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XRF study of silver objects from the Staffordshire Hoard

Appendix 3. Individual object sheets

Object Type Hilt-plate
Late 6th - early 7th

Date range

Relation to other objects

Decoration

Gilding
Other

K13 and K995

None

V| Nielo| |

Surface XRF analysis was undertaken on the
gilded front and the inside of both fragments of the
hilt-plate. Sub-surface analysis was carried out on
the inside of both fragments.

Object | Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)

K13 Front 5 Average 99.7 341|121 |09 | 00| 02 |496 131
StDev 134 16 | 0.2 | 0.1 | 0.1 | 156.1]| 0.9

K13 Inside 5 Average 990 |[894 |51 |15 |01 ] 13|22 | 04
StDev 04 | 06 | 01|01 ] 00] 02 02

K995 Front 6 Average 989 |[696| 33 |12 | 02 ] 0.7 | 123|127
StDev 150 1.3 1 03 | 0.2 | 0.3 | 131]| 7.5

K995 Inside 5 Average 954 | 85542 |15 |01 |11 | 28 | 48
StDev 103 0.6 | 0.2 | 0.1 | 0.3 | 0.8 | 10.1

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

Obiect No of Ag Cu Sn Zn Pb | Au | Total*
: analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
K179 5 Average | 91.3 | 5.1 02 | 0.2 | 1.3 | 19 99.9
StDev 05| 02 | 02| 01| 00| 0.1
Average | 925 | 33 | 06 | 0.2 | 11 23 99.9
K552 5 StDev 06 | 02 | 05 | 01 | 00 | 0.1

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 91-93 wt% silver and 3-5.5 wt% copper. The
analysis also revealed the presence of some tin, zinc, lead and gold in the alloy.

Analysed February 2015



XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K63

Object Type Hilt-guard
Date range  630-675AD

Relation to other objects  Possibly K136
pommel
Decoration  Gilding | v/ | Niello | v/
Other

Surface XRF analysis was undertaken on the top
gilded surface of the hilt-guard and also the gilded
edge. Sub-surface analysis was carried out on the
base.

Area analvsed No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
y analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
. Average | 989 | 375 15 | 11 | 01 | 0.7 | 445 | 14.6
Gilded top surface 4 StDev 93 | 12 | 01| 02| 03| 7.4 | 36
Edue . Average | 980 | 87.7| 57 | 1.7 | 06 | 1.7 | 25 | 0.1
9 StDev 03 | 03|01 00] 01 01 ] 01

The results from the surface XRF analysis carried as part of the silver study* The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
7 Average [ 86.3 | 76 | 10 | 05 | 22 | 24 90.4 8-10% Fe
StDev 06 | 04 | 0.3 | 01 | 0.0 | 0.0

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 85-87 wt% silver and 7-8 wt% copper. The
analysis also revealed the presence of some tin, zinc, lead and gold in the alloy. The presence of
traces of iron in the sub-surface results, even after successive scrapes, suggests that the prepared
area may still be influenced by some corrosion products.

Analysed May 2015



XRF study of silver objects from the Staffordshire Hoard

Object Type Niello mount

Date range

600-650 AD

Relation to other objects

Decoration

Gilding

XRF analysis of K64

C—

None

V'] Niello [ v']

Other

Surface XRF analysis was undertaken on the front
of the niello mount and also on four pins. Sub-
surface analysis was carried out on the back.

L

l {lI|||IIII|iHI]||II|IIi|"IIII|IIII"I

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 4 Average | 100.0 | 96.2 | 16 | 0.0 | 0.0 | 0.5 | 1.7 | 0.0
StDev 02 | 01]|]00] 00| 01]01] 00
Pins 4 Average 99.8 8511 09| 00 ] 00| 05 |108]| 2.7
StDev 44 | 0.1 | 00 | 0.0 | 0.1 | 34 | 1.0

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
4 Average | 96.8 | 12 | 00 | 0.0 | 04 | 16 99.4 0.3-1% Hg
StDev 02 | 01| 00| 00| 01 00

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *

The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding on the pins, and
border. The sub-surface analysis suggested an alloy with approximately 96-97 wt% silver and 1-
1.5 wt% copper. The analysis also revealed the presence of some lead and gold in the alloy.
Mercury was also detected in the subsurface area, and this is likely to have been absorbed during

the gilding process rather than a deliberate addition to the alloy.

Analysed June 2015




XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K138 and K593

Object Type Hilt-plate
Date range Late 6th - early 7th

Relation to other objects  None

Decoration  Gilding | v | Niello
Other |

Surface XRF analysis was undertaken on
the front of the hilt-plate in areas of gilding |I!!fI111]111]J1/1]///]/ et
and areas with no observable gilding @ 1 H

LELATOE £
a

1]
present, as well as the inside. Sub-surface N H —?’ UL |
analysis was carried out on the inside of e —

both fragments.

Object | Area No of Total* | Ag | Cu | Sn | Zn Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)

K138 Front 3 Average | 995 | 265 11 | 09 | 0.0 | 0.2 | 58.3 | 13.0
gilding StDev 34 | 03| 01 ] 00| 01| 36| 04

Average 970 |683]| 99 |16 | 0.8 | 15 |143| 3.6

e ! . StDev 131 | 43 | 03 | 04 | 04 | 145 | 4.1
. Average | 964 | 655|290 1.3 | 09 | 13 | 1.7 | 0.3

K138 Inside 4 StDev 102 11.0| 02 | 03 | 0.1 | 0.7 | 0.1
K593 Front 3 Average | 100.0 | 271] 0.7 | 09 | 0.0 | 0.1 | 58.7 | 12.6
gilding StDev 63| 02| 01| 00] 01| 60] 06

Average | 969 | 792|139 16 | 09 | 1.8 | 24 | 02

K593 Front 3 StDev 43 46 | 02 ] 01 ] 02 03] 01
. Average | 98.3 | 804 |132| 15 | 0.7 | 14 | 25 | 0.3

ey Ltz o StDev 56 | 58 | 0.1 | 00| 0.1 | 0.2 | 0.1

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

Object No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
K138 4 Average | 78.1 | 171 | 04 1.0 | 1.3 | 21 97.6 2-3% Fe
StDev 051|108 | 03| 00| 00| 0.2
K593 5 Average | 86.7 | 7.2 1.3 | 0.7 | 16 | 25 100.0
StDev 04 | 03 ] 0.3 | 00 | 0.0 | 0.0

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 78-87 wt% silver and 7-18 wt% copper, with a
clear difference between the two fragments. The analysis also revealed the presence of some tin,
zinc, lead and gold in the alloy. The iron in the sub-surface results, even after successive scrapes,
suggests that the prepared area may still be influenced by some corrosion products.

Analysed February 2015



XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K176

Object Type C-tubing

Date range \“ﬁ"

Relation to other objects — g
Decoration  Gilding v Niello
Other

gilded front of the c-tubing. Sub-surface analysis
was carried out on the back.

|
Surface XRF analysis was undertaken on the l l | l | l I ‘ I l | 1 I l l l ‘ | | ‘
2 3

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 5 Average | 100.0 | 17.0] 0.3 | 0.2 | 0.0 | 0.0 | 714 | 111

StDev 81 101 ]102]|] 00| 00| 64| 25

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 935 | 52 | 00 | 0.0 | 04 | 0.9 99.9
StDev 04 | 02| 00| 00| 02| 00

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface

analysis suggested an alloy with approximately 93-94 wt% silver and 5-6 wt% copper. The
analysis also revealed the presence of some lead and gold in the alloy.

Analysed June 2015



XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K179 and K552

Object Type Hilt-plate —
Date range Late 6th - early 7th —
Relation to other objects  None — ol
Decoration  Gilding | v'| Niello =
Other | —
— =
Surface XRF analysis was undertaken on the front =
and the inside of both fragments of hilt-plate. Sub- —
surface analysis was carried out on the inside. -_—0
Object | Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
K179 Front 4 Average 99.1 875|168 |12 |09 |15 ] 21 ] 0.0
StDev 20 | 21 1 00| 01 | 0.1 | 03] 00
K179 Inside 5 Average 97.0 86.5| 84 | 10 | 09 | 13 | 19 | 0.0
StDev 25 | 25 |1 02| 01 ] 01 ] 02| 00
K552 Front 5 Average 93.5 891|156 |12 [ 08 |12 ] 21 | 0.0
StDev 1.5 1.3 1 0.1 | 0.1 | 0.1 | 0.1 | 0.0
K552 Inside 5 Average 96.4 857|182 | 15 |10 | 15 | 21 | 0.0
StDev 1.6 16 | 0.1 | 0.1 | 0.1 | 0.1 | 0.0

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

Obiect No of Ag Cu Sn Zn Pb | Au | Total*
: analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
K179 5 Average | 879 | 84 | 00 | 10 | 1.2 | 1.5 | 100.0
StDev 01| 01| 00| 00| 00| 0.0
Average [ 859 | 88 | 0.2 | 1.3 | 1.8 | 2.0 | 100.0
K552 4 StDev 178 | 1.1 | 0.3 | 0.1 | 0.2 | O.1

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object suggested that the hilt-plate had not been gilded. The sub-
surface analysis suggested an alloy with approximately 84-88 wt% silver and 7-9 wt% copper. The

analysis also revealed the presence of some tin, zinc, lead and gold in the alloy.

Analysed February 2015




XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K235

Object Type Helmet tray
Date range  600-650 AD

Relation to other objects  Helmet fittings

Decoration  Gilding | v | Niello
Other |

Surface XRF analysis was undertaken on
the inside of the tray. Sub-surface analysis
was carried out on the back of K1734 part
of K235.

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 6 Average 996 923|144 106 | 0005|1903

StDev 1.6 1 131011 00| 02 ] 0.1 0.1

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
10 Average [ 929 | 43 | 0.3 | 00 | 05 | 2.0 99.7 0.2-0.3% Hg
StDev 03] 03] 02]00] 00 01

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 92-94 wt% silver and 4-5 wt% copper. The
analysis also revealed the presence of some tin, lead and gold in the alloy. Mercury was also
detected in the subsurface area, and this is likely to have been absorbed during the gilding
process rather than a deliberate addition to the alloy.

Analysed June 2015



XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K239 and K1029

Object Type Hilt-plate
Date range 620-650

Relation to other objects  None

Decoration  Gilding Niello
Other |

Surface XRF analysis was undertaken on
the front and the inside of the hilt-plate. ' | || || | ||.'I|| |||||||||||||||”“|”“
Sub-surface analysis was carried out on the ' '

inside of both fragments. 0 1 2 3 4 5 6

Object | Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)

K239 Front 5 Average 924 8315212908 ] 1886200
StDev 1.3 107102 ] 01| 01| 08| 0.0

K239 Inside 5 Average 938 | 771137 23 |1 08 | 19 | 42 | 0.0
StDev 67 |1 84 |1 03| 02| 02| 1.2 | 00

K1029 Front 5 Average 877 | 785|114 | 24 |1 06 | 1.7 | 54 | 0.0
StDev 40 | 30| 02| 02|02 ] 1.0 | 0.0

K1029 Inside 5 Average 943 |615(321[18 | 11 |14 | 21 ] 0.0
StDev 27 | 38103 ]103]01] 1.0 00

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

Object No of Ag Cu Sn Zn Pb Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
K239 5 Average | 806 | 122 | 0.7 | 08 | 16 | 4.0 99.2 0.7-0.8% Fe
StDev 02 | 02 | 0.5 | 00 | 0.1 | 0.0
K1029 3 Average | 78.8 | 13.8 | 1.1 0.8 1.5 | 40 98.9 0.9-1.3% Fe
StDev 05| 03| 04| 00| 01 | 0.1

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

The sub-surface analysis suggested an alloy with approximately78-81 wt% silver and 12-14 wt%
copper. The analysis also revealed the presence of some zinc, lead and gold, and traces of tin in
the alloy. The presence of of iron in the sub-surface results, even after successive scrapes,
suggests that the prepared area may still be influenced by some corrosion products.

Analysed February 2015



XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K241

Object Type Niello mount
Date range  600-650 AD

Relation to other objects  None

Decoration  Gilding | v/ | Niello | v/
Other |

Surface XRF analysis was undertaken on the
front and the gilded border of the niello
mount. Sub-surface analysis was carried out
on the back.

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 5 Average | 993 | 956 |11 | 00 | 00| 05|26 | 02

StDev 02 | 02| 00]00]01]|02]| 00
Gilded 5 Average | 1000 | 62 | 01 | 02 | 0.0 | 0.0 | 823 | 11.2
border StDev 24 | 01|02 | 00| 00| 26| 0.1

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
8 Average | 969 | 0.8 | 0.0 | 00 | 0.2 | 21 99.9
StDev 02 | 01 ] 00| 00| 01| 0.1

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding on the border. The
sub-surface analysis suggested an alloy with approximately 96-97 wt% silver. The analysis also
revealed the presence of some copper and gold, with traces of lead, in the alloy.

Analysed June 2015



XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K248 for the silver project

Object Type Hilt-plate

Date range

Decoration  Gilding

Other

Late 6th - early 7th

Relation to other objects  None

V'] Nelo| |

Surface XRF analysis was undertaken on the 0 2 5 '

front of the hilt-plate in areas of gilding and EEE
areas with no observable gilding present, as
well as the inside. Sub-surface analysis was

carried out on the inside of the fragment.

Object | Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg

analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)

K248 Front 3 Average 98.1 276 | 10 | 0.8 | 0.0 | 0.2 | 589 | 11.5

gilding StDev 36.3| 1.6 | 0.8 | 0.0 | 0.3 | 44.8| 5.9

Average 57.7 36.0 | 68 | 1.2 | 0.1 | 0.7 | 496 | 5.6

K248 Front 3 StDev 314 83 | 1.2 | 02 | 0.9 | 389 3.3

. Average 99.1 884 | 24 | 14 | 00 | 05| 20 | 53

K248 Inside S StDev 13 | 07 | 01 ] 00 ] 01 ] 0.8 ] 1.3

The results from the surface XRF analysis carried as part of the silver study. * The value given for

the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to

standard deviation

Object No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
K248 5 Average | 90.2 | 6.2 1.0 | 0.0 | 1.2 | 14 99.3 0.5-0.9% Hg
StDev 03 |1 02 | 04| 00| 00 | 00

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The inside of the
hilt-plate fragments had elevated gold and some mercury present suggesting contamination from
the gilding process. The sub-surface analysis suggested an alloy with approximately 90-91 wt%
silver and 6-7 wt% copper. The analysis also revealed the presence of some tin, lead and gold in
the alloy. Mercury was also detected in the subsurface area, and this is likely to have been

absorbed during the gilding process rather than a deliberate addition to the alloy.

Analysed February 201

5

10




XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K274

Object Type Unknown
Date range

Relation to other objects None

Decoration  Gilding Niello
Other |

Surface XRF analysis was undertaken on
the front of the object. Sub-surface analysis
was carried out on the base.

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 6 Average 955 9533401 ]00]07]05]00

StDev 02 | 01]01]00]|00] 01] 00

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
3 Average | 989 | 04 | 02 | 0.0 | 0.2 | 0.3 99.1 0.6-1.4% Fe
StDev 06 | 04 | 01 | 00 | 01 | 0.1

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

The sub-surface analysis suggested an alloy with approximately 98-99.5 wt% silver with only small
quantities of copper, tin, lead and gold in the alloy. The presence of iron in the sub-surface results,

even after successive scrapes, suggests that the prepared area may still be influenced by some
corrosion products.

Analysed May 2015
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XRF study of silver objects from the Staffordshire Hoard

Object Type Pommel

Date range

Decoration

Surface XRF analysis was undertaken on the
front gilding, the border around the garnet and
the beaded wire on the pommel. Sub-surface

Late 6th - early 7th
Relation to other objects

Gilding [ v'| Niello [ |

XRF analysis of K286

Other

analysis was carried out on the base.

L

Area analysed No of Total* | A | Cu | Sn | Zn | Pb | Au | Hg
analyses (%) | (%) | (%h) | (%) | (%) | (%) | (%)

Front gilding 4 Average | 919 | 753 | 67 | 06 | 05 | 0.8 [10.7| 54
StDev 19.2 1 21 |1 0.2 | 0.2 | 0.3 | 16.0| 54

Border around garnet 3 Average | 96.1 478 | 31 | 02 | 0.0 | 0.1 | 48.3| 05
StDev 59 | 1.6 | 0.0 | 0.0 | 0.2 | 81 | 0.4

Beaded wire 3 Average | 948 |517 | 47 | 04 | 02 | 03 |[372]| 55
StDev 280 | 45 | 04 | 0.3 | 0.5 | 29.3| 4.8

The results from the surface XRF analysis carried as part of the silver study. * The value given for

the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to

standard deviation

No of Ag Cu Sn Zn Pb Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 848 | 11.3 | 04 | 0.8 1.1 1.6 99.5 0-0.6% Fe
StDev 06 | 04 | 02 | 00 | 00 | 0.0

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *

The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The border around
the garnet was a gold alloy whereas the beaded wire had high quantities of mercury so may have
been a silver alloy that has been gilded. The sub-surface analysis suggested an alloy with
approximately 84-86 wt% silver and 11-12 wt% copper. The analysis also revealed the presence of
some tin, zinc, lead and gold in the alloy. Traces of iron in the sub-surface results, even after
successive scrapes, suggests that the prepared area may still be influenced by some corrosion

products.

Analysed May 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K290, K744, K904, K1112 and K1185

Object Type Pommel
Date range  630-675 AD

Relation to other objects  None

Decoration  Gilding | v' | Niello | v/
Other Glass, gold panels |

Surface XRF analysis was undertaken on a
range of components on this pommel, particularly
on the surface of the sword ring, shoulder and
main body. Sub-surface analysis was also
carried out on the inside of the different
components.

Object Area analysed No of Total* eg Cju %n Zon I:b eu I;Ig

analyses (%) | (h) | (%) | () | (%) | (%) | (%)
€744 | Decoratvepanel | 4 |G 0 00 00 | 32| 08
K904 | Shoudergiding | 4 |Gne 0y 00 01 65 [ 02
<ites | Bowyaidng | 4 | AGp e 0T 60 01 52 | 06
K112 | Trangesiver | 6 | AGpe It e o T oa o o | 11 04
a1z | Twsedwre | 4 A oo 96 ot 03 | 51|61
K290 | Gidingswordring | 6 |G 0 0y {00 00 25 [ 00
K290 | Frontswordring | 4 |G e 02 0o (7101 22

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

Obiect No of Ag Cu Sn Zn Pb | Au | Total*

) analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
K744 5 Average | 66.9 | 28.0 | 1.7 | 0.8 | 1.3 | 1.3 | 995 | 0.5-0.9% Fe
Decorative panel StDev 1.0 1.1 1.1 0.1 0.1 0.2

Average | 87.0 | 75 | 23 | 06 | 13 | 1.3 | 957 3-4% Fe
R0 Blheuleter e StDev | 42 | 11 | 1.6 | 0.4 | 0.6 | 0.6
. Average | 83.4 | 86 | 32 | 09 | 18 | 21 | 976 | 1.2-1.5% Fe
K1185 Main body 3 StDev | 05 | 03 | 01 | 0.1 | 0.1 | 01
. Average | 91.4 | 26 | 26 | 03 | 16 | 15 | 99.6 | 0-0.5% Fe
RZA0 S g v Sthev | 31 | 09 | 1.2 | 0.2 | 05 | 0.4

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.
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XRF study of silver objects from the Staffordshire Hoard
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Plots of copper vs silver and lead vs tin contents, based on XRF analysis, showing the differences between
the sub-surface analyses.

Analysis of the surface of the object confirmed the presence of mercury gilding. The internal
decorative panel of the pommel appears to have been constructed from a different, copper rich,
alloy to that of the main body, shoulder and sword ring. The sub-surface analysis of the main body,
shoulder and ring suggested an alloy with approximately 83-92 wt% silver and 2-9 wt% copper.
Whereas the decorative panel had a silver content of c. 66-68 wt% and a copper content of c. 27-
29 wt% The analysis also revealed the presence of some tin, zinc, lead and gold in the alloy.
Traces of iron in the sub-surface results, even after successive scrapes, suggests that the
prepared area may still be influenced by some corrosion products.

Analysed May 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K242, K1385 and K1623

Object Type Pommel
Date range  630-675 AD

Relation to other objects  None

Decoration  Gilding | v/ | Niello | v/
Other | Glass, garnet, gold panels |

Surface XRF analysis was undertaken on the gilded
front of the sword ring, shoulder and main body.
Analysis was also undertaken on the inside of the
shoulder and the main body. Sub-surface analysis
was carried out on the inside of the different
components.

Object Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed | analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
K1623 | Sword ring 4 Average 98.9 10.3 |1 0.8 | 0.8 | 0.0 | 0.2 | 744 | 13.5
base StDev 32 1 03] 03|00 01| 48] 30

K242 Shoulder 4 Average 983 |811] 95|21 |04 |18 | 25| 26
outside StDev 21 |1 24| 01| 00| 01| 05| 16

K242 Shoulder 4 Average 996 | 717 ] 95|13 |03 | 11| 20 | 141
inside StDev 32129101 ]100]01] 04| 1.2
K1385 Gilding 4 Average 94.9 1441 08 | 0.7 | 0.0 | 0.1 | 725|115
main body StDev 80 | 05| 03| 00| 01| 85| 04

K1385 Inside 4 Average 994 81881 |20 |05 |21 |24 | 31
main body StDev 27 11810201 ]02] 02| 21

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

Object No of Ag Cu Sn Zn Pb | Au | Total*

analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
K1623 5 Average | 828 | 108 | 1.7 | 0.6 | 1.8 | 23 98.8 0.5-1.3% Fe
Sword ring StDev 22 | 19 | 04 | 01 | 0.1 | 0.1
K242 5 Average | 782 | 17.7 ]| 12 | 03 | 1.2 | 14 99.1 0.8-1% Fe
Shoulder StDev 06 | 08 | 02 | 00 | 0.0 | 0.0
K1385 5 Average | 81.6 | 104 | 21 06 | 30 | 23 98.1 0.2-0.3% Hg,
Main body StDev 05| 04 | 0.1 00 | 0.3 | 0.1 1.4-1.9% Fe

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.
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XRF study of silver objects from the Staffordshire Hoard
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Plots of copper vs silver and lead vs tin contents, based on XRF analysis, showing the differences between
the sub-surface and surface analyses.

Analysis of the surface of the object confirmed the presence of mercury gilding. The inside of the
shoulder and main body had elevated gold and some mercury present suggesting contamination
from the gilding process. Mercury was also detected in the subsurface area, and this is likely to
have been absorbed during the gilding process rather than a deliberate addition to the alloy.

The shoulder of the pommel appeared to have been constructed from a different alloy to that of the
main body and sword ring. The sub-surface analysis of the main body and ring suggested an alloy
with approximately 81-83 wt% silver and 10-11 wt% copper. Whereas the shoulder had a silver
content of c. 78 wt% and a copper content of c. 17.7 wt% The analysis also revealed the presence
of some tin, lead and gold, and traces of zinc in the alloy.

Traces of iron in the sub-surface results, even after successive scrapes, suggests that the
prepared area may still be influenced by some corrosion products.

Analysed May 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K294

Object Type Pommel
Date range  630-675 AD

Relation to other objects  None

Decoration  Gilding | v | Niello

Other Gold panel, garngt and
punched decoration

Surface XRF analysis was undertaken on the
front of the pommel. Sub-surface analysis was
carried out on the base.

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 5 Average 999 | 23004 |06 | 00 ] 02 ]63.3]|125

StDev 1791 05 | 0.2 | 00 | 0.2 | 17.8| 1.2

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 904 | 48 | 06 | 06 | 1.7 | 1.9 99.8 0.1-0.2% Hg
StDev 08 | 03| 04| 00| 01 ] 0.1

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 90-91 wt% silver and 4-5 wt% copper. The
analysis also revealed the presence of some tin, zinc, lead and gold in the alloy. Mercury was also
detected in the subsurface area, and this is likely to have been absorbed during the gilding
process rather than a deliberate addition to the alloy.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K298

Object Type Hilt-collar
Date range

Relation to other objects  None

Decoration  Gilding | v/ | Niello | ?
Other |

Surface XRF analysis was undertaken on the
front of the gilded hilt-collar. Sub-surface analysis
was carried out on the back.

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 6 Average 69.7 519|131 |05 00]02|375)| 6.8

StDev 159 ] 1.3 1 0.1 | 0.0 | 0.1 | 136 2.3

The results from the surface XRF analysis carried as part of the silver study* The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag | Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
4 Average | 96.7 | 1.3 | 0.3 | 0.5 | 0.5 | 0.7 | 100.0
StDev 07 1 03|02 ] 01| 01| 02

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 96-98 wt% silver and 1-2 wt% copper. The
analysis also revealed the presence of traces of tin, zinc, lead and gold in the alloy.

Analysed May 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K302

Object Type Sword pyramid
Date range

Relation to other objects  None

Decoration  Gilding Niello
Other | Gold panels, garnet |

Surface XRF analysis was undertaken on the
front beaded wires of the sword pyramid. Sub-
surface analysis was carried out on the base.

Area analysed No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)

Body beaded wire 5 Average 830 |[823|65 |33 |06 |26 |47 |00
StDev 32 | 22 | 05| 01|04 ] 08| 00

Small beaded wire 5 Average 878 298| 30|02 ) 00| 01 |669]| 0.0
StDev 59 | 08 | 02| 00| 01 | 68| 0.1

The results from the surface XRF analysis carried as part of the silver study * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average [ 866 | 7.2 | 1.2 | 05 | 21 24 | 100.0
StDev 10 | 0.7 | 0.7 | 0.0 | 0.0 | 00

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object suggests that the main body was not gilded. The sub-surface
analysis suggested an alloy with approximately 85-88 wt% silver and 6-8 wt% copper. The
analysis also revealed the presence of some tin, zinc, lead and gold in the alloy.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard
XRF analysis of K304 and K160

Object Type Hilt-collar
Date range Late 6th - early 7th

Relation to other objects = Pommel K39/K1007

Decoration  Gilding | v/ | Niello | v/
Other |

Surface XRF analysis was undertaken on the
gilded front and base of each of the hilt-collars.
Sub-surface analysis was carried out on the base
of K304.

Object Area No of Total* eg (oiu ?n %n l:b eu I;Ig

analysed | analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
K304 | Fron ¢ PSoer o Tiirl 69 Tor o or 109 12
oo [owe | 5 [l et s ororion s ol
oo rom |+ Al S8 16010703 [o0 [0t asr[13
oo [ome |+ |Pomee 92 o327 uz oo 05 T0sT 08 02

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 915 | 65 | 06 | 0.7 | 0.7 1.0 98.6 0.1-0.2% Hag,
StDev 10 | 07 | 0.2 | 0.0 | 0.1 | 0.0 0.4-0.7% Fe

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. When the surface
analyses results for K160 and K304 are compared there are some clear differences in the alloys
used. Particularly when lead and tin are plotted. However the surface results are likely to be
influenced by corrosion products present on the surface. Both the un-gilded base results had large
quantities of chlorine and iron on the surface.

The sub-surface analysis suggested an alloy with approximately 91-92 wt% silver and 5-6 wt%
copper. The analysis also revealed the presence of some tin, zinc, lead and gold in the alloy. The
presence of traces of iron in the sub-surface results, even after successive scrapes, suggests that
the prepared area may still be influenced by some corrosion products. Some mercury was also
detected in the subsurface area, and this is likely to have been absorbed during the gilding
process or contamination from the corrosion products rather than a deliberate addition to the alloy.
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XRF study of silver objects from the Staffordshire Hoard
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Plots of copper vs silver and lead vs tin contents, based on XRF analysis, showing the differences between
K160 and K304 surface analyses.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K306

Object Type Pommel
Date range Late 6th - early 7th

Relation to other objects  None

Decoration  Gilding Niello
Other |

Surface XRF analysis was undertaken on
the front base sheet, cap and the wires of

the pommel. Sub-surface analysis was - - -

carried out on the base.

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Base sheet 5 Average 996 935|148 | 00| 00]09]08]00
StDev 04 | 04| 01|00 ]| 01] 00] 00
Gap 5 Average 928 1934 |47 | 00 | 00]09 ] 10 ] 0.0
StDev 19 1 18 | 0.1 | 0.0 | 0.1 | 0.1 | 0.0
Wires 6 Average 97.3 1948 |36 | 00| 00]06 ] 1000
StDev 08 | 07 | 00] 00 ] 02 01| 0.1

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 946 | 38 | 00 | 0.0 | 09 | 07 100.0
StDev 0.1 0.1 00 | 00 | 0.0 | 00
The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

No mercury gilding was present on the surface of the pommel. The sub-surface analysis
suggested an alloy with approximately 94-95 wt% silver and 3-4 wt% copper. The analysis also
revealed the presence of some lead and gold in the alloy. The copper alloy core is a leaded tin-
bronze.

Analysed May 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K310 and K620

Object Type Niello mount
Date range  600-650 AD

Relation to other objects  None

Decoration  Gilding [ v | Niello [ v/ |
Other |
Surface XRF analysis was undertaken on the
front, back and on the gilded beaded wire of
K310. Analysis was also undertaken on the
back of K620 which is most likely a fragment

from the other part of an object that makes [][]|[|[[[]I[1{I11] |III|II|I I|II|HI| HllllH
up the pair of mounts. Sub-surface analysis METRIC 1 2 3 &
was carried out on the back of K310.
Object Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
K310 Front 5 Average 99.9 96.3 | 10 | 00 | 0.0 | 0.6 | 21 0.0
StDev 0.2 | 01 ]100] 00| 01| 01] 0.0
K310 Beaded wire 5 Average 99.2 268 | 03 | 0.2 | 0.0 | 0.0 | 60.6 | 121
StDev 1131 0.1 | 0.1 | 00 | 00 | 9.7 | 1.6
K310 Back 4 Average 84.3 96.3| 08 | 0.2 | 00| 02| 23] 0.2
StDev 0.2 | 01101 ] 00| 00| 01] 0.0
K620 Back 4 Average 97.9 958 | 08 | 0.0 | 0.0 | 05| 29 | 0.0
StDev 03 | 02|01 ] 00| 01| 04 01

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 973 | 0.6 | 0.0 | 0.0 | 0.3 1.8 100.0
StDev 03| 03] 00| 00 | 0.1 0.1
The results from the sub-surface XRF analysis of K310 carried as part of the silver study, the
results have been normalised but the presence of Hg, Fe or CI noted. StDev equates to standard
deviation. * The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn,
Pb and Au.

Analysis of the front surface of the object confirmed the absence of mercury gilding except for on
the beaded wire. The sub-surface analysis suggested an alloy with approximately 97-98 wt%
silver. The analysis also revealed the presence of some copper, lead and gold in the alloy.
Fragment K620 had a very similar composition so was most likely made in the same workshop
with the same or similar alloy.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

Object Type Helmet fitting

Date range

600-650 AD

Relation to other objects

Decoration

Surface XRF analysis was undertaken on
the front of K363. Sub-surface analysis was
carried out on two parts of the same object

Gilding

Helmet fittings

Other

V'] Nelo| | |

K363 and K397.

XRF analysis of K363 and K397

|

'II! !IIIIHI3| IIII|III1 I[IIIIIII

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
EFront 5 Average 996 |169] 03 | 03|00 ]| 01 |737] 87

StDev 71 100|101 ]00]01] 64|07

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

Object No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
K363 4 Average | 939 | 44 | 00 | 00 | 02 | 15 98.9 0.8-1.3% Hg
StDev 04 | 03 ] 00| 00 | 00| 0.2
K397 5 Average | 945 | 35 | 00 | 00 | 04 | 16 99.3 0.2-1.4% Hg
StDev 06 | 08 | 0.1 | 00 | 0.1 | 0.1

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 93-95 wt% silver and 3-5 wt% copper. The
analysis also revealed the presence of some lead and gold in the alloy. Mercury was also detected
in the subsurface area, and this is likely to have been absorbed during the gilding process rather

than a deliberate addition to the alloy.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K369

Object Type Hilt-collar
Date range

Relation to other objects  None

Decoration  Gilding | v/ | Niello | v/
Other |

Surface XRF analysis was undertaken on
the gilding on the front of the hilt-collar.

Sub-surface analysis was carried out on the HHp ””I”II[“"lIHI]H"WI
base. !uz'rnn:: 1! 2 3

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Gilded front 5 Average 88.3 | 593|129 | 00|06 |04 [322]| 46

StDev 1611 31 |1 011 03| 01 |161] 22

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
3 Average | 95.2 | 2.1 0.1 1.0 | 0.3 | 1.3 99.7
StDev 02 | 01| 01| 00| 00 00

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 95-96 wt% silver and 2-2.5 wt% copper. The
analysis also revealed the presence of some zinc, lead and gold in the alloy. Analysis of the
copper alloy core revealed a leaded tin-bronze.

Analysed May 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K456

Object Type Pommel
Date range Late 6th - early 7th

Relation to other objects None
Decoration Gilding | Some Niello
Other |

Surface XRF analysis was undertaken on the
incised lines and the front of the pommel. Sub-
surface analysis was carried out on the base.

(T HH’HH iIIIIIIILIHi\IHlH'l\\‘L\H
2 '

Area analysed No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)

Front 4 Average 96.7 948 |1 32 | 03 | 00 | 06 | 11 0.0
StDev 05 1 05|01 ] 00| 01] 01| 01

Incised gilding 4 Average 999 |273|11 |02 | 00| 02 |618]| 94
StDev 48 | 0.3 | 0.1 | 00 | 0.0 | 40 | 0.9

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
4 Average [ 983 | 03 | 00 | 00 | 04 | 1.0 99.6
StDev 0.1 00 | 0.1 | 00 | 00 | 0.1
The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *The
value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object suggests that the main body of the pommel was not mercury
gilded, but that the incised decoration was gilded. The sub-surface analysis suggested an alloy

with approximately 98-99 wt% silver. The analysis also revealed the presence of some copper,
lead and gold in the alloy.

Analysed May 2015
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XRF study of silver objects from the Staffordshire Hoard

Object Type Sword ring

Date range

Relation to other objects

Decoration

Gilding

XRF analysis of K543

Possibly K711

] Niello| ]

Other

Surface XRF analysis was undertaken on the front of
the base and ring. Sub-surface analysis was carried

out on the base.

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Ring 4 Average 96.0 |703]16.1| 28 | 0.7 | 50 | 51 | 0.0
StDev 55 | 72 1 03] 02 ] 1.2 ] 05| 0.0
Base 4 Average 977 |685|16.0| 29 | 0.8 | 64 | 54 | 0.0
StDev 1.6 | 14 |1 0.2 | 0.0 | 1.0 | 0.3 | 0.0

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 719 | 1565 | 23 | 0.8 | 39 | 56 99.1 0.7-0.9 Fe
StDev 04 | 04| 02| 00| 01| 0.1

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *

The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

The sub-surface analysis suggested an alloy with approximately 71-73 wt% silver and 15-16 wt%
copper. The analysis also revealed the presence of some tin, zinc, lead and gold in the alloy. The
presence of traces of iron in the sub-surface results, even after successive scrapes, suggests that

the prepared area may still be influenced by some corrosion products.

Analysed May 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K546

Object Type Helmet crest
Date range  600-650 AD

Relation to other objects  Helmet fittings

Decoration  Gilding | v | Niello
Other |

Surface XRF analysis was undertaken on the
gilded front of the crest. Sub-surface analysis
was carried out on the back.

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg

analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)

Front 4 Average | 100.0 | 140] 0.0 | 0.3 | 0.0 | 0.0 | 731|126
StDev 35 00| 01]00|00] 26 10

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
4 Average | 958 | 27 | 00 | 0.0 | 05 | 1.0 | 100.0
StDev 02 | 02 ] 00 ] 00 ] 00 00

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 95-96 wt% silver and 2-3 wt% copper. The
analysis also revealed the presence of some lead and gold in the alloy.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K559

Object Type Pommel
Date range Late 6th - early 7th

Relation to other objects  None

Decoration  Gilding Niello
Other |

Surface XRF analysis was undertaken on
the front of the pommel. Sub-surface

analysis was carried out on the base. cﬂ

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 5 Average 983 84919906 | 03]10] 33 ] 00

StDev 54 | 54 | 011 00| 03] 03] 00

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average [ 835|109 | 05 | 04 | 1.3 | 34 99.6 0-0.5% Fe
StDev 07 | 07 | 02| 00| 01 00

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirms that the pommel was not mercury gilded. The sub-
surface analysis suggested an alloy with approximately 83-84 wt% silver and 10-12 wt% copper.
The analysis also revealed the presence of some tin, zinc, lead and gold in the alloy. Traces of iron
in the sub-surface results, even after successive scrapes, suggests that the prepared area may
still be influenced by some corrosion products.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard
XRF analysis of K577
Object Type Hilt-fitting

Date range
Relation to other objects  None

Decoration  Gilding | v/ | Niello | v/
Other |

Surface XRF analysis was undertaken on the
front of the hilt-fitting. Sub-surface analysis was | H”]H”‘H 1 H”\
carried out on the back. l 2 3

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
EFront 5 Average 990 |755|33|02]00] 07 ]|16.7]| 3.6

StDev 82 | 05| 0110001 ]| 72| 14

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
4 Average [ 881 53 | 00 | 0.0 | 0.8 | 58 96.0 3-4% Hg
StDev 04 | 02 | 00 | 00 | 00 | 04

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 87-89 wt% silver and 5-6 wt% copper. The
analysis also revealed the presence of some lead and gold in the alloy. Mercury was also detected
in the subsurface area, and this is likely to have been absorbed during the gilding process rather
than a deliberate addition to the alloy.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K711

Object Type Pommel
Date range  Last 3 of 6™ Century

Relation to other objects None

Decoration  Gilding | v | Niello | v/
Other |

Surface XRF analysis was undertaken on the front
of the pommel. Sub-surface analysis was carried
out on the base.

HH[IHII!"!'?l?l’i'§!|'IITSIIIIH|II|‘I|H“|II

METRIC 1i | :‘-.‘t

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 4 Average 994 3821004 | 00| 02 ]504]| 98

StDev 48 | 06 | 0.1 | 0.0 | 0.1 | 5.7 | 0.5

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 94.7 | 3.1 05 | 0.0 09 | 0.8 95.5 1.5-3.5% Fe
StDev 06 | 05| 02 | 01| 01 | 00

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 94-96 wt% silver and 2-4 wt% copper. The
analysis also revealed the presence of some tin, lead and gold in the alloy. The presence of iron in
the sub-surface results, even after successive scrapes, suggests that the prepared area may still

be influenced by some corrosion products.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K776

Object Type 14mm ribbed strip
Date range  600-650

Relation to other objects  Helmet fittings?

Decoration  Gilding | v | Niello
Other |

Surface XRF analysis was undertaken on the
gilded front of the strip. Sub-surface analysis
was carried out on the back.

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 4 Average 99.8 1271 03 | 0.2 | 0.0 | 0.0 | 76.3 | 105

StDev 16 | 00 | 0.0 | 00 | 0.0 | 1.8 | 1.0

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 941 43 | 00 | 0.0 | 03 | 13 99.4 0.5-0.7% Hg
StDev 02 | 02 | 00 | 00 | 00 | 0.1

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 94 wt% silver and 4-5 wt% copper. The analysis
also revealed the presence of some lead and gold in the alloy. Mercury was also detected in the
subsurface area, and this is likely to have been absorbed during the gilding process rather than a
deliberate addition to the alloy.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K787

Object Type Silver bracket
Date range

Relation to other objects  None

Decoration  Gilding Niello
Other |

Surface XRF analysis was undertaken on the front
of the bracket. Sub-surface analysis was carried
out on the base.

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 5 Average 879 933|121 ]|120|00]12]14 ] 00

StDev 05 05| 02|00 01]01] 00

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
6 Average | 952 | 13 | 14 | 00 | 1.0 | 11 100.0
StDev 04 | 0.1 03| 00 | 00 | 01
The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object suggests that the bracket was not mercury gilded. The sub-
surface analysis suggested an alloy with approximately 95-96 wt% silver and 1-1.5 wt% copper.
The analysis also revealed the presence of some tin, lead and gold in the alloy.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K791

Object Type Hilt-fitting
Date range

Relation to other objects  None
Decoration  Gilding | v | Niello

T IIIIIIII2|[|

Other |
—
Surface XRF analysis was undertaken on the Q
front and back of the hilt-fitting, and also on the E
pins. Sub-surface analysis was carried out on e
the back. =
Area No of Total* | Ag | Cu | Sn | Zn Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 5 Average 98.2 313|113 | 05 | 0.0 | 04 [549 | 116
StDev 1771 05 | 0.3 | 0.0 | 0.2 | 17.3| 1.5
Pins 3 Average 81.0 791118 | 09 | 0.2 | 1.0 |136 | 34
StDev 21.56| 0.3 | 0.1 | 0.3 | 0.5 | 17.6 | 4.5
Back 5 Average 98.6 736 | 26 | 05 | 0.0 | 0.7 | 95 | 131
StDev 48 | 0.7 1 0.1 | 00 | 0.2 | 4.1 1.9

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
4 Average [ 881 62 | 03 | 0.3 | 1.5 | 36 95.2 0-0.5% Fe,
StDev 031 03] 02 )] 00| 01 ] 03 3-5.5%Hg

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The back of the
hilt-fitting had elevated gold and mercury present suggesting contamination from the gilding
process. The sub-surface analysis suggested an alloy with approximately 87-89 wt% silver and 6-7
wt% copper. The analysis also revealed the presence of some tin, zinc, lead and gold in the alloy.
Mercury was also detected in the subsurface area, and this is likely to have been absorbed during
the gilding process rather than a deliberate addition to the alloy. The presence of traces of iron in
the sub-surface results, even after successive scrapes, suggests that the prepared area may still
be influenced by some corrosion products.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K827

Object Type Pommel
Date range Late 6th - early 7th

Relation to other objects  None

Decoration  Gilding Niello
Other |

Surface XRF analysis was undertaken on the front HITH " “
of the pommel. Sub-surface analysis was carried
out on the base.

|
wwErmd 1

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Base sheet 5 Average 99.2 | 752|189 |92 |05|37]25] 00

StDev 06 | 09 | 02| 00| 02]01] 00

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 82.1 | 54 7.5 04 | 2.7 1.9 100.0
StDev 03| 01|01 ] 00| 01 ] 01

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object suggested that the pommel had not been mercury gilded. The
sub-surface analysis suggested an alloy with approximately 81.5-82.5 wt% silver and 5-6 wt%
copper. The analysis also revealed the presence of tin, lead, gold and some zinc in the alloy.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K959

Object Type Buckle
Date range

Relation to other objects  None

Decoration  Gilding Niello !
| -

Other

Lx

B
s
T

LT -

Surface XRF analysis was undertaken on the front
f th ki I h i ires. -
oo vonsariada Ul L TTTTTITTTTICCTITITITON

Area analysed No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)

Front 4 Average 93.7 86.0| 20 | 0.0 | 0.0 | 0.2 | 11.8] 0.0
StDev 1341 04 | 0.0 | 0.0 | 0.0 | 13.2| 0.0

Twisted wire 4 Average 986 | 296 | 35 | 0.3 | 0.0 | 0.0 | 66.4 | 0.2
StDev 3510301 ] 00]00] 34| 0.1

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 96.7 | 24 | 0.0 | 0.0 | 0.2 | 0.7 | 100.0
StDev 01| 01| 00| 00| 00| 00

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object showed that there was no mercury gilding present, the inlaid
wires on the buckle are a gold alloy. The sub-surface analysis suggested an alloy with

approximately 96-97 wt% silver and 2-3 wt% copper. The analysis also revealed the presence of
traces of lead and gold in the alloy.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard
XRF analysis of K1007 and K39

Object Type Pommel
Date range Late 6th - early 7th

Relation to other objects  None

Decoration  Gilding | v/ | Niello | v/
Other

Surface XRF analysis was undertaken on the | ‘ [
front of the pommel. Sub-surface analysis was

carried out on the base of K39 and K1007. 0 1 2 3 4 5
Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 5 Average | 847 |816 |65 |10 07 |10 | 71| 21

StDev 69 | 381 02| 02]02] 42 ] 13

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 783 191 | 03 | 0.7 | 0.8 | 0.8 91.4 6-12% Hg

StDev 23 | 24 | 02 | 0.1 0.1 0.0

3 Average | 800|171 03 | 09 | 0.8 | 0.9 99.4 0.3-0.6% Hg

StDev 22 | 2.1 03 | 0.1 0.0 | 0.0

The results from the sub-surface XRF analysis carried as part of the silver study, the results have

been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.
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Plots of copper vs silver and lead vs tin contents, based on XRF analysis, showing the differences between

the sub-surface analyses.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 75-82 wt% silver and 15-22 wt% copper. The
analysis also revealed the presence of some tin, zinc, lead and gold in the alloy. Mercury was also
detected in the subsurface area, and this is likely to have been absorbed during the gilding

process rather than a deliberate addition to the alloy.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K1026

Object Type Hilt-collar
Date range

Relation to other objects  None

Decoration  Gilding | v/ | Niello | v/
Other |

EEEHTT

Surface XRF analysis was undertaken on the
gilding on the front of the hilt-collar. Sub-surface
analysis was carried out on the back.

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Gilded front 5 Average 998 |597| 23|12 ] 03| 04 ]20.2|159

StDev 85 106 | 01]02]|01]97] 33

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 88.6 | 45 1.9 0.6 1.7 | 2.7 99.7
StDev 07 | 05| 01 ] 00| 01 ] 0.1
The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 88-90 wt% silver and 4-5 wt% copper. The
analysis also revealed the presence of some tin, zinc, lead and gold in the alloy.

Analysed May 2015
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XRF study of silver objects from the Staffordshire Hoard

Object Type C-tubing

Date range

Relation to other objects

Decoration  Gilding

Surface XRF analysis was undertaken on
the front of the c-tubing. Sub-surface

XRF analysis of K1132

] Niello| ]

Other

JITII
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analysis was carried out on the back. METRIC 1
Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 4 Average | 992 | 96.0 | 16 | 0.0 | 0.0 | 0.5 | 1.9 | 0.0
StDev 04 | 02 | 00 ] 00| 01 ] 01 ] 0.0

The results from the surface XRF analysis carried as part of the silver study. * The value given for

the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 958 | 1.8 | 0.0 | 0.0 | 06 | 1.8 | 100.0
StDev 011 01| 00| 00| 01 ] 0.1

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. * The value given for the total is the un-

normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the absence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 95-96 wt% silver and 1-2 wt% copper. The

analysis also revealed the presence of some lead and gold in the alloy.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K1169

Object Type Fragment of hilt-collar
Date range Late 6th - early 7th

Relation to other objects K63 hilt-guard?

Decoration  Gilding | v | Niello
Other .

Surface XRF analysis was undertaken on the
gilded front of the fragment. Sub-surface analysis
was carried out on the inside.

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Gilded front 4 Average 96.3 | 783 |17 |16 | 02| 08| 78 | 96

StDev 54 | 04 | 01 ] 01 ] 01 ] 43| 1.9

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
8 Average | 868 | 6.6 | 1.7 | 06 | 16 | 27 97.3 1.5-3% Fe
StDev 36 | 40 | 01 |01 ] 01 ] 02

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 83-91 wt% silver and 2-10 wt% copper. The
analysis also revealed the presence of some tin, zinc, lead and gold in the alloy. The presence of
traces of iron in the sub-surface results, even after successive scrapes, suggests that the prepared
area may still be influenced by some corrosion products.

Analysed May 2015

40



XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K1331

Object Type 5Smm ribbed strip
Date range  600-650

Relation to other objects  Helmet fittings?

Decoration  Gilding | v | Niello
Other |

Surface XRF analysis was undertaken on the
gilded front of the strip. Sub-surface analysis was
carried out on the back.

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 4 Average 985 [483 ) 06 | 02 ]| 00| 0.1 |37.8]1238

StDev 60 | 01| 01|00 00]| 51 ] 11

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
6 Average | 942 | 36 | 00 | 00 | 05 | 17 99.8
StDev 0.1 | 0.1 00 | 00 | 0.0 | 00
The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 94-94.5 wt% silver and 3-4 wt% copper. The
analysis also revealed the presence of some lead and gold in the alloy.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K1447

Object Type Pommel

Date range
Relation to other objects  None |
Decoration  Gilding Niello g
Other p—
Surface XRF analysis was undertaken on 5=
the front of the pommel. Sub-surface =
analysis was carried out on the base.
Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 5 Average 99.9 822|173 125|109 |16 | 55 ] 0.0
StDev 2.1 1.8 1 0.1 1 0.1 | 0.1 | 0.2 | 0.0

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 836 | 63| 24| 08| 16| 53 100.0
StDev 03| 01| 02| 00| 00| 0.1

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

The sub-surface analysis suggested an alloy with approximately 83-84 wt% silver and 6-7 wt%
copper. The analysis also revealed the presence of some tin, zinc, lead and gold in the alloy.

Analysed May 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K1448 and K762

Object Type Pommel
Date range  630-675 AD

Relation to other objects  None

Decoration  Gilding | v | Niello
Other | Glass, gold panels

Surface XRF analysis was undertaken on
the gilded front of the sword ring and main
body. Sub-surface analysis was carried out
on the inside of the sword ring and main
body.

Object Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed | analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)

K1448 | Sword ring 4 Average | 100.0 |329| 19 | 0.7 | 0.0 | 0.3 | 554 | 8.8
StDev 79 | 09 | 00 ] 00 ] 03] 83] 09

K762 Main body 4 Average 99.3 | 29.7| 15 | 07 | 0.0 | 0.3 | 57.0 | 10.8

StDev 149 02 | 0.2 | 0.0 | 0.2 | 142 | 1.2

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

Object No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
K1623 5 Average | 884 | 74 | 10 | 0.0 | 1.3 | 19 100.0
Sword ring StDev 0.2 | 0.1 0.3 |1 0.0 | 0.0 | 0.0
K1385 5 Average | 90.8 | 4.5 1.0 | 01 1.1 2.5 99.7
Main body StDev 05| 01 ] 03| 01| 00| 00

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.
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Plots of copper vs silver and lead vs tin contents, based on XRF analysis, showing the differences between
the sub-surface analyses.
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XRF study of silver objects from the Staffordshire Hoard

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 88-92 wt% silver and 4-8 wt% copper. The
analysis also revealed the presence of some tin, lead and gold in the alloy. Mercury was also
detected in the subsurface area, and this is likely to have been absorbed during the gilding
process rather than a deliberate addition to the alloy. The presence of traces of iron in the sub-
surface results, even after successive scrapes, suggests that the prepared area may still be
influenced by some corrosion products.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K1493 and K1534

Object Type Hilt-plate
Date range 620-650

Relation to other objects  None

Decoration  Gilding Niello
Other

Surface XRF analysis was undertaken on the /1T . |11} |11}
front and the inside of the hilt-plate. Sub-surface @ 1 2 3 4 5 6 7
analysis was carried out on the inside of both [
fragments.

Object | Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)

K1493 Front 4 Average 894 864 | 73 | 22|05 |15 ]| 21]0.0
StDev 32 1 34101 01]01] 01| 00

K1493 Inside 5 Average 89.1 846 | 82 | 18 | 22 | 1.3 | 19 | 0.0
StDev 1.1 | 16 | 02 | 1.3 | 0.3 | 0.1 | 0.0

K1534 Front 5 Average 89.7 |82 79 | 2105|1419 ] 0.0
StDev 22 | 201 03| 01]01] 02 00

K1534 Inside 5 Average 98.1 828 122 14 | 13 ] 10 | 1.3 | 0.0
StDev 53 | 51 1 02 | 08| 02| 01| 00

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

Obiect No of Ag Cu Sn Zn Pb Au | Total*
) analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
K1493 6 Average | 871 | 74 1.4 1.1 1.2 | 1.8 99.3 0.5-0.8% Fe
StDev 07 | 05| 06 | 03 | 0.1 | 0.1
Average | 84.4 | 10.5 | 1.3 1.0 1.3 1.5 99.9
iSUSES, . StDev 09 | 0.7 | 04 | 01 | 0.1 | 0.0

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

The sub-surface analysis suggested an alloy with approximately 84-88 wt% silver and 7-11 wt%
copper. The analysis also revealed the presence of some tin, zinc, lead and gold in the alloy.
Traces of iron in the sub-surface results, even after successive scrapes, suggests that the
prepared area may still be influenced by some corrosion products.

Analysed February 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K1509 and K453

Object Type Helmet cheek piece
Date range  600-650 AD

Relation to other objects  Helmet fittings

Decoration  Gilding | v' | Niello | v/
Other |

Surface XRF analysis was undertaken on
the front of K453. Sub-surface analysis
was carried out on the back of K1509 and
K453.

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Eront 5 Average 996 |157 00| 04 | 00| 00 [741] 98

StDev 25 1 00| 01|00 | 00] 24 ] 02

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

Object No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
K453 4 Average | 626 | 21 | 0.0 | 0.0 | 0.4 | 349 | 943 4-7% Hg
StDev 78 | 05| 00| 00 | 0.1 | 84
K1509 6 Average | 956 | 31 | 0.0 | 0.0 | 0.5 | 0.8 99.3 0.5-0.8% Hg
StDev 02 | 02| 00| 00| 0.1 | 01

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 95-96 wt% silver and 3-4 wt% copper. The
analysis also revealed the presence of some lead and gold in the alloy. Mercury was also detected
in both subsurface areas, but particularly K453. This is likely to have been absorbed during the
gilding process rather than a deliberate addition to the alloy, and may explain the elevated gold
result for K453.

Analysed June 2015

46



XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K1566

Object Type 8mm ribbed strip
Date range

Relation to other objects

Decoration  Gilding | v | Niello
Other |

Surface XRF analysis was undertaken on the
gilded front of the strip. Sub-surface analysis was
carried out on the back.

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 4 Average | 100.0 | 328 | 06 | 0.5 | 0.0 | 0.0 | 56.2 | 9.9

StDev 09 | 00| 00| 00| 00] 09 ] 03

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 940 39 | 02 | 03 | 05 | 11 99.8 0.1-0.2% Hg
StDev 02 | 01| 02| 00| 00| 00

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The sub-surface
analysis suggested an alloy with approximately 93.5-94.5 wt% silver and 3.5-4 wt% copper. The
analysis also revealed the presence of some tin, zinc, lead and gold in the alloy. Traces of mercury
were also detected in the subsurface area, and this is likely to have been absorbed during the
gilding process rather than a deliberate addition to the alloy.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K1684

Object Type Pommel
Date range  625-650 AD

Relation to other objects  None

Decoration  Gilding Niello
Other |

Surface XRF analysis was undertaken on the
front of the pommel. Sub-surface analysis was
carried out on the base.

Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)
Front 5 Average 949 |638312| 15|00 |09 ]| 26 | 0.0

StDev 11311311 03] 00 | 0.3 | 1.6 | 0.0

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
6 Average | 766 | 178 | 0.7 | 0.0 | 1.3 | 3.6 | 100.0
StDev 179 1 24 | 08 | 00 | 0.1 | 04

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object suggests that the pommel was not mercury gilded. The sub-
surface analysis suggested an alloy with approximately 76-78 wt% silver and 15-20 wt% copper.
The analysis also revealed the presence of some tin, lead and gold in the alloy.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K1700

Object Type Niello mount
Date range  600-650 AD

Relation to other objects  None S— ® -
Decoration  Gilding | v/ | Niello | v/ m,;ﬁ : )
Other : - ; i"’_'

W

Surface XRF analysis was undertaken on
the front and on the gilded border, as well

as three pins. Sub-surface analysis was ;.-l-.......
carried out on the back.

Area analysed No of Total* | Ag | Cu | Sn | Zn Pb | Au | Hg
analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)

Front A Average | 991 | 983 02 | 00 | 0.0 | 05 | 1.0 | 0.0
StDev 05| 02 ] 00| 00| 02| 01 | 0.1

. Average | 100.0 | 16.9 | 0.2 | 0.3 | 0.0 | 0.0 | 69.8 | 12.8
Cilletzel order . StDev 45 | 00 | 00 | 00 | 00 | 43 | 05
Pins 3 Average | 983 |77.0| 0.7 | 00 | 0.0 | 0.4 | 164 | 55
StDev 78 | 03] 00 ] 00 ] 01| 62| 1.9

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

No of Ag Cu Sn Zn Pb | Au | Total*
analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
5 Average | 98.1 | 0.1 00 | 0.0 | 09 | 0.9 99.9
StDev 02 | 02 ] 00 )] 00| 01 ] 00
The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the front surface of the object confirmed the absence of mercury gilding except for the
border and pins. The sub-surface analysis suggested an alloy with approximately 97.5-98.5 wt%
silver. The analysis also revealed the presence of some lead and gold, with traces of copper, in the

alloy.

Analysed June 2015
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XRF study of silver objects from the Staffordshire Hoard

XRF analysis of K1823a and K1823b for the silver project

Object Type Hilt-plate
Date range Late 6th - early 7th

Relation to other objects  None

Decoration  Gilding | v/ | Niello .
Other |

Surface XRF analysis was undertaken on the

front of the hilt-plate in areas of giding and ||}|{{HHH{HHFH}IFFI}IFFF}FFTF}EEEPEEEENEEREHAR
areas with no observable gilding present, as
well as the inside. Sub-surface analysis was 0 1 2 3 4 S

carried out on the inside of both fragments.

Object | Area No of Total* | Ag | Cu | Sn | Zn | Pb | Au | Hg
analysed analyses (%) | (%) | (%) | (%) | (%) | (%) | (%)

Average | 99.8 | 40 | 01 | 02 | 0.0 | 0.0 | 87.7 | 80

e o s StDev 79 | 01 01] 00| 00| 30| 1.4
. Average | 99.7 | 799 | 15 | 1.2 | 00 | 04 | 6.8 | 10.2

K1823a Inside 5 StDev 94 | 06| 01 ] 00| 02 58| 45
K1823b Front 3 Average | 100.0 92 | 02 | 0.3 | 0.0 | 0.0 | 79.8 | 10.5
gilding StDev 88 | 03] 03| 00| 00 | 125]| 33

Average | 999 | 92 | 02 | 05 | 0.0 | 0.0 | 814 | 87

K1823b Front 3 StDev 58 | 01|02 ] 00| 01| 74| 14
. Average | 1000 | 792 | 1.2 | 1.3 | 0.0 | 0.4 | 6.8 | 11.1

e nshels s StDev 73105 ] 02| 00| 01| 47 | 34

The results from the surface XRF analysis carried as part of the silver study. * The value given for
the total is the un-normalised sum of the elements, without iron and chlorine. StDev equates to
standard deviation

Obiect No of Ag Cu Sn Zn Pb | Au | Total*
) analyses (%) | (%) | (%) | (%) | (%) | (%) Notes
Average | 915 53 | 0.8 | 00 | 1.4 | 1.3 | 996 | 0.3-0.5% Hg
eRk © Sthev | 0.6 | 0.2 | 04 | 0.0 | 0.0 | 0.0
Average | 911 | 56 | 0.5 | 0.0 1.2 1.6 99.3 0.5-0.8% Hg
K1823b 5 Sthev | 0.3 | 02 | 0.3 | 0.0 | 0.0 | 0.2

The results from the sub-surface XRF analysis carried as part of the silver study, the results have
been normalised but the presence of Hg, Fe or Cl noted. StDev equates to standard deviation. *
The value given for the total is the un-normalised sum of the elements Ag, Cu, Sn, Zn, Pb and Au.

Analysis of the surface of the object confirmed the presence of mercury gilding. The inside of the
hilt-plate fragments had elevated gold and some mercury present suggesting contamination from
the gilding process. The sub-surface analysis suggested an alloy with approximately 90.5-92.5
wt% silver and 5-6 wt% copper. The analysis also revealed the presence of some tin, lead and
gold in the alloy. Mercury was also detected in the subsurface area, and this is likely to have been
absorbed during the gilding process rather than a deliberate addition to the alloy.

Analysed February 2015
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