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Garnet-inlaid metalwork was an emblem of elite culture in the early medieval North Sea world.
This study compares three Anglo-Saxon garnet-inlaid brooches that are exceptionally similar in
design and appearance. All three date to the seventh century, a period that saw the emergence
of leading families that used such deluxe dress items to enhance their political position. The central
hypothesis explored here is that the brooches were produced by the same, or by closely linked, gold-
smiths working under the patronage of such a family. Integrated analysis was conducted using
microscopy, CT scans, XRF and XRD, in part to establish whether the garnets used came from
the same or different sources.
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INTRODUCTION

Garnet-inlaid metalwork was one of the most striking emblems of elite culture in the North
Sea zone during the fifth to seventh centuries. This study compares three Anglo-Saxon
garnet-inlaid disc brooches that display exceptionally close similarities in appearance
and design (fig ). All three date to the seventh century, a period that saw the emergence
of leading families that used deluxe dress items such as these to enhance their political
position through gift-giving and competitive display. The central thesis explored in
this paper is that the three brooches – found in two cemeteries in the Upper Thames
Valley – were produced by the same, or by closely linked, goldsmiths working under
the patronage of such a family. To address this question, integrated analysis of the brooches
was conducted using microscopy, computed tomography scans, X-ray fluorescence and
X-ray diffraction analyses (hereafter, CT, XRF and XRD), and a simple method for estab-
lishing whether the garnets used came from the same or different sources was applied (see
below, ‘Analysis of materials’). The results demonstrate the potential of such integrated
analysis to shed light on the patronage of craft production and, more specifically, on
the circulation of garnets.
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Fig . Left hand column: unrestored photos of the composite disc brooches from West Hanney and
Milton. Right hand column: digitally restored images of the same objects. Photographs and digital
restoration: I Cartwright, Institute of Archaeology Oxford. The Hanney brooch, © Oxfordshire

Museums Service; The Milton brooch AN p.., © the Ashmolean Museum; The Milton
brooch M-, © the Victoria and Albert Museum.
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Two of the brooches come from burials in a poorly recorded cemetery at Milton,
Oxfordshire, while the third was found by a metal detector user in an apparently isolated
burial lying less than km to the west, at West Hanney, Oxfordshire. Both sites lie in the
Upper Thames Valley, the early heartland of the kingdom of the West Saxons who, at this
early date, were known as the Gewisse. The great majority of composite disc brooches –
some twenty-three complete or largely complete examples of which have been recorded at
the time of writing – come from Kent, where this opulent brooch type was first developed
and where it was most frequently worn (fig ). Kent is still regarded as the main entry point
for the gold and garnets used to make such objects, although there may have been other
entry points along the eastern and southern English coasts.

In terms of design and dimensions, the Milton and West Hanney brooches are excep-
tionally closely linked. This becomes clear when they are compared to other composite disc
brooches with copper alloy, rather than gold, cloisons; all are thought to date to the middle
decades of the seventh century (fig ). As figure  shows, such brooches vary considerably
in size and design, although all display a cruciform layout emphasised by white bosses. The
brooches fromMilton andWest Hanney – all approximately mm in diameter – stand out
as forming a coherent group in terms of both design and dimensions. The discovery of
three such similar brooches within km of each other raises the possibility that they were
made not in Kent but locally. If so, this suggests some connection between the households
for whom the brooches were made.

Traditionally, the existence of early Anglo-Saxon workshops has been inferred largely
on the basis of similarities in the style and design of ornamental metalwork, above all
brooches; materials and manufacturing techniques are relatively uninformative in this
respect since the overwhelming majority of brooches from this period consists of single
pieces of cast copper alloy, a material which was itself extensively recycled. Disc
brooches, however, because of their composite nature and use of a range of materials,
offer the possibility of assessing degrees of similarity through the materials and techni-
ques used in their manufacture, as recognised by Coatsworth and Pinder. An initial
comparison of the three brooches suggested, on the basis of similarities in design and
method of construction, that all three had probably been made in the Upper Thames
Valley, with the two from Milton having in all likelihood been produced by the same
goldsmith(s). The Hanney brooch displays certain differences in technique and style
of execution that suggest it may have been the work of one or more different specialists
who were, nevertheless, clearly referencing the Milton brooches. In the present study,
the results of technological and compositional analysis of the brooches undertaken at the
Cranfield Forensic Institute are presented and the implications for understanding how
such objects were produced are explored.

As noted above, the Milton and Hanney brooches are closely related in terms of design
and overall appearance. Our aim was to establish the extent to which this similarity
in appearance is reflected in the techniques and materials used in their construction.

. Hamerow et al .
. Blair ; Hamerow et al .
. Huggett ; Hamerow .
. Avent ; Scull , .
. Speake ; Dickinson ; Lucy ; Leahy ; Pollard et al .
. Coatsworth and Pinder , .
. Hamerow et al , –.
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Our investigation established a ‘profile’ of each brooch based on the quality of workman-
ship, the method of construction and the materials used. These profiles were then com-
pared to assess degrees of inter-relatedness. In the following sections, the construction
and craftsmanship involved in the production of the brooches are compared, followed
by an analysis of the materials used.

Fig . Distribution map of composite disc brooches in England.
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ANALYSIS OF CONSTRUCTION AND CRAFTSMANSHIP

The Hanney brooch and one of the Milton brooches were examined using binocular
microscopy at magnification up to ×. This revealed no tool marks suitable for scanning
electron microscope (SEM) analysis. Detailed observations relating to the design, con-
struction and craftsmanship of the brooches are supplied in the supplementary material
Appendix . From these, a list of thirty-three attributes was compiled, some of which
are shared by all three brooches, some by two and some which are unique to one. The
results were plotted on a Venn diagram as a means of displaying the similarities and differ-
ences between all three (fig ).

Fig . Composite disc brooches with copper-alloy cloisons. Top row, l–r: brooch from Monkton,
Kent, © Ashmolean Museum, Oxford; brooch from Sarre, Kent, © Trustees of the British
Museum; brooch from Floral Street, London, © Museum of London. Bottom row, l–r:
brooch from Boss Hall, Suffolk, © Ipswich Borough Council; brooch from Faversham,

Kent, © Fitzwilliam Museum, Cambridge.

. Ashmolean Museum acc. no.  p. no. .
. Larsen ; Goodburn-Brown .
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Fig . Venn diagram showing brooch attributes.

. Radius to the satellite rivets mm
. Radius of nd and rd concentric rings

.mm and mm
. Rows of small pentagonal garnets
. Small -sided garnets
. Large -sided garnets
. Gold mounts: Style II interlace
. Gold mounts: modelled
. Gold mounts: etched/pickled
. Filigree wire: beaded
. Filigree wire: round
. Gold mounts: small rectangular
. Gold mounts: S-scrolls
. Gold foils:  lines p mm
. Gold foils: . lines p mm, boxed grid

. White domes: bone
. White domes: shell
. Base plate: convex
. Base plate: flat
. Safety loop on back
. Fastening: Avent’s Type 

. Extra plate above base plate
. Rivets: iron
. Rivets: copper-alloy tubes
. White paste includes wax
. White paste without wax
. Craftsmanship (gold mounts) high
. Craftsmanship (gold mounts)

medium
. Craftsmanship (gold mounts) low
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The diagram reveals that features common to all three brooches are: rows of pentagonal
garnets, the radii of the second and third concentric rings and of satellite rivets, beaded-
wire filigree, gridded gold backing foils with four lines per mm grid, safety loops and
Avent’s Type  fastenings. The CT scan of the Hanney brooch (see supplementary mate-
rial Appendix ) further revealed that the copper-alloy plate forming the middle layer of the
brooch was marked out using the same proportions as those of the top plate of one of the
Milton brooches, suggesting that the same template was used for both. More signifi-
cantly, CT scans revealed that the radii of the second and third concentric rings, and
the radius of the circle on which the rivets are positioned, was identical in all three
brooches, again indicating use of a shared template (see supplementary material
Appendix , table ). Figure  also shows, however, that the two Milton brooches share
several attributes not shared by the Hanney brooch. These are the use of small four-sided
garnets, Style II interlace, gold mounts with a high level of craftsmanship, modelling and
surface enrichment, white domes made of bone, convex base plates, iron rivets and waxy
white paste (fig a and b). Neither of the Milton brooches shares an attribute with the
Hanney brooch that is not also shared with the other.

Differences between the two Milton brooches are limited: small rectangular gold
mounts are found on the Ashmolean brooch, but not on the other, and the circumferen-
tial collars of the two brooches are made differently despite looking the same. The Hanney
brooch, on the other hand, has a relatively large number of attributes that do not occur in
either of the other two. These are: large four-sided garnets, round-wire filigree, S-scrolls,
gridded gold backing foils with . lines per mm (‘box grid’), white domes made of shell,
a flat base plate, an extra plate above the base plate, copper-alloy rivets, non-waxy white
paste, engraved decoration on the back and a medium to low level of craftsmanship in the
gold mounts. Some apparent differences, for example in the presence/absence of cabochon
garnets and crown arches, may simply be due to incomplete survival.

ANALYSIS OF MATERIALS

Methods used

Analysis of the three brooches was carried out in the laboratories of Cranfield Forensic
Institute, Cranfield University. It was imperative that the brooches were not damaged
or sampled in any way, which dictated the techniques used. Two were chosen, microto-
mography (micro-CT) and XRF. It is important to consider the possibilities and limita-
tions of these techniques in order to interpret the results correctly.

Micro-CT is an X-ray imaging technique with the potential to produce high-resolution,
three-dimensional images of objects, with the grey scale on the image revealing something
of the relative X-ray opacity of the material involved; the lighter the image, the more
X-ray opaque and therefore dense it is. This clear pattern can be influenced and potentially
confused by variations in thickness of the material and other edge effects caused by shad-
owing of the X-rays. However, this technique is a relatively quick and non-destructive way

. Ashmolean Museum acc. no.  p. no. . The CT scans were undertaken using a Nikon
XT H  micro-scanner with a transmission target. Data was reconstructed using CT Pro D
software and processed with VG Studio Max . software.

. Victoria and Albert Museum (V&A) acc. no. M-.
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Fig . (a) and (b) close-ups of the composite disc brooches fromWest Hanney andMilton (Ashmolean).
Photograph: I Cartwright; © Oxfordshire Museums Service.
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of examining the internal structure of an object; from this, one can infer how it might have
been constructed.

XRF is a surface technique that gives a qualitative analysis of the surface of an object to
the depth of a few tens of microns. The quality of the analysis is constrained by several
factors, some of which are inherent to all XRF analysis and some that are specific to certain
materials and objects. The analysis of the brooches was carried out in a benchtop XRF
system, in an air environment. The presence of air in the chamber attenuates low energy
X-rays, meaning that it is usually impossible to detect elements lighter than silicon.
This means that elements such as sodium, magnesium and aluminium are, at best, difficult
to detect. The morphology of the target also has an effect on the quality of the analysis.
The brooches are not flat, and have large bosses and other features that protrude from
the surface. These meant that the analyses had to be carried out at double or triple the
standard working distance of mm. This compounds the issue with the attenuation of
low energy X-rays, simply because the X-rays have further to travel through the air.
Furthermore, the targets were sometimes not flat on a microscopic scale. This means that
the analysis area might contain a dip or hump, or the whole area might be slightly raked.
In severe cases this can cause problems, but experimental work on the instrument used in
this analysis has shown that, within the limits of a qualitative analysis, minor undulations in
the surface have very little impact on the reliability of the results.

Further problems can be created by the material types being analysed. In this case, two
types of problem arise, each of which presents its own challenges. The first type applies to
the garnets. Garnets are in effect single crystals on a microscopic scale, which means that in
addition to the normal fluorescence peaks given off by interaction with the X-ray beam,
occasionally diffraction peaks can also be created. These single or multiple sharp peaks
can appear anywhere in the analytical spectrum and are usually easy to identify.
However, very occasionally they may overlap exactly with a large fluorescence peak, ren-
dering them invisible. When determining peak areas to give an idea of how much of an
element might be present, this superposition of peaks can give the data more scatter than
there really is. However, as long as the data is taken qualitatively and interpretation is only
aimed at distinguishing garnets that are very different from one another, this is not
a significant problem. Perhaps more problematic is the second issue, concerning the anal-
ysis of metal – the gold and copper alloys used in these brooches. It is well known that
surface enrichment of certain elements occurs in alloys. This means that, in practice,
the surface analysed by the XRF might not be representative of the bulk of the metal.
Not only that, but different production techniques and/or burial environments might lead
to different levels of surface enrichment. This could mean that two metal objects made
from the same raw material might look compositionally different under the XRF.
However, two spectra that look the same are most likely to be the same.

Results

Garnets
XRF analysis was used to establish the ratios of four diagnostic elements common in gar-
nets and known to be variable: iron, titanium, manganese and chrome. Analysis of as many
of the garnets as time allowed – all  of the surviving garnets from the Hanney brooch,

. Domoney .
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twenty-three from the Milton/Ashmolean brooch and twenty-eight from the Milton/V&A
brooch – was carried out. The elements are shown as ratios of counts per second, rather
than weight per cent or parts per million. No attempt has been made to calibrate the counts
as this tends to be a difficult and often controversial procedure with XRF analyses.
However, it is widely acknowledged that XRF can produce excellent, consistent data.
This makes it very good at sorting targets, in this case garnets, into compositional groups.
The ratios of counts per second of two elements (Fe/Ti and Cr/Mn) is taken because this
smooths out small inconsistencies that might be introduced into the data if the samples are
not quite at the perfect height or not quite flat. This could affect the absolute number of
counts for all the elements in the particular analysis, but it is likely to affect the relative
amounts (the ratio of the elements) far less. This gives the best qualitative picture of
how the analyses are related and is shown in figure .

Plotting the analyses for the garnets from the three brooches shows clear variations that
form two distinct groups, with some outliers. The groups represent garnets with similar
compositions: the larger group, which we have called ‘Group A’, with a relatively high
Cr/Mn ratio and low Fe/Ti, and the smaller Group B with the opposite. There is some
scatter to the data, which might imply subgroups, but given the diffraction peak issues

Fig . Graph plotting the ratios of Cr/Mn against Fe/Ti Fe/Ti in the garnets used
in the brooches from West Hanney and Milton.
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discussed above, it is safer to regard the data as representing two main groups. All the gar-
nets from the Milton/Ashmolean brooch belong to ‘Group A’. It is reasonable to infer that
they derive from the same source. The garnets from the Milton/V&A brooch are similar,
with all except one garnet falling into the ‘Group A’ composition. Again, it is reasonable to
consider that (with one exception) they come from one source. Given the compositional,
stylistic and geographical relationships of the two brooches, one might reasonably infer that
all the Group A garnets from these brooches come from the same source. ‘Source’, in the
sense used here, implies a cohesive geological unit with garnets of relatively uniform com-
position. This unit could be highly localised (eg from one small quarry) or could stretch
across tens or even hundreds of square kilometres. The aim here was to distinguish
between different compositional types by means of relatively quick, simple non-destructive
analysis, rather than to establish the geographical location of the garnet source. It should be
acknowledged that it is possible for two distant and unrelated garnet sources to have the
same compositional signature. Nevertheless, given the stylistic and technical links between
the three brooches, all made in England at around the same time, it is most unlikely that the
compositional similarities between the garnets are coincidental, ie that the garnets derive
from two compositionally identical but unrelated sources.

The West Hanney brooch is more complex (fig ). It too contains a group of Type A
garnets, relatively high and variable in Cr/Mn, and low and consistent in Fe/Ti ratio, but
also has a significant number of garnets with other compositions. The largest of these is a
relatively diffuse group with low and consistent Cr/Mn, and relatively high and variable
Fe/Ti ratio, that we have called Group B. There are also some outliers, including a tight
group with a Cr/Mn ≈ .. This pattern could suggest that the garnets in the West Hanney
brooch derive from a single source of garnets with very variable compositions. However,
this is geologically unlikely; virtually all of the garnets in the other two brooches belong to a
single compositional group. This suggests that the three brooches, broadly contemporary
and with related designs, share the Group A group of garnets. This would mean the Group
B garnets are from another source. As indicated on figure , all the larger garnets in the
inner two rings are Group B, along with a selection of other, smaller stones. In addition,
one of the three surviving cabochon garnets from the Hanney brooch falls into this group.
The implications of these patterns are discussed below.

It could be argued that there are more groups present here than just two; it can be diffi-
cult to distinguish a new group from instrumental or compositional scatters around an
existing group. The garnets from Groups A and B are, nevertheless, clearly different,
and provide sound evidence on which to base archaeological conclusions. Further analysis
of other garnet-inlaid metalwork would be needed to demonstrate the existence (or other-
wise) of other such groups.

Gold alloys
Analysis of the gold alloy elements of all three brooches was carried out where possible.
The question that the analysis addressed was essentially whether the gold alloy elements
within an individual brooch were compositionally the same and whether the different
brooches had similar compositions. Gold purity and surface treatment, though important,
were not considered as they are not directly relevant to this question; the focus of the
analysis was instead on the extent to which different foils contained similar impurities.

. Blakelock et al .
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The analyses were compared by inspection of the full spectrum of each of the analyses
carried out. Examples of these are shown in figures  and .

Multiple analyses conducted on the gold alloy of one component of a single brooch
showed very close agreement, as might be expected. In most cases, this is also true when
different gold components from the same brooch are analysed; they too are composition-
ally very similar. Comparisons between the same components across the three brooches are
shown in figure . Once again, there is a broad similarity between the compositions of the
components, but with some minor differences.

Copper alloys
The problems of analysing corroded copper-alloy surfaces have been discussed above.
Figure  shows the different analyses derived from the base plates of the three brooches.

Fig . The West Hanney brooch showing the distribution of the two garnet groups. Garnets of
Group B are outlined in white.
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Each of the three alloys appears to be different; the Milton/V&A brooch is richer in tin with
traces of zinc, whereas both of the Milton brooches have a higher lead content than the
brooch from Hanney. The analysis of further copper-alloy components (ie the strips used
to form the cellwork) revealed an apparently significant variation in the composition of

Fig . Comparison of the copper-alloy base plates used in the three brooches.

Fig . Compound spectra of analyses of gold from the backing foils, filigree
wire and central collar of all three brooches.
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similar components between the three brooches, especially in the tin and zinc content.
There is thus no evidence to suggest that the copper alloys from all of the brooches, or
even the pieces within one brooch, came from the same stock of metal.

DISCUSSION OF RESULTS

Detailed analysis of the craftsmanship and technology involved in the production of the
three brooches has confirmed the exceptionally close relationship between the two
brooches from Milton. At the same time, it has demonstrated that – despite their obvious
resemblance – there are significant differences with the Hanney brooch in terms of con-
struction. It could even be argued that some of the attributes which are shared with the
Hanney brooch – the gold backing foils, loops, fastenings and beaded wire – were relatively
standard for disc brooches of this particular type. Nevertheless, the three brooches do
share several significant and distinctive features, namely the rows of pentagonal garnets
and, of course, their overall design, dimensions and layout, which suggest the use of shared
templates.

Compositional analysis of the gold components of the brooches has revealed relatively
little variation within and between them, apart from two of the four gold mounts on the
Hanney brooch that appear to be replacements for lost or damaged originals. These
are decorated with crude, plain wire filigree scrolls in contrast to the more accomplished
beaded-wire scrolls used on the other two mounts; they also have a higher silver content.
The gridded gold backing foils are compositionally similar in all three brooches. Such foils
– used to enhance the brilliance of the garnets – are thought to come from larger, pre-
stamped sheets that were cut to the desired shapes. The close compositional similarity
combined with the fact that the stamping pattern on the gold foils is the same on all three
brooches – a standard grid with a line-count of  per mm – suggests that the foils from all
three brooches could have been cut from the same sheet. Only ‘standard’ foils could be
analysed as none of the ‘box grid’ foils found behind the larger garnets on the Hanney
brooch was exposed.

Much work has been done to provenance the garnets used in early medieval metalwork,
notably using particle-induced X-ray emission (PIXE) and μ-Raman spectrometry.

This has been used to distinguish stones originating from India and Sri Lanka from those
coming from Bohemia, and has helped reveal the routes by which these gems reached
northern Europe. These methods, however, are relatively time-consuming and costly,
and the complexities involved are considerable. The aim of the present study, in contrast,
has been to use XRF to distinguish stones that are compositionally distinct and therefore
must have come from different sources, and those that came from the same source. This
approach, which is relatively quick and inexpensive, can reveal the extent to which the
garnets used in an item of metalwork derive from diverse sources, as might be expected
if the stones were recycled, and can potentially indicate links between different artefacts.

. Avent ; Pinder .
. Hamerow et al .
. Avent and Leigh ; East .
. Périn et al .
. As reviewed by Adams , –.
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The results for the three brooches examined in this study revealed two distinct compo-
sitional groups, ie garnets from two distinct sources were used, with stones from one of the
two groups, Group A, being present in all three objects. The two Milton brooches contain
almost exclusively Group A stones; these brooches thus display the closest similarities not
only in terms of design and craftsmanship, but also of the materials used. The Hanney
brooch also contains mostly Group A garnets but in addition incorporates a significant
number of stones from a second group, Group B. The compositional distinction between
the two groups is, furthermore, borne out by differences in the size of the garnets. On the
West Hanney brooch, all of the larger garnets belong to Group B. There is also a discern-
ible variation in colour apparent between the two groups, with nearly all of the Group A
garnets on the Hanney brooch being a deep red colour, while around half of the Group B
garnets have a lighter, purplish hue. There is nothing in the placement of Group A and
Group B garnets, however, to indicate that garnets of different colours were deliberately
selected in order to create a particular design or effect. Rather, Group B garnets appear to
have been selected for their size, possibly in the absence of large Group A garnets.

These results suggest that the smiths involved in the production of these three brooches
had access to a large number of garnets from the same source, ie Group A. The smith
producing the Hanney brooch, however, appears not to have had enough Group A garnets
to complete the design and so utilised some garnets from a different batch that derived
from a different source. It may be that only a few batches of garnets entered England
in the middle decades of the seventh century, when these brooches were made and when
the supply of fresh garnets is known to have been in decline. It appears, nevertheless, that
the garnets used in the Upper Thames Valley brooches were not taken from a ‘mixed bag’
collected over many years and/or recycled from older objects.

The results of this study demonstrate the potential of a relatively simple, integrated anal-
ysis of materials and techniques to establish links between items of garnet-inlaid metalwork
commissioned by early medieval elites. The study has also yielded insights into the pro-
duction of high-status objects as a cultural practice and how this production was organised.
It has been possible to establish that the close similarity in design between the three
brooches is matched by a degree of consistency in their construction – notably the apparent
use of shared templates – and that the Hanney brooch, whose design differs somewhat from
the Milton brooches, was also constructed differently and includes garnets from a different
group. The compositional characteristics of the metal alloys and garnets as well as the use
of shared templates suggest, nevertheless, a close connection between the workshops where
the brooches were made and the families who commissioned them.
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expertise in early medieval metalwork. We are grateful to Pieta Greaves for facilitating
the examination of the Staffordshire Hoard at the Birmingham Museum and Art
Gallery, to John Finley Ong for his editorial assistance and to Julia Schroeder for pre-
paring figure . High definition full frame digital macro photography was undertaken
by Ian R Cartwright, Institute of Archaeology, University of Oxford. All images were
captured with a Nikon D rendering a . megapixel per image. Reflectance transfor-
mation imaging (RTi) photography was utilised to highlight surface detail.

SUPPLEMENTARY MATERIAL

To view supplementary material for this article, please visit https://doi.org/./S
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