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Introduction
The Glenmorangie Early Medieval Research Project re-
created objects from the period 300-900AD in
collaboration with artists, designers and makers. A
combination of contemporary and traditional craft was
used and were informed directly by the archaeological
evidence. This collaborative process of re-creation has
allowed us to experience these ancient objects as new,
giving us insights into how they were made,
experienced and used.

This co-authored paper explores one of these
collaborative projects; the design and making of a
Pictish inspired drinking horn fitting using traditional
as well as integrated digital techniques. We will begin
by laying out the motivations behind the re-creation.
Then, in turn, each of us will reflect on the process
and insights made along the way (the designer and
the archaeologist). 

Recurring themes are; the need for transparency in
collaboration, Pictish problem-solving in contemporary
process-led learning and authenticity. 

The Commission: Mhairi Maxwell
Inspired primarily by the exaggerated comical bird-
head on the end of the Bullion man’s drinking horn
(Image 2), the Glenmorangie Research Project
commissioned designer and maker Jennifer Gray to
make a silver zoomorphic fitting for a drinking horn
(the horn itself had already been made by Johnny Ross,
a horn-carver based up in Sutherland). The making of
this fitting was displayed as a work in progress
(illustrating its conception from 3D modelling and
printing through to the final silver cast object) in the
National Museum of Scotland’s Creative Spirit
exhibition from October 2013–February 2014.

In trying to understand craft and how these objects
were experienced in the past, there is always a creative
tension between the craft techniques available to the
Early Medieval people and new innovative
technologies available to us today.

The Glenmorangie Research Project was concerned
at making authentic re-creations of Early Medieval
objects through using the skills and knowledge of
today’s contemporary makers. This is different to the
traditional experimental archaeology approach which
attempts to work within the exact conditions and
methods of making thought (by archaeologists) to
have been used in the past. There are limitations to this
approach which is often constrained by the lack of
surviving evidence from workshops. For us, in this
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Abstract

The Glenmorangie Early Medieval Research Project re-created
objects from the period c.300-900AD in collaboration with artists,
designers and makers. Contemporary skills and traditional crafts
were used, informed directly from the archaeological evidence. This
process of re-creation has brought these objects to life again,
giving us insights into how they were made, experienced and used.
This paper will present the collaborative processes involved in the
latest re-creation of a silver terminal fitting for a large drinking
horn with researchers and curators Mhairi Maxwell and Martin
Goldberg, and designer and maker Jennifer Gray.  Digital design
and modelling processes were blended with traditional hand-
making techniques to re-create the silver zoomorphic fitting
Inspired by a 2D image on an Early Medieval carved stone and
contemporary Pictish silver metalwork. The final piece was
displayed as a ‘work in progress’ (illustrating its conception from 3D
modelling and printing through to the final silver cast object) in the
National Museum of Scotland’s ‘Creative Spirit: Revealing Early
Medieval Scotland’ exhibition, from the 25th of October 2013 to the
23rd of February 2014 (Image 1). 
Our design-archaeology approach towards material culture allows
for a new way to re-evaluate Early Medieval insular art. Jennifer
Gray’s work connects the innovative and traditional methods of re-
creation used by the Glenmorangie Research Project; there has
always been a tension between authentic craft techniques
available to the Early Medieval people and new technologies
available to us today. In this paper, we will negotiate questions
that arose of authenticity, transparency and creativity that our
particular collaborative approach to recreation.
The process of designing and making has added to our
understanding of these types of fittings; highlighting the decisions
made by the maker along the way, their aesthetic qualities and
probable functional features of Pictish drinking horn fittings. This
piece would not be possible without Jennifer’s experience of both
traditional and current digital methods. This project demonstrated
that new technological approaches can be blended naturally into a
piece of work as a means of enhancing what’s gone before – to
bring the past alive.  

Keywords: Authenticity, re-creation, design-archaeology,
Pictish-problem solving.
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instance, such an approach was not a viable option
since there is very little silver-working evidence
remaining from the Early Medieval period of northern
Britain (pre 1100 AD). 

Indeed, there is much material culture involved in
metalworking process which would not survive as it is
organic or debris which is microscopic in scale.

Evidence
Much of the surviving, contemporary evidence are
artistic depictions or written sources and the challenge
for us was to translate this into a 3-dimensional object. 

We took, as our main inspiration, the Early Medieval
carved stone from Invergowrie in Angus, known as the
Bullion Man, which is a 2D representation of a
mounted warrior at charge (or drunk-in-charge!),
clasping a large drinking horn with exaggerated beak-
headed mount (Image 2). We chose this as it is a
popular object in the National Museum of Scotland’s
collection, due to its comical and naïve quality. There is
a concentric fluidity in the layout and framing of this
depiction; man and object are one (perhaps a
reference to a cosmology of shape-shifting which is
arguably referenced widely in Pictish zoomorphic art).
Further, inebriation may have initiated (been central) in
Pictish belief systems. Despite not having the Pictish
symbols, which often define Pictish art, this depiction
is very Pictish in character, and yet drinking horns of
this size have only survived from contemporary Anglo-
Saxon and Viking burial contexts. We were interested in
what we would learn by translating this unusual Pictish
depiction of a drinking horn into 3D.

Other inspirations included the silver rim drinking
horn fitting from Burghead, Moray (Image 3), Anglo-
Saxon Sutton-Hoo and Taplow drinking horns, from
Suffolk and Buckinghamshire respectively. Consistent
with Anglo-Saxon metalworking, a combination of
parts and techniques were used in the Taplow and
Sutton Hoo horns; cast features were combined with
repoussé decorated gilded-silver sheet in order to
make-up a form. 

On the other hand the Viking Age Pierowall drinking
horn mount from Orkney (Image 4), and objects from
the Ninian’s Isle treasure from Shetland (e.g. Image 5) (a
hoard which contains what is considered the best
examples of Pictish silver work) are forms that are
predominantly cast whole in silver (and then
sometimes embellished). This is consistent with the

few moulds which have survived from Pictish sites.
For our commission, and in order to keep with the

Pictish tradition and context of the Bullion Man, we
decided that it should be a solid silver fitting where
pattern and form is cast into the design. 

Design-Archaeology
By bringing such an object to life using modern-day
techniques and craft know-how, it was our belief that
we could gain some insight into the making and social
context of these sophisticated, but now non-existent,
objects. 

This is what we call Design-Archaeology; a presently
situated process-led approach informed by the
archaeological archetype. The archaeological evidence
is interrogated and directly informs the contemporary
design. In turn, we learn about the original object
through modern-day know-how, skill and technique.

We use the word re-creation deliberately. Re-
creation means to make anew. Indeed, craft process is a
living thing and the responsibility of archaeologists is
to bring the past alive. By acknowledging this, a
reflexive insight into the experience of making in the
past can be gained through the hands of a skilled
contemporary craftsperson. For the archaeologists, the
opportunity to work with designer and maker Jennifer
Gray, who uses a combination of digital and traditional
carving/silver casting methods, could effectively
explore the tension between traditional and new
techniques. We felt that the very ethos of re-creation
was encapsulated in this process, which brought the
past alive using innovative tools available to the
present generation, but in constant reverence to the
original object(s) (i.e the Pictish evidence). Like makers
from all eras of history we, like them, were building on
tradition and at the same time taking advantage of the
techniques available in the present day to make work. 

Designing and Making: Jennifer Gray
Because of my busy schedule, I wasn’t able to commit
to the project in a timespan that would allow for the
use of entirely traditional making techniques to re-
create the end-piece. I offered a solution; to lower the
risk of anything going wrong and to ensure satisfaction
with the final object, I recommended integrating
digital designing and making techniques into the
traditional wax carving and casting methods. Using a
blend of conventional and modern techniques would
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Image 2. 

An Early Medieval

carved stone from

Invergowrie, Bullion, in

Angus, Perthshire.

Colloquially referred to

as the ‘Bullion Man’ . 

Photo: © NMS Trustees.

Image 3.

Silver rim fitting from

Burghead, Moray. 

Photo: © NMS Trustees.

Image 4. 

A silver cast mount for

the end of a drinking

horn from Pierowall,

Orkney, in typical

Pictish zoomorphic

style (Cheshire cat

grin!) Photo: © NMS

Trustees.

Image 5. 

A chape (fitting for the

end of an organic

sword sheath) from the

Ninian’s Isle hoard,

Shetland Isles – dating

to the 8th or 9th

Century AD.

Photo: © NMS Trustees.
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help to streamline the process yet produce an object
which would still appear convincingly Pictish.

As a way of using the little time we had to produce
the work effectively, I suggested that we should open
the show with a digital maquette of the horn-fitting
and invite the public to monitor its progression up to
the final unveiling six weeks later. 

A 3D printed prototype of the end-piece was on
display throughout the first half of the exhibition and
the public were able to track the development through
the National Museum of Scotland website which
published up-to-date images of the making process.
The finished piece was unveiled at a one-off special
museum event where the public were invited to
handle/view sketches and models, which were part of
the development process.  

This work in progress approach was considered a risky
undertaking by the National Museum of Scotland. Any
delay or even a potential failure to deliver the finished
piece could have cast the project in a negative light,
especially where the public was concerned, as the
unveiling of the final piece was advertised on the
National Museum of Scotland website (archived here:
http://www.nms.ac.uk/explore/collections-stories/scottish-history-and-
archaeology/early-medieval-scotland/bringing-the-past-to-life/drinking-h
orns/), in the general media and alongside the actual
model prototype during the exhibition. There was a
worry that the project might have been perceived as a
failure or an unwise monetary investment if the final
piece did not appear as advertised. A process led
investigation could have resulted in the final piece
differing from that which had originally been proposed.
However, for the purposes of our investigation, any
mistakes and failures were all a valuable part of a
problem solving process. In the end all agreed this
approach actually turned out to be very successful
since it created a new line of interest for the public and
exhibition organisers who all enthusiastically engaged
with this transparent process.

The Design Stage
I was required to produce an object that when finished
would sit convincingly within an Early Medieval
context. Although I was granted the freedom to design
(whilst adhering to the sources provided to me by
Mhairi and Martin) I still wasn’t completely comfortable
simply to follow my own design process since it was
important that the final object would not be
recognised as a piece of my work. 

Therefore, the design stage became a full
collaboration. It was a give and take process where
designer and archaeologist worked together using the
aforementioned sources to hone and justify an
appropriate design for the end piece. 

Modelling Stage
The horn could not be allowed to leave the museum
premises.  I therefore used a 3D modelling program
called Rhino to make a digital version of the horn to
give me something to work with in my studio (Image

6). I worked between the actual horn and my digital
model to establish the proportions and overall shape
of the fitting. I then began to model the fitting using
Rhino (Images 7 and 8) and used it to trace my design
and alter the basic proportions to compliment the
twisting angles of the digital horn.

The basic model was then turned in to a polygon
mesh and imported into another modelling program,
ZBrush, where I could carve it virtually as though it
were made of wax (Image 9). It was then 3D printed in
ABS plastic to act as the maquette for the opening of
the show (Image 10). 

ABS plastic is not the most appropriate material to
use to represent fine nuances of detail, surface pattern
and the subtle angles of edges, but it was useful to
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Image 6. 

Screenshot of horn

bring modelled in

computer program

Rhino.

Image 7 & 8. 

Early stage screenshots

of the end-piece bring

modelled on the virtual

horn.

Image 9. 

Screenshot showing

stages of the digital

carving process in the

computer program

ZBrush.
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Image 7
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represent the overall appearance and it was obvious
that the fitting would take its final proportions from
the horn. It acted as a quick and cheap snap-shot of
the stage I was at in the making process.

It strangely appeared like an out of place prosthetic
when it sat on the horn at the exhibition opening. We
were laying our process bare and not trying to disguise
it as something in-keeping with the other objects on
display. It stuck out like a sore thumb. However it was
essentially a tool for us, a means to check if we were
going in the right direction.

At this stage I was able to identify the features that
needed altering. I was able to load up the model as it
stood and continue to manipulate it from the point at
which I had stopped to print the ABS maquette.  

I had originally intended to digitally carve the entire
piece, which would then have been 3D printed in high
resolution Objet resin, moulded and then cast in silver.
However, no matter how many different manual
settings I used in the digital carving program the depth
of my relief carving was always totally consistent,
which I felt made it appear too artificial. I had a rethink
and decided to add to my making process by
incorporating hand carving. 

Looking closely at Pictish sources from the museum
such as the chape (a fitting for the bottom of the sword
sheath) from the St Ninian’s Hoard, I could clearly
observe the original maker’s inconsistency of depth in
his relief carving and the asymmetry of the surface
pattern (Image 5). My ultimate intention was to create
a piece that would sit convincingly amongst other
objects re- created from the Early Medieval period
included in the same exhibition. 

I felt that by using steel hand tools I could learn
more about the techniques which had been used so
long ago by a Pictish person. I was then able to
understand the reason for the pattern’s asymmetry
when trying to fit in a variation of complex Pictish
shapes and patterns into such a limited space.  

Virtual carving is done through a software program
where a virtual block of wax appears on my computer
screen and I carve it as you would by hand. By using
this method I substituted my steel wax carving tools
with a USB drawing tablet. In order to retain a hand-
made quality I carve using only manual settings. In this
particular case, I digitally carved the zoomorphic fitting
without any surface relief pattern. I 3D printed it in
high-resolution objet resin which was then moulded in
silicone (Image 11). I poured carving wax into the
mould, then after I had finished using the virtual tools
on the computer, I continued carving manually with
steel tools (Image 12). 

Integrated Technologies
For me the essential reasons for using digital
technologies were:

• Simply, the digital technologies enhance the design
and making experience.

• The piece was quicker to make and the technologies
enabled me to have more control, limiting the
chance of mishaps. I had the advantage of being
able to work offsite with my digital model of the
horn and this helped me with the tricky task of
making a fitting for such an organic, inconsistent
twisting form. 

• It is very useful for trouble shooting. I didn’t need to
interrupt my flow of process to take the time to
whittle out the maquette in wood for the opening
of the exhibition. The 3D printed maquette
represented a snap-shot of the stage I was at in my
making process which I could continue to
manipulate thereafter, and did not distract me from
the overall process. The work in progress display
helped to engage new public audiences with the
making process and the use of digital tools. 

• It occurred to me just how special and precious the
objects we were recreating must have been in their
day. It would have taken craftspeople vast amounts
of time and effort to make the objects using the
tools and limited material resources they had.
Unfortunately, today we don’t have the luxury of
time, but it was very satisfying for me to
demonstrate that through the use of digital
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Image 10.

The ABS plastic

maquette on horn.

Image 11.

The moulding process

of the final Objet 3D

printed model.

Image 12.

The final wax end-piece

after the application of

hand carved surface

relief pattern.

Image 10

Image 11

Image 12
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technologies and today’s tools and machinery you
can re-create, as best as possible, a piece of ancient
treasure in a couple of months.

• In creating this piece, I could limit the limitations of
both manual and digital methods and use a
combination (the best of both), to make an object,
which was on time and exactly fitted the brief.

• It would not have been possible to have fully re-
made this piece as it would have been made in the
past. If I was to have carved this piece entirely by
hand I still would have used my modern steel hand
tools, modern casting processes, modern machinery
for finishing and polishing. I also have used a
modern silver alloy which would probably not have
matched the material which was used in the past. I
essentially used the same gestures, while
alternating between a virtual and real-life working
environment, to make the end-piece as the
craftsperson did all those years ago. 

So then why not introduce new technologies into the
blend to make an object that feels and appears
convincing, yet is made much more efficiently (Images
13, 14 and15)? 

Discoveries: Mhairi Maxwell
So, what did the archaeologists learn through this
collaborative process? I gained great insights into the
stages involved in making a drinking horn fitting: the
materiality of silversmithing (and immateriality of 3D
technology) and how such a fitting would enhance the
function and social role of a drinking horn in the Early
Medieval period.

Making
Manipulating the virtual wax and carving into the 3D
form digitally was very valuable, especially since most
of the evidence was 2D (although objects, even the
Ninian’s Isle chapes are very flat in form, almost as if the
pattern were applied in 2D). This digital toolbox
allowed us to experiment efficiently with form 3-
dimensionally, which the zoomorphic drinking horn
fitting depicted on the Bullion Man stone required. It
was very cost-effective, and allowed us to fail several
times, but with no additional expense. 

The most interesting moment was when Jennifer
decided to change to carving the design into the wax,
rather than continue virtually as originally planned.
This was to capture the inconsistency and hand-made
quality that Jennifer noted in the execution of the
decoration on the St Ninian’s Isle chapes. The 3D result
would have been too rigid. The flow and movement of
Pictish pattern had to be captured in our final design. 

The hand-tools used by Jennifer today have hardly
changed since the Early Medieval period (Image 16).
Although planned to a degree, interestingly Jennifer
talks about learning a formula through the carving/
incision process; the geometry occupied the space and
emerged iteratively through the hands and tools
controlled by Jennifer, directly informing the nature

and flow of the marks made. Embracing this
relationship between 3D form, iterative design, and the
tools used, ultimately made the result a more
aesthetically pleasing and authentic design.

Materiality
Also drawn to my attention was the material culture
involved in silver-working, which wouldn’t survive
archaeologically (i.e. wax, our modern equivalent being
the 3D printed ABS plastic prototype). This has made
me re-examine the roughly hewn wooden bird-headed
object from Balinderry crannog, published as a ‘fitting’
for possible drinking horn.

I now view this as an unfinished macquette, into
which the decoration would be incised and then
placed in the mould to be cast in silver. Indeed,
primarily, this would have been an organically based
craft (in our collaboration replaced by the virtual and
the digital), and the final silver objects are in fact
solidified ghosts of ornate organic artefacts which
rarely survive; metamorphosised skeuomorphs. The
translation of warm organic fittings into cold silver
drastically changes the haptic (weight and texture) and
visual (bright and polished) experience of a drinking
horn. I am, however, not privileging metal over
organics here, as when we made the horn itself with
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Image 13. 

Close up detail of

the final cast silver

end-piece.

Image 14 & 15.

The finished silver

cast end-piece on

the drinking horn.

Image 13

Image 14

Image 15
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Johnny Ross (of Sutherland Horncraft) out of an African
Ankole cattle horn, he was able to polish it to such a
degree to evoke glass and metal. The large horn used
in the Early Medieval period was highly likely from
Auroch (wild) cattle, which would had to have been
imported from the continent or further afield (as this
breed of cattle was extinct on the British Isles by this
time). 

Use
Therefore, complete drinking horns are a testament of
access to a skilled network of craftspeople (who were
probably familiar with many materials) and, in
investment of materials, were a statement of status
(our final fitting weighs a whopping 600 grams of
silver). The silver fitting acts as a counterweight and
stops the liquid from pouring out all at once and
soaking the drinker (our horn held almost exactly one
gallon of liquid)! These drinking horns were likely not
designed for an individual to drink from, rather they
were communal vessels. Belief systems were not
exclusive in Pictish worlds, but were engaged with by
the community.

Conclusion 
To conclude, we want to quote from Glenn Adamson: 

It is in forming a new relation to the past that craft
proves most indispensable. (Adamson, 2013, p.xxii)

Pictish Problem-solving and process-led learning
There must be transparency in collaboration between
the past and present, and also between the modern-
day craftsperson and the archaeological evidence.
Archaeologists are the outsiders looking in and we
should respect this. Makers have a more subjective
relationship with materials and craft know-how and
this should be exploited in our interrogation. 

• The archaeologists/ curators played an active role in
the designing and making process, which in turn
increased their understanding of materials and the

design process.
• There was no masking any stage of the process,

rather it was very public until the set deadline.
• The integrated technology allowed us to be

dynamic and flexible with our approach to making
and designing.

• The public were surprised to find that the piece
replacing the ABS maquette had a very hand crafted
appearance despite being partly made through
digital processes.

Authentic Re-creation
The result sat convincingly amongst other Early
Medieval objects. In the end the technologies blended
naturally into the object. This was a result of the
reflexive dialogue between the evidence and its
interpretation through modern making; archaeology
and contemporary craft are complementary and
presently situated. Further, similar considerations and
decisions are involved in virtual recreation as in
physical recreation, and throughout an appreciation of
the sensory qualities and materialities of objects is still
gained, from a necessary reflexive point of experience.
One of the most exciting things about digital
technology is that it offers new possibilities for
interrogating objects by bringing them to life, in turn
raising more questions. By interrogating fragmentary
archaeological evidence with modern day design
expertise, aka Design-Archaeology, we have together
created an authentic re-creation.
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