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Fifteen whole or fragmentary beads were submitted for examination. They were 

examined at up to 45x magnification and were also analysed by energy dispersive 

x-ray fluorescence (XRF). The analytical results are not fully quanti t ative but 

in order to allow comparisons to be made between beads of differing size, shape and 

surface texture the peak heights recorded for individual elements were normalised 

by dividing them by the correspondingsillconpeak height. Silicon is the best 

standardizing element to choose as it is present as a major component in all glass 

and, to a first approximation, the proportion of silicon in any glass is roughly 

constent. The normalised peak heights are given in the table below. 

Descriptions of individual beads (Numbers used are SF Nos) 

1. Translucent blue glass with bubbles. Bead probably wound. 

6. Translucent blue glass. The bead was not originally part of a segmented bead; 

the ends are original though now chipped in places. 

9. Turquoise and white reticella bead. Bichrome glass rods were prepared by 

laying three parallel trails of opaque white glass along a thicker rod of 

transparent turquoise glass, marvering them and twisting (and stretching?) the 

resulting rod (see fig 1). Two of these rods, one with an S-twist and the other 

with a Z-twist were then fused side by side, a length of this double rod was 

removed and bent round into a ring which was further marvered to give the bead 

its final shape. 

13. Translucent blue glass with some bubbles. Near the surface are greenish 

looking streaks due to the inclusion of a small amount of opaque yellow glass 

(a few distinct yellow particles can be seen). 

29. Turquoise, white and yellow glass bead. A plain transparent turquoise bead 

had a single S-twiated turquoise and white rod (like those used to make SF9) 





was detected in all the blue beads it was present at far lower l~vels than in 

t he turquoi se glass (where i t is the main colourant) and probably does not 
es 

con tribute t o the blue colour seen. The blue glass~ all contain traces of an t imony 

(Sb) or tin (Sn) which are some~.,rhat unexpected. At the se low levels t hey have 

no opacifying effect and any decolourising effect of the antimony would. be 

nullified by t he blue of the cobalt. 

One further element · detected in two of the blue beads (SF 146) is nickel (Ni). 

It is not normally found ih ancient glass so i ts presence here in considerable 

quantities requires some comment. Cobalt and nickel minerals tend t o be found 

together in nature so it is not surprising tha~ ~he beads con~aining nickel also 

contain cobalt; one of them (SF 6) also cont ains far ~ore cabal~ ~han any of t he 

other beads, a :nuch nigher level t han is usually found in ancient blue glass . 

The :;;resence of LJ.ickel ~auld be inter::_::reted ei -'c~er 3S "!:he -- se a.: 3. cooa.l t SC1.:.rce 

rich in nickel or as ~:he accide!lt al selec tion o.: :he ·.1rong mineral .from ;:, ;nixed 

ore oody. Cnly .:urther analyses of similar oeads wi l..!. shaH · . .,rhether -;lickel is a 
@(See hdc•v.~· ~) 

normal component of Sco ttish or Irish beads; it is no ~ found in ~oman or 

Anglo-Saxon blue beads in Engl and. Julian Henderson ~pers. comm . ) has f ound nickel 

in only three beads, al l of early ir,_.·::m age date. THo "Jlue ones come from Va~e in 

Carniola (~-I Yugoslavia) or one 1black 9 one from :lalls-;:;att in Austria ( '.vhi ch 

contained no cobalt . 

As noted above, the t urquoi se glass is coloured oy copper in its cupric form. 

The only other colour to contain more t han a trace of copper is th~ opaque red 

glass where the copper is in t he reduced, cuprous form. rhis bead also contains 

large amounts of iron which contribute t o the dull red colour ; it is in fact the 

only bead ( '"i t h the exception of SF 13) where the iron: manganese (Mn) ratio varies 

significantly from 3:1. This could be taken as indicating the use of a common, 

manganese decolourised base glas s wi t h specific additional colourants :or most of 

the beads. This suggestion of a single source of base glass is supported by the 

~i : an...).um (Ti) 1'igures • . .,rhich are uniformly low. This sugges-cs all -che glass •.vas 



made from sand (silica) which contained only traces of t itania. SF 13 appears to 

be made from a completely different, antimony-decolourised high ir 0n glass, 
._/ 

though the opaque yellm.,r streaks in it appear to be lead-tin yellow. As tin and 

antimony are thought of as being used in two differen~ glass-making t raditions this 

poses problems, unless antimony-dacolourised scrap glass was being re-used by ~ 

glassworker of the alternative school. 

In general opaci ty seems to be due t o the presence of tin compounds, though in 

some cases traces of antimony make unambiguous interpretation of the results 

impossible. ) 

/~ 
~The colour of the whi te glass (in SF 9, 29B and 1032) is probably QUe to the presencE 

of t in oxide; as usual, these glasses contain virtually no lead. On ~he other 

hand the yellmv glasses (SF 29A and 371) are coloured by lead-tin oxide and the 

glass contains a considerable amount of lead. ~his is t rue of both ~he y~llowish 

green and tr1e tr~e yel low glass in 8~ 371; the former colour is really a 3=eenish 

base glass •t~i th yellovr opaci t y added. The green t inge is probably due to :he i=on 

wi t h perhaps some contribution from the copper, \vhich 3ives a green colour in 

high lead glass in contrast to the t urquoise colour it produc es in low lead or 

lead-free glass. The final opaque colour is the yellowish- white --=ail on SF 500 . 

Both visually and analytically this is an intermediate colour with both •..rhi t e and 

yellm.,r particles Yis i ble in the glass. I t may be an example of an overhea"ted 

yellow as lead-tin oxide is unstable above 900°C, "breaking down ~adually -';o give 

( •t~hi te ) tin oxide. 

The other element appearing in the Table is zinc (Zn). This almos t certainly 

got into the glass together with the copper as a copper alloy rather than t he 

pu.n:~ metal was used as colourant • ...._________ 
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Table: Analytical results. 

XRF peak heights normalised t o silicon. 

S.F. No . 
Ti Mn Fe Co Ni Cu Zn Pb Sn Sb Colour 

1 ? .22 .65 + .22 .45 .11 .34 - .07 Blue 

6 .06 .27 .76 .3 .14 .32 ? .39 - .13 Blue 

9 ? .10 .22 - - .14 - .12 .06 .05 Turquoise 
& White 

13 ? .28 3-97 - - .26 - 3.10 .09 .26 Blue ( + 
Yellow) 

29 A - -39 1.26 - - .86 - 15.03 .21 - Mainly 
Yellow 

B .06 .22 .68 - - .46 - .29 .03 .05 t1ainly 
Turquoise 
& White 

54 - ? .38 - - 1.86 .58 . 81 - - Turauoise 

65 - .22 .70 ? - . 17 - .1 5 - - Blue 

80 - .12 .30 - - 1.31 .48 .72 - - Turquoise 

128 .11 .30 .86 + - .18 - .53 .07 - Blue 

129 ? -39 2.55 - - .94 .17 .47 .09 .07 Dull Red 

371 A .12 .45 1.41 - - .16 ? 9.85 .19 - Hainly 
Green 

B .09 .49 1.50 - - - - 11.50 . 22 - Green & 
Yellow 

402 ? .20 .59 + - .23 - . 31 .05? .10 Blue 

500 ? .18 .52 + - .38 - 1.22 . 19 .08 Blue & 
Yellowish 
1tlhite 

524 - .32 .68 + - -35 - .35 - .09 Blue 

1032 ? . 15 .4o ? - .12 - .14 . 10 - Blue & 
White 

NOTES: - + = Elemimt detecled. 
I 

? = Uncctl'tain signa': • 

A & B refe to differ nt arE as on k>lychro ne bc:acLs. 






