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SOME ANCIENT GLASS SPECIMENS WITH COMPOSITIONS OF 

PARTI CULAR ARCHAEOLOGI CAL SI GNI FICANCE 

Much can be i n f e r r e d  from a  knowledge of t h e  composition of anc ien t  

a r t i f a c t s ' ,  p a r t i c u l a r l y  of those  f a b r i c a t e d  from m a t e r i a l s  such a s  g l a s s  and 

a l l o y s  which were compounded by man. Ce r t a in  a spec t s  of t he  technology by 

which they  were produced can be revea led  by chemical a n a l y s i s .  For example, 

t h e  e s s e n t i a l  furnace  cond i t i ons ,  e  . g. , f u s i o n  temperatures  and ox ida t ive  o r  

reduct ive  atmosphere r equ i r ed  t o  produce the  f i n a l  chemical s t a t e  of a  m a t e r i a l ,  

can be es t imated  from the  composition. The na tu re  of t he  r aw 'ma te r i a l s  of 

manufacture o f t e n  can be deduced. Occas iona l ly  a  raw m a t e r i a l  from a  s p e c i f i c  

geographic s i t e  would have been cha rac t e r i zed  by a  d i s t i n c t i v e  p a t t e r n  of 

accompanying impur i t i e s  and t h i s  p a t t e r n  would have been in t roduced  recog- 

n i zab ly  i n t o  t h e  f i n a l  a r t i f a c t .  The i d e n t i f i c a t i o n  of  s p e c i a l  add i t iLes  

employed t o  in t roduce  o r  remove co lo r ,  opac i ty ,  e t c . ,  is  usua l ly  r e l a t i v e l y  

obvious because they  in t roduce  unusual ly h igh  concent ra t ions  of  elements 

which a r e  commonly present  on ly  as  t r a c e  impur i t i e s .  A l l  of t hese  a spec t s  

of m a t e r i a l s  and methods of anc ien t  technology a re  i n t r i n s i c a l l y  i n t e r e s t i n g .  

I n  add i t  i on ,  however, because f here were sometimes c h a r a c t e r i s t i c  reg iona l  

and chronological  v a r i a t i o n s  i n  these  m a t e r i a l s  and methods of f a b r i c a t i o n ,  

j u s t  a s  t h e r e  were s i g n i f i c a n t  v a r i a t i o n s  i n  s t y l e s  of cons t ruc t ion ,  the  

r e s u l t i n g  compositional v a r i a t i o n s  can i n  some i n s t a n c e s  i n d i c a t e  conclusions 

of  a rchaeologica l  s i g n i f i c a n c e .  A s  is t h e  case wi th  s t y l i s t i c  i n fe rence ,  t h e  

more ex tens ive  t h e  number and v a r i e t y  of o b j e c t s  examined t h e  more s i g n i f i c a n t  

an ind iv idua l  observa t ion  becomes a,s i t  i.s compared t o  t he  accumulated back- 

ground o f  experience.  program of chemical a n a l y s i s  of more than - f o u r  
-- 

hundred c a r e f u l l y  s e l e c t e d  specimens of anc ien t  g l a s s  undertaken a t  Brookhaven 
i-- 4 

Natlonal  Laboratory i n  c o l l a b o r a t i o n  with M r . .  Ray Winf i e l d  Smith, when 

considered wi th  t h e  s e v e r a l  hundred o t h e r  ana lyses  of anc i en t  g l a s s  e x i s t i n g  

i n  t he  l i t e r a t u r e ,  begins  t o  provide a  background of s t anda rd  d a t a  f o r  such 

comparison. The o v e r - a l l  Brookhaven program has st r iven  t o  survey reasonably 
__I_ 

uniformly the  g l a s s  produced i n  Europe, Western Asia  and Northern --- - A f r i c a  from 
__r- - - - -_ = -------- --- - >-. _ _-d 

" - 

the middle of the  Second Millennium B.C., when g l a s s  v e s s e l s  f i r s t  became 



preva len t ,  u n t i l  t h e  beginning c e n t u r i e s  of the  Second Millennium A . D . ,  when - -- - - - - -- 
t h e  medieval potassium-rich g l a s s e s  were in t roduced .  . I t  is t h e  purpose of  - 
t h i s  r epo r t  t o  s e l e c t  f rom the  Brookhaven d a t a  t h e  ana lyses  of (<  
--9-C , 

specimens which i n d i c a t e  conclusions of p a r t i c u l a r  a rchaeologica l  i n t e r e s t .  

I t  has  been our  experience t h a t  t he  b a s i c  compositions of anc i en t  

g l a s s e s  tend  t o  conform t o  only  a  few types .  . I ,  2 I n  our  i n i t i a l  s t u d i e s  we, 
-. - 

t o  a  g r e a t  e x t e n t ,  r e s t r i c t e d  our  ana lyses  t o  t r anspa ren t  g l a s s e s  which 
. . 

'appeared a t  most t o  be a c c i d e n t a l l y  d i sco lo red  i n  o r d e r '  t o  a l low us  t o  

determine t h e s e  b a s i c  compositions divorced from complicat ions due t o  t he  

\ a d d i t i o n  of c o l o r a n t s  o r  opac i f  i e r s .  One f i n d s ,  however, t h a t  wi th  but  a 

few except ions  c o l o r a n t s  and o p a c i f i e r s  were added i n  concent ra t ions  of oniy 

a  few percent  o r  l e s s  and t h a t  t h e  b a s k  composition of t he  modified g l a s s  

is  e s s e n t i a l l y  t h a t  of t h e  b a s i c  type t o  which it r e l a t e s .  Therefore,  s t a t i s -  

t i c a l l y  s i g n i f i c a n t  i nc reases  i n  concent ra t ions  i n  - co lo red  g l a s ses  over  those 

i n  r e l a t e d  uncolored g l a s s e s  normally can be assumed t o  have been introduced 

by components of t h e  co lorant .  Once t h e  types  of b a s i c  g l a s s  have been 

determined one has  two independent c r i t e r i a  f o r  t he  eva lua t ion  0 f . a  g l a s s  i n  
I - which an a d d i t i v e  has  been incorpora ted ,  i . e . ,  1 )  recogni t ion  of t h e  b a s i c  

composition and 2)  eva lua t ion  o f  t h e  composition of t h e  add i t i ve  from t h e . "  

p a t t e r n  of s i g n i f i c a n t l y  i nc reased  concent r a t  ions,  

S i m i l a r i t i e s  i n  Some F i r s t  Century Mul t ico lored  Luxuryware  ragm me nth 

A par , t icu la i - ly  s t r a i g h t f o r w a r d '  and i n t e r e s t i n g  example. of t he  s e p a r a t e  

s ign i f i cance  t h a t  can be ass igned  tn ha.sj_c g l a s s  and a d d i t i v e  compooitions is 

provided i n  t h e  ana lyses  of  s e v e r a l  s epa ra t e  reeio-ns o f  d i f f e r e n t  c o l o r  i n  

t h r e e  e s p e c i a l l y  e l a b o r a t e  mul t ico lored  v e s s e l s  of probable 1st century A.D. 

manufacture. These t h r e e  mu1 t i c o l o r e d  v e s s e l s  had been f a b r i c a t e d  wi th  very 

s i m i l a r ,  complex s t r u c t u r e s .  The i r r e g u l a r  mosaic p a t t e r n s  of t h e i r  w a l l s  

a l l  conta in  reg ions  of t r a n s p a r e n t ,  c o l o r l e s s  g l a s s  ~ 5 t h  imbedded m a t e r i a l  

and r eg ions  which s u p e r f i c i a l l y  appear t o  be opaque green and opaque dark  

b lue .  Thin opaque white  lay t l - s  separakr surne of , these co lo r  regions, and two 

of the.  specimens have t h i n  i n s e r t  ions  of  a  reddish  v i o l e t  g l a s s .  Closer  

examination revea led  t h a t  i n  a l l  t h r e e  o b j e c t s  t h e  regions t h a t  appear t o  be 

opaque green were a c t u a l l y  formed of a  l impid l i g h t  .b lue  g l a s s  i n  which a  

medial opaque yellow l a y e r  had been embedded. S i m i l a r l y . t h e  g l a s s  of t h e  . 

dark  blue r eg ions  .was n o t . i t s e l f  opaque but contained i n  e a c h . i n s t a n c e  a . t h i n  



medial opaque white l a y e r  which caused it t o  look opaque. Two o f  t he  ves se l  

f ragments ,  Nos. 709 and 592, were more c l o s e l y  r e l a t e d  t o  each o t h e r  than t o  

the  t h i r d  i n  t h a t  the  ma te r i a l  embedded i n  t he  regions of c o l o r l e s s  g l a s s  was 

a  "sha t te red"  gold f o i l .  These two fragments of t y p i c a l  "gold-band" g l a s s  

have c h a r a c t e r i s t i c  shapes t h a t  can be i d e n t i f i e d  a s  being from two of  t h e  

most commonly encountered v e s s e l  forms f o r  t h i s  type of  ware, a  pyxis  and a  

coni.cally shaped f l a s k .  The gold-band pyxis ,  specimen No. 709, was r e c e n t l y  

excavated a t  Pompeii ( found May 27, 1955 i n  Region I ,  b lock  X I V ,  house 12 ,  

Inventory NO'. 11214) and suppl ied  t o  us through t h e  cour tesy  of t h e  Archae- 

o l o g i c a l  Se rv i ces  a t  Pompeii. The gold-band pyramidal f l a s k ,  specimen 

No. 592, was of unce r t a in  o r i g i n ,  a l though i t  t o o  presumably had been found 

i n  I t a l y .  The ob jec t  had been purchased i n  Rome. Jus t  if i c a t i o n  f o r  i t s  

a n a l y s i s  l a y  i n  the f a c t  t h a t  it s o  c l e a r l y  conforms i n  cons t ruc t ion ,  s t y l e  

and dimensions t o  a  well-known type.  The t h i r d  mul t ico lored  fragment ,  

No. 203, was excavated many mi les  from I t a l y  a t  Susa (Find No. 2313 from 

Stratum A h ) .  The specimen.was generously supp l i ed  by P ro fes so r  Ghirshman, 

who desc r ibed  the  s t r a t u m  i n  which i t  was found a s  y i e l d i n g  l a r g e l y  1st t o  

- .  3rd century A.Di o b j e c t s .  I n  t h i s  fragment t h e  regions conta in ing  c o l o r l e s s  

g l a s s  inc lude  t h r e e  types ,  a  region with an opaque white l a y e r ,  another  with 

an opaque yellow l a y e r ,  and yet  another  with a  double h e l i c a l  s p i r a l  of 

opaque yellow g lass .  This  ves se l  fragment has  no t i ceab ly  t h i n n e r  w a l l s  than 

t h e  gold-band fragments ,  approximately 2  mm a s  =ompared t o  4  mm i n  t h i ckness .  

A l s o , i t s  co lo r  reg ions  a r e  more uniformly d i s t r i b u t e d  i n t o  roughly p a r a l l e l  

- bands, and t h i s  fragment does not conta in  a  reddish v i o l e t  zone as  do t h e  

o thers .  Despi te  t hese  few d i f f e r e n c e s  the  s t r u c t u r e s  o f  t h e  t h r e e  p i e c e s  

. a r e . s t r i k i n g l y  s i m i l a r  and, a s  we s h a l l  s e e ,  t h e i r  compositions a r e  even more 

s t r i k i n g l y  s i m i l a r .  

Three c o l o r  reg ions  from each of t hese  t h r e e  specimens were analyzed,  

i . e . ,  the' c o l o r l e s s  g l a s s ,  t h e  dark blue g l a s s ,  and t h e  l i g h t  blue g l a s s  t h a t  

was from regions  appearing green because of  an opaque yellow medial l aye r .  

I n  each in s t ance  care  was taken t o  avoid the  embedded m a t e r i a l ,  only t h e  

c l e a r  g l a s s  being analyzed. ' 

The r e s u l t s  of t h e s e  ana lyses  a r e  given i n  Table I .  The f i f t e e n  oxides  

l i s t e d  f i r s t  i n  t h i s  t a b l e  a r e  those p r imar i ly  in t roduced  i n t o  t h e  g l a s s  

mixture from t h e  b a s i c  components. That i n  t h i s  i n s t ance  t h e i r  l e v e l s  of 

concent ra t ion  have been only s l i g h t l y  a f f e c t e d  by t h e  a d d i t i o n  of co lo ran t s  



Table I 

Analyses of Th ree  Multicolored Vessels  of Probable F i r s t  Century A.D. Manufacture 

(Conceptrations in percent of oxide.) 
Specimen 709 Specimen 592 Specimen 203. 

Gold band Pyxis fragment Fragment of pyramidal Fragment of multicolored 
excavated a t  Pompeii gold band flask vesse l  excavated a t  Susa 

Colorless  Dark blue Light blue Colorless  Dark blue Light blue Colorless  Dark blue Light blue 
Component g lass  g lass  g lass  g lass  g lass  glass  g lass  glass  glass  

Concentrations determined by basic components 

Lithium L i20  0.0011 0.0012 ---- 0.0011 ---- 0.0018 0.00085 0.0010 0.00048 . 

Sodium Na20 16.6 . 16.0 ---- 13.8 13;8 11.0 15.8 17.6 17.2 

Potassium K20 0.76 0.93 0.72 0.8 1 0.60 0.81 0.74 . 1.29 1.00 

Rubidium Rb20 0.0034 0.0043 0.0026 0.0032 ' ---- 0.0048 0.0022 0.0043 0.0031 

Magnesium MgO 0.61 0.74 0.76 0.66, 0.72 0.85 0.83 0.80 1.03 

Calcium CaO 7.0 6.4 6.7 6.1 5.9 7.0 6.7 7.0 8.8 

Strontium SrO 0.086 0.082 0.082 0.088 0.074 0.085 0.089 0.069 0.090 

Barium BaO 0.023 0.0088. 0.0057 ' 0.015 0.011 0.0084 0.015 0.010 0.0062 

Boron B 2 0 j  0.052 0.073 0.080 0.095 0.080 0.095 0.074 . 0.0 69 0.072 

~ l u m i n u m  A1203 1.93 2.1 2.3 2.1 1.94 2.6 2.0 2.2 2.5 

Phosphorous P205  0.045 ---- ---- 0.10 ---- ---- 0.061 ---- ---- 
Titanium T i 0 2  0.060 0.058 0.063 0.050 0.051 0.050 0.047 0.054 0.057 

Vanadium V205 , 0.001 0.004 0.001 0.002 0.003 0.002 0.003 0.003 0.004 

Chromium 
Cr203  

0.0039 0.0026 ---- 0.0032' 0.0026 0.0029 0.0026 0.0016 ---- 

Zirconium Z r 0 2  0.0066 0.0053 -0.0057 0.0054 0.0055 ' 0.0051 ' 0 . 0 0 5 0  0.0049 0.0049 

Manganese 

Iron 

Cobalt 

Nickel 

Copper 

Zinc 

Silver - 

Tin 

Antimony 

Lead 

Bismuth 

Fe203 
c o o  

N ~ O  

C u o  

ZnO 

Sn02 

*2O5 
PbO 

Bi203 

Concentrations frequently affected by introduction of additives 

0.68 0.31 0.82 0.79 0.35 1.25 



is r e a d i l y  apparent  from comparison of  t he  c o l o r l e s s  and colored g l a s ses .  

I t  should  be noted how s i m i l a r  t he  b a s i c  g l a s s  composition is i n  a l l  t h r e e  

specimens. One expec ts  a l l  Roman g l a s s  of t h i s  pe r iod  t o  ha.ve somewhat 

s i m i l a r  concent ra t ions  of t h e s e  elements.  Average normal v a r i a t i o n  is 

w i t h i n  a  f a c t o r  of about 1 .5 .  Also,some experimental v a r i a t i o n  between 

ana lyses  has  been avoided i n  comparing these  p a r t i c u l a r  specimens by d e l i b -  

e r a t e l y  running them toge the r  on the same s e t  o f  spec t rog raph ic  p l a t e s .  Even 

wi th  t h i s  i n  mind, however, t h e  compositional agreement between the  bas i c  . 

g l a s s  of these  t h r e e  specimens is unusual ly  c lose .  

The l a s t  e leven  oxides l i s t e d  i n  Table I a r e  those which we o f t e n  have 

found t o  be components of a d d i t i v e s  used i n  a n t i q u i t y  t o  a f f e c t  g l a s s  prop- 

e r t i e s .  These a d d i t i v e s  were most f r e q u e n t l y  employed t o  introduce co lo r  o r  

opac i ty  o r  t o  counteract  d i s c o l o r a t i o n  i n  c o l o r l e s s  g l a s ses .  Let u s  consider  

s e p a r a t e l y  the  add i t i ve  p i c t u r e  f o r  each of t h e  d i f f e r e n t  col.or regions analyzed. 

We have found unco1ore.d Roman g l a s s  of the  f i rs t  few c e n t u r i e s  A.D. t o  

be of f o u r  types which can be d i f f e r e n t i a t e d  upon the  b a s i s  of t h e i r  antimony 
3 and manganese contents .  A s  ha s  been d iscussed  by u s  i n  d e t a i l  t he se  elements 

appear t o  have been used t o  ox id i ze  a  reduced i r o n  oxide commonly p re sen t  i n  

t h e  g l a s s  and thereby t o  remove the  " b o t t l e  green" d i s c o l o r a t i o n  which r e s u l t s  

from t h i s  impuri ty .  I n  g l a s s e s  i n  which these  elements were not added a s  

decolorants  t h e  nbrmal concent ra t ions  of antimony o r  manganese oxides  

encountered a s  impur i t i e s  ark of the  - o r d e r  of  a  few hundredths of .one pe rcen t .  . - 
I n  c o n t r a s t ,  t h e  a d d i t i v e  concent ra t ions  a r e  i n  the  range of s eve ra l  t e n t h s  

of one percent  t o  about t h r e e  percent .  I n  uncolored g l a s s  of the e a r l y  Roman 

Imper ia l  c e n t u r i e s  we have encountered a  small  number of specimens con ta in ing  

n e i t h e r  of t hese  decolorants .  However, t he  major po r t ion  of  our specimens 

has been somewhat evenly d iv ided  among those wi th  only a d d i t i v e  amounts of 

antimony, those wi th  only manganese, and those t o  which both deco lo ran t s  had 

been added. Table I shows t h a t  the c o l o r l e s s  g l a s s  i n  a l l  t h r e e  v e s s e l s  

contained the o r d e r  of one percent  manganese oxide wi th  only the  normal t r a c e  

impur i ty  concent ra t ions  of antimony. The same decolorant  thus  had been used 

i n  t hc  c o l o r l e s ~  s e c t i o n s  of a l l  th ree  v e s s e l s .  

Comparison of t h e  ana lyses  of t h e  l i g h t  b lue  g l a s s e s  t o  those of t he  

c o l o r l e s s  g l a s s e s  revea ls  t h a t  t he  concent ra t ions  of f o u r  elements ,  copper ,  

t i n ,  l ead  arid s i l v e r ,  a r e  many t imes g r e a t e r  i n  t he  l i g h t  b lue  g l a s s  than i n  

t h e  c o l o r l e s s .  Of these  the  copper alone would be respons ib le  f o r  t h e  b lue  



c o l o r ,  but  it may be assumed t h e  o t h e r s  were in t roduced  along with the  

copper. I t  i s  t o  be noted  t h a t  t h e  r e l a t i v e  p ropor t ions  of t hese  a d d i t i v e  

elements  a r e  t h e  same a s  those encountered i n  some Roman bronzes.  I t  would 

t h e r e f o r e  seem h igh ly  probable t h a t  an oxid ized  bronze was t h e  co lorant  of 

t h e s e  g l a s s e s .  We have encountered s e v e r a l  o t h e r  ex&nples of  Roman g l a s s  i n  

which i t  appeared t h a t  copper was introduced a s  bronze. The add i t i ve  components 

f o r  t h e s e .  g l a s s e s  a r e  compared t o  those  o'f t he  .copper  -,blue g l a s s  regions of 

t h e  t h r e e  mul t i co lo red  v e s s e l s  i n  Table' 11. The s i m i l a r i t i e s  among a l l  of 

them a r e  apparent .  However, it is t o  be noted t h a t  t he  t h r e e  mul t ico lored  

v e s s e l s  a re  more c l o s e l y  r e l a t e d  t o  each o t h e r  than  t o  most of  t h e  o t h e r  

o b j e c t s  . Considerable  v a r i a t i o n ,  of 'course,  has  been encountered i n  t he  

composition of Roman bronzes.  Also, much Roman g l a s s  colored by copper does 

no t  have these  accompanying components of bronze, s o  t h a t  t h e  use of bronze a s  

a  co lo ran t  i n  a l l  t h r e e  mul t ico lored  specimens is i t s e l f  s i g n i f i c a n t .  . 

Table I1 

Comparison o f , A d d i t i v e  Components i n  Light  Blue Glass of Mul t ico lored  Vesse ls  
t o  Other  Roman Glass  i n  Which t h e  Colorants  Have t h e  Propor t ions  of Bronze -- 

Perce~ l t  concent r a t i o n  - 
Specimen Copper Tin Lead S i l v e r  

No. Desc r ip t ion  h 0  s nn PhO 
Z A @  

"Color-Band" Vessels  

709 Gold band Pyxis  from Pomgeii 1.56 0 .28  0 . 6 3  0.0052 

592 Gold band pyramidal f l a s k  1 .69  U.24 U.64 0.0074 

2 03 Mul t ico lored  v e s s e l  from Susa 2 . 1  0.28 0.95 0.0083 

, Other coppe r-blue Roman g l a s s  

724 P l a t e  from Athens agora 0.69 0.12 U.59 U.UU65 

593 Bowl wi th  imbedded m i l l e f i o r i  0 .75 0 .24  0.16 0.0048 

743 P i t c h e r  from Valer ian  tomb beneath 
S t .  P e t e r s  i n  Rome 2.1 0.11 0.09 0.0045 

835 , Diatretum fragment from t h e  
Moselle Val ley , 2 . 7  0.17 0.13 0.0129 

845 M i l l e f i o r i  fragment from pa lace  
of ~ u c i u s  Verus i n  Rome 2.0 0.29 0.88 0.0062 

- -- ~ - 

I n  t h e  dark  blue g l a s s e s  of t hese  t h r e e  Gesse ls ,  seven elements  show a 

s i m i l a r  p a t t e r n  of enhanced concent ra t ion  (Table 111) .  Within t h i s  p a t t e r n  



Table 111 

Colorant Components of Some Cobalt Blue Glass  of the Roman Centuries 

Percent  concentration 
Manganese Iron Cobalt Nickel Copper Tin! Lead 

Specimen MnO ' Fe203 COO NiO CuO SnO; 
Description 

PbO 
No. 

Multicolored fragments 

709 Gold band Pyxis from Pompeii 0.68 1.53 0.12 0.0025 0.061 0.0041 0.036 
592 Gold band pyramidal flask 0.79 2.3 0.13 0.0037 0.17 0.011 0.015 

203 Multicolored vesse l  from Susa 0.70 2.4 0.15 0.0039 0.16 0.068 . 0.049 

Other glasses  with s imi la r  pat terns of concentrations 

205 Late sand core  vesse l  from Susa 1.29 2.1 0.19 0.012 0.071 0.0033 0.141 

713 Sidonian medallion . 1.20 1.86 0.42 0.064 0.23 0.0076 0.093 
913 Mosaic cube from the grotto of Tiberias  0.68 1.86 0.15 '0.0033 0.11 0.0022 0.110 
20 Blue boat from Rhenish-Roman grave a t  St. Aldegund 0.39 1.82 0.035 0.0035 0.14 0.0032 0.0098 
832 Round slab,from the Rhenish-Roman 0.87 1.38 0.059 0.0025 0.065 0.0047 0.170 

villa a t  Leutersdorf 

Some contrasting g lasses  of eastern provenance 

946 Handle of vesse l  from Babylon 0.065 4.2 0.18 0.0040 0.14 (<0.0034) 0.018 
204* Crystal  scratched vesse l  from Susa 0.033 1.62 0.17 0.0062 0.15 0.0013 0.110 

565 . Late cylinder s e a l  purchased in Iraq 0.012 0.89 0.13 (<0.0034) 0.11 (<0.0046) 0.012 

*Also contains 0.37% zinc oxide. 



i s  a  concen t r a t ion  o f  coba l t  s u f f i c i e n t l y  g r e a t  t o  be p r imar i ly  respons ib le  

f o r  t h e  co lor .  We have a l s o  observed s e v e r a l  o t h e r  cobal t -blue g l a s s e s  of 

roughly t h i s  same chronologica l  per iod  which have a  r a t h e r  s i m i l a r  concentra- 

t i o n  p a t t e r n  of  t h e s e  same elements.  This  coincidence causes one t o  specula te  

whether a  common c o b a l t  source ,  say a  p a r t i c u l a r  ore  d e p o s i t  o r  region of 

d e p o s i t s ,  supp l i ed  t h e  co lo ran t  f o r  a l l  t he se  specimens. Most of t h e s e  

s i m i l a r  specimens came from r e l a t i v e l y  western s i t e s .  I n  con t r a s t  t o  t h i s  

coincidence we have found t l ia t  s e v e r a l  of our  cobal t  -blue specimens from 

Mesopotamia and southwestern I r a n  have had a  d i s t i n c t i v e l y  d i f f e r e n t  concentra- 

t i o n  p a t t e r n  f o r  t h e s e  elements ,  one p a r t i c u l a r l y  cha rac t e r i zed  by a  very low 

concen t r a t ion  of manganese. This  is a  r e l a t i v e l y  unusual occurrence i n  cobal t  

o r e s ,  but is c h a r a c t e r i s t i c  of some a r s e n i c a l  coba l t  o r e s  found i n  I r a n  and 

some o t h e r  s i t e s  i n  t h e  Middle E a s t .  4,  5 

Concent ra t ions  of  t h e  seven i n d i c a t i v e  elements i n  t h e  th ree  mul t i -  

co lo red  v e s s e l s ,  i n  t h e  o t h e r  specimens with a  s i m i l a r  p a t t e r n  f o r  t hese  

elements  and i n  some Eas t e rn  specimens with a  c o n t r a s t i n g  p a t t e r n  a r e  l i s t e d  

i n  Table 111. I n  comparing these  d a t a  i t  is again no t i ceab le  how unusual ly 

s i m i l a r  the  t h r e e  mul t ico lored  v e s s e l s  a re .  

There a r e ,  t h e r e f o r e ,  many p o i n t s  of s i m i l a r i t y  among these  t h r e e  

mul t ico lored  fragments:  1 )  t h e i r  c h a r a c t e r i s t i c  l aye red  s t r u c t u r e ,  2 )  the  

b a s i c  g l a s s  composition, 3) t h e  na ture  and concent ra t ion  of the  manganese 

decolorant  used i n  t h e  c o l o r l e s s  g l a s s ,  4) the  use of concent ra t ions  o f  a  

s i m i l a r  bronze ox ida t ion  product i n  the l i g h t  blue reg ion ,  and 5) t he  use of 

l i k e  concent ra t ions  of t h e  same type of coba l t  ma te r i a l  t o  co lo r  t h e  dark 

b lue  regions.  The p o i n t s  of s i m i l a r i t y  a r e  s u f f i c i e n t l y  ex tens ive  t o  s u s t a i n  

s e r i o u s  cons idera t ion  of a  common o r i g i n  f o r  a l l  t h r e e  o b j e c t s ,  even of t he  

p o s s i b i l i t y  t h a t  they  may have been t h e  product of a  s i n g l e  f a c t o r y  o r  g l a s s  

making community. I t  would a l s o  seem l i k e l y  t h a t  they  were made dur ing  a  

narrow per iod  i n  t ime.  One might consider  whether t h e  s i m i l a r i t y  i n  

composition could have r e s u l t e d  from g l a s s  i ngo t s  being manufactured a t  and 

d i s t r i b u t e d  from a  s i n g l e  s i t e  f o r  use i n  t he  f a b r i c a t i o n  of  t hese  v e s s e l s  

a t  o t h e r  s c a t t e r e d  l o c a t i o n s .  If t h i s  were t h e  case  f o r  t hese  very sophis-  

t i c a t e d l y  cons t ruc t ed  v e s s e l s ,  t h e  d u p l i c a t i o n  o f  t h e i r  complex s t r u c t u r e s  

a t  more than one manufacturing s i t e  would s u r e l y  have requi red  t h e  expor t a t ion  

of knowledge of a  h ighly  expe r t  s k i l l  a long with t h e  ingo t s .  However, a  

widespread commerce i n  f i n i s h e d  o b j e c t s  of t h i s  type  would seem t o  be more 



.p;obable. The s i m i l a r i t y  of t hese  t h r e e  o b j e c t s  a l s o  would sugge.st t h a t  t h e  

manufacture -of gold-band g l a s s  was accompanied by the  product ion o f '  s i m i l a r  

mul t ico lored  ware t h a t  d i d  not conta in  the  c h a r a c t e r i s t i c  s h a t t e r e d  gold  

f o i l .  .One s p e c u l a t e s ,  of course,  a s  t o  whether most o r  perhaps a l l  o t h e r  

o b j e c t s  of t h i s  s p e c i f i c  type would be found t o  be s i m i l a r l y  r e l a t e d .  The 

a n a l y s i s  o f  but  t h ree  o b j e c t s  a t  b e s t  only r a i s e s  t h i s  ques t ion .  I t  is  t o  

be hoped t h a t  more specimens of t h i s  kind w i l l  be analyzed t o  t e s t  t he  

g e n e r a l i t y  of t hese  observa t ions .  

S i m i l a r i t i e s  i n  New Kingdon and Mycenaean Glass  

Another i n s t ance  i n  which both t h e  b a s i c  g l a s s  and co lorant  composition 

p a t t e r n  show s i g n i f i c a n t  s i m i l a r i t i e s  is  encountered i n  t h e  New Kingdom Egyptian 

and Mycenaean Greek cobal t -b lue  g l a s ses .  Table I V  l is ts  the ana lyses  of some 
- - 

Mycenaean r o s e t t e  plaques and some dark  blue g l a s s  p o r t i o n s  of New Kingdom 

sand core amphoras. Both s e t s  of o b j e c t s  a r e  s t y l i s t i c a l l y  c h a r a c t e r i s t i c  of 
I 

the  reg ions  i n  which they were found. However, t h e i r  compositions a r e  

remarkably s i m i l a r .  The specimens analyzed include two New Kingdom amphoras, 

Nos. 554 and 556, 'which were excavated a t  t he  pa lace  of  Amenhotep I11 a t  

Thebes. They were provided through the  gene ros i ty  of t h e  Brooklyn'Museum 
- - 

and M r .  John D. Cooney. Specimen 226 is  a  Mycenaean ornament from t h e  - - .  . . - -  
. . - .- - 

c o l l e c t i o n  of  t h e  National  Museum a t  Athens, Accession No. 2912 (T70), which 

we obta ined  through . the kind a s s i s t a n c e  of Mrs. Gladys Weinberg. The B r i t i s h  

Museum generously fu rn i shed  Specimens 864. and 865 which he re  a l s o  Mycenaean 

ornaments. Specimen 864 is  i d e n t i f i e d  wi th  B r i t i s h  Museum.No. 70.10.8.59 

and is  from l a l y s u s  on Rhodes. Specimen 865 has no access ion  number but is 

thought a l s o  t o  be from I a l y s u s .  

.It should be noted t h a t  the b a s i c  composition o f  t h e s e  g l a s s e s  is  

s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  of  the  Roman g l a s s  j u s t  considered.  I n  

p a r t i c u l a r ,  t h e  concent ra t ions  of magnesium and pot'assium a r e  s e v e r a l  t imes  

g r e a t e r  i n  t h e s e  second millennium B.C .  g l a s s e s  than in '  Roman g l a s s .  Th i s  

is a l s o  t r u e  of second millennium B.C. g l a s s  found i n  Cre te ,  Ana to l i a ,  

Mesopotamia and southwestern I r a n .  This  magnesium-potassium r i c h  g l a s s  

., r ep re sen t s  one of t h e  b a s i c  g l a s s  types  we have mentioned. we w i l l  o u t l i n e  

b r i e f l y  i t s  occurre'nce p a t t e r n  because i t  w i l l  be p e r t i n e n t  t o  some o f  our  

fo l lowing  comments. A f t e r  t h e  second millennium'B.C., i n  specimens from 

s i t e s  west of t h e  Euphrates v a l l e y ,  more s p e c i f i c a l l y  i n  Western g l a s s  da t ab le  

from t h e  middle of  t h e  f i r s t  millennium B.C. u n t i l  t h e  e a r l y  I s l amic  c e n t u r i e s ,  



Table IV 

New Kingdom Egyptian and Mycenaean Greek Cobalt Blue Glass 

New Kingdom sand 
co re  amphoras . Mycenaean rosettes 

Specimen number , 5 54 556 226 8 64 865 

Basic com~onen t s  

Lithium L i20  0.0014 0.0012 0.0021 
. . .  

0.0023 0.0018 

Sodium. Na20 20.0 - 19.1 12.9 13.5 16.2 

Potassium 
K2° 

1.07 0.98 1.17 1.51 0.56 

Rubidium Rb20 0.00110 0.00078 0.0010 0.0017 0.0013 

Magnesium MgO 5.0 3.9 ' 3.8 5.8 4.1 

Calcium C a 0  7.7 7.5 7.1 9.9 8.8 

Strontium SrO 0.21 0.15 0.100 0.089 0.071 

Barium BaO 0.0024 0.0013 0.0017 0.0046 0.0023 

Bo 1.011 
B2°3 

0.049 0.00 1 0.060 0.081 0.170 

Aluminum 
A1203 

2.8 1.95 2.1 3.2 2.8 

Phosphorous 
'2'5 

0.14 0.13 0.051 0.158' 0.060 

Titanium T i 0 2  0.085 0.092 0.133 0.21 0.162 

Vanadium .v205 
0.020 0.016 0.011 0.032 0.019 

Chromium C r 2 0 3  0.0017 0.0017 0.0018 0.0027 0.0012 ' 

Zirconium Z r 0 2  0.0098 0.0098 0.0110 0.0129 0.0.110 

Usual additive components 

Manganese MnO 0.41 - 0.21 - 0.24 - 0.35 - 0.42 - 
Iron F e 2 0 j  

0.52 0.58 0.93 1.62 1.15 

Cobalt C 00 - 0. 22 0.11 - U.079 0.12 0.17 - - - 
Nickel NiO-, . 0,141 - 0.050 0.041 0.068 0.083 - - - - 
Copper C u 0  0.019 0.076 0.052 0.091 0.182 - 
21111: ~116 - 0.30 . 0.12 0.12 0.14 0.14 - - - 
Silver Ago  0.00032 0.00120 0.00023 (<0.00038) (<0.00038) 

 in Sn02 (c0.0025) 0.0012 0.0046 (e0.0032) 0.0027 

Antimony Sb205 !I&* 0.063 0.039 0.078 (4.046) 

Lead PbO 0.0033 0.120 0.0019 0.0043 (<0.0046) 

Bismuth 

*Probable separate  additivc. Opaquc glass. 



one v i r t u a l l y  ceases  t o  encounter g l a s s  of t h e  high magnesium-potassium type.  

A t  t h e  same time roughly h a l f  o r  more of  ou r  specimens of  t h i s  per iod  from t h e  
I 

T i g r i s  va l l ey  and eastward have had t h i s  composition. Other d a t a  i n  t he  
6-8 

l i t e r a t u r e  i n d i c a t e  t h e  p e r s i s t e n c e  of t h i s  g l a s s  type well  i n t o  Cen t r a l  Asia .  

The second millennium B.C. t r a d i t i o n  of glassmaking was obviously continued 

i n  t hese  more e a s t e r n  regions. I n  t he  e a r l y  I s l amic  c e n t u r i e s  g l a s s  of t h i s  

composit ion was again widely intruduced i n t o  such re1  a t  i v e l  y  western regions 

a s  Egypt, P a l e s t i n e  and S y r i a  i n  o b j e c t s  of I s l amic  manufacture. 

'The group of a d d i t i v e  oxides ' a t  t h e  bottom of Table I V  shows t h a t  not 

only do the  Mycenaean and New Kingdom g l a s s e s  have s i m i l a r  b a s i c  composition ' . 

but  t h a t  these  dark blue g l a s s e s  were co lored  wi th  a  l i k e  coba l t  conta in ing  

ma te r i a l .  The concent ra t ions  of ox ides  which a r e  s i g n i f i c a n t l y  g r e a t e r  than 

customari ly  encountered i n  c o l o r l e s s  g l a s s  of t h i s  per iod  have been under l ined .  

  he p a t t e r n  of c o n s t i t u e n t s  accompanying cobal t  i n  t hese  specimens is d i s t i n c t l y  

d i f f e r e n t  from t h a t  of t h e  l a t e r  Roman and Eas t e rn  g l a s s e s  j u s t  descr ibed .  A 

most i n t e r e s t i n g  c h a r a c t e r i s t i c  of t h i s  coba l t  add i t i ve  i s  a  s i g n i f i c a n t  

concent ra t ion  of z inc ,  an element which has been observed on1 y r a r e l y  i n  

anc ien t  g l a s s .  The coincidence t h a t  both the  same .basic  g l a s s  -and t h e  same 

cobal t  m a t e r i a l  were used i n  t h e  Mycenaean and New Kingdom g l a s s e s  s t r o n g l y  

i n d i c a t e s  a  commerce between widely sepa ra t ed  reg ions  i n  glassmaking m a t e r i a l s  

o r  perhaps even i n  g l a s s  i t s e l f .  i n  t h e  form of i ngo t s .  .S ince  t h e  e a r l y  Greek 

g l a s s  r o s e t t e s  a r e  commonly encountered only  i n  a r eas  of pronounced 

Mycenaean c u l t u r a l  i n f luence ,  a  commerce i n  g l a s s  i ngo t s ,  which could be 

l o c a l l y  reformed, would i n  t h i s  i n s t ance  seem more probable than  a  commerce 

i n  f i n i s h e d  o b j e c t s  . 
Among t h e  second'millennium B.C. g l a s s e s  from Mesopotamia t h a t  have been 

analyzed only one specimen colored by cobal t  has  been encountered. I t  was a  

lump of b lue  g l a s s ,  thought  t o  be a  f a c t o r y  fragment ,  found a t  Eridu,  t he  

a n a l y s i s  of which was publ i shed  by ~ a r n e r . ~  This  specimen was s i m i l a r  i n  

b a s i c  composition t o  t he  e a r l y  Greek and Egyptian g l a s s .  However, l i k e  the  
\ 

o the r  Cen t r a l  Asian g l a s s e s  we have mentioned, i t s  cobal t  was unaccompanied , 
I 

by manganese. T t  would seem t h a t  t h e  manganese-free a r s e n i c a l  cobal t  o r e s  of 

t h e  Middle East  were exp lo i t ed  t h e r e  f o r  s e v e r a l  m i l l e n n i a  and a l s o  t h a t  cobal t  

from some o the r  , source  was employed i n  t h e  e a r l y  g l a s s  of Egypt and Mycenae. 

The source of  supply of cobalt '  i n  a.ncicnt Egypt has been a  mystery because 

only t r a c e  amounts of t h i s  element have been found i n  o r e s  t h e r e .  I t  is : t o  be 



hoped t h a t  t h e  p a t t e r n  o f  accompanying elements observed i n  t hese  g l a s ses ,  

p a r t i c u l a r l y  t h e  s i g n i f i c a n t l y  high z i n c  concen t r a t ion ,wi l l  h e l p  even tua l ly  

i n  t h e  t r a c i n g  of  t h i s  sou rce .  

Con t r a s t s  between Glass ~ o u n d  a t  Begram and Other- Cen t r a l  Asian Finds 

During the  e a r l y  c e n t u r i e s  of Imper ia l  Rome t h e  d i r e c t  overland t r a d e  

r o u t e s  from t h e  Far  Eas t  t o  t h e  Roman ~ m ~ i r e  were f r e q u e n t l y  impeded by a  

h o s t i l e  Pa r th i a .  To avoid t h i s  i n t e r f e r e n c e  an a l t e r n a t e  t r a d e  route  turned  

o f f  a t  Bac t ra ,  a  major met ropol i s  e a s t  of t h e  Pa r th i an  f r o n t i e r ,  l e ad ing  

sou th  and e a s t  through modern Afghanistan,  Pak i s t an  and nor thern  Ind-ia  t o  

p o r t s  on t h e  Ind ian  Ocean from which ,goods from the  Or ien t  could be shipped 

t o  Egypt and t h e  Mediterranean.  Two s i t e s  on t h i s  a l t e r n a t e  southern  t r a d e  

rou te  have been e x t e n s i v e l y  excavated,  Begram, nor th  of Kabul i n  Afghanistan,  

and Tax i l a ,  on t h e  pun jab-Pakistan border .  S i zab le  q u a n t i t i e s  of  g l a s s  have 

been found a t  both s i t e s .  

Eight  specimens of  g l a s s  from T a x i l a  were analyzed by S.  Ul lah  and 
6 

r epo r t ed  by Y. P. Varshney. The specimens, were not we l l . da t ed  and could. 

have ranged from the  4 t h  century B.C. u n t i l  t h e  6 th  century A . D .  with d a t e s  

toward the ,midd le  of t h i s  per iod being more probable;  The specimens a r e  not  

f u l l y  composi t ional ly c o n s i s t e n t  b u t ,  i n  the main, t hey  comprise a  v a r i a t i o n  

, of  t h e  magnesium-potaksium r i c h  g l a s s  which we a s s o c i a t e  du r ing  t h i s  p e r i o d  

on ly  wi th  Eas t e rn  f i n d s .  I n  some of  t h e s e  specim&ns the  potassium concentra.- 

t i o n  i s  unusual ly  h igh ,  a l though sodium oxide. remains. t he  p r i n c i p a l  a l k a l i .  

A group of g i a s s  specimens of very s i m i l a r  composition was ~ x c a v a t o d  a t  

Shamshir Ghar, an i n h a b i t e d  cave s i t e  i n  Kandahar province,  Afghanistan. 

They were analyzed spec t rog raph ica l ly  by R. H. Close and H. C. Ross and 
7 

r epo r t ed  by R. W,  Smith. These spcci.mens ranged i n  da t e ' t h roughou t  the 

f i r s t  millennium A . D . ,  i nc lud ing  specimens of t h e  Kushan, Sassanian  and e a r l y  

I s l a m i c  pe r iods .  k e c e n t l y  Abdurazakov and ~erborodoir '  have publ i shed  an 

ex t ens ive  s tudy  of t h e  composition of medieval g l a s s e s  from Cen t r a l  Asia .  

These specimens were all of 1.ater da te  than t h e  T a x i l a  g l a s s ;  they range i n  

t ime from t h e 1 8 t h  through the  14 th  cen tu r i e s .  They a r e  very  s i m i l a r  i n  

composition t o  t he  T a x i l a  specimens, however, and i n d i c a t e  a  continued 

a s s o c i a t i o n  of  t h i s  type o f  g l a s s  wi th  t h i s  reg ion .  Th.e averages of the  Tax i ln  

g l a s s ,  t h e  Shamshir Ghar g l a s s  and t h e  medieval Cen t r a l  Asian g l a s s  a r e  
4 

cornpafed i n  Table V.  An opaque red g l a s s ,  which a s  i s  usua l  f o r  i ts type . 

conta ined  a  h i g h  l e a d  concent ra t ion ,  was not included i n  t h e  averages of t he  



Comparison of Glass  From T a x i l a ,  Shamshir Ghar, 
and Various Medieval Glasses  From Cent ra l  Asia 

S i t e  of  f i n d  ~ a x i l a ~  Shamshir Ghar Cent ra l  A S ~ ~ ~ U S S R '  

Number of specimens . 7  17  2  2 

Sodium Na20 17.2 12 14.89 

Potassium 
K2° 2.61 5  3.25 

Magnesium MgO 2.74 7  4.25 

Cal c  ium CaO 6.26 5 7.28 

Aluminum 
*'2'3 

2.89 ' 7 1.99 

Manganese MnO 0.10 0.1 0.66 

I ron 
Fe203 1.58 6  0.83 

S  il icon S  i02 , 65.81 50 66.67 

a  
Data of S. U l l ah ,  re ference  6. 

b  
Rough1y"quantitative ana lyses  by R. H. Close and H. C. Ross, re ference  7. 

C '  
Data of A .  A .  Abdurazakov and M .  A .  Bezborodov, re ference  8. 

T a x i l a  g l a s s e s .  The Shamshir Ghar g l a s s  was analyzed by a  s p e c t r o g r a p h i c  

method o f  admit tedly only approximate accuracy; t h e  d a t a  were l i s t e d  t o  but 

one s i g n i f i c a n t  f i g u r e .  Considering t h i s  u n c e r t a i n t y  i n  a n a l y s i s ,  the t h r e e  

s e t s  of d a t a  show good agreement. This  c o r r e l a t i o n  between t h e  Tax i l a  g l a s s  

and o the r  g l a s s  of a  Cen t r a l  Asian provenance, coupled with the  f a c t  t h a t  t h e  

T a x i l a  specimens a r e  fundamentally r e l a t e d  t o  t h e  magnesium-potassium r i c h  

g l a s s  which is almost never found i n  o b j e c t s  of t h e  same pe r iod  from s i t e s  

west of t he  E ~ p h r a t e s ~ p r o v i d e s  s t r o n g  evidence t h a t  most of t h e s e  ~ a x i l a  

specimens were of Eas te rn  manufacture.  Only one of  t h e  e i g h t  specimens 

analyzed by Ul l ah  had a  composition approaching t h a t  of western ;'Roman" g l a s s .  

An Eas te rn  o r i g i n  f o r  t h i s  g l a s s  is a l s o  cons i s t en t  w i th  t h e  f a c t  t h a t  very 

few a r t i f a c t s  of Mediterranean o r i g i n  have 'been found a t  Tax i l a .  

I n  c o n t r a s t ,  a t  Begram a  v e r i t a b l e  hoard of f i n e  o b j e c t s  of Mediterranean 

manufacture was found s t o r e d  toge the r  wi th  many equa l ly  f i n e  O r i e n t a l  o b j e c t s  

i n  what appear t o  be two s t o r a g e  rooms of a  "palace." Ghirshman has proposed 

a  te rmina l  d a t e  f o r  t h e  occupat ion pe r iod  t o  which t h e  "palace" belongs of 

- about 250 A . D . ,  t he  time o f  t he  conquest of t h i s  t e r r i t o r y  by the  Sassan id  

king Shapur I .  The co ins  and a r t i f a c t s  i n  t h i s  c o l l e c t i o n ,  inc luding  the  g l a s s ,  



range i n  type from the  1st t o  t h e  3 rd  c e n t u r i e s ,  i n d i c a t i n g  t h a t  t he  hoard 

r ep re sen ted  t h e  c o l l e c t i o n  of a  cons iderable  per iod .  

We have been p r i v i l e g e d  t o  analyze e i g h t  specimens of g l a s s  from Begram 

which were s u p p l i e d  t o  u s  through t h e  cou r t e sy  of D r .  Schlumberger. The 

specimens inc lude  a  minute fragment of t he  Begram d ia t r e tum,  a  b e a u t i f u l  
1 

c o l o r l e s s  g l a s s  v e s s e l  upon whose o u t e r  wa l l s  r e p r e s e n t a t i o n s  of s h i p s  and 

a  l i gh thouse  have been carved w i t h  such deep undercut t ing  t h a t  'they were 

almost f ree-s tanding .  The l i gh thouse  has been i d e n t i f i e d  by H. S e y r i g  with 

t h e  pharos o f  Alexandria .  The ana lyses  of these . spec imens  a r e  l i s t e d  i n  

Table V I  . The compositions were a l l  of t h e  low magnesium and potassium type 

which we a s s o c i a t e  w i t h  Western specimens and which c o n t r a s t s  s i g n i f i c a n t l y  

w i th  t h e  Cen t r a l  Asian g l a s s e s  j u s t  descr ibed .  The uncolored g l a s s e s  were 

a l l  deco lo r i zed  s o l e l y  wi th  antimony, a  technique which we have q u i t e  

f r e q u e n t l y  encountered i n  Western g l a s s  of about t he  2nd century A.D.  Table 

M I  compares means of t h e  Begram analyses  wi th  mean compositions of groups of 

s i m i l a r  g l a s s e s ,  deco lo r i zed  by antimony, which were found i n  va r ious  regions 

throughout t h e  Roman Empire. The agreement between them is very c lose  with 

t h e  except-ion of t h e  l e a d  concent ra t ions .  I n  t he  c a s e  of l ead '  t h e -  simple 

blown v e s s e l s  from Begram have c l o s e  t o  t h e  same l e a d  concent ra t ions  a s  t h e i r  

coun te rpa r t s  from Western s i t e s ,  bu t  t h e  pa in t ed  g l a s s e s  show an enhanced 

l e a d  c0ncentrat . ion and the  deeply cut  o b j e c t s ,  s u c h . a s  t h e  d i a t r e tum,  ye t  a  

h ighe r  concent ra t ion .  I t  should 'be noted,  however, t h a t  some o t h e r  deeply 

c u t  o b j e c t s  o f  b a s i c a l l y  Roman composition wi th  the  same r e l a t i v e l y  high l e a d  

conckn t r a t ions ,  a l s o  deco lo r i zed  by antimony, have been found a t  more Western 

s i t e s .  Most no tab le  among such specimens is t h e  d ia t re tum now i n  the t r e a s u r y  

of San ~ a r c o ' i - n -  Venice, which was taken from Constant inople i n  t h e  sack  of 

1204 A.D. The h igh  l e a d  concen t r a t ions  may be more c h a r a c t e r i s t i c  of a 

p a r t i c u l a r  type  of ob jec t  than  of  t he  region i n  which such o b j e c t s  have been 

found. 

Two of  t h e  Begram specimens contained g l a s s  colored b lue  by means of 

coba l t .  The accompanying impur i t i e s  i n  t hese  coba l t  -blue g l a s s e s  a r e  c lo se1  y 

s i m i l a r  t o  t hose  found i n  t h e  more western "Roman" spec'imens which we have 

d i s c u s s e d  and l i s t e d  i n  Table 111. The l a r g e r  concen t r a t ions  i n  t h e  b lue  g l a s s  

compared t o  those  i n  t h e  c o l o r l e s s  a r e  l i s t e d  i n  Table V I I I ,  where they  a r e  

compared t o  t h e  means of s i m i l a r  concen t r a t ions  i n  the  Western g l a s ses .  I n  

c o n s t r a s t  t o  t h i s  i t  has  been a  common experience t o  encounter  Cent ra l  Asian 



Table VI 

Glass  From Begram 

Deeply cut massive vesse l s  Painted vesse l s  Blown vessels  with thread decoration 
/ 

I ' Colorless  
r \ 1 .  \ 

Blue 
/ 

Diatretum \ / i 
8 0 - 

Specimen No. 022-0 034 -0 273-0 028 -0 032-0 . 025-0 031 -0 031-1 023 -0 

Lithium Li 0 0.00065 0.00110 0.00086 0.00129 0.00110 0.00055 0.0062 0.00110 0.00074 
2 

Sodium Na20 13.5 18.2 15.6 17.8 17.4 2 1 10.7 16.6 13.2 

Potassium 
K2° 

0.30 0.52 0.62 0.98 0.71 0.34 1.17 0.87 0.43 

Rubidium Rb20 0.00089 0.00141 0.0014 0.0025 0.0024 0.00050 0.0033 0.001 58 0.00083 

Magnesium MgO 0.54 0.55 0.40 0.91 0.81 0.52 1.15 . 0.83 0.85 

Calcium CaO 6.1 6.1 4.8 7.4 9.5 6.1 , 9.6 7.8 7.8 

Strontium SrO 0.062 0.068 0.062 0.074 0.083 0.048 0.093 0.079 0.068 

Barium BaO 

Boron B2°3 
Aluminum 

A1203 

Titanium T i 0 2  

Vanadium 
v2°5 

Chromium Cr203  
Manganese MnO 

Iron 
Fe203 

Cobalt COO 

Nickel NiO 0.00141 0.00141 (<0.0019) 0.00035 0.00141 0.00141 0.00060 0.0029 0.0063 

Copper C u 0  0.00191 0.00120 0.0087 0.0037 0.0026 0.0024 '0.0039 0.120 0.151 

Zinc znO (<0.011) (<0.011) (<0.017) (<0.023) (<0.011) (<0.011) (4 .023)  (<0.023) (<0.022) 

Zirconium Z r 0 2  0.0091 . 0.0089 0.0071 0.0098 0.0095 0.0071 0.0089 0.0072 0.0081 

Silver .Ag20 0..00120 0.00013 0.00038 0.00016 0.00018 0.00044 0.00007 . 0.00100 . 0.00098 

Tin Sn02 0.0022 0.0071 0.0087 0.0051 0.0029 (<O. 0013) (<0.0029) 0.0050 0.0027 

Bismuth ~i 0 0.0012 0.0010 (<0.00096) (<0.0013) (<0.00063) (<0.00063)" 0.00063 (<0-0013) 0eoo18 
2 3 

Residue* 76. 70. 91. 69. 67. 69. 74. 69. 71. 

*Largely s i l i ca  with some chlorine and sulfur trioxide. 



Table VII 

cor re la t ion  ~ e t w e e n  Begram Glass  and Roman Glass 
~ e c o l o r i z e d  by Antimony F rom Eastern Mediteranean, Italian, and khenish Sites 

(Mean concentrations - percent oxide.) 

Specimens from 
Egypt, Syria, Spccimcns 

Begram Anatolia, and Specimens from Roman 
specimens Greece from Italy ,Rhineland 

Number of specimens 9 7 6 6 

Lithium - Li20  0.0011 0.00058 0.00084 0.0012 

Sodium Na20 15.7 14.9 17.6 16.5 

Potassium 
K2° 

0.60 0.48 0.41 0.56 

Rubidium Rb20 0.0014 0.00097 0.0010 0.0017 

Magnesium MgO 0.69 0.84 0.82 0.97 
. _.. 

. . Calcium CaO 7.1 6.5 7.4 7.8 

Strontium SrO 

Barium BaO 

Boron B2°3 
Aluminum 

A1203 
Phosphorous P 0 ' 

2 5 
Titanium T i 0  

2 
Vanadium '2'5 
Chromium 

Cr203 
Manganese MnO 

Iron 
FoaOg 

Cobalt C'oU 

Nickel 

Copper 

zinc 

Zirconium 

Silver 

Tin  

Antimony 

Lcnd 

Bismuth 

NiO 

C u o  

ZnO 

ZrO 
2 

Ago 

Sn02 

Sb205 , . 
PbO 

*Analyses of cobalt blue specimens eliminated from these means. 
* * ~ e z h  for  simple blown vessels  only. 



Table VIII 

Comparison of Colorant  Components i n  Cobalt-Blue Glass 
from Begram and i n  S i m i l a r  Western Glass  

Percent  concent ra t ion  - - 
Specimen Manganese I r o n  Cobalt Nickel Copper Tin Lead 

No. MnO COO NiO CuO S no2 PbO Fe203 

Begram g la s ses  - 
31 -1 1.10 1.48 0.085 0.0029 0.120 . 0.0050 0.029 

23 0.62 0.93 0.129 . 0.0063 0 , 1 5 1  0.0027 0.031 

Mean concent ra t ion  i n  e i g h t  s i m i l a r l y  colored western specimens - 
0.86 1.88 0.125 0.0054 0.110 0.0063 0.053 

cobal t -blue g l a s s e s  and g l azes  colored wi th  t h e  manganese-free coba l t  of t h e  

Middle Eas te rn  o re s .  Thus we observe t h a t  i n  both t h e i r  b a s i c  composition and 

i n  t h e i r  coba l t  co lo r  chemistry the  Begram specimens d i f f e r  from most Cent ra l  

Asian g l a s s ,  p a r t i c u l a r l y  t h a t  a t  neighboring T a x i l a ,  but  a r e  s i m i l a r  t o  

contemporary Western g l a s s .  Although t h e r e  is  alway,s a  p o s s i b i l i t y  t h a t  

Western techniques and raw m a t e r i a l s  could have been in t roduced  i n t o  Cent ra l  

As ia ,  these  observa t ions  r a t h e r  s t rong ly  suggest  a  Western o r i g i n  f o r  t h i s  

g l a s s .  

The Sacro Cat ino 

A most ou ts tanding  possess ion  of t h e  t r ea su ry  of the Cathedral  of San 

Lorenzo i n  Genoa is  a  b e a u t i f u l  green cu t  g l a s s  bowl which was brought t o  

Genoa a t  t he  beginning of t h e  1 2 t h  century a f t e r  having been taken i n  the 

sack of Caesarea. S ince  t h i s  time the  ves se l  has been h e l d  i n  reverence and 

given t h e  name Sacro  Cat ino i n  t h e  b e l i e f  t h a t  i t  was used by C h r i s t  a t  t h e  

Las t  Supper. The bowl a l s o  was .believed a t  one time t o  have been carved 

from a  s i n g l e  emerald. However, it was taken from Genoa by Napoleon and 

was re turned  from France broken. The conchoidal f r a c t u r e s  revea led  it t o  

be g l a s s .  

'We have' very g rac ious ly  been allowed t o  analyze a  minute but  adequate, 

specimen of t h i s  v e s s e l .  The specimen was but  t h r e e  mil l igrams o f  g l a s s  

from an. inconspicuous po r t ion  of t h e  bowl. Prepared f o r  a n a l y s i s ,  t h e  f i n e l y  

d iv ided  specimen was spread  out  evenly upon a s p e c i a l  adhesive f i l m  and 
, . 

anaiyzed ~ o n d k s t r ~ c t i v e l ~  by means o f  X-ray f luorescence  f o r  those elements  



t h a t  most s i g n i f i c a n t l y  c h a r a c t e r i z e  i t  a s  t o  type.  The r e s u l t s  of t h i s  

a n a l y s i s  are  given i n  Table I X  where t h e  d a t a  a r e  compared t o  t he  mean 

concent r a t  ions  of the  same elements i n  high magnesium-pot assium and low 

magnesium-potassium c a t e g o r i e s  of g l a s s .  The concent r a t  ions of magnesium 

and potassium oxides i n  t h e  g l a s s  of t he  Sacro  Cat ino  q u i t e  d e f i n i t e l y  

c h a r a c t e r i z e  i t  a s  being the  high magnesium-potassium type.  The bowl a l s o  

c o n t a i n s  manganese i n  an a d d i t i v e  concent ra t ion  l e v e l  which is o f t e n  

encountered i n  e i t h e r  type of g l a s s .  The s l i g h t l y  h ighe r  than average 

concen t r a t ion  of l e a d  i n  t h i s  bowl i s  not unusual f o r  d e l i b e r a t e l y  colored 

g l a s s .  

Table I X  

Comparison of Sacro  Cat ino Composition t o  those  
of Basic  Categor ies  of Ancient Glass  

Percent  concentrat  ion 

Magnesium Potassium Manganese Antimony Lead 
, Descr ip t ion  MgO MnO PbO 

K2° - b203 

Sac ro  Cat ino 5.1 1.8 . ' 0.28 0.022 0 . 0 5 4 ~  

Mean o f  high 
magnes ium-po t a s  s ium 4.7 1 .53  0.25 0 . 0 2 6 ~  0.010 
g l a s s e s  

Mean of low 
magnesium-potassium 1 . 0  0.43 . . 0.24 0 . 0 3 0 ~  0.016 
g l a s s e s  

a  
I t  is  l i k e l y  the  h igh  l e a d  concent ra t ion  a r i s e s  from the  green co lorant  
used i n  t h i s  bowl. 

Means f o r  specimens without a d d i t i v e  amounts of antimony. . . 

- 
We have a l ready  mentioned the  f a c t  t h a t  we be l i eve  g l a s s  of t h i s  type 

was manufactured a t  t h e  t ime of  Chr i s t  i n  Eas te rn  reg ions  t h a t  were approxi- 

mately bounded on t h e  west by t h e  T i g r i s  r i v e r  v a l l e y  and the  e a s t e r n  reaches 

of  t h e  Euphrates.  The occurrence of g l a s s  of t h i s  type a t  s i t e s  west of t h i s  

a r e a  h a s  been very r a r e .  I n  f a c t  out of approximately two hundred ana lyses  

of anc i en t  g l a s s  specimens d a t a b l e  t o  the  c e n t u r i e s  of Roman pre-eminence 

and r e l a t a b l e  t o  s i t e s  wi th in  t h e  u l t ima te  boundaries of t h e  Roman Empire 

we have encountered only one specimen, d i s r ega rd ing  f o r  the moment t h e  Sacro 

Cat ino ,  with t h i s  h igh  magnesium-potassium composition. This  unusual 



specimen was found i n  a  second century A.D. grave i n  t h e  Roman cemetery 

upon t h e  Vatican H i l l  i n  Rome. The grave was among those  discovered dur ing  

excavat ion of a  garage foundat ion wi th in  t h e  grounds of  t he  Papal S t a t e .  

The composition of t h i s  fragment is s o  except iona l  f o r  i t s  circumstances 

of f i n d  t h a t  i t  seems l i k e l y  it would have been an imported o b j e c t .  

One might l ikewise  argue t h a t  t he  Sacro  Cat ino  was an imported o b j e c t .  

I n  f a c t  our  d a t a  i n d i c a t e  s p e c i f i c a l l y  t h a t  t he  Sacro  Cat ino could have been 

an ob jec t  of the  t ime o f  C h r i s t .  Over-al l  cons ide ra t ions ,  however, i n d i c a t e  

i t  is  cons iderably  more l i k e l y  t h a t  it  was of much l a t e r  manufacture.  We 

have mentioned i n  prev ious  s e c t i o n s  t h a t  g l a s s  of the  Sacro Cat ino  composition 

t y p i f i e d  t h e  product ion of e a r l y  I s l a m i c  g l a s s .  By about t he  t e n t h  century  

A.D. t h i s  magnesium-potassium r i c h  I s l amic  g l a s s  would have become the  g l a s s  

predominantly encountered i n  t he  P a l e s t i n i a n  a rea .  Thus a1 though the Sacro  

Cat ino composition would have been most unexpected i n  a  P a l e s t i n i a n  o b j e c t  

of t he  f i r s t  century ,  i t  would have been t h e  l i k e l y  composition of an o b j e c t  

from t h i s  a r e a  of  t h e  e a r l y  I s lamic  c e n t u r i e s .  This  double cons ide ra t ion ,  
9 

coupled with t h e  f a c t  t h a t  our  c o l l a b o r a t o r  cons iders  t h e  Sacro  Cat ino t o  

be I s l amic  i n  design, makes i t  seem r a t h e r  probable t h a t  the  bowl was f a b r i c a t e d  

a t  most a  few c e n t u r i e s  before  i t  was captured a t  Caesarea i n  1101. 

A Group of Egyptian Glasses  Charac ter ized  by Low Calcium Concent ra t ions  

The b a s i c  compositions of most anc ien t  g l a s s e s  conform remarkably 

c l o s e l y  t o  t he  few cate 'gories  t h a t  have been descr ibed.  I n  f a c t  the  oc- 

currence of each of the  b a s i c  compositional types  i n  many d i s t a n t l y  s epa ra t ed  

geographic reg ions  over many cen tu r i e s  l e a d s  us  t o  conclude t h a t  t he  d i f f e r -  

ences between t h e s e  c a t e g o r i e s  a r i s e  from a fundamental d i f f e r e n c e  i n  the  kind 

of raw m a t e r i a l s  used t o  produce them, r a t h e r  than from geographic v a r i a t i o n s  

i n  t h e  composition o f  a  given raw m a t e r i a l .  I n  a  very few ins t ances ,  however, 

a  r a t h e r  s u b s t a n t i a l  and c o n s i s t e n t  v a r i a t i o n  i n  a  b a s i c  composition has been 

observed t o  be a s soc i a t ed  wi th  a  p a r t i c u l a r  geographic region.  We have 

mentioned a s  an example of  t h i s  the s p e c i a l  Cen t r a l  Asian formula t ion  which 

is b a s i c a l l y  l i k e  t h e  magnesium-potassium r i c h  g l a s s  encountered a t  more 

western s i t e s ,  except  t h a t  many Cent ra l  Asian specimens have even more 

potassium than  i s  normally encountered elsewhere. I t  would seem l i k e l y  t h a t  ' 

a s i m i l a r  a l k a l i  was used i n  t he  Cen t r a l  Asian and more western magnesium- 

potassium r i c h  g l a s s e s  but  t h a t  t h i s  component as encountered i n  the  Centra,l  

Asian region contained an enhanced amount of potassium. 



We have observed an analogous phenomenon among our  low magnesium- 

potassium g l a s s e s .  A group of t e n  specimens, a l l  of which can be d i r e c t l y  

a s s o c i a t e d  wi th  Egypt, has  been found t o  conta ig  only about h a l f  t he  usua l  

calcium concen t r a t ion  f o r  i ts compositional type.  I n  o t h e r  r e spec t s  they  do 

not  show a s  a  group s i g n i f i c a n t  dev ia t ion  from t h e  normal p a t t e r n  f o r  low 

magnesium-potassium g l a s s .  These specimens a r e  l i s t e d  i n  Table X i n  what may 

be roughly chronologica l  order .  They inc lude  a  g l a s s  i n l a y ,  Brooklyn Museum 

Table X 

P a t t e r n  of Low Calcium Concentrat ions i n  Low-Magnesia Glasses  from Egypt - 
Percent  concent r a t  ion  

Spec- 
ime n  Magne s ium Cal cium Ratio 
No. Desc r ip t ion  MgO CaO CaOhlgO 

820 Blue-green i n l a y  from re ign  of 
Ptolemy V (205-180 B.C.) , 

784 Roman fragments  excavated a t  the 
785 of  Amenhotep I11 
786. (unce r t a in  d a t e )  

668 Egyptian weight (101 ~ ~ = Z 9 / 2 0  A.D.)  0.92 2.9 3.1 
324 I t  (111 A~=729/30 A.D.  1.36 .4. 5  3.3 
326 11 " (743-749 A.D.) 1.26 3.5 2.8 
671 11 ". (778-781 A.D.) 1.39 , 3 . 1  2.2 

715 Glass  from ancien t  k i l n - a t  Wadi 
Natrun (unce r t a in  da t e )  1 .35  3 . 8  2.8 

961 Chal ice from Wadi Natrun 1.15 2.6 2 .3  

- - - 
Means 1.11 3~.  6 3.3 

Mean va lues  of 120 low magnesium g l a s s e s  from 
Near Eas t e rn  s i t e s  0.98 6.97 7.11 

specimen 604, Syr ian  g l a s s  weight of t h e  
Walters A r t  Gal lc ry  0.79 . 5.8 7.4 

No. 33.383, a t t r i b u t e d  by John D.  Cooney t o  t h e  re ign  of Ptolemy V, 205-180 

B.C., and fu rn i shed  t o  us  through the  cour tesy  of Mr. Cooney and the.Brooklyn 

Muse-um; th ree  fragments  of what appear t o  be Roman g l a s s  which were found a t  

t h e  s i t e  of t h e  Palace of Amenhotep I11 a t  Thebes dur ing  t h e  Metropol i tan  

Museum o f  A r t  excavat ions of 1910-12 and were l e n t  t o  us  b y , t h a t  Museum; f o u r  

Egyptian g l a s s  weights  with i n s c r i p t i o n s  d a t i n g  them t o  t h e  8 th  century A.D.  

Two of these  specimens, Nos. 324 and 326, were suppl ied  by D r .  George ~ i l e s  



and t h e  American Numismatic Socie ty  and two, Nos. 668 and 671, were from the'  

Ray W.. Smith c o l l e c t i o n .  A t t r i b u t i o n s - o f  a l l  f o u r  weights  were k indly  provided 

by D r .  Miles .  An amorphous g l a s s  lump from a k i l n  a t  an anc ien t  g l a s s  f a c t o r y  
\ 

i n  t h e  Wadi Natrun was supp l i ed  t o  u s  by Dr. Zaki I skander ,  and a  fragment of a  

c h a l i c e  which'was discovered i n  a  s e a l e d  room i n  a  Coptic  monastery i n  t h e  

Wadi Natrun was generously l e n t  t o  u s  f o r  s tudy by t h e  Metropol i tan  Museum. 
- The inc lus ion  of an anc i en t  f a c t o r y  fragment from t h e  Wadi Na$run among 

these  unusual specimens provides  some ,presumption t h a t  they  were a l l  made i n  

t h i s  region.  I t  would seem p a r t i c u l a r l y  l i k e l y  t h a t  t h e  Coptic  c h a l i c e  

discovered i n  a  Wadi Natrun monastery was l o c a l l y  manufactured. The 8 t h  

century g l a s s  weights  and t h e  specimens from wadi' Natrun show both more c lose  

c o r r e l a t i o n  among themselves and g r e a t e r  dev ia t ion  from the  norm of low 

magnesium-pptassium g l a s s  than t h e  e a r l i e r  specimens. 

We have analyzed i n  a l l  t h i r t e e n  Arabic g l a s s  weights .  These weights  

a r e  most i n t e r e s t i n g  and va luable  specimens because,  a s  a  r u l e ,  they had.been 

stamped wi th  r a i s e d  i n s c r i p t i o n s  while t he  g l a s s  was s t i l l  s o f t  a t  the time of 

manufacture. These i n s c r i p t i o n s  f r equen t ly  inc lude  r e fe rences  t o  t h e  gouern- 

ment o f f i c i a l  who had ordered  t h e i r  product ion and sometimes t o  t he  r e ign ing  

Caliph. The i n s c r i p t i o n s  se rve  both t o  da t e  t h e  weights and t o  i n d i c a t e  t h e i r  

region of o r i g i n .  

The r e fe rences  on most such weights have been t o  Egyptian o f f i c i a l s .  

However, E t t inghausenl0  has publ ished an Umaiyad pound weight i n  t he  c o l l e c t i o n  

of  t h e  Walters A r t  Gal le ry  whose i n s c r i p t i o n  bears  re ference  both t o  a  Cal iph,  

~ a z T d  111,  who reigned only dur ing  t h e  year 744 A.D.. , and a l s o  t o  t he  man 

known t o  have been t h e  f i n a n c i a l  d i r e c t o r  of the  t r e a s u r y  i n  Damascus a t  .thal: 

t ime,  a l - ~ a l i d  i bn  'Abd al- ahm man. A t  t h i s  same time t h e  f i n a n c i a l  d i r e c t o r  - - 
i n  Egypt i s  known t o  have been ' I s a  ibn ~ b 7  ' ~ t a ' .  This  Egyptian o f f i c i a l  

i s sued  weights  i n sc r ibed  wi th  h i s  own name. D r .  Et t inghausen argued t h a t  the  

weight bear ing  re ference  t o  t h e  Syra in  o f f i c i a l  was probably made i n  S y r i a .  

We a r e  very g r a t e f u l  t h a t  t he  Walters  A r t  Ga l l e ry  has pe rmi t t ed  us  t o  sample 

t h i s  weight,  our specimen No. 604, and a l s o  t h a t  among t h e  weights  s u p p l i e d  

t o  UG by D r .  George Mi les  is one bear ing  t h e  name of t h e  contemporary Egyptian - - 
f i n a n c i a l  d i r e c t o r ,  ' I s a  ibn  A ~ T  ' ~ t a ' .  I t  is l i s t e d  i n  Table X a s  specimen 

326. 
i An il!teresting chronology is apparent i n  t he  a n a l y s i s  of our Egyptian 

g l a s s  weight specimens. A l l  f o u r  8 t h  century  Egyptian 'weights have had t h e  



unusual low calcium composition j u s t  descr ibed .  A 9 t h  century weight i n  

c o n t r a s t  had t h e  s. tandard low magnesium-potassium . composition with a  normally . 

h igh  calcium content .  One h e s i t a t e s  t o  draw conclusions from one specimen, 

bu t  it  would be i n t e r e s t i n g  t o  seek out more 9 t h  century  weights t o  determine 

whether t h i s  was a  c o n s i s t e n t  chronologica l  change. However t h i s  may be, i n  

seven g l a s s  weights  da t ab le  from the  10 th  century  through the  Mameluke per iod  

t h e r e  was a  c o n s i s t e n t  dramat ic  change t o  the  high magnesium-pot assium formula- 

t i o n .  We have mentioned s e v e r a l  t imes t h e  r e t u r n  of t h i s  formula t ion  of g l a s s  

t o  t h e  Eas te rn  Mediterranean reg ion  i n  Bhe products  of  I s l amic  manufacturers.  

These d a t a  i n d i c a t e  t h a t  i n  Egyptian g l a s s  weights t h i s  r e tu rn  occurred a t  

approximately t h e  1 0 t h  century.  Unfor tuna te ly  too  f ew of our o t h e r  e a r l y  

I s l a m i c  specimens can be s u f f i c i e n t l y  well-dated t o  permit  us t o  e s t ima te  by 

what degree of g e n e r a l i t y  t h i s  da t e  can be appl ied  t o  t h e  same change i n  

fo rmula t ion  we have observed i n  o t h e r  t ypes  of I s l amic  g l a s s  o b j e c t s  from t h i s  

and o t h e r  geographic regions.  

The a n a l y s i s  of t h e  Walters  A r t  Gal le ry  weight ,  No. 604, which is 

d a t a b l e  t o  744 A . D . ,  shows t h a t  it  does  not have the  c h a r a c t e r i s t i c a l l y  low 

calcium .concent ra t ion  which has  t y p i f i e d  a l l  -of our 8 t h  -century  Egyptian 

weights  and i n  p a r t i c u l a r  t he  c l o s e l y  contemporaneous weight,  Specimen'No. 

326. Compared t o  t h c  average of 120 atlalyses of near  Eas tc rn  g l a s s  specime~ls  

o f  s t anda rd  low magnesium-potassium composition, t h e  Walters  Gal le ry  weight 

con ta ins  j u s t  s l i g h t l y  lower than  normal concent r a t i o n s  of both magn~si  vm and 

calcium but p c r f c c t l y  standard r e l a l i v e  cdncent ra t ions  of t h e s e  elements.  

Re la t ive  concent r a t  ions  of r e l a t e d  elkments have of t e n  provided more cons i s t en t  

c o r r e l a t i o n s  than t h e i r  abso lu t e  concent ra t ions .  Table X a l s o  shows t h a t  t h e  

- calcium magnesium r a t i o  i n  t h e  low-calcium Egyptian subgroup i s  c o n s i s t e n t l y  

low arld d i f f e r s  s i g n i f i c a n t l y  from t h e  mean f o r  r e l a t e d  Near   astern specimens 

and f rum the Walters  Ga l l e ry  weight.  

The agreement between t h e  composition of  the  Walters  Gal le ry  weight 

and t h a t  of much S y r i a n  and o t h e r  near  Eas te rn  g l a s s  and the  c o n t r a s t  betwrcn 

i t  and the  composition of  contemporaneous Egyptian g l a s s  weights do indeed 

add confirmation t o  Dr. ~ t t i n g h a u s e n ' s  opinion t h a t  t h i s  weight was of Syr ian  

manufacture . 
Conclusion 

I t  has not been the  fundamental purpose of t he  Brookhaven program t o  

seek  ou t  a.nd explore  i nd iv idua l  s t u d i e s  of a rchaeologica l  s i g n i f i c a n c e  such 



a s  t h e s e  j u s t  descr ibed .  Rather i t  has  been its purpose i n  p a r t  t o  l a y  a  

groundwork f o r  such s t u d i e s .  I t  has been g r a t i f y i n g ,  however, t h a t  s e v e r a l  

such in s t ances  have emerged wh,ich demonstrate s o  we l l  t he  type of  - - h i s t o r i c a l  -. 
.. - - 

i n f e rences  which can be deri-ved - from a n a l y t i c a l  - --- d a t a .  There a r e  wi th in  ou r  
-7. - ---- 

\ -- >- 

dat-a-severallother i n d i c a t i o n s  of probable a s soc i a t ion  of p a r t i c u l a r  o r i g i n s  --- -- 
with  c h a r a c t e r i s t i c  compositions which would r equ i r e  more ex tens ive  i n v e s t i g a -  --- - ---- 
t i o n  t o  be c r e d i b l y  e s t ab l i shed .  However, it would seem worthwhile t h a t  such 

promising l e a d s  be poin ted  out  f o r  f u t u r e  exp lo ra t ion ,  and we s h a l l  do s o  i n  

t he  comprehensive r epo r t ing  of our d a t a .  One hopes and expec ts  t ha t ,  a s  t h e  

accumulation of ana lyses  of anc ien t  a r t  if a c t s  becomes more comprehensive 

and t h e  s ign i f i cance  of i nd iv idua l  ana lyses  increases ,  i t  w i l l  be poss ib l e  t o  

d e r i v e  from them cons iderable  new i n s i g h t  i n t o  human t e c h n i c a l ,  c u l t u r a l ,  and 

s o c i a l  h i s t o r y .  

Note on Methods of  Analys is  

Emission spectroscopy,  flame photometry, co lor imet ry  and X-ray 

f luo rescence  were a l l  used i n  ob ta in ing  t h e s e  da t a .  Sodium was determined 

by d i r e c t  flame photometr ic  comparison of anc ien t  g l a s s  and National  Bureau 

of  Standards specimens. One mi l l ig ram samples of g l a s s  were put  i n t o  s o l u t i o n  

and d i l u t e d  t o . 1 0 0  m l  f o r  t hese  ana lyses .  Phosphorous was determined by t h e  

molybdenum blue  co lo r ime t r i c  procedure on so lu t ions  prepared from t e n  mi l l ig ram 

specimens 'of  g l a s s .  The remaining elements  were determined by emission 

spectroscopy wi th  the  except ion  t h a t  a  non-destruct ive X-ray f luo rescence  

methpd was used t o  analyze t h e  Sacro Cat ino.  

Two spec t rog raph ic  procedures  were employed. The elements l i t h i u m ,  

potassium, rubidium, barium and chromium were determined from l i n e s  occu r r ing  

i n  t h e  i n f r a r e d  region.  To avoid molecular band i n t e r f e r e n c e  i n  t h i s  region 

t h e  specimens were a rced  i n  a  helium atmosphere. Because carbon e l e c t r o d e  

cups would not burn away i n  t h i s  i n e r t  atmosphere, s p e c i a l  p recaut ions  had t o  

be undertaken t o  i n s u r e  'complete v o l a t i l i z a t i o n  of g l a s s  specimens dur ing  the  

per iod  of p l a t e  exposure. To achieve t h i s  s p e c i a l  shal low cup e l e c t r o d e s  

were cu t  from "amorphous" carbon rods .  Because of t he  r e l a t i v e l y  high thermal 

conductance of  "amorphous" carbon t h e s e  e l e c t r o d e s  i n  a  D.C. a r c  of 1 3  amperes 

cu r r en t  hea ted  t o  a  s u f f i c i e n t  temperature t o  produce the  necessary v o l i t a l i z a -  

\ 
t ion. The remaining n ine teen  elements  were determined from spec t rog raph ic  

l i n e s  i n  t h e ' u l t r a v i o l e t .  Glass  specimens i n  s p e c i a l l y  designed g r a p h i t e  cups.  



were i g n i t e d  i n  a i r  i n  an e i g h t  ampere D.C. a r c  u n t i l  t he  conta in ing  cup had 

completely burned away. 

Ten mi l l ig ram g l a s s  specimens were a rced  in  both spec t roscop ic  procedures.  

S p e c t r a  of s tandard '  specimens we r e  included on each p l a t e  t o  provide an 

exposure-p'rocessing f a c t o r  f o r  t h e  plate , .  The est imated s t anda rd  d e v i a t i o n  

o f  i n d i v i d u a l  measurements f o r  ' a l l  these  procedures  does not exceed twenty 

percent  of t h e  determined value.  I n  most i n s t a n c e s  c l o s e r  p rec i s ion  was 

obta ined  by running a t  l e a s t  d u p l i c a t e  ana lyses .  Q u a n t i t i e s  of samples a v a i l -  

ab l e  d i d '  not  always permit  t h i s ,  and, i n  l i g h t  of t h e  l a r g e  number of ana lyses  

involved i n  t h e  o v e r - a l l  s tudy ,  i t .  was not  always f e l t  necessary t h a t  a l l  

specimens i n  a  c l o s e l y  r e l a t e d  group be given mul t ip l e  a n a l y s i s  un le s s  some 

unusual  f e a t u r e  appeared i n  t he  f i r s t  a n a l y s i s .  

The non-dest r u c t  ive  ana l  ys is of t he  very ..small Sacro c a t  i no  specimen 

was accomplished by means of a  s p e c i a l  X-ray f luo rescence  technique.  The 

e f f e c t i v e  sample response a r e a  f o r  ou r  Norelco X-ray f luorescence  u n i t  was 

found t o  be a  c i r c l e  of  one cent imeter  diameter .  If an excess  of f i n e l y  

powdered g l a s s  was brushed over  such an a rea .  of a .  p l a s t i c  adhesive f i l m ,  such 

a s  Minnesota Mining and Manufacturing Co. Scotch Brand Po lyes t e r  Film Tape 

No. -850, a  maximum of  a  few mi l l ig rams of t h e  g l a s s  would adhere t o  t h e  circ1.e 

of t ape .  The f l u o r e s c e n t  response from such a  covered adhesive t a p e ,  if the  

su r f ace  was f u l l y  coated wi th  g l a s s ,  was found t o  be reproducible  wi th in  a  few 

p e r c e n t .  The choice of  adhesive f i l m  f o r  t h i s  purpose was important because 

we were interested i n  determlnlng manganese and t h i s  element was found t o  be 

p r e s e n t  i n  many of t he  commercial t a p e s  t h a t  were t e s t e d .  The tape c i t e d  was 

r e l a t i v e l y  f r e e  of t h i s  component. Sample l a y e r s  s o  prepared could be p ro t ec t ed  

wi th  a  very - t h i n  covering 1aye.r of Vyns f i l m .  .Vyns f i l m s  of l e s s  than ten 

micrograms pe r  square cent imeter  t h i ckness  were, f-ound t o  diminish the  s o f t e s t  

X-rays measured, i . e . ,  those  from magnesium, by. . only . approximate1 y two percent .  

The response of the Sacro  ,Catin0 specimen p r e p a r e d , i n  . . t h i s  way was compared 

a t  the.same time t o  t he  response of  a number of s i m i l a r  specimens of prev ious ly  

analyzed anc ien t  g l a s se s .  A specimen prepared wi th  pure s i l i c a  was used a s  a  

s u b t r a c t  ion blank. 

The t e c h n i c a l  a s s i s t a n c e  of Mrs. P a t r . i c i a  Walsh i n  running most of t hese  

ana lyses  is- g r a t e f u l l y  acknowledged. We a r e  a l s o  indebted t o  , M i s s  E l i n o r  
i 

Norton f o r  ca r ry ing  out  t he  co lo r ime t r i c  phosphorous de te rmina t ions .  Mr. 

Rutherford J. Get tens  con t r ibu ted  ex tens ive ly  t o  t he  i n i t i a l  es tab l i shment  

of spec t rog raph ic  a n a l y t i c a l  procedures  f o r  t h i s  s tudy .  
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