence further confirms
its role in building maintenance: inscriptions from
Eleusis (IG 112 1672), Athens (IG 1I? 659 and 659b),
Epidaurus (IG IV2 1, 102), Delos (indicatively REG
XXVI, 1913, 26), and Delphi (FD 5 (3), 19, 55) to
name a few, record the procurement and application
of pitch as part of official construction or repair works.
Archaeological evidence, such as pitch-coated timbers
from a 3rd-century BCE site in Katerini, supports the
textual record, highlighting pitch’s routine role in the
upkeep of built environments (Vassiliadou, 2011).
Pitch was also used for sealing a wide range of materi-
als, including ceramic vessels, wooden barrels, leather
wineskins and baskets (Panagou, 2019).

Beyond its well-attested role in waterproofing
and preserving wooden architecture and containers,
the smearing of pitch also served ritual and symbolic
purposes. At the Anthesteria festival (an Athenian cel-
ebration of Dionysus associated with new wine, the
dead, and liminal rituals), Athenians applied pitch to
their doorways (mittn t0¢ 60pog Exprov), an apotropa-
ic gesture likely intended to protect the household
from harmful spirits during this transitional period. As
Roussel (1934) observes, this practice is echoed in in-
scriptions from Eleusis, Athens and Delos (mentioned
above), where pitch was applied to temple doors, sug-
gesting a continuity between domestic ritual and sa-
cred architectural care. He further notes parallels with
modern Greek customs such as whitewashing houses
before Easter to dispel pollution and misfortune.

Wine preservation and flavouring

A distinctive ancient practice was the use of resin in
winemaking. Greeks would coat the inside of wine
amphorae and storage pithoi with pine tar (pissoma)
as a sealant (Fig. 6). The pitch lining inside amphorae
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Fig. 6. Mosaic from Saint-Romain-en-Gal showing the ap-
plication of pitch to a dolium (large ceramic storage vessel)
Ryc. 6. Mozaika z Saint-Romain-en-Gal ukazujaca naktadanie
dziegciu na dolium (duze naczynie magazynowe z ceramiki)

served a dual purpose: it prevented wine from seeping
into the porous ceramic fabric and acted as an antioxi-
dant preservative. As Panagou (2019) notes, the pres-
ence of a pine tar coating is often taken as an indicator
that a vessel once held wine, although there are also
many documented cases where amphorae were them-
selves used to transport pitch or tar. The practice of lin-
ing wine jars with pitch was so routine that even Egyp-
tian papyri from the 3rd—2nd centuries BCE include
instructions specifying that the amphorae be “pitched
from bottom to brim,” and even detail the amount of
tar to be used — approximately 70-80 grams per am-
phora (Panagou, 2019). In addition to sealing the ves-
sel, the resin imparted a distinctive aromatic quality to
the wine. This was not always a mere byproduct; of-
ten it was deliberate: fresh resin (reting) from Aleppo
pine or terebinth was added directly into grape must
to produce resinated wine. Pliny mentions that some
wine jars were not just lined but that the wine itself
was mixed with resin and other aromatics (HN, 14.25).
The resulting beverage had a piney flavour. The prac-
tice had preservative benefits — the resin acted as an
antimicrobial, preventing souring and masking oxida-
tive off-tastes (Merousis, 2010). In Classical and later
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times, references abound: Aristophanes jokes about
pitch-smelling wine (Acharnenses, 190), and later
Columella (De Re Rustica, 12,18-24) advised Roman
vintners on how much resin to add for storage wines.
Byzantine agriculture manuals (Geoponica, 6,4) con-
tinued to endorse pitching wine vessels while they
were still hot from the kiln.

By the middle Byzantine period, resinated wine
(later known as retsina) had become a common bev-
erage, particularly among the lower classes. Michael
Choniates, a 12th-century Bishop of Athens, famously
criticized the “bitter” taste of the resin-treated wine
consumed by locals. Liutprand of Cremona, a 10th-
century Lombard ambassador to Constantinople, fa-
mously condemned it as undrinkable, mocking the
taste of the resin-treated wine served at the Byzantine
court. Later foreign visitors echoed this sentiment:
Pietro Casola remarked on its disagreeable flavour in
the 15th century, while in the 19th century, Edward
claimed that even sour English beer was more palat-
able than the resinous wine consumed by the Greeks
(Germanidou, 2019). Despite such disdain, resin-
treated wine remained popular in Byzantium and in
Piost Byzantine eras as an affordable and chemically
stable option for everyday consumption, storage and
transport. Today’s Greek retsina — wine flavoured with
pine resin (usually from P. halepensis) — is a direct
descendant of this practice (Fig. 7).

Fig. 7. A selection of modern retsina wine brands in Greece
Ryc. 7. Wybor wspodtczesnych marek wina retsina w Grecji

Beyond wine, ancient authors such as Pliny the El-
der also report that pitch was used in the preservation
of certain fruits — such as pears, apples, and pomegran-
ates — by sealing their stalks or containers to prevent
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spoilage (HN, 15.18). Additionally, resin was used to
seal other food containers. Large clay pithoi storing oil
were sometimes sealed with resin or wax around the
lids (Panagou, 2019). However, Columella (X1149,11)
warned not to use a tar-lined container for olives or
olive oil, as it could spoil their taste.

Incense, cosmetics and aromatics

Resinous substances held a prominent place in ancient
aromatic, culinary, and cosmetic practices. Resins,
especially from terebinth and mastic, were common-
ly burned as incense in religious and domestic con-
texts, appreciated for their fragrant smoke and purify-
ing properties (Merousis, 2010). In perfumery, resin
served as both a fixative and a scent component, con-
tributing to the composition of complex aromatic oils
(Plin. HN, 16.40, Galen XII 423). Culinary uses are
also attested (Roumpou and Tsafou, 2023; and perhaps
Poulaki, 2003).

In cosmetics, resin was valued not only for its
fragrance but also for its functional properties: cer-
tain resinous mixtures were employed in depilatory
preparations for hair removal (Plin. HN, 14.25, 16,40;
Souda sv. Pitta) or as a skin conditioner (Plin. HN,
28,37 138-9). Mastic, in particular, was incorporated
into oral hygiene routines, chewed as a form of ancient
chewing gum (Gil-Merlo et al., 2021). Dioscorides in
De Materia Medica (1.69-1.77) provides further evi-
dence for such uses: sSoot derived from burning pine
resin or pitch is repeatedly cited for its use in eyelash
enhancement, eye ulcer treatment, and pigment prepa-
ration, serving both aesthetic and therapeutic functions
(1.69.3, 1.72.4 for cedar oil serving a similar cosmetic
pigment function 1.77.4). Such soot, when processed
from lamp-burning resins, also produced a black dye
used as eyeliner or ink (1.72.4). Mastic appears in
ointments and creams to brighten the face and affix
artificial lashes, while also freshening breath and whit-
ening teeth (1.70.3). Similarly, zopissas ({omicon),
mixtures of resin and wax scraped from ship planks,
were applied as softening agents for skin subjected to
harsh exposure (1.72.5).

Medicine and veterinary uses

Pine resin and tar were part of the ancient medicinal
toolkit. The Hippocratic corpus (5th—4th c. BCE)
already mentions pitch in topical preparations for
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wounds (Hippocrates, De Fistulis, 10.3, De Ulceribus,
12.49). Pine pitch has natural antiseptic and antifungal
properties due to its resin acids; thus, ancient doctors
applied it to cuts, sores, and skin infections as a salve
(often blended with animal fat or olive oil). Hippo-
crates used pine tar to treat pulmonary and dermato-
logical conditions (De mulierum affectibus, 201.16.,
203.4, De articulis, 39.3) Dioscorides (De Mat. Med.,
69-72) goes into detail on different resins: he recom-
mends pine resin for respiratory ailments (e.g. taken
in drink for coughs), for stomach problems, and as
a mild diuretic, while tar is suggested for skin afflic-
tions like ulcers, scabies, and lice (even fumigating
with tar smoke to drive off pests). Tar water and tar
fumes were disinfectants as well. Galen (2nd c. CE)
inherited and systematized these uses. He employed
both tar and resin in numerous compound medicines.
He used pine resin to soften, warm, and dry wounds,
often blending it with wax, fat, or oil to make plasters
more adhesive and pliable (De comp. med. gen., VII,
470.8, 476.6, 496.2). Tar, by contrast, was valued for
its astringent and sealing qualities, helping to dry ul-
cers and stabilize salves (De comp. med. gen., VII,
624.14, 709.7). In Byzantine times, these uses per-
sisted and even expanded. Oribasius and other medi-
cal texts list resin and tar in numerous recipes — from
poultices for inflammation to ingredients in compound
drugs (Germanidou, 2019; Lardos et al., 2011). Veteri-
nary texts (e.g. the Hippiatrica) similarly advise coat-
ing animal wounds with tar and using tar to strengthen
horse hooves (McCabe, 2007). In fact, a very enduring
traditional use of pine tar — right up to modern vil-
lage practice — was to paint it on livestock hooves to
prevent rot and on sheep/goats to repel flies and fun-
gal infections. Farmers also dabbed tar on the wool of
lambs to mark them and to discourage predators (Cal-
purnius Siculus, Eclogae, V.78-85). The materia med-
ica of resin was not limited to pine: Chios mastic gum
was esteemed as a medicinal resin for gastrointestinal
health and oral hygiene — Galen (Simp. med. temp. ac
fac., XI. 113) and later physicians, as well as scholars
praised mastic for many medical properties, includ-
ing soothing stomach ailments and its use in dental
pastes (Merousis, 2022). In general, the ancient belief
was that resinous substances were warming, drying,
and cleansing. Modern pharmacological studies have
validated some of these effects (e.g. mastic’s antiulcer
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activity, pine tar’s antimicrobial action), explaining
the longevity of these remedies (Dimas et al., 2012;
Huwez et al., 1998).

Adhesives and utility products

Beyond the high-profile uses, resin and tar served
countless quotidian purposes. One was as an adhesive
or glue. Pine pitch, especially when mixed with other
ingredients, made an effective glue for crafts. Myce-
naean artisans used resinous adhesives to attach thin
gold foil onto ivory or stone, e.g. resin was found affix-
ing gold leaf on the Palaikastro ivory figurine and tin
rivets to a vase in Asine (Merousis, 2010). In classical
times, tar could mend broken pottery: a ceramic ves-
sel cracked could be “pitch-glued” back together and
reused (IG XI 2, 154 A 37). Tar was also used to caulk
and seal wooden wine barrels, once coopers began
using barrels in the Roman period — a Gaulish wine
barrel found at Reims had interior pitch lining simi-
lar to amphorae (Mille and Rollet, 2020). Its adhesive
properties were also exploited in hair removal (Aetius,
Med. Lib., 111, 180). In painting, tree resins (like pine
resin or mastic) were key components of varnishes
and binding media; In antiquity tar was also used to
produce black ink (Christiansen, 2017). Later Byzan-
tine and pPost- Byzantine iconographers used resins
in their varnish (Abdel-Ghani et al., 2009; Mastrothe-
odoros and Beltsios, 2021). Tar was also employed in
the preservation and cleaning of bronze objects (Pau-
sanias, I 15,4), and played a role in the production of
copies of bronze statues (Lucian, Zeus Tragodos, 33).

Fire, light and warfare

The flammable nature of pine resin and tar made
them natural pyrotechnics. Greeks realized that soak-
ing fibrous material in pitch created excellent torches
and firebrands (Moullou, 2011; Moullou and Topalis,
2022). Indeed, the common Greek word for torch, peu-
ke (“pine brand”) in ancient sources (e.g. Aeschylus,
Agamemnon, 287; Sophocles, Oedipus Rex, 214; Eu-
ripides, lon, 716; Aristophanes, Clouds, 604), reflects
that resinous pine was preferred for torches. When the
wood used for a torch lacked natural resin content,
it was necessary to enhance its flammability by add-
ing combustible substances such as resin or tar (Aris-
tophanes, Vespae, 1373—1377; Athenaeus, Deipnoso-
phistae, 15.57.22). In some cases, the torch head may
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have been wrapped in tow soaked with tar, as illustrat-
ed on a red-figure skyphos now housed in the Arthur
M. Sackler Museum, Harvard University (formerly in
the Hoppin Collection; BAPD 13322). A torch could
also take the form of a vessel (a pot-torch) contain-
ing flammable substances such as oil, tallow, resin or
tar, possibly combined with a slow-burning material
serving as a wick (Phrynichus, Praeparatio sophistica
87.3-4) (Fig. 8).

Fig. 8. Experimental reproduction of a pot-torch containing
heated resin (Phot. D. Moullou)

Ryc. 8. Eksperymentalne odtworzenie pochodni garnkowe;j
zawierajacej podgrzang zywice (fot. D. Moullou)

Soldiers and sailors weaponized tar: Thucydides
describes how during the siege of Delium (424 BCE)
the Boeotians used a makeshift flamethrower — a hol-
low log filled with pitch, sulphfur, and charcoal — to
blow fire onto the Athenian wooden fortifications
(Thuc. 4.100). Alexander the Great’s engineers were
familiar with combustible mixtures of pitch, oils, and
quicklime used to create incendiary grenades (Aeneas
Tacticus, Poliorketika, 35). Caesar, in the Commenta-
ries on the Gallic War (8.42), notes defenders throw-
ing pitch and sulfphur on Roman siege works to set
them alight. All these heralds the Byzantine-era Greek
Fire (Haldon et al., 2006; Partington, 1960). Liquid
pitch (tar) was a major ingredient in the feared “lig-
uid-fire” deployed by the Byzantine navy, as well as
in primitive hand grenades and firepots used in siege
defencse (Triantafyllidis, 2016). Byzantine treatises
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on warfare (e.g. Anna Komnene on the 12th-century
navy; Reinsch and Kambylis, 13.6, 391-392) list pissa
(pine pitch) as a primary ingredient of the liquid in-
cendiary launched by flamethrowers in naval battles.
Mixed with other chemicals like petroleum and saltpe-
tre, pitch gave the mixture its stickiness and high burn
temperature. The use of tar in warfare thus persisted
from the classical world straight through to the end of
the Middle Ages.

Resin and pitch also served as instruments of tor-
ture, particularly in Christian martyrdom accounts.
Victims were often cast into cauldrons filled with
boiling resin or pitch, or had the burning substances
poured over them. Amphilochios was thrown into
a cauldron “heated and filled with resin” (Acta Sanc-
torum, 29 March); similarly, Artemon was burned in
a vessel containing both pitch and resin (12 April);
Saint George (23 April) was tortured by being im-
mersed in a mixture of pitch and resin as fire boiled
beneath him (Germanidou, 2019).

These examples demonstrate how resin and pitch
were not only essential materials of daily life and tech-
nology but also instruments of extreme violence, ca-
pable of inflicting horrific physical suffering in both
warfare and punishment.

CONCLUSION

The production and use of resin and pine tar in Greece
illustrate a long-standing interplay between natural re-
sources and cultural practices, persisting from antiq-
uity into modern times. In the Classical and Hellenis-
tic eras, Greece — particularly Macedonia — emerged
as a key supplier of pine pitch, leveraging its forest
wealth to support shipbuilding, trade, and warfare on
an international scale. State control of pitch under the
Macedonian kings underscores its strategic and eco-
nomic importance. Roman rule disrupted monopolies
but not the utility of resin and tar: these materials re-
mained fundamental to daily life, from lining ubiqui-
tous wine amphorae to providing medicines and torch
fuel. In Byzantine times, pine resin was still, in a sense,
“the gold of the pines”, valued in medicine, used in the
iconic retsina wine, and indispensable for Greek Fire.
Production techniques showed remarkable continuity —
a Byzantine resin tapper or a 19th-century katrandades
would find much familiar in Theophrastus’ description
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of tar kilns and resin gathering. Over centuries, new
applications emerged (such as gunpowder-era incendi-
aries), but many old ones — sealing a wine jar or healing
a wound — remained the same. By the post-Byzantine/
Ottoman period, large-scale industrial tar production
had shifted elsewhere, yet Greek communities pre-
served the traditional knowledge of resin-tapping and
tar-making on a local scale. That continuity, now rec-
ognized as heritage, speaks to the deep-rooted presence
of these practices in Greek culture.

In sum, the story of resin and pine tar in Greece
is one of resourcefulness and adaptation. A simple
substance exuded by wounded trees became, in Greek
hands, an adhesive, a preservative, a flavouring,
a disinfectant, a weapon, a waterproofing and a per-
fume — in short, a multipurpose material that oiled the
wheels of ancient economy and society. The exacting
descriptions by ancient scholars, the analyses by mod-
ern archaeologists, and the survival of folk techniques
together give us an unusually comprehensive view
of an ancient craft. From the naval stores of Classi-
cal Athens to the monastic wineries of Byzantium to
the mountain kilns of Epirus, resin and tar production
form a continuous thread. It is a testament to human
ingenuity in using natural products — and to the endur-
ing legacy of Greek silviculture and craftsmanship —
that even today one can sip a glass of resin-infused
wine or see a wooden boat sealed with pine tar and be
directly connected to practices that are more than five
millennia old.
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ZYWICA | SMOtA SOSNOWA W GREC)I: STAROZYTNE TECHNIKI | TRADYCYJNE PRAKTYKI

ABSTRAKT

W artykule przeanalizowano produkcje¢ i wykorzystanie zywicy oraz smoty sosnowej w starozytnej Grecji
i poza jej granicami, od czaséw prehistorycznych po okres bizantyjski i wczesnonowozytny. Na podstawie
starozytnych zrodet literackich, a takze danych archeologicznych, archeometrycznych i etnograficznych zre-
konstruowano techniki pozyskiwania zywicy i wytwarzania smoty drzewnej od antyku po wspotczesnose,
ze szczegOlnym uwzglednieniem starozytnego przemystu smotowego oraz dlugo utrzymujacej si¢ w nowo-
zytnej wiejskiej Grecji praktyki wykorzystania piecow katramokamina. Substancje zywiczne — uzyskiwa-
ne przez nacinanie zywych drzew lub poddawanie drewna bogatego w zywice pirolizie w celu otrzymania
smoty drzewnej — pehnity w spoleczenstwie greckim réznorodne funkcje: stuzyly do uszczelniania statkow
i amfor na wino, leczenia ran, aromatyzowania pomieszczen, a takze jako paliwo do pochodni i broni.
W opracowaniu podkreslono zar6wno materialne zastosowania, jak i symboliczne znaczenie tych substancji
w kontekstach domowych, morskich, medycznych i religijnych. Sledzac ciagtos¢ oraz adaptacje technologii
na przestrzeni tysigcleci, autorzy wskazujg na wiedze ekologiczng zakorzeniong w praktykach zwigzanych
z zywica. Studium wnosi wktad w badania nad starozytnymi praktykami przemystu lesnego oraz ochrona
niematerialnego dziedzictwa kulturowego, oferujac wglad w trwate zwiazki miedzy zasobami naturalnymi,
rzemie$lnicza wiedzg a odpornoscia kulturowa w $wiecie greckim.

Stowa kluczowe: zywica, smota sosnowa, dziegie¢, Grecja, starozytna technologia grecka, rzemiosto trady-
cyjne, produkty lesne, dziedzictwo lesne, perspektywa diachroniczna, zastosowania praktyczne
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