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Muricidae
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Murex trunculus

Murex brandaris –

– !ais haemastoma

HPLC

1
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of  Tekhelet and Argaman

Zvi C. Koren

 e processing of the blue and purple pigments produced from murex 

sea snails, from the initial extraction of the colorless mucous material 

from the live mollusk to the "nal dyeing process, involves a series of 

complex biological and chemical stages.  e ancients knew how to 

produce the purple pigment as early as about four millennia ago, but 

understanding the science behind these processes and reconstructing 

them was daunting to modern scholars until relatively recently. We can 

now explain in modern scienti"c terms the various steps undertaken by 

ancient dye "chemists" in the production of luxurious dyes for royal and 

sacral uses.  ese molluskan dyes were not only the privilege of secular 

sovereigns, but were also consecrated for the famous biblical red-purple 

argaman and blue-purple tekhelet textiles used in, for example, the 

Tabernacle and vestments of the High Priest. To understand how these 

sacral dyeings were produced we must examine not only the Talmud and 

related literature, but also the archaeological record and the "science-of-

the-possible" associated with the natural materials, methods and tools 

available to the ancient dyer. 

�e molluskan sources of the dyes 

It is widely known from historical accounts, especially from the 1st 

century CE Roman author Pliny the Elder, and from archaeological 

discoveries, that three species of the Muricidae family of sea snails were 

used in the Mediterranean to extract purplish-colored pigments.  ese 

pigments were used for painting objects and dyeing textiles. However, 

so far, in all the archaeological "nds where the purple colorant has been 

unambiguously identi"ed as a textile dye or as a paint pigment, the murex 

species utilized was always Murex trunculus.  e M. trunculus species 

may have been used alone or in combination with minor additions from 

the other two species – Murex brandaris and/or !ais haemastoma – for 

the production of redder dyeings.
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איור 1

כרומטוגרמה המראה הפרדה בין מרכיביו 

השונים של הצבען הארגמני המופק מחלזונות.

Figure 1

HPLC-produced standardized 

chromatogram showing the separation 

of the various components in a purple 

molluskan pigment.

violet) MBI IND

DBI

2

–

–
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Chemical composition of the pigment

 e purple pigment produced from the M. trunculus mollusk is chemically 

di$erent from that of all other snails.  is very important di$erentiation 

was made possible thanks to the instrumental method known as HPLC 

(High Performance Liquid Chromatography), which was used for the 

analysis of various molluskan pigments from di$erent species.  is 

chromatographic technique can separate and identify all the detectable 

components in a mixture, such as the purple pigment, which can contain 

as many as about 10 di$erent components. Figure 1 depicts the diagram 

that the chromatograph produces, which is known as a chromatogram, 

and it shows the various components as electrical signals – "peaks" – at 

the di$erent times that they are spectrometrically detected as they are 

swept out of a stationary medium by various %owing solvents.  ese 

components range in hue from yellow to yellowish-orange, blue, violet, 

reddish-purple and crimson.

 e molecular structures of the intense colorants are generally based 

on the same molecular "skeleton" belonging to that of indigo. Hence, 

these indigo-like colorants are known as indigoids, and three of them, 

indigo  or indigotin (IND) – blue, monobromoindigo (MBI) – violet, and 

dibromoindigo (DBI) – red-purple, are the main components responsible 

for the overall composite color visible to the naked eye (Fig. 2). 

Not all snails were created equal.  e M. trunculus mollusk di$ers from 

all other snails in its main dye components. While the most dominant 

colorant in the purple pigment produced from all other snails is the 

reddish-purple DBI, the pigment produced from the M. trunculus snails 

contains, in general, appreciable quantities of all three indigoids – IND, 

איור 2

הדגמת המבנה המולקולרי של שלושת 

האינדיגואידים העיקריים באמצעות 

מודל "כדור ומקל".

Figure 2

structures of the three main indigoids.
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איור 3

ארגמון קהה קוצים שקונכייתו פוצחה 

כדי לחשוף את הבלוטה התת-זימית, 

המכילה את הכרומוגנים חסרי הצבע. 

הבלוטה נראית כאן כעורק אפור. 

Figure 3

M. trunculus mollusk with its 

shell cracked open to expose the 

hypobranchial gland (seen in this 

snail as a grayish vein), which 

contains the colorless chromogens.

3

4
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MBI, and DBI – with varying compositions.

 e uniqueness of the M. trunculus mollusks makes it possible to identify 

them as the source of a molluskan pigment used to dye a textile or to paint 

an object. Finding the presence of DBI in a purple pigment will only tell 

us that the pigment is from a molluskan source, but will not su&ce to 

establish the precise mollusk species. If there is an appreciable presence 

of IND in the molluskan pigment then it may indicate that the pigment 

was produced from M. trunculus. However, this component can also be 

produced from a plant source, such as the indigo plant itself (Indigofera 

tinctoria) or woad (Isatis tinctoria); therefore, its presence does not 

necessarily indicate that a M. trunculus pigment was used. 

 e distinctive bona "de chromatic marker discovered by the present 

author that will distinguish the M. trunculus from all the other dye sources 

is the presence of an appreciable quantity of MBI in the pigment, which 

is absent in plant sources and is at most negligible in all other snails.  e 

MBI colorant is naturally – spontaneously – produced during the initial 

pigment formation, and could not have been arti"cially produced in 

antiquity by the deliberate debromination of DBI, as explained below. 

To date, all molluskan-based archaeological purple pigments and dyes 

that have been correctly analyzed via HPLC have been demonstrated 

to contain appreciable quantities of MBI, and thus the M. trunculus sea 

snails were used in all. Of course, dyes from other sources may have been 

added to that pigment, but M. trunculus was the primary source for the 

molluskan colorant.

 ere are also di$erences within the M. trunculus species itself. One 

variety of these snails produces redder purple pigments whereas another 

איור 4

ארגמון קהה קוצים שהנוזל חסר הצבע 

הוצא מהבלוטה התת-זימית שלו, והפך, 

במקרה זה, לארגמני-אדום.

Figure 4

An expiring M. trunculus sea 

snail after it expelled the 

colorless precursors from its 

hypobranchial gland to form, 

in this case, the reddish-purple 

pigment.
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produces bluer (more violet) purples.  e redder purple pigments are 

DBI-rich, while the bluer purple pigments are IND-rich.  erefore, dyeing 

with these two kinds of M. trunculus snails will produce, respectively, 

redder or bluer purple dyes.

Processing the pigment in antiquity

 e "rst stage in extracting the pigment is to break the snail's shell in 

order to expose the hypobranchial gland, containing colorless substances 

(chromogens) from which the "nal pigment is formed through a chemical 

process (Fig. 3). Puncturing the gland causes an enzyme within to act on 

these chromogens, and they continue to react with exposure to air and, 

in some cases, light to produce the purple pigment (Fig. 4).  is pigment 

could be used as a paint to decorate an object such as the unique Darius 

jar (see pp. 138-139), or converted into a textile dye. However, to perform a 

dyeing with this pigment, it must "rst be dissolved.  e dissolution process 

requires transforming the pigment's molecules into soluble forms by a 

process known as reduction, whereby the colorants gain hydrogen atoms 

(the opposite of oxidation – gaining oxygen atoms). In ancient times, the 

slow reduction, forming a less-colored greenish solution, was brought 

about by the anaerobic bacteria present in the %eshy glands. Today, strong 

synthetic reducing agents are available, such as sodium hydrosul"te, 

which of course did not exist in antiquity.

It is important to emphasize that while the pigment is being reduced and 

solubilized in the dye bath, e$ectively no sunlight penetrates this liquid, 

and thus no deliberate arti"cial photodebromination of the brominated 

indigoids would have occurred to produce more blue indigo.  is is due to 

the fact that the vessels used for dyeing in antiquity were non-transparent 

clay vats. Further, the vat would not be left uncovered since the reduction 

process can only be e$ective if it is performed by the anaerobic bacteria in 

the most air-free environment possible. Such an oxygen-free atmosphere 

would have been achieved via the following: (i) the vat would be covered 

with a wooden or stone lid; (ii) the liquid of the dye solution would be 

"lled nearly to the brim of the vessel in order to minimize the space above 

the liquid; and (iii), in any case, any quantity of air that would initially be 
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פיסת אריג בגוון אדום-סגול שנצבעה בצבע שהופק מחלזונות ארגמון

צמר | מצדה, ישראל | המאה הראשונה לפנה"ס—המאה הראשונה לספירה

Fragment of a reddish-purple textile dyed with pigment produced from murex snails

Wool | Masada, Israel | 1st century BCE–1st century CE | IAA 95-9056
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present in that small space above the liquid would be naturally driven 

out by the gases emitted during the malodorous bacterial fermentation. 

Subsequent to the dissolution of the dye, the actual dyeing is performed by 

immersion of a cleaned woolen %eece in the reduced dye bath for as little 

as half an hour to a few hours, depending on the depth of color desired. 

When the textile is lifted out of the solution, the dissolved and reduced  

greenish indigoids in the wet woolen "bers undergo air-oxidation and 

revert back to the original insoluble purplish pigment, now "imprisoned" 

inside the "bers.  is textile could then be re-inserted back into the dye 

bath to produce darker colors.

 e number of snails used for each dyeing depended on the quantity of 

wool that was to be dyed. In order to produce very dark and impressive 

colors, the "1:10:100" ratio would have been used, which represents the 

following quantities:

1 g of wool : 10 snails : 100 mL of dye bath

A good dyeing would have also been accomplished if the relative number 

of snails was reduced somewhat, but of course the resultant shades 

would be lighter.  us, dyeing enough wool for only one royal toga or 

cloak (about 1 kg) would have required about 10,000 snails!

Argaman and tekhelet

Based on the preceding discussions, we can now understand how the 

ancients were able to produce two di$erent colored molluskan dyes – for 

religious or royal purposes – a red-purple (argaman) and a blue-purple 

(tekhelet).  is thesis is proven by two prominent examples of argaman 

and tekhelet dyed textiles excavated at Masada, and analyzed by the 

present author (see pp. 94, 96). 

One is a red-purple weave dated to King Herod’s rule in Judea (37–4 BCE), 

and is the "rst textile dyed with molluskan purple that was unearthed 

in Israel. Chromatographic analyses of this purple dyeing showed that 

there is an appreciable quantity of MBI in the pigment, and hence

M. trunculus snails were used for this dyeing. Further, as expected, the 

red-purple DBI content was greater than the blue IND colorant, and thus, 

the DBI-rich variety of M. trunculus snails was used for this dyeing.  is 

95



96



Royal Purple (sometimes referred to as Tyrian Purple) would have been 

the color of biblical argaman. From the physical weaving structure it may 

be assumed that this piece belonged to a completely purple garment and 

is not merely part of a decorative element.  ese characteristics, together 

with the archaeological context in which this textile was found near the 

Western Palace at Masada, present us with the tantalizing possibility that 

these textile fragments were part of a royal garment of King Herod. 

 e second dyed textile from Masada carries the only ancient example 

of a deep blue-purple hue from a molluskan source yet found, which 

the present author believes is the biblical tekhelet. It originates either 

from the same Herodian period or from somewhat later, up to the end 

of the Great Revolt of the Jews against Rome (37 BCE–74 CE). Dark blue-

purple (or violet-blue) dyed yarns are embroidered onto the small weave 

fragment. Analyses of the dye used here have shown that it too, with its 

appreciable MBI composition, was produced from M. trunculus snails. 

However, contrary to the argaman dyeing, IND-rich snails were used for 

this beautiful blue-purple dyeing, which is the color of lapis lazuli, the 

biblical stone sappir, and  the ultimate color of tekhelet according to the 

2nd century CE sage Rabbi Meir. 

In summary, based on the biological, chemical, archaeological, historical 

and talmudic evidence, it can be concluded that both the red-purple 

argaman and the blue-purple tekhelet woolen dyeings were produced 

from the same Murex trunculus sea snail species, albeit from two di$erent 

varieties of this species.  e ancients knew where, when, and which types 

to collect in order to use the appropriate "subspecies" that would produce 

redder-purple pigments and similarly colored dyeings, as well as bluer-

purple ones.  e 3,000-year old enigma concerning the sources for the 

two molluskan-based biblical colors has now "nally been deciphered. 

For suggested further reading, see pp. 190-191

פיסת אריג עם פס בגוון כחול-סגול הצבוע בצבע שהופק מחלזונות ארגמון 

צמר | מצדה, ישראל | המאה הראשונה לפנה"ס–המאה הראשונה לספירה 

Textile fragment with a purplish-blue band dyed with pigment produced from 

murex snails

Wool | Masada, Israel | 1st century BCE–1st century CE | IAA 2014-9211
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Royal Purple Painted Jar

of King Darius the Great

Zvi C. Koren

!e pear-shaped stone jar from the collection of the Bible Lands Museum 

Jerusalem (see pp. 138-139) is a unique object. Not only does it feature a 

quadrilingual inscription of the Achaemenid king Darius I, but also its 

entire surface was originally painted with molluskan purple pigment. 

!e jar has a "at rounded bottom, a thick everted rim, and several 

horizontal natural bands encircling it. In its present state, this incomplete 

jar is composed of several fragments that were reassembled during the 

restoration process. 

!e jar contains incised inscriptions extolling King Darius I in four 

languages: Egyptian hieroglyphs and, on the opposite shoulder, 

cuneiform texts in Old Persian, Elamite, and Akkadian. !ough similar 

vessels of Xerxes I and Artaxerxes I also have quadrilingual inscriptions, 

other comparable vessels of Darius I only have inscriptions in Egyptian 

hieroglyphics. In the three cuneiform inscriptions on the present jar, the 

texts read "Darius, [Great] King." !e Egyptian text is longer and states: 

"King of Upper and Lower Egypt, Lord of the Two Lands, Darius, living 

forever, year 36." 

A close inspection of the residual material encompassing the Darius jar 

revealed that the entire exterior wall of the stone vessel was $rst plastered 

with a white chalky material (kaolinite) and then painted with the red-

purple pigment. Indeed, even the base of the vessel was painted purple, 

as residual plaster and adherent purple pigment are still visible.  Upon 

observation of microscopic images of the pigment and white powder, it 

is possible to suggest that the purple pigment was mixed with the white 

plaster material before applying it to the jar. !is mixture may be the 

"purpurissum" which the Roman historian Pliny described $ve centuries 

later.

Visual inspection of the purple residue cannot determine its composition 

and only a chemical analysis can provide a clear identi$cation, since 

purple hues could be obtained not only from murex snails. For example, 
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pink and violet mineral pigments were found in an artist’s palette and on 

wall paintings at King Herod’s 1st century BCE palace at Jericho. 

Many exterior areas of the jar carry residues in a variety of purple hues. 

Minute samples were carefully scraped from the wall of the jar in two areas. 

Each sample consisted of a mostly white, powdery material mixed with 

some purple pigment. A micro-sample was dissolved in an appropriate 

solvent and analyzed via High Performance Liquid Chromatography 

(HPLC). !e main dyes detected in the sample were DBI (dibromoindigo), 

MBI (monobromoindigo), and DBIR (dibromoindirubin), with additional 

traces of IND (indigo) and 6BIS (6-bromoisatin). !e identi$cation of DBI 

in this sample is de$nite evidence that the purple used to paint the stone 

vessel was extracted from murex snails. !e malacological provenance of 

the colorant can be further determined by the presence of a considerable 

amount of MBI – only found in appreciable quantities in pigments 

extracted from Murex trunculus sea snails. 

!e presence of molluskan purple as a paint pigment – and not as a 

textile dye – on an artifact such as this is a major singular discovery. !e 

only other de$nitive chromatographic detection of the use of purple as a 

paint pigment is from the 17th century BCE Minoan wall paintings from 

Akrotiri, Santorini, and neighboring regions. In order to use molluskan 

purple to paint an object, the purple pigment extracted from the sea 

snails needs to be puri$ed by separating it from the "esh of the gland 

where it is secreted. !is can be accomplished by placing the "eshy 

material in water with agitation. After a while, the pigment will separate 

and precipitate to the bottom of the vessel, at which point it is collected 

and dried. 

!e jar's origin poses a riddle. !e hieroglyphic inscription suggests 

that it was made in Egypt, which was part of the Achaemenid Empire 

and virtually the only place where Egyptian hieroglyphs were regularly 

used. However, there is no known evidence of the use of molluskan 

purple pigment in Pharaonic Egypt. !erefore, the plastering and the 

painting would have been performed at a geographical location where 

the expertise in extracting the purple pigment from murex snails existed, 

most likely on the eastern coast of the Mediterranean. 
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!e similarity of inscriptions on several vessels from the reigns of the 

Achaemenid kings Darius I, Xerxes I, and Artaxerxes I indicates that they 

were made to a uniform standard by royal order. Some of these artifacts 

were found in the Achaemenid royal cities of Susa and Persepolis, 

as well as at sites outside of Iran, such as Uruk (Iraq), Zippori (Israel), 

Halicarnassus (Turkey), and Orsk (Russia). Such dispersal suggests that 

the vessels were not gifts o%ered to the king, but rather presented by the 

crown to those who rendered service. !is majestic purple painted jar 

was probably commissioned by Darius as a gift for an individual that 

he held in high esteem. Such an act recalls the account in the book of 

Esther, in which King Ahashverosh (probably Xerxes I, the son of Darius 

I) conferred royal apparel on Mordecai: "In this manner shall be done to 

the man whom the king desires to honor" (Esther 6:11).

For suggested further reading, see pp. 190-191
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קנקן צבוע ארגמן, הנושא כתובות של דריווש הראשון מלך פרס בארבע שפות

בהט | האגן המזרחי של הים התיכון | 486 לפנה"ס

Jar painted in purple, bearing inscriptions of Darius I, king of Persia, in four languages

Alabaster | Eastern Mediterranean | 486 BCE | BLMJ 1979 139
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