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Archaeometallurgy involves the compositional analysis of archaeological and other historically 
and/or artistically significant metal objects. Primary metals and alloys can be identified along with 
their relative concentrations utilizing XRF. Handheld XRF is ideally suited for in-situ, non-destructive 
measurements of these valuable objects. This surface analysis can perform major, minor and trace 
analysis to confirm metal and alloy identification without damaging the material. Such information 
helps to accurately describe the bulk metal, inlay, plating and/or other coatings. The identity and/or 
concentration of alloys and metals helps determine the composition, origin, technology, authenticity 
and value of an archaeometallurgical object, and aids in optimal restoration and preservation. Trace 
element analysis can help in the discovery of the provenance of an object or the metals it was made 
of.  A series of related objects can be analyzed to learn patterns of alloy and specific metal use. A 
private sword collection from a Salem, Massachusetts collector was characterized for metal and 
alloy content. The specifications of the Portable XRF used in this study, the data collection 
techniques, results of the compositional analysis, and a description of the collection will be 
discussed.

Characterization of a Private Sword Collection

Swords incorporate a blade, cross-piece, grip, and pommel. They can be classified as long or short; single-handed or two-handed. 
Collector swords tend to be highly decorated; whereas, utilitarian ones are simpler in nature.  The sheath of a sword is frequently 
as ornamental as its cross piece and pommel. Swords have been used worldwide, throughout the ages, as weapons that penetrate 
victims via slashing or thrusting. Swords are often shrouded with a mystical or legendary quality.  The well known modern sword,
Excalibur, was frequently attributed with magical powers and associated with King Arthur’s sovereignty over Great Britain. The 
earliest swords were made during the Bronze Age, using copper with arsenic or tin. Most swords made then used about 10% tin; 
while, swords made at that time in China were known to have up to 20%, not holding up to great stress. Blade material changed 
over to iron during the Iron Age allowing swords to be more mass produced to outfit more armies; although, they were still 
hardened by hammering. As steel technology advanced, so did the quality and quantity of swords available to arm the militaries. In 
the late middle ages and renaissance, swords were less common for military use and used more often by civilians for protection. In 
the modern age, swords are primarily used for sport or display in private or public collections.



Common Materials in Sword Manufacture

Can be brittleHigh end steel used by forgers; holds 
good edge and is tough; Usually 
tempered to a hardness that is 
“springy” instead of “hard”

Spring Steel
(5160)

Does not hold edge or 
sharpen easily

Excellent corrosion and stain 
resistance

High-Carbon Stainless 
Steel(154CM – high Cr; D2: 
Damascus – high Cr)

Somewhat brittle; tendency to 
rust with moisture; discolors 
easily

Excellent hardness and edge; easy to 
sharpen

High-Carbon Steel

Excellent edge retention, flexibility and 
hardness; easy to sharpen; highly 
corrosion resistant 

Crucible S30V Steel
(High Cr content)

Does not sharpen easily once 
edge is lost

Excellent edge; does not discolor; 
easy to maintain

Stainless Steel
(420, 440, AUS-6/8, CR-17)

Negative CharacteristicsPositive CharacteristicsAlloys

Up to 1%Solder, corrosion resistanceLead (82)

0.4 to 0.55%Improves hardness, tensile strength 
and corrosion resistance, 
particularly pitting

Molybdenum (42)

Up to 8%Improves toughness, hardness and 
corrosion resistance

Nickel (28)

Up to 14%Improves toughness for wear 
resistance

Manganese (25)

Up to 18%Improves resistance to oxidationChromium (24)

Concentration RangeCharacteristic EnhancementsAlloy Steel Additives



Sword 1 is a two-handed, short sword, 25 5/8 inches in total 
length and weighs 1 pound. The blade is stainless steel with 
a brass cross guard. It has a decorative grip wrapped with a 
thick black cord which also is attached as a tassel off the 
brass pommel. “Stainless Pakistan” is stamped on the blade.  
Pakistan Steel is typically used for show and display 
weapons as it has a tendency to bend if used, particularly if it
does not have a full tang.  This sword also has a sheath 
decorated with the same black cord as the grip and tassel. 
It’s a modern collection model. 
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DESCRIPTION and COMPOSITIONAL RESULTS of the COLLECTION:



Sword 2 consists of a steel, flat blade with rounding at 
the end. The blade exhibits extensive corrosion, but is 
not bent or chipped. “KFA” is engraved on the blade 
indicating the initials of an owner. The grip is covered 
with animal hide as is the sheath. There is no 
crosspiece or pommel as this is machete-like in style, 
used to clear brush or slash as a weapon. It is possibly 
African and made in the mid-1900’s.  The sword 
weighs just under a pound and is 21 5/8 inches long. 
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Sword 3 is quite formidable looking with its 
curved blade and protruding tip. The blade has 
4 stamped markings: “W COX”. It weighs 2 
pounds and is 26 5/8 inches in length. This 
piece may in fact be a tool used for butchering 
livestock as opposed to a military type weapon. 
It was probably made sometime in the early to 
mid-1900’s.
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Sword 4 is a single-handed short sword, primarily 
used for thrusting. It is 18 1/4 inches long and 
weighs just under a pound. The designs on the 
pommel, at the end of the wooden grip, and the 
metallic sheath along with the overall make-up of 
this sword indicate that it is likely Persian with an 
unknown date of manufacture. There are 
inscriptions on the flat side of the blade and on the 
cross piece, but they have not yet been deciphered. 
There are also small, evenly spaced notches 
scratched at the interface of the hand grip and 
cross piece that may indicate number of kills. 
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Sword 5 is a one-handed, slashing or hacking type sword, most likely 
used as a weapon from atop a horse. It is hand forged with a wooden 
pommel and grip. Metal, engraved with a floral pattern, overlays the 
pommel, grip and back end of the blade. The sheath is covered with a 
floral pattern of mixed media, including soft purple cloth with chips of white 
organic material attached with metallic thread. The sword is 28 ½ inches 
long and weighs 1 ½ pounds. It is believed to be a Turkish sword, or 
Yatagan. Most made in this manner are from the mid 1700’s to the mid 
1800’s; although, used as early as the mid 16th century.

Spectra of Sheath Thread

Spectra of Overlay on Pommel
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Sword 6 is an elegant Spanish long sword, 34 1/8 inches in length and weighing 1 ½ pounds. It is 
reminiscent of show swords produced in Toledo, Spain, in the early 1900’s. The sword has been 
repaired/reworked a bit.
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CONCLUSION:

The Innov-X Handheld XRF Analyzer quickly and easily identified the 
primary metals and alloys along with their relative concentrations for 
this sword collection. Its utility enabled the characterization of the 
collection giving pertinent information concerning compositional
analysis. Handheld XRF is ideally suited for in-situ, non-destructive 
measurements of these valuable objects. This surface analysis 
technique performs major, minor and trace analysis to confirm metal 
and alloy identification without damaging the object of interest. Such 
information helps to accurately describe the bulk metal, inlay, plating 
and/or other coatings of archaeometallurgical objects. 

EXPERIMENTAL:

Portable XRF Specifications: An Innov-X Handheld XRF analyzer capable of measuring elements from Mg to U, from levels of 
PPM (Parts per Million) to 100%, was utilized in this study. This hand held XRF analyzer consists of a Tantalum target x-ray 
tube, 5-40kV, 10-100µA, filters, and a high resolution Si-PiN diode detector. The alloy analysis software mode was utilized. 

Data Collection Technique: Portable XRF does not require any sample preparation. The analyzing head of the analyzer was 
touched to the swords at key locations, including the blade, cross piece, hilt, pommel; and, in some cases, the sheath. Each test 
was 20 seconds long and done in duplicate.


