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About a year ago, | found a photo of a wire artifact from VikidAge Denmark that was woven in a pattern that was completslytoene. It took a
trip to Denmark to find a book that explained how to accontiptisis pattern, and some experimentation to find the mogtiefit and effective
techniques. I learned a lot about period silversmithindnenprocess. The result is a beautiful and unusual form of jewelry that is fun, if time-
consuming, to create.

Historical Documentation

Wire Weaving Pattern
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While browsing our World of the Vikings
(WOV) CD, | found this image of a man's cuff
shown to the right (2383). It is embroidered
with silver-wrapped thread and edged with
woven silver wire. A closer look at this edging
is shown below. After studying the image, my
lady realized that the weaving pattern for this
wire edging was the same pattern that, in
nalbinding, is called the "Mammen Stitch."
However, this wire weaving appeared to be
cylindrical, which would require a different
technique than the usual nalbinding. We
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e-mailed the National Museum of Denmark to find out more alius wire edging, but none of the people who answered wdeetalprovide any
information. When we visited the National Museum of Denmast summer, we searched for this textile but were unablmdbif or any other

textiles that used this wire edging. | believe that this adgias sewn on the edge of a cuff because it could protect arphtee garment that was
prone to wear, while retaining its good looks.

I was not able to accurately pinpoint this textile artifacttdate and location, though the museums involved in the W@} gt were the Danish
National Museum and the York Archeological Trust. The ussilgkr rather than gold makes it likely to betﬁ@entury or later. | base this assertion
on the proliferation of gold in the Iron Age bog burials, ahd telative absence of gold artifacts in Denmark beginnirtfé 10 Century. My walk
through the Danish National Museum in Copenhagen showedthat@early all the jewelry artifacts were gold through tI‘Pe(Bentury, with a mix of

silver and gold in the § Century, and then almost all silver from thelto 12" Centuries. This change could have been due to several$actor
There was probably a gradual reduction in the gold supplpbse it was being buried in bogs. Trade gradually became coonenon than plunder
in Denmark at this time, and silver coinage was more commdatuiope than gold. Finally, the conversion to Christiantpeged the burial rites, in

which case gold jewelry would be passed on to the heirs idsieburied. Most likely it was a combination of these thingattled to the decrease in
gold finds.

WOV 5059, a silver hoard from i'bCentury Denmark,
includes a necklace made using the woven-wire
technique used for this project, and is shown below.
WOV 3773, a Danish necklace whose date is less well
documented, also uses this technique and is shown to
right. These artifacts prove that the woven-wire
technique was used for jewelry as well as textile
decoration.

R e

When my lady and | visited several museums in Denmark, we @aress a book in the museum bookstores (Jensen). It wasmirntDanish and
was clearly a craft book, but it described in detail the t@old methods, developed through experimentation, foriaigtttis exact pattern in silver
wire. In the book, Jensen references the same necklacequctbove. The process he described produces the corremtpaind uses tools and
methods within the capability of Iron Age or later craftsmen

Wire
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Since ancient times, wire has been made through a procésd dedwing, in which the wire is pulled through gradualigadler holes in a case-
hardened drawplate (Theophilus, 87). Each time the wireawnd, it becomes harder as its diameter is reduced, and itheusnnealed to avoid
breaking during the next drawing (Theophilus, 125). Wiraldde round, square, or any other shape required by thesihith. The labor-intensive

nature of its production ensured that any item made of wirelavbe valued beyond the cost of its raw materials.

Arm Rings

The photo to the right was taken by my lady
during our trip to the Danish National Museum
in Copenhagen. It shows a variety of necklaces
(left and upper right), arm rings (center),
bracelets (center right), and finger rings
(bottom left), mostly of gold with some of

silver, and all from bog burials in Denmark

dating to the 89" centuries. This photo

shows the relative sizes of these items. Some of
these items are too large to wear on the wrist,
because they would slip off the hand, but too
small to wear around the neck. It is therefore
most likely that items in this size range were
designed to be armbands, i.e. worn on the arm
above the elbow, as the archeologists usually
interpret them.

Jensen, in describing certain bracelet-like items of jeyyeises the Danish term for "bracelet” (worn on the wristheathan "arm ring" (worn
above the elbow) which, my translator tells me, would be fediint word. All my other sources, written in English, refethese items as arm rings.
This departure by Jensen from the traditional interpretas surprising considering his association with the Létiressogcenter. Unfortunately, both
times we visited the Center during our trip to Denmark, theejiey archeologists were not on site, so | could not clafifg point. It is possible this is
only a problem of translation with the modern Danish langyamd such jewelry was worn both ways. A ring that fits onesqe’s arm may only fit

another person's wrist, for example.

Silversmithing and Worked Silver Hook

Using this woven-wire pattern as an armband requires a lwolose it around the arm. While the more conventional wirt lFmmmered armbands
had integrated hooks, the thin wire used for the weaving fstmong enough for this purpose. While it is possible to téogether several thin wires
and solder them for greater strength, | have found no evielehthis being done for that purpose in the Viking Age. A sapahook, decoratively

worked out of thicker wire, would be function and better fietevidence.

The archeological evidence for worked silver iﬁthentury
Denmark is extensive. This small photo is a detail from WO

5059, from a silver hoard dated to the”l(Ientury. This
picture documents the use of twisted square silver wire as
form of decorative jewelry.

The exact methods and tools used in the Vikir™
Age for working metal are somewhat less
documentable than the silver itself. The photo
to the right, taken by my lady at the Danish =
National Museum, shows an assortment of ’
tongs, pliers, hammers, chisels, gravers, and .’
other tools that were likely to have been used = =3 '
carpentry but some of which could also be use S8\
in metalworking. The Mastermyr find, from QP-
Sweden, also has similar tools. The museum MA
display did not provide any information asto | 4
where these tools were found, but the display
was in the Viking Age wing of the museum.
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The archeological digs at the Coppergate site in York, Erjldated to Viking Age York, found some silversmithing ®ahd items of silver. These
included many crucibles, ingot molds, and cupels, as wedbase items of silver including a twisted wire (Bayley, 799)ese items are the only
evidence | have found from Viking Age Scandinavia as to tleéstand methods specific to silversmithing.

Works from later time periods such as the writings of Thelyshénd Biringuccio, however, can fill these gaps in our kiealge. The technology of
silversmithing is believed to have changed little during Middle Ages, so it is likely that tools and techniques fratet periods could be applied to
the Viking Age.

Metal, when hammered or bent, gradually loses its strefigthestore strength to the metal, it is necessary to heatiteémperature somewhat
below its melting point by a process called annealing. Thdop mentions annealing as being done at each stage ofrgpskiver (102, 138). His
failure to define or describe the annealing process in a Waakis otherwise very detailed is evidence that the conaegtnealing was commonly

known to metalworkers in the i%entury. Biringuccio describes the process of annealipgeosilver alloy using a charcoal fire (362), and
reiterates the importance of annealing after hammering)(36

Annealing, unfortunately, tends to discolor the surfacthefmetal through the action of oxygen and impurities inticetl by the fire. While
polishing could eventually remove this dark coating, thiere faster way. Agqua fortis is an acid made from saltpetemalitriol, sal ammoniac, and
verdigris, and distilling it creates another acid calledacgegia (Biringuccio 383). Aqua regia could be used in pgrgjold from silver, by dissolving
the metal. A quick immersion in aqua regia will dissolve away surface layer of silver, carrying the discolorationhwit The silver can later be
recovered by evaporation in a crucible (ibid).

Finishing jewelry consists of shaping, smoothing, andgbatig. Theophilus describes the process of shaping silikradlat hone (102), an item the
Norse would have called a whetstone. He describes smoothth@ piece of oak covered in ground charcoal (102) or fimedsand cloth (152). He
describes polishing with a cloth covered in chalk (102) ongered clay tiles and water128), or saliva-moistened diodltaved by ear wax (115).
Biringuccio describes shaping as done with files, smogthiith cane dipped in powdered pumice, and polishing usipgltrppowder (366). Clearly,
there were many abrasives available in period, chosen lyabailability and relative effectiveness on the matebi@ing worked.

Materials and Tools

Because this was my first project with wirework of any typaséd nickel instead of silver because it was cheaper and thieesame look. This
choice would lead to challenges later, and | eventually ettosnake the hook from silver. | bought these materials abyreemde wire, rather than
drawing them myself.

The tools needed are:

¢ anotched mandrel as shown to the right
(Jensen), which | made from a large nail,
using a hacksaw and file

e round-nose pliers, chain-nose pliers, and
wire cutters

e awooden drawplate (a block of wood
with assorted diameter holes drilled

through it in increments of 1/6'1inches),
which | made from an oak board

e asmall vise or other device to hold the
mandrel and drawplate securely while
they are used

Method of Construction
The diagrams in this section are all from Jensen's book. Rbographs are scans of the entry.

Set up the mandrel in a vise, with the notched end facing tdyam at table height, good lighting, and a clear space outisdength on both sides
for safety. Put your coil of wire and pliers where you can tetem, and you are ready to begin.

First, make the base loop. This consists of three
long loops of wire, with the ends twisted

around the middle (closer to one end) as shown
to the right. It is difficult to get a neat
appearance, but well worth the effort. | found
that this is easiest to do over the two prongs of
a round-nose plier.
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After wrapping the loops and securing them in the middle simall loops should be laid together to make a single loop tlaadarge loops are
separated and made to lay edge-to edge. Slip the large leepshe end of the mandrel, and position a pair of loops tagathier the notch. This is
the starting point for the weaving. The drawing shows theelbagps very long, but for a better appearance these should leort as possible and
still fit over the mandrel. For this reason, | actually made nhotches in my mandrel, one very near the end for the steldops and the other 1/2
inch from the end, for better control once | had woven halfrashior more. You can see these shorter starting loops in tise-alp of the hook
shown below.

Next, cut a piece of wire about the length of
one of your arms. Run the wire through the
notch and twist it around the first loop pair, as
shown to the right. This first loop may not look
very good, but it is the starting loop, and from
this point forward the weaving will improve.
The important thing about this first loop is that
the end is tucked under.

Rotate the entire assembly 1/3 of a turn on the
mandrel until the edges of the next pair of
loops is over the notch. Bend the wire over the
top from right to left. Be careful not to put any
kinks or sharp bends in it.

Then, run the wire back under the starting
loops and through the notch from left to right,
as shown here. For the first two rotations of
loops, the loops will seem to stack on top of
each other, because there are not enough
previous rows to form the pattern yet. This can
be seen in the drawing below, and the close-up
of the entry that is also shown below, where
the pattern does not fully appear until the third
row of loops.

When pulling the wire through the notch and under the otheesyigrab the tip of the wire with chain-nose pliers and guight, until the loop is
uniform with previous loops. This works best if you pull itaight out to your side, which is why you need a clear spacetw sight side and why
the wire should be no longer than your arm. Try to avoid hawgdthe wire by any part but its tip, because the more you hahdlevire, the more it
becomes hard and brittle, and stopping to anneal a long piesie will ruin your rhythm. By grabbing it by the tip, onle last half-inch becomes
unusable. Pull the wire through until the loop you made inlétst step is uniform with the previous loops.

Then, bend the wire over the top from right to left, in prepiarato form the next loop. This is why you need a clear spag®to left side, to keep
the long protruding wire from poking out anyone's eye. Thibést accomplished by sending onlookers to a safe distamiéeyou turn. The pliers
are not usually needed for this; the important part is thattind is uniform with previous loops. However, you shoujdtit to put your pliers down
but keep them in your right hand, in order to maintain youthhy.

Turn the assembly 1/3 of a turn. Repeat the over-under-tawement, many times.

As you progress, the pattern will begin to appear. Each tpuethe thread through the notch one
step past where the thread went the last time around. Thga isver the top, under the last two
previous loops, and over the top again. The picture to theldgight shows what it would look
like, from the weaver's perspective, if laid out flat (whére lower right of the picture is the
starting point). The picture to the lower left shows exauthere the wire goes during the
"under" step, as seen after the weaving has progressedifoe a&fter weaving a dozen loops,
the pattern will become second nature and you can focus aistency.
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The key to a successful weave is consistency in pulling andibg. If you pull the wire too tightly through the notch, tiveave will drift in a
clockwise spiral. If you bend the loop too tightly, the weavi# drift counterclockwise. If you are inconsistent fromeloop to the next, it is
possible for different parts to drift in different ways, $m@t two of the three "corners"” drift together, leaving nomdeetween them to insert the wire
to make succeeding loops. Since the weaving progresses edtthof about 2 inches per hour, depending on your skill apdrence, this
consistency is best achieved by having a comfortable wa& aiith minimal interruptions in your rhythm, so you can camitate on keeping the
loops uniform and even.

After weaving a few inches, the wire will run out. Simply cot preak) it off in the notch, flush with where it protrudesrr the weave, cut a new
wire, insert the end of a new wire into the notch at the sameeplearefully bend it over for the next loop, and continue eWlou turn the weaving
for the next loop, the friction between the new wire and thednel will hold it in place, if you are careful when turningatit of the notch. You can
continue weaving, and the joint will be visible only undeos# inspection. Jensen suggests tucking the end insideythiag it flush is easier,
stronger, and produces the same good visual result.

When the weaving is long enough, make your last loop and dendnd
inside the weave. Careful measurement, factoring in thgtteof the
hook, will prevent your arm band from being too short or taogo
Carefully bend the last two sets of loops into aligning wigttle other as a
single loop-shaped bundle, in order to insert the base aflyoak. This is
shown in the photo, but is easier to understand by experinggtitan
looking at the picture. With practice you will be able to plamead for
this, and modify your last two rotations of loops to be all #zene length
and thereby create a strong ending-loop bundle with liffiere

Then, make a drawplate from hardwood, such as oak, by dyitliwith

holes in 1/64" inch increments. Draw the weave through the drawplate,
going through smaller holes each time, until it passes tittauith some
resistance. When pulling, pull from the starting-loop emgull the

correct direction. This arm band started with a 5/16 holefarished with
a 9/32 hole. Drawing the weave makes it more even, more fie@nd
slightly longer. This arm band only got 2mm longer, so drayisinot a
way to lengthen a band that was made too short. Varying trgtHesf the
hook can fix minor miscalculations in length, and in the vwaesse a band
that is too short for the arm will fit the wrist just fine.

The hook was troublesome to make. Nickel is very hard in coispa to silver and only marginally workable. While | formedme hooks from
nickel, my efforts to decoratively hammer, shape, and tniiskel wire did not result in anything worth having.

Therefore | made a decorative hook from commercially puselasquare silver wire. | annealed the wire with a torch,iagd decorative twist with
pliers, annealed again, worked it into the hook shape witrglcut it to length, and filed the ends to the desired shafier a 10-minute dip in
aqua regia to remove the firescale, | polished the hook tareesin a buffing wheel, attached it to the arm ring, and drdgpe entire assembly into
a mass finisher for a week, equipped with mixed stainlesd stedia. The buffing wheel and mass finisher put a mirronshun the silver that
would have required a week of polishing by hand using periethods. The photo of the hook shown above highlights théatdifference in shine
between the silver hook and the nickel weave.

Lessons Learned

Nickel, while it looks like silver, is much harder, and proMgifficult to work with. Nickel did work sufficiently well br the weaving to validate the
tools and methods. | plan to make more jewelry of this typenfectual silver wire in the future, though the nickel onesgreat for everyday wear.
The investment in time to make one of these is much greaterttfet in materials, given the availability of wire in modeimes. Therefore, a project
like this is worth using silver once you have learned the némpine.

The entry took about 8 hours to weave the arm ring, and an@theurs to twist, form, and polish the hook. The arm ring, propsized to fit, is
quite comfortable to wear for long periods of time.
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