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36010 Tyrian purple

Tyrian purple was one of the most costly organioriiog matters of the ancients. It was preparethfro
several mollusks or whelks, includiddurex brandarisandPurpura haemostomavhich are found on the
shores of the Mediterranean and Atlantic coastgeHjuantities of these mollusks were used for dyein
fabrics in classical times.

We produce Tyrian purple from the shellfistyrpura Lapillus which excretes the fluid from which the dye
is won. Traditionally marking the dress of emper&mgs and chief magistrates, 1 gram of this dymade
from the secretion of 10,000 of these large se#dssna

This purple color is remarkably stable, resistibi@glis, soap, and most acids. It is insoluble irstrarganic
solvents.

Tyrian purple was used in the preparation of a leurnk and in dyeing parchments upon which the cesli
of Byzantium were written. Whelks that produce ploeple dye, are also found on the coasts of thisBri
Isles, and they furnished the purple color for safihe early English, Irish and French manuscripts
(Thompson).

The color went out of use about tHe@ntury, though it may have been used occasionpliyntil the 11
century.

Excerpts fromPainting Materials by Rutherford J. Gettens and George L. Stout

The History of Tekhelet, from Biblical to Roman Times
(we received the following information from Dr. Ari Greenspan, from www.tekhelet.com on June 05 2002)

Tekhelet

The history of color is as old as mankind. In theiant world especially, colors and dyes were ohp®unt
importance, both socially and economically. Threlors in particular tekhelet(blue),argaman(purple), and
tolaat shani(scarlet) -- were derived from living creaturegfie eastern Mediterranean, and formed the basis
of a major industry in this part of the world foellvover 3000 years. The beautiful shades and pegnce of
these three dyes, in contrast to other existingntalarived dyes, made them very desirable. Ovee,tim
possibly because of the high prices they demarttiede dyes became associated with the clothingngék
caesars, and religious figures and hence, symbbleadership in general.

The dye that has left the richest record of itsinsEretz Yisrael and the surrounding regionteishelet The
guestions of what exacthgkheletis, why, when and how it was used and made, asagghow and why it
disappeared will all be addressed in this paper.

The earliest references tekheletare in cuneiform tablets. A tablet from Ugaritgpent-day Syria) which is
dated to about 3500 years ago records the amouakiftu” i.e. blue wool, owed to a merchant. Recently
discovered in the British Museum is a Babyloniablgafrom the seventh century BCE that contains the
earliest known instructions for dyeing wool witletbolors‘takiltu” and ‘argamantu.

In the biblical story of Joseph and his preciouat@d many colors, we get our first inkling of timeportance

of color in the time of the bible. There are a rtudte of biblical references to dyed cloths, anpeeglly
tekhelet The Tabernacle and its vessels were covered avitate cloths otekheletf argaman andtolaat
shani Every Jew is commanded to wear a threadekheletcolored wool on the corner of his garment,
perhaps in order to instill a sense of grandeuhénsimple believer, or as a constant remindertibdielongs

to “a nation of kings and priests”. [FOOTNOTE THREFERENCE]. The blue strand was tied together with
strands of white wool to forntZitzit’, or ritual fringes.

According to Jewish tradition, thekheletdye is derived from a snail found on the Meditee@n coast, in the
portion of land allotted to the tribe of Zebulun:
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"Zebulun complained before the Holy One BlessedHBelLord of the Universes, to

my brothers you have given fields and vineyards, tou me you have given

mountains and hills. To my brothers you have gitgrls, but to me you have given

seas and rivers"
God answered: They [your brothers] will need yaw,the blessing of the tribe of Zebulun is "... thtisiegs
buried in the sand". Rabbi Yosef taught, “thosedkiburied” refers to the snailstekhelet
Tekheletandargamanare ennumerated among the booty captured in hattlee Book of Judges -- together
with gold, silver and copper, indicating again teat value of these dyes. In a similar vein, wKamy
Hizkiyahu had to pay obeisance to King Sennachardyder to save himself and Jerusalem, the preaiifts
he offered includedakiltu andargamannu The Book of Esther relates that as a reward doing the king's
life, Mordechai was publicly arrayed in the roydbthing of King Ahasereus, described tkheletand
argaman [FOOTNOTE Esther 8:15]
In fact, the entire region may have gotten itsmeafrom the well-developed dye industry which once
flourished here. In Akkadian, the word “Canaan” tentranslated as “purple”. According to this ttatien,
the land in its earliest period was known for itsstnprecious and prized item, purple dye, and socatled “
the land of purple”, or Canaan. The traditional 3awcommentators translate Canaan differently, é&am
“merchants”. It is possible that both translatioelate to the same fact - that is, the Caananiggsitation as
merchants of purple-dyed cloth. It is further ieting to note thaPhoinix also means purpldn a later
period, the Phoenicians, who spoke a differentuagg but relied on the same industry, continuezhlicheir
country “the land of purple”, or Phoenicia.
Where exactly did these dyes come from? The Talwllglof an old man near Achziv, on the northerad$
coast, who was asked, “What is your professiomd’answered “I am tekheletsnail fisherman”. Elsewhere,
the Talmud relates that the dye-producing snaésfeund “between the cliffs of Haifa and Tyre”.dst had
an active dye industry from the early Roman petiwdugh to the end of the Byzantine era.
The snail fishing was very plentiful on the coa$t morthern Israel and Lebanon, and eventually the
Phoenicians, centered in the city of Tyre, becargaly skilled in the production ofekheletandargaman
With time, the prestigious dye industry became alnexclusively associated with Phoenicia.
Tyre’s involvement in the industry is documentedeasly as about 970 BCE, when King Hiram and King
Solomon signed a trade agreement. King Solomgpatiibed ten thousand workers a month to Lebanon, in
order to transport the supplies needed to buildahgple in Jerusalem. King Hiram sent “vesselsafl and
silver and sea-purple garments and many kinds icEsp King Hiram also supplied King Solomon with a
skilled Tyrian artisan to help decorate the templee Book of Chronicles relates that this artithae,son of a
woman from the tribe of Dan and a man from Tyres&a expert in working with gold, silver, bronzen,
wood, stoneargaman andtekhelet
Josephus, in his praise of the unrivaled swiftmésolomon's horses writes that:

“A further adornment for them (the horses) werarthders who, in the first flower

of youth that was most delightful to see and ofspicuous height, were much taller

than other men. They let their hair hang down verg great length and were dressed

in tunics of Tyrian purple”.
Remnants of dye works and enormous accumulatiorisofrded snail shells, indicating the presenca of
major industry, have been found in both Tyre ardb®&i The snail remains found in all of the archgulal
sites are from the Muiricidae family, commonly meéel to as the Murex family. The specific snailedisvere
the Murex Trunculus, Murex Brandaris, and Purpuraméstoma. Bothtekhelet and argaman were
manufactured from these snails’ extracts.
Evidence of the ancient dyeing industry - in therfaf mounds of broken Murex shells and remainghef
dye extract -- have also been uncovered in numesthes archeological sites along the Mediterran@éue.
Tyrians were sailors and businessmen who they meaolonies across the Mediterranean basin. Thest mo
important colony was the city of Carthage. And agheaps of broken Murex shells meters high betaress
to the dyeing center that flourished there. Somieolses have even suggested that the Tyrians’ main
motivation to search out new colonies was theiirdée dominate the dye industry.

Page 2 von 7
Dr. Georg Kremer, Dipl.-Chemiker, Farbmihle, D-88317 Aichstetten/Allgéu, Telefon +49-7565-91120, Tebet +49-7565-1606
kremer-pigmente@t-online.de, www.kremer-pigmente.cm



PIGMENTE

The Philistines may have had similar aspirationbeWSisro the Philistine general failed to retusmk from

his war with the Jews, his mother became concerAdough she feared that he might be dead -- which
indeed he was, having been murdered by Yael widnapeg -- Sisro’'s mother comforted herself whb t
thought that possibly his army had been delayetbaolg the spoils of war, described as “coloredvero
cloth.” Might not the entire war have been wageddotrol the dye works in northern Israel?

The dyeing industry was notorious for its’ unpledshy-product. In [DATES?] Strabo describes Tyre as
having a very foul smell even though, he explatihe,factories were not near living areas. Plinysdsihat is
the cause of prices paid for purple shells, whiekehan unhealthy odor when used for dye?”. Thendyei
process, which involved exposing the dead snarbekto heat and chemicals and then letting theacion
ferment, was very malodorous. Modern attemptsenigct the dyeing process have established theriins

as foul-smelling to modern noses as it did to anaaes.

Coains of Tyre
Another fascinating connection betwetakhelet argamanand the city of Tyre, is the appearance of the
Murex snail as a symbol of the city, on tens ofidiyrcoins over a period of close to 650 years. Tyigan
mint was among the earliest and most importanhé Greco-Roman world, and the snail icon served as
powerful publicity tool for the extensive dye worb&Tyre.
It appears that the first coins minted in Tyre wengall silver coins produced circa the year 450 BTlke
theme most commonly portrayed on those early cwirtbat of the ocean replete with dolphins ridihg t
waves and a prominently displayed Murex shell.
From the time of Emperor Caracala, 211 CE, throGgtiineus, 268 CE, the Murex shell was an almost
constant feature of the Tyrian coins. The legenthefdiscovery ofekheletandargamanwas also a favorite
of the Tyrian mint. According to legend, Herculése son of Zeus, had a dog. One day, this dog was
frolicking in the ocean, foraging about for foodh&h the dog emerged from the ocean, his lips walmred
bright purple from the snails he had consumed,thusl was the secret source of the beautiful dye=sated to
mankind.
Several hoards of these coins have been foundael]gestifying to the widespread usage of TyiGains.
The commercial relationship between Jerusalem ame was intimate and of long duration. During tlaglye
years of the Second Temple, the prophet Nehemrabriged the fact that Jews were doing business ®n th
Sabbath in Jerusalem, and that:

“The Tyrians sit within it and bring fish and othegms and sell them on the Sabbath

to the children of Judah and Jerusalem”
So qualitative was the mint and so consistent Wwasilver content, that the Rabbis of the Talmudtekd that
all obligatory payments prescribed by the Torahtrbespaid with Tyrian money. And so, the sheketsught
to the Temple yearly from around the world werenfrthe Tyrian mint despite the fact that many ofsthe
coins featured the face of Melkart, the god of Tgmethem. This presented an obvious problem, stiantly
violated the Jewish laws against graven imagesdotavorship.
Why was it that the Rabbis not only permitted tse of the problematic Tyrian coins, but actuaéguired
that they be brought to the Temple? The answeiirdi¢ése need for exact amounts of silver to propéuffill
the biblical commandments. Over the course of timest mints devalue their money by gradually chaggi
the metal content - that is, for any specific coiimted, the amount of precious metal which was lsedtie
original mint will slowly be decreased, and repthbty a higher percentage of cheaper metals.
The shekel is a weight measurement. If a so-calettel coin has less than a shekel's weight ddrsitvit due
to devaluation, it is no longer valid for use i thiemple. The Tyrian coins had an unparalleled 8#%&r
content for over 180 years, which is why they bezdine standard for Jewish ritual use.
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The Role of Argaman in the Roman Empire

In later Roman times (DATES? ARISTOTLE) the valuecolored cloth reached ten to twenty times its
weight in gold. Pliny speaks of the “mad lust farple”, and reports that “the best Asiatic purpdenes from
Tyre”. The dyed purple cloth became the royal gatroé Rome:

“The official rods and axes of Rome [i.e. leaderd.} clear it a path, and it also

marks the honorable estate of boyhood; it distisiyes the senate from the

knighthood, it is called in to secure the favortloé gods, and it adds radiance to

every garment, while in a triumphal robe it is lded with gold.”
By the fifth century heavy restrictions were laidwh on the production and ownership of purple dyed
garments.

“All persons of whatsoever sex, rank, skill, prafies or family shall abstain from

possession of that kind of material which is de@idanly to the Emperor and to His

household...Garments of all purple must be surrendiréhe Treasury and must be

immediately offered.” (January 16, 424).
The Roman aristocracy was concerned about thelpldgsof fraud, and so another edict was issued:

“We command that every sixth man from the bureaseafetaries...shall be sent to

the dye works of Phoenicia for a fixed period ofid¢j so that by the astuteness of

these officials all fraud may be prevented” (Mag;436)
As late as the tenth century the emperor of theaBfjme Empire is referred to as Constantine VII
porphyrogenitus, “born to the purple”.
The custom of reserving purple clothes exclusivielly leadership continued well into the Middle Ages.
Nachmanides, circa ??, comments “Even today no wauld dare weatekhelet- except the king of the
Gentiles” [FOOTNOTE: Torah Commentary on Number2P8\achmanides seems to have been referring
here to the Pope. Chemical analysis of papal rétms the Middle Ages [WHICH POPE? GOT ANY
DATES? WHERE HAVE THESE RESULTS BEEN PUBLISHED?Yeals that they were indeed dyed using
extracts from the Murex snail.

Tekhelet in Jewish Tradition

The Torah commands “you shall put on the fringethencorner of your garment a bluekhele} thread”. The
Rabbis commentedeékheletis wool” i.e. the halachic definition @ékheletis blue-dyed wool. Maimonides
gualified that the wool must be permanently dyady blue “the color of the sky.”

The dyed wool, so prized and expensive in the seeubrid, was no less so when needed for ritual Tbe
Talmud explained, “It (the snail) comes up oncerg®eventy years, therefore it is expensive”. Q§edhe
extensive Mediterranean dyeing industry could rentehbeen built around a rare resource that surfachd
once every seventy years! The Talmud frequentlg tise number seventy as a kind of stylized exatjgera
a non-literal expression meaning “a lot” or “manifere, the metaphor is meant to describe the veladrity
of the snails, coupled with the need for large nerstof them, which resulted in the high costeihelet
Possibly due to price considerations, an imitatilye of plant origin, Kala llan, was produced, thas
practically indistinguishable frortekhelet Kala llan is translated by the Aruch, af"kentury dictionary of
the Talmud, as “Indiko” i.e. the indigo or woad mawhich has been in use for close to 5000 yeadsyselds
an exceptionally permanent dye. There are ancigyptian textiles extant today which still sportithariginal
indigo coloring, clearly visible to the naked eye.

The imitation dye was so similar to the originahttthe Talmud relates that just as only God was &bl
distinguish between the firstborn Egyptian and 3avaabies, so only He can discern “who places Kaheon
his garment and callstiékhelet. The Rabbis cautioned their students to “only takheletfrom an expert” as
a way of ensuring its authenticity. They furthecamended using 40-day-old urine (i.e. the redueigent
ammonia) as part of a chemical test to see ifdlmefcolor diminishes.
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The Dyeing Process

How exactly werdekheletandargamanproduced?

Pliny relates that “The Murex...has the famous floakepurple, sought after for dyeing robes, in thddte of
its throat. Here there is a white vein of very ggdhiid from which that precious dye, suffused lwa dark
rose color, is drained”. And, “people strive toatathis fish alive because it discharges its juvith its life”.
[FOOTNOTE: “fish” is used here as a general tersfienring to all sea creatures] The Talmud alscesttiat
“when it is alive it is better, so that the colaifllwe good”.

In other words, after the Murex snail was captuaed broken open, the hypobrachial gland that hibleslye
was removed from the snail while it was still aliiéne liquid retrieved from the snail looks faiftynocuous;
it is clear and colorless. But in a chemical predagiated by oxygen and sped up by light, thédflundergoes
an enzymatic reaction that causes a spectacular tahsformation. The clear liquid, after passihgough
various shades of yellow, green, aqua, and bluanalically turns a deep dark purple, consonant wieh
“dark rose color” mentioned by Pliny, and the “bdoaf purple hue” mentioned by Homer.

Rabbi Meir of the Talmud used to say, “Whytékheletdifferent from all other colors? Becautskheletis
similar to the sea, and the sea is similar to #yeasd the sky is similar to God’s throne”. Thiatetment is
ubiquitous in the Talmud; it appears eight separates, each time modified by the addition of aeottolor -

- “similar to the grass”, “similar to the sapphir@hd even “similar to the colors of the rainbow”.

While many psychological and symbolic interpretasi@f these passages are possible, one wondergheow
entire spectrum could really be used to describimgle shade of blue? Rabbi Meir may have beenrithésg
a physical phenomenon familiar to anybody livingtbe Mediterranean coast in those times i.e. tiatblor
tekheletis derived from the snail whose extract displdithe colors of the rainbow when exposed to the su
The molecule of the purple-colored dyedaman) is called dibromoindigo - that is, an indigo nalée with
two bromine atoms attached to it. This molecule foam a chemical bond with wool, which is the défon
of a permanent color. If no such bond exists, tlerowill wash out. But in order for a permanentlecular
bond to be created, a series of chemical reactinrs take place.

In its initial state, the dye is insoluble in watetuch like oil is insoluble in water. The procedsreating a
solution with dibromoindigo is called reduction,dareduction can only happen if the water is baaix] not
neutral or acidic. The dyer must first create aidoaavironment before he can reduce the dye. Maidesn
lists several chemicals which were routinely adttedhe dye mixture, including a very basic plantiech
kimoria, and limestone, a strong base.

Once a basic environment has been created, theti@aican be accomplished in a number of ways.yPlin
writes that heat and urine were used in the prodg@ssurine is ammonia, a potent reducing agentthie
mercaptan, a by-product of the enzymatic colordfi@mation process, is a reducing agent, too. herot
words, there is a reducing agent built into thealstslf. Methyl mercaptan is responsible for teerible odor
of the dyeing process mentioned previously.

Whatever method is used, something surprising happéien the dye is reduced - it becomes clear and
colorless again, due to lack of oxygen in the $otutThe wool is then placed in the clear soluthowl allowed
to absorb the clear liquid. Once the wool is rendofrem the dyeing vat and exposed to air, the desbdye
slowly re-oxygenates and, almost magically, a gareple color materializes on the wool.

One major puzzle remains, though. Namely, this oebthf extracting dye from the Murex snail yielddyon
purple dye, omargaman What of the blugekheletmentioned in Jewish sources? Somehow, this kn@eled
was lost for centuries, not to be recovered untihance laboratory accident in the 1970'’s.

Loss and Rediscovery

How were the identity of theekheletproducing snail and knowledge of the dyeing predest to the Jewish
People? Essentially, the destruction of the Sed@mdple and the resulting exile meant that, withceatury
or two, the majority of Jews were living in Babyldrhey no longer had access to the Mediterranean thie
Murex snails that live in it. And so, it seems thdth time they lost the technical expertise reedirto
manufacture the dye. Around when did this knowledigappear?
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“Abaye said to Rav Shmuel bar Yehuda: Thelthelet how do you dye it? He

answered: You bring the blood of tbleilazon(snail) and chemicals and you put it in

a vat and boil it
Rav Shmuel bar Yehuda's familiarity with detailstbé dyeing process would seem to indicate thétaest
some Jews still had accesstéstheletat this period in time. This particular conversatcan be dated fairly
accurately -- Rav Shmuel bar Yehuda emigrated toyBa around 337 CE, and Abaye died in 338 CE. The
Talmud also tells us that Mar of Mashki broutgitheletin the time of Rav Ahai (d. 506 CE). Apparently at
this late date it was still possible to purchsséeletimported from Israel - although it must have baaare
occurrence, as it was noteworthy enough to beesihguit for mention. It is possible that by thisdinmperial
edicts prohibited trading itekhelet The Talmud relates:

“A pair (of people) came from Reket (Tiberias) atie eagle (Roman soldiers)

caught them, and they had in their hands items nmadeiz, but by the virtue of

God’s mercy and their own merits, they escapedysafe
What was this city of Luz, and what items came ftoare?

“This is the same Luz whetekheletis dyed, it is the same Luz whose inhabitants

Sennacherib could not deport, which Nebuchadnezgldmot destroy, nor can the

Angel of Death pass through it. However, when tlienesen and women of the city

grow weary of life, they go out of the walls of tbiéy and die”
It seems that in the Tanaitic age this city wasirégd as a sort of terrestrial paradise, a Forbidigy to the
Angel of Death. What idea were the Rabbis tryingxpress with the tale of Luz? | would like to segthat
they are praising a group of people that were mglio endanger themselves in order to fulfill, fedtp others
fulfill, the mitzvah (commandment) of wearitzjtzit with tekhelet Even during a time when edicts prohibited
the use of royal blue outside of the imperial hout® violation of which resulted in military awti against
those caught witkekheletin their possession, these brave people contiaueatition of dyeing going back to
the time of Sennacherib. The Rabbis suggest thatrasult of their righteousness, the residentsuafwere
granted immunity from punishment, and even immiytal
Nowhere in the Talmud (redaction approximately &) is there any indication that the practice dhgs
tekhelethad been discontinued, yet the Sheiltot de Ralaihehbook on ritual practice circa 760 CE, makas n
mention of its use. In the first century or twotloé last millenium, statements begin to appeaneceffect that
“we have naekheletin the present day” or “and for many days we hastheard of anyone who has merited
to weartekheleton his garment.” Yet seeds of hope were plante®dybi David ben Zamra (b. 1423), who
wrote, “It is possible that the species is stilbefound, but it is not known how it can be fiskied
In 1683, William of Cole, on a sea mission to urerthe secrets of nature for the Phil. Society rfo@,
claimed to have found the "purple fish", a snailqucing the color. He wrote in his report, "Thier@o doubt
but that it is a species of that kind...the bestliofvare found in the Tyrian seas near that Islandwbich that
renowned city of Tyre was built, now called Sur.illi&m hoped to perform a dyeing demonstration befo
His Royal Majesty but "a stop was put to this lyakamity too great and too public to mention."that is, the
muder of the King by Oliver Cromwell .
In the late 19th century, Rabbi Gershon ChanocloEletiener, the scion of the Chasidic Radziner dfna
set off across Europe in an attempt to find theamof the lostekhelet In a series of three brilliant books,
Rav Liener proceeded to organize all of the Jewtlrces orniekheletin a truly comprehensive manner, and
publish his own findings. In a seaquarium in Napte$888, he found what he thought to be the soofdtke
lost dye. He identified the elusive snails&pia officianalisan animal better known as the squid.
Rabbi Liener announced to religious Jewry that &é rediscovered the source tekhelet and after some
initial difficulty with the actual dyeing, he proded 10,000 sets @fitzit as gifts for his followers on the first
day of Chanuka, 1889. The vast majority of rablahiguthorities did not accept Rabbi Liener's thexss
correct, and it soon became a highly charged aralienal conflict. A book condemning the Radzitekhelet
was published in 1901 It was called “Pliekheletand vociferously attacked the usage of the religio
innovation. As part of his cynical approach , htiemed to the new tekhelet as “pgekheletor “invalid
tekhelet, a clever play on words with the biblical phrépsil tekhelet”, a “string of tekhelet”.
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The modern scientific rediscovery of the Murex aoarce of dye is due to a chance meeting betwesntck
zoologist Lucaze-Duthiers and a local fishermantlodf coast of Italy. Lucaze-Duthiers noticed tishdéirman
painting his shirt with the yellow juice of a fréghbroken snail, and saw that the stain soon tumeeddish-
purple color. Through subsequent study, he fouatlttiree mollusks in the Murex family were the seuof
the ancient dyes. In 1909, German chemist Pautllaneler discovered that the chemical structurdefdye
extracted from the snail is dibromoindigo.

Rabbi Issac Halevi Herzog, who later became tis¢ @hief Rabbi of the State of Israel,

wrote his doctoral thesis on the topictekheletin 1913, and coined the term “Hebrew Porphorolofgy”its
title. While trying to recover the lost source tekheletafter almost two thousand years, Rabbi Herzog was
forced, contrary to the evidence of his reseamheluctantly propose the less likely Janthina ogklas the
source otekheletbecause the Murex, a more likely candidate, sed¢mprbduce only a purple dye.
Professor Otto Elsner, of the Shenkar Institut€ehAviv, accidentally re-discovered the secretaitheletin
the early 1970's. One day while dyeing, he unimeally left the reduced solution of dibromoindigiting
in the sunshine for a few minutes before immersiggwool in it. Unbeknownst to him - or anyoneeett
that time-- the dye solution is susceptible togbe's radiation. The sun causes the bond betwedorémine
atoms and the indigo molecule to break down, lepdnly indigo active in the solution. Professorrigels
placed his wool into the colorless solution as yduast when he pulled it out into the air and wdifer the
usual purple color to appear, he was amazed ta sédwant blue shining on the wool instead. Thesdipity
of his discovery has reawakened our understandihgw tekheletwas produced.

Since the early 1990’s there has been a rekindifrigterest in reintroducing the use of the origitekhelet
string in the tzitzit worn by all Jews. A group leal Ptil Tekhelet was formed in order to do justttfToday,
murex is collected in various ports around the NMadanean and the dying of the strings is oncenalgaing
done in Israel as it was done 2000 years ago.
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