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Abstract

This paper will compare the characteristics of four ancient Iranian, copper alloy weapons.
These weapons are from private collections in the USA at the time of examination. The
first two weapons fall into the category of dirks (or daggers). This characterization is
based on the overall length of the weapons in question. For comparative purposes, a
dagger reaches 30 cm, a dirk is a classification for weapons with overall lengths of
30-50 cm, while a sword would have an overall length of over 50 cm. Because precise
archaeological data is absent for these pieces, we examined short-term provenance and
microscopic analysis, together with stylistic components to verify the authenticity and
general cultural origin of each specimen. The hilt of each weapon is bordered by a ridge,
or flange, on both sides that would have allowed for an organic or stone inlay to make
the grip more comfortable and functional, as well as adding to the aesthetics of the
piece. The pommels of these weapons all have a similar, crescent shape. Weapon 2, has
not only a crescent-shaped pommel but also a more pronounced, crescent-shaped guard.
Both of the dirks (weapons 1 and 2) have roughly triangular blades. However, the blade
of weapon 1 becomes narrower near the guard while the blade of weapon 2 does the
opposite and flares out near the guard. Microscopic examination of the patinas confirms
the ancient origin of each piece, however, subtle differences in the patinas suggest that
the alloys and/or the burial conditions of each were potentially different. This would be

~ an area where further study would be warranted.
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Introduction

Although the sizes and specific characteristics of each piece are different, they do share
some common traits in the overall design. The hilt of each weapon is bordered by a
ridge, or flange, on both sides that would have allowed for an organic or stone inlay to
make the grip more comfortable and functional, as well as adding to the aesthetics of
the piece. The pommels of these weapons all have a similar, crescent shape. Weapon 2,
has not only a crescent-shaped pommel but also a more pronounced, crescent-shaped
guard. Both of the dirks (weapons 1 and 2) have roughly triangular blades. However, the
blade of weapon 1 becomes narrower near the guard while the blade of weapon 2 does
the opposite and flares out near the guard. The blade of weapon 1 is thicker along the
midline and tapers toward each edge while the blade of weapon 2 has a distinctive mid-
ridge and then a more gradual taper toward the blade edge. The grip of weapon 3 has
three pronounced grooves fashioned into the hilt, presumably to enhance the grip. It has
a pronounced crescent shape to the pommel and has a flange around the entire hilt on
both sides. There is a diminutive guard between the hilt and the blade. The blade itself
is plain and triangular. There is no pronounced mid-rib, but the blade is thicker in the
middle and tapers to each edge. Weapon 4 is the largest, and perhaps the most complex
design of the group. It shares the crescent-shaped pommel of the other three but differs
in that the terminal edges of the crescent are extensions of the hilt flange with surfaces
that run perpendicular to the grip surface and do not have an area for inlaid material. The
hilt has a band across the middle on both sides that was presumably for the purpose of
retaining the handle material. A pronounced guard is absent. The hilt flange blends into
the blade edges on both sides. There is a large and well-defined mid-rib in the blade.
The blade of this piece is also more complex than the others in that it tapers inward
immediately below the guard area and then has a soft flare toward the tip. To assign the
right terminology for the description of each weapon, a basic classification is introduced
here. Based on Gordon, Moorey (1971: 66) describes daggers as edged weapons that do
not exceed 36 cm, dirks (short swords) as those which vary between 36 to 50 cm, and

swords as those which are longer than 50 cm.

Analysis of the weapon 1

This is an exquisite bronze dagger or dirk with a flanged hilt and triangular blade.
The patina on this piece is a fairly uniform, apple green that has an almost glazed
appearance. The overall condition of this dagger is very good with only minor nicks to
the blade edges and to the edges of the handle flanges. There are faint scrapes across the
majority of the surface and one major scrape near the tip of the blade on one side that
are likely the result of a crude attempt to clean the piece. Though there is no definitive
midrib in the blade, the blade has a pronounced convex shape that is fairly thick in the
center and slopes outward to the blade edges. There are two swells in the hilt that create

finger grooves. The pommel has a more exaggerated swell than those in the handle. This
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would have provided palm support for anyone wielding the weapon. Flanges, which
appear along the entire handle and pommel areas, would have served to retain an inlay
of either wood or bone. The inlays served both decorative and utilitarian purposes.

Daggers of this type are generally attributed to either the Marlik culture in
northwestern Iran or the Talesh culture with a date range of 1100-900 BCE. The total
weight of this piece is 258 grams. The total length (Line A) is 34.4 cm. The length of the
hilt from the outermost edge of the pommel to the top of the guard (Line B) is 8.2 cm.
The measurement from the tip of the pommel to the end of the flange above the guard
(Line C) is also 8.2 cm. The width of the pommel (Line D) is 2.9 cm. The width of the
hilt at Line E is 1.4 cm and at Line F is 2.0 cm. The width of the guard (Line G) is 4.4
cm. The handle thickness is roughly 1 cm. The blade thickness at the center is 0.8 cm
at the guard and 0.3 cm at the tip. The guard is 1.4 cm thick and the pommel is 1.6 cm
thick (see: Fig. 1).

Fig. 1: A private collection (USA).

Microscopic analysis revealed crystals and other characteristics consistent with
a naturally-formed, age patina (see: micrograph with a magnification of 22X in Fig.
1). The predominant mineral in the patina appears to be malachite Cu2(CO3)(OH)2,
Copper Carbonate Hydroxide, which is the green area. The brown areas are sediment
that is still adhering to the surface of the piece. Note the random arrangement of the
crystals. Some of the crystals are consistent with the mineralization of organic matter
such as root fibers that would have grown across the surface after burial (see: the right
picture in Fig. 2).

The micrograph of the blade surface shows malachite growth. The interesting thing
here is that the crystal growth reveals a common dendritic crystal pattern from the
surface of the metal beneath. As cast bronze solidifies, microscopic crystals form in

the metal in somewhat regular shapes as you see in this micrograph. The patina formed
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in conjunction with these crystals in the bronze causing the patterns to be seen on the

patina surface (magnification is 30X) (see: the right picture in Fig. 2).

Fig. 2: A private collection (USA).

Another interesting micrograph shows bronze particles actually on top of the
corrosion. The corrosion process in bronze often begins inside the metal and works
outward. In this rare case, you can see very small pieces of bronze that have not yet
corroded but that have substantial corrosion beneath them. Microscopic inspection of
several, randomly selected areas revealed that the patina appeared to grow directly out
of the base metal. In those areas, as the malachite surface was removed, there was
a reddish-brown crystalline substance consistent with cuprite (Cu20, Copper Oxide)
found beneath. This is also a characteristic considered to be an indicator of antiquity.
The micrograph of an area of the patina before any surface material was removed with a
magnification of 45X can be seen in Fig. 3 (left picture). A micrograph of the same area
after a small portion of the surface patina was removed with a magnification of 45X can

be seen in Fig. 3 (right Fig.).

Fig. 3: A private collection (USA).

Analysis of the weapon 2
This is an ancient bronze dirk from Northern Iran. It has a flanged hilt that likely had an
inlay of metal, wood, bone, or ivory. It has a tapered, flat, triangular-shaped blade with
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a heavy, raised midrib that runs from the guard to the tip. The crescent, or penannular,
guard flares outward from the hilt and joins with the midrib on both sides of the blade.
Similar dirks were excavated by Negahban (1995: 50) in Marlik (for this excavated
dagger from Marlik and its dimensions, see: Moshtagh Khorasani, 2006: 401, Cat. 42).
It has a very nice, apple green patina. The metal is solid and stable. There are no signs
of repairs or excessive damage. This piece is in remarkable condition considering its
age. The blade edges are smooth and have only minor nicks. The flanges along the hilt
seem to be reasonably intact. There are some losses to the flanges in the pommel area.
Microscopic analysis revealed structures and crystals consistent with a naturally-formed
age patina. The predominant mineral in the patina appears to be malachite Cu2(CO3)
(OH)2, Copper Carbonate Hydroxide and the red areas appear to be Cuprite (Cu20,
Copper Oxide). A specimen nearly identical to this one may be found in the Metropolitan
Museum of Art (see: Muscarella, 1988: 102, Fig. 169). The dagger is similar to those
attributed to the Marlik culture (just Southwest of the Caspian Sea) and probably dates
to between 1200 BCE and 900 BCE. Because this piece falls into the size range of
36-50 cm, it is classified as a short sword or dirk (see: Moshtagh Khorasani, 2006:53).
For a similar bronze dirk from northern Iran from Grawert Collection, see Stutzinger
(2002: 16). For similar dirks with a penannular guard from western Iran (Luristan), see
Mahboubian (1997: 302-303).

The total weight of the piece is 283 grams. The total length (line A) is 37.3 cm. The
hilt (line B) measures 9.5 cm. The width of the pommel (line C) is 3.9 cm. The width
of the blade at the guard (line D) is 4.2 cm. The overall length of the blade (line E) is
27.1 cm. The thickness of the handle measures approximately 1.1cm. The thickness of
the blade is 0.4—0.7cm between the tip and the guard (see: Fig. 4). It is not uncommon
to find organic fibers that have become mineralized into the patina of ancient bronze.
Sources of this organic material can be the sheath or decoration originally with the
sword or any other materials that were in contact with the metal surface for an extended
period while the patina was being formed. The micrograph below from this dirk shows
extensive crystal growth which is consistent with the presence of such organic material.
The apparent fibers are linear and somewhat parallel with a magnification of 16X. The
micrograph in another area of the blade surface shows the unique crystalline structure
in the malachite patina. In contrast to the micrograph above, these structures appear in a
random, swirling, or circular orientation with a magnification of 45X. Fig. 4 shows the
guard and blade with an arrow indicating the cuprite area. This area is magnified by 23X
showing an area of cuprite surrounded by malachite crystals (see: Fig. 4).

It is not uncommon to find organic fibers that have become mineralized into the
patina of ancient bronze. Sources of this organic material can be the sheath or decoration
originally with the sword or any other materials that were in contact with the metal
surface for an extended period while the patina was being formed. The micrograph

below from this dirk shows extensive crystal growth which is consistent with the
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Fig. 4: A private collection (USA).

presence of such organic material. The apparent fibers are linear and somewhat parallel
with a magnification of 16X (see: Fig. 5 left picture). This micrograph is another area
of the blade surface that shows the unique crystalline structure in the malachite patina.
In contrast to the micrograph above, these structures appear in a random, swirling, or

circular orientation with a magnification of 45X (see: Fig. 5 right picture).

Fig. 5: A private collection (USA).
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The analysis of weapon 3

This is a bronze sword from the northern or northwestern region of Iran. It has a flanged
hilt and a flanged, crescent-shaped pommel. Originally there would have been either
wood or bone inlay work held in place by the flanges. The flanges flare out in three
adjacent areas in the center of the handle, which is common on pieces of this type.
For similar examples, see Khorasani (2006: 70, Fig. 38). This group of daggers has a
triple-ridged finger grip on a flanged hilt (see: Negahban, 1995: 46). The blades of this
group are long and narrow. Additionally, they have sharp, elongated tips (Moshtagh
Khorasani, 2006: 70). This piece has an apple-green patina covering a majority of the
surface. There are patches of light blue in the patina as well. There is evidence of the
early stages of bronze disease indicated by the numerous, light-colored spots appearing
at random across the surface. Otherwise, the metal seems fairly solid and stable as of
this writing. The blade is triangular in shape with a straight taper from the guard to
the sharp point. It has a small midrib that runs the entire blade length. There are minor
losses to the blade edges that may be ancient battle damage. There is pitting present in
the guard. On one side it is minor but on the other, it is more substantial.

There are losses to the flanged edges all around the hilt and pommel, which is to be
expected in a piece of this age. Microscopic analysis revealed structures and crystals
consistent with a naturally-formed age patina. The predominant mineral in the patina
appears to be malachite Cu2(CO3)(OH)2, Copper Carbonate Hydroxide, which is
responsible for the overall green color of the piece. The blue areas are most likely
azurite Cu3(CO3)2 (OH)2, Copper Carbonate Hydroxide, and the red areas are likely
Cuprite (Cu20, Copper Oxide). The chemical formulas for malachite and azurite are
strikingly similar. As a general rule, malachite represents a more advanced oxidation
phase of azurite. Consequently, it is common to find small areas of green (malachite)
amidst or in conjunction with the blue (azurite) in a naturally formed age patina. The
total weight of this specimen is 427 grams. The total Length (line A) is 53.7 cm. (Over
50 cm constitutes a sword in common typology.) The width of the pommel (line B) is
6 cm. The grip, from pommel to guard (line C) is 11.3 cm. The width of the guard (line
D) is 5.3 cm (see: Fig. 6).

Microscopic inspection of several, randomly selected areas revealed that the patina
appeared to grow directly out of the base metal. In those areas, as the malachite surface
was removed, a cuprite base was found beneath, and under that layer was the bronze.
This is also consistent with a natural patina (see: Fig. 6). Azurite crystals appear amidst
malachite growths with a magnification of 45X (see: Fig. 7, above right). Mineralized
organic fibers in the blade patina can be seen with a magnification of 30X (see: Fig. 7

below right). One can see the pits in the guard and losses to the flange throughout.

Analysis of weapon 4

This is a very well-preserved bronze sword that has characteristics similar to pieces
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Fig. 6: A private collection (USA).

Fig. 7: A private collection (USA).
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excavated in northern Iran. It is a long and slender sword with a flanged hilt and
bifurcated, crescent-shaped pommel. In the center of the handle on both sides of this
weapon, some bands appear to be part of the casting. They are convex in shape and
run internally and perpendicular to the flanges. In the center of both of these bands is a
circular hole, likely used for a nail or rivet to help secure handle material to the bronze.
The crescent-shaped pommel is composed of two ridges with a valley between them.
The ridges meet on either end to form points. The blade of this piece flares out near the
guard area then tapers inward sloping gently toward the sharp point. The blade appears
intact with no repairs but there are some minor nicks to the blade edge that seem to be
concentrated on one side. There is a substantial midrib that blends naturally from the
handle and tapers in line with the blade edges to the tip.

Although we can find no examples in reference texts that specifically mirror this
specimen, the overall design, and appearance suggest that its origin is the region of
modern, northern Iran. There is evidence on the blade surface of a light cleaning. There
are some sediment deposits across the entire piece. The overall patina is a mix of honey
brown, red, and green. There are no apparent signs of repair or restoration. The total
weight of this specimen is 484 grams. The overall length (Line A) is 56.7 cm. The length
of the hilt from ponies to guard (Line B) is 11.1 cm. The width of the pommel at its
widest point (Line C) is 4.6 cm. The height of the retention band across the grip (Line D)
is 0.7 cm. The width across the grip (Line E) is 2 cm. The width of the guard (Line F) is
4.6 cm and the blade width at the widest point (line G) is 5.1 cm (see: Fig. 8).

Fig. 8: A private collection (USA).
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Microscopic analysis revealed structures and crystals consistent with a naturally-
formed age patina. The predominant minerals in the patina appear to be malachite
Cu2(CO3)(0OH)2, Copper Carbonate Hydroxide, and cuprite (Cu20, Copper Oxide).
The malachite crystals appear as green and the cuprite appears as red and/or shades of

brown (see: micrograph below with a magnification of 45X, Fig. 9).

Fig. 9: A private collection (USA).

Microscopic inspection of several, randomly selected areas revealed that the patina
appeared to grow directly out of the base metal. In those areas, as the malachite surface
was removed, a cuprite base was found beneath which is consistent with a naturally
formed patina. There is also a slight tinge of blue in some of the green areas. The blue-
green areas represent a natural change in the oxidation phase of copper. The chemical
formulas for malachite and azurite are strikingly similar. As a general rule, malachite
represents a more advanced oxidation phase of azurite Cu3(CO3)2 (OH)2, Copper
Carbonate Hydroxide. Consequently, it is common to find areas of green (malachite)

amidst or in conjunction with the blue (azurite) in a naturally formed age patina.

Conclusion

The four weapons examined are stylistically attributed to the bronze age of ancient Persia.
All four specimens share multiple characteristics such as hilts with flanges to retain
inlay material, crescent pommels, and triangular blades. There are subtle differences in

the expressions of these general traits, but the similarities are apparent. The triangular
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blades made these weapons suitable for both stabbing and slashing, and their robust,
yet simple design, suggests they were intended for battle rather than simply ceremonial
purposes. Microscopic examination of the patinas confirms the ancient origin of each
piece, however, subtle differences in the patinas suggest that the alloys and/or the burial
conditions of each were potentially different. This would be an area where further study

would be warranted.
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