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Introduction 
A well-preserved iron sword, said to have
been discovered in the northern Sinai
Peninsula, was recently acquired by a
private collector and is now exhibited at
the Israel Museum in Jerusalem (Figure 1).
The aim of this article is to try to confirm
both the authenticity and the alleged
provenance of the sword, as well as its
method of production and the
components of the metal. Its type and date
were verified according to similar swords
found in excavations and collections in
Europe. The method of production,

provenance and the properties of the metal
were studied using archaeometallurgical
nondestructive techniques, including
radiography and X-ray fluorescence (XRF)
analyses. 

Sword Description 
The sword was one of the primary weapons
of both Crusader knights and their
Muslim rivals. It is thus to some extent
surprising that 12th and 13th century
swords are so poorly represented in
museum collections and archaeological
excavations in the Levant region. Although
there have been a number of large-scale
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Figure 1. The major parts of the Crusade iron sword found in Sinai.
.
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excavations, very few weapons have been
found: numerous iron arrowheads, one
spearhead and fragments of a crossbow
mechanism (Ben Dov, 1975; Dean, 1927;
Johns, 1933; Johns, 1936; Roll and Tal,
1999). Two Crusader swords were found
during underwater excavations off the
coasts of Dor and Atlit. While one had a
thick layer of shells and sediment that
showed only a crude outline, the other,
although corroded, was in relatively good
condition. Their exact archaeological and
historical context is not entirely clear; to
the best of the authors’ knowledge, analyses
of the two swords were never published.
One sword is displayed at the Nahsholim
Museum at Kibbutz Nahsholim (Israel
Antiquities Authority [IAA] no. 94-1705),
the other at the National Maritime
Museum, Haifa (IAA no. 86-1001).

The sword described is a two-edged iron
sword with a tapered blade and missing
point. The length of the blade is 845 mm
(33.27 in.), width is 55 to 26 mm (2.17 
to 1.02 in.) and thickness is 3 to 4 mm
(0.12 to 0.16 in.). In reconstructing the
line of the blade, the point was probably
narrow and quite sharp rather than wide
and rounded. The fuller (a shallow channel
along the center), runs along approximately
two-thirds of the blade. It is, however,
difficult to see without looking at the X-ray
photograph. The hilt is short (98 mm 
[3.86 in.]), allowing the fist a neat and
tight grip and making it difficult to grasp
the sword with two hands, unlike the large
and heavy German swords of the 13th and
14th centuries, which have a longer grip.
The cross is a short plain bar, round in
section and wide at the edge, with a length
of 140 mm (5.51 in.) and diameter of 
10 to 15 mm (0.39 to 0.59 in.). A neat
octagonal pommel, with a length of 44 mm
(1.73 in.), width of 42 mm (1.65 in.) 
and height of 35 mm (1.38 in.), is threaded
onto the hilt’s tang. The current weight 
is 1.06 kg (2.34 lb); there has been
considerable loss of weight due to
corrosion. In general, flat broad cutting
blades date to the period before plate armor

was introduced in the mid-14th century
(Oakeshott, 1992). They did, however,
continue to be used long after. If well made
and looked after, a sword’s life span could
stretch across a number of generations.
Despite pommel forms, the dimension and
shape of the blade may indicate the period
it belonged to; it is important to note that
swords were often made by small local
workshops to fit the needs and size of a
particular person as well as his pocket.  

British amateur historian Ewart
Oakeshott describes similar swords as 
type XII in his sword classification. The
three main characteristics of this type are: a
noticeable tapering of the blade that ends
with a point; a short grip, “never of a hand
and a half;” and the fuller runs only along
two-thirds of the length of the blade. There
are, however, many variations within this
class. Although he clearly states that many
of the characteristics continue throughout
the entire medieval period, most of the
swords belonging to this type date from the
12th and 13th centuries. Similar swords
have been found all over Europe, including
Spain, Denmark, England, Italy, Germany
and even Hungary. There is no evidence of
one singular place of production (Nicolle,
1999; Oakeshott, 2007). Within the
eastern Mediterranean the only place where
such swords of the same type have been
(dated 14th century) were acquired by the
Mamluks and stored in the arsenal at
Alexandria, Egypt. Some no doubt were
taken as booty, others bought from
European merchants; most carry an 
Arabic inscription (Tekeli, 1996).

Background of the Metallurgical
Analysis
Iron and steel weapons have been the 
focus of numerous typological and
archaeometallurgical studies (Ehrenreich et
al., 2005; Hošek and Košta, 2006; Mapelli
et al., 2007; Nicodemi et al., 2005; Pense,
2000; Perttula, 2001; Pertulla, 2004).
Ferrous alloys contain a mostly iron
component with carbon as a secondary
element and other elements as additives.

For relatively pure iron manufacturing, a
reduction process should be applied at a
temperature of approximately 1200 °C
(2192 °F) (which is in the solid-state
phase), turning the iron ore into a spongy
mass called bloom (Tylecote, 1962). The
bloom is then hammered in order to
eliminate the ceramic slag. It is then
transformed into wrought iron that has less
than 0.1 wt% C (Tylecote and Black,
1980). A forge-welding process is applied 
at a temperature of half the melting point,
allowing an intensive diffusion process
(Barrena et al., 2008; Murray et al., 1993). 

A combat sword, as opposed to a
ceremonial weapon, must have the
following properties: high yield strength,
excellent fracture toughness and impact
resistance, hardness and ductility. 

In order to achieve these properties, it
was necessary to increase the amount of
carbon. This could be done by
carburization techniques and hardening
heat-treatments. Clay mixed with charcoal
was used to coat the blade; thus, the carbon
defused into the blade increased its strength.
Next, the sword was heated to between 
820 and 850 °C (1508 and 1562 °F) and
rapidly cooled in water or oil. According to
15th century sources, the sword was then
dipped in a bizarre mixture, including
animal residues (Jordanim, 2002). In some
swords, a core was made of a pure iron bar
that was wrapped in high carbon steel
(Mapelli et al., 2007). Another way of
achieving the desired strength was by using
thin layers of alternating carburized steel
that were carefully layered (Wadsworth and
Lesuer, 2000). 

Experimental Techniques 
The current investigation used nondestruc-
tive testing (NDT) archaeometallurgical 
techniques in order to verify the sword’s
authenticity and provenance. The metallur-
gical evaluation included digital radiography
(Figure 2) and XRF analyses. 

The sword was tested by a digital
radiography NDT technique, using 100 kV
for 0.5 to 5 min (Figure 2a). The digital
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flat panel was composed of a gadolinium
oxysulfide scintillator and an array of
amorphous silicon (a-Si) photodiodes (Pincu
and Kleinberger, 2008). The X-ray tube
sends beam photons through an object. The
photons that have not been absorbed by the
object reach the a-Si flat panel and strike the
layer of scintillating material, which, in
turn, converts them into visible light
photons. The light photons reach the
photodiodes and convert them into
electrons that activate the pixels in the a-Si.
The electronic data generated from this
process is converted to a digital signal that is
received by the computer, and the software
converts this information into a high quality
image (Cornell and Schwertmann, 2003).

A second type of chemical analysis was
done using handheld XRF. This specific
apparatus includes a 50 kV X-ray tube with
a geometrically optimized large area drift
detector, 80 MHz real-time digital signal
processing and dual embedded processors
for computation, data storage, live video
processing and communication. The
irradiation area is circular, 8 mm (0.32 in.)

in diameter, and measurements are taken
by means of the characteristic secondary
X-rays emitted from a material as it is
bombarded with high-energy X-rays. The
XRF analyzer contains three excitation
filters (light range, low range and main
range) for optimizing sensitivity and
allowing greater precision in calculations
of the elemental content.

Results
The sword is relatively well preserved. The
radiographic image of the sword exposed the
internal lines (Figure 3). The difference in
the shading indicates the various densities of
the metal. When X-ray waves pass through
dense and solid materials, the result is white
shading. Dark shading indicates cavities,
porosity and less dense areas, whereas shades
of gray indicate different levels of density.
The X-ray images are the result of the
combination of various factors, such as
density, porosity and oxidation. 

The radiographic images of the sword
(Figures 3 and 4a) revealed that the pommel
and the cross are solid homogenous
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Figure 2. The digital radiographic testing of the iron sword showing: (a) the amorphous silicon
digital surface of the portable flat panel digital radiography inspection system with a segment
of the sword placed on the silicon panel; (b) image processing of the radiographic test results of
the tapering blade’s broken edge reveals the long-term corrosion of the central part of the sword.

(a)

(b)



materials. This results in a uniform bright
hue with comparison to the other parts 
of the sword. The blade and hilt show
patches of white, gray and black, which 
are evidence of different densities.
Furthermore, the blade and hilt are one
continuous piece, as shown by similar
macrostructure (Figure 4b, red arrows). 
The fuller runs into the hilt. The 3D
surface mesh from radiography revealed the
fuller topography, since the fuller appears to
be less dense than the other parts of the
sword (Figure 3d). This fuller is difficult to
distinguish without the radiography
technique because the degradation oxides
fill and cover the empty fuller channel. 

The density of common iron oxides is ~4.9
to 5.2 g/cm3 (0.18 to 1.9 lb/in.3) compared
to 7.8 g/cm3 (0.28 lb/in.3) of pure iron
(ASM, 2004). Thus, the corrosion,
oxidation or porosity appears in darker
shades.

The spots on the blade (Figures 2b and 4)
are products of corrosion and oxidation. The
blade had to be strengthened; therefore, it
was carbonized to steel-form and then
heat-treated to attain optimal mechanical
properties. These processes are known to
decrease the environmental resistance of the
materials in atmospheric conditions. In
contrast, the pommel and cross do not
require similar strength to that of the blade;
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Figure 3. Observation of the total 845 mm (33.27 in.) length iron sword: (a) expected fuller
region of the sword; (b) digital radiography of the entire bulk of the sword showing the fuller
region; (c) image processing of the radiographic results showing the long-term corrosion of the
sword; and (d) 3D surface mesh of the radiography image taken from the main portion of the
blade, revealing the fuller topography.  

(a)

(b)

(c)

(d)



it is thus plausible that they were made from
wrought iron. The lack of carbon and heat
treatments improve corrosion resistance. 

The radiography clearly revealed how the
sword was constructed (Figures 4a and 5).
The blade and hilt are one piece. The
radiography also shows the internal contour
lines of the blade and hilt within the cross
and the pommel, respectively (Figures 4a and
5b). The high voltage radiography image of
the pommel clearly defines the pommel lines
from the hilt. The separation lines between
the continuous hilt-blade and the cross,
which was assembled discretely, can be seen
in Figures 4a and 5c. The cross was
assembled later and finally the pommel. 

The processing of the radiographic image
(Figure 5d) shows the blacksmith’s direction
of work. The lines are oriented at 45° from
the fuller to the outer borders of the blade.
The uneven lines along the blade indicated
it was handmade. The shaping process
included a multi-cycle of heating and
hammering until the sword achieved its
complete form. 

The XRF chemical analysis was taken
from four points along the sword: pommel,
hilt, cross and blade (Figure 6); the XRF
results reveal chemical compositions that 
do not exist in modern steel (ASM, 1993;
ASTM, 2004). The alloy of the sword was
probably made of ancient steel,
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Figure 5. Images of different parts of 
the sword revealed according to the
radiographic inspection by the
manufacturing technologies: (a) the
pommel and cross segment; (b) the high
voltage radiography of the pommel
showing the separation lines between 
the pommel and the hilt; (c) the high
resolution image of the radiographic results
showing the separation lines between the
continuous hilt including the blade and the
cross, which were assembled discretely;
and (d) a radiographic image showing
directional bands that are evidence of 
the hand hammering process. It can be
seen that these directional lines are
symmetrically oriented at 45°, from 
the fuller line to the blade edges.

(a)

(b)

(c)

Figure 4. Digital radiographic testing of the sword, showing the different areas of the
forge-welding parts: (a) upper view of the octagonal pommel and the cross; (b) view of the
cross and blade.

(a)

(b)

(d)



manufactured by a process called bloomery.
This ancient manufacturing process (using
charcoal) reduces the iron-oxide ore
particles into a spongy iron mass called
bloom. This sponge iron is then hammered
in order to break and remove the brittle

oxides or slag from the substance. This 
is done in a solid-state, that is, not cast,
resulting in an unalloyed iron. Modern
smelting of steel is based on a continuous
casting process, involving casting and
rolling. However, the casting of iron

requires a temperature of approximately
1600 °C (2912 °F). This was not possible
until 1500 A.D., when the blast furnace
appeared (Agricola, 1950; Williams, 2003).

All the plain carbon steels produced
during the past two centuries contain
manganese (0.3 to 1.0 wt%) in addition
to carbon (ASM, 1993; ASTM, 2004).
The absence of the manganese element 
in the present sword (except very small
concentrations in the pommel) is
sufficient evidence for the authenticity 
of the sword. The chemical composition
(XRF) of the blade (Figure 6d) is relatively
homogenous; four samples were taken
from the blade every 150 mm (5.91 in.).
The reading of the chemical composition
was identical; therefore, it has not been
incorporated here.

The dissimilar composition of the
pommel (Figure 6a), cross (Figure 6c) and
blade was to be expected because they were

FOCUS | Rare Crusader Sword

Co
un

ts
 /

 s

KeV

800

700

600

500

400

300

200

100

0
1.0       2.0         3.0        4.0         5.0        6.0        7.0         8.0         9.0

Light range
Low range
Main range

Pommel

Al Si P

S

Cl

Mg

K
Ca

Ca Ti

Mn

Fe

Fe, Co

Figure 6. The sampling positions of the X-ray fluorescence analyzer in different parts of the sword: (a) pommel; (b) hilt; (c) cross; and (d) blade. 
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Figure 7. The sampling positions of the X-ray fluorescence analyzer revealing the presence
of arsenic. 
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made separately. The difference in the
chemical composition between the blade
and hilt is very interesting. The hilt was the
only part that contained arsenic 0.5 wt%
(Figure 7). This may be due to colored
leather or cloth around the hilt. The
sediments of silicon, aluminum, calcium,
chlorine, sulfur, cobalt and titanium on the
sword surface may indicate the geographical
origin of the sword. The rich silicon and
calcium elements point to sand and loess
soil, respectively (Rögner et al., 2004).
Sand and loess soils are widespread in the
northern Sinai Peninsula, both in coastal
areas and in internal dunes. The high
concentration of minerals such chlorine and
magnesium indicate conditions with higher
salinity (Hassan, 2002; Yousef and El
Shenawy, 2000). Cobalt and titanium are
very rare elements but can be found in the
Sinai (Andel-Karim, 2009; Rögner et al.,
2004). 

Discussion and Conclusion
A well-preserved, doubled-edged iron
Crusader sword discovered in the Sinai
Peninsula was studied using typological
analysis and archaeometallurgical nondestruc-
tive techniques, radiography and XRF
analyses. The results demonstrated that this
sword could not have been made by modern
production and, thus, is authentic. The
pommel, which contains manganese, may
well have been added at a later period. It is
important to note that its style and shape are
rare. It was also confirmed that this sword
belonged to the Crusades period. The
conclusions are well based on the digital radi-
ography and XRF analysis that revealed the
manufacturing processes and the chemical
composition respectively:  
� The chemical composition of the sword

does not exist today. This composition
probably belongs to ancient steel and was
initially made by a bloomery process.

� The sediments of silicon, aluminum,
calcium, chlorine, sulfur, cobalt and
titanium on the sword surface indicate 
the original site where the sword was
found − northern Sinai.
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� The digital radiography proved that the
blade and the hilt are continuous and had
been made of one piece. It also revealed
that the fuller continues from the blade to
the hilt, maintaining the same proportion.

� The pommel, cross and blade have dissim-
ilar composition, which indicates that they
were made separately.

� The morphology of the blade shows that it
was handmade and was not manufactured
using modern technologies. h
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