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Introduction 

Christopher Columbus made his first landfall in the New World at 2 a.m. on 

October 12, 1492. Later that morning, having rounded the southern tip of 

what daylight revealed to be a small island, the little fleet anchored and 

the Admiral went ashore in his barge. He took possession of the island for 

Isabella and Ferdinand, and named it San Salvador!. At the same time he 

met some of the island's Indian inhabitants who had gathered around. 

Many, perhaps most, of those who have sought the identity of that 

island believe it to have been the present day Bahamian island bearing that 

same name. Known as Watlings Islandz during the 18th and the 19th 

centuries, it was officially renamed San Salvador in 1926. The belief that 

the present San Salvador is the same as Columbus's San Salvador is based 

on the reckonings of courses stated in Columbus's journal; both the courses 

which brought him into his first landing and those followed upon his 

departure. Advocates of this view also see consistency between Columbus's 

descriptions of his San Salvador and the topography of the present San 

Salvador. 

Columbus's own manuscript journal of his first voyage has long since 

disappeared. However, an abstract, said to have been copied in part from 

the original, was prepared by Las Casas between 1527 and 1563. As recorded 

in this abstract3, with the claim that these particular passages quoted the 

Admiral's own words, Columbus wrote as follows, on October 12th: "I, in 

!The Indian inhabitants called the island Guanahanl. Somewhat confusingly, 
until 1926, Cat Island, lying to the north, had also been called San Salvador. 

ZOne can choose between Watling, Watling's, or Watlings Island. 

3Bartolome de Las Casas, E1libro de 1a primera navigacion. The manuscript 
is in the collection of the Biblioteca Nacional, Madrid. Throughout we have 
quoted English passages as they appear in Morison 1963, who worked from a 
photographic copy of the Las Casas manuscript: Morison 1963, 47, note 3. 
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order that they might develop a very friendly disposition towards us ... gave 

to some of them red caps, and to others glass beads, which they hung on 

their necks, and many other things of slight value, in which they took 

much pleasure .... later they came swimming to the ships' boats in which we 

were, and brought us parrots and cotton thread in skeins and darts 

[spears?] and many other things, and we swopped them for other things 

that we gave them, such as little glass beads and hawk's bells". In the days 

which follow there are several more entries referring to glass beads and 

other trifles traded to the Indians. On October 13th he noted: " ... they 

readily bartered for any article we saw fit to give them in return, even 

such as broken platters and fragments of glass. I saw ... sixteen balls of 

cotton thread .. . given for three Portuguese ceutis [sic]." On December 3rd, 

having by then become involved in an exploration of Cuba, Columbus set 

out up river from the coast with an armed party, and trekked through 

heavily wooded country until they came upon a large village, whose 

inhabitants the Admiral gave " ... hawk's bells and brass rings and green and 

yellow glass beads, with which they were well pleased"4. Later in the day, 

4There are further entries describing the articles traded or given. For 
example, on October 15th the ship encountered a lone Indian in a canoe 
crossing the open water. The man had with him, among other things, a 
quantity of reddish earth (clay for pottery making or a pigment ?) and a 
basket containing some glass beads and two Spanish blancas. From this 
Columbus surmised the man had come from San Salvador and consequently 
we can surmise that Columbus or his men had given or traded the San 
Salvador inhabitants some low denomination copper-based coins. On October 
16th, having proceeded to Fernandia (the present Long Island), the journal 
states he presented each man who visited him with strings of ten or a 
dozen glass beads, plates of brass, and thongs of leather. On October 21st 
he mentions trading hawk's bells and glass beads for water; and again on 
October 22nd hawk's bells and glass beads, this time for gold. On December 
12th the Spaniard captured: " ... a female, handsome, and to appearance quite 
young; her they brought to the Admiral ... He likewise caused her to be 
clothed, and presenting her with glass beads, hawk's bells and rings of 
brass, dismissed her home with every civili ty". Again, on December 16 th, 
they met an Indian crossing the open water alone in a canoe. Taking him 
on board, they feasted him and presented him with glass beads, hawk's bells 
and brass rings. On December 17th, in Hispaniola, the bought pieces of gold 
beaten in to thin plates, for strings of beads, and on December 21 s t, gave 
presents of the same three items, glass beads, hawk's bells, and brass rings, 
in appreciation of a gift of parrots and other things. On December 22nd, 
Columbus criticized the greed of his Spanish crew and praised the 
generosity of the Indians . He mentions the barter of a piece of gold for 
half a dozen strings of beads, and ordered that nothing be taken from the 
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during a markedly less friendly encounter5 , he pacified a group of Indians 

and" ... demanded their darts, for which I gave to some a hawk's bell, to 

others a brass ring, to others some beads, so that all were pleased ... "6. 

From the foregoing, it is evident that among the small items 

Columbus and his crew traded or used as gifts on his first voyage, were 

hawk's bells, metal rings (described as 'brass'), small denomination copper

based coins, and glass beads, specifically green and yellow glass beads. 

Another reference, without citing a primary source, adds to this list 

"fragments of shoe-latchets"7. That the Indian recipients were delighted is 

not to be unexpected, because the same results had been obtained with the 

same items (augmented by more substantial goods when serious trading 

began) by Portuguese merchants and explorers working down the West Coast 

of AfricaB. Moreover, Columbus, having been involved in that trade himself, 

would naturally have carried an ample supply of the same such trinkets on 

his voyage to "The Indies". 

Indians without paying for it. On January 14th, shortly before departing for 
home, they still had some trinkets left, for he recorded presenting an 
Indian with a red cap, some beads, and red cloth. 

5Columbus alluded several times to the timidity of the Indians and their 
gentleness of behavior. He remarked that they would make good servants, 
and in what might have been nothing more than an innocent aside, but one 
which nevertheless seems a chilling harbinger of the horrors soon to be 
inflicted upon the Indians, Columbus assured the Sovereigns that" ... ten 
men could put to flight 10.000, so cowardly and timid are they; and neither 
do they bear arms, except some darts, on the end of which they have a 
sharp reed, fire-hardened". Within some 20 years, the entire Lucayas Islands 
(The Bahamas) had been depopulated, the Indians having been taken off into 
slavery or to work in the mines at Hispaniola. See note 29. 

6Later references in descriptions of Columbus's following voyages indicate 
that the hawk's bells were much more highly prized by the :ndians than 
were glass beads. On his fourth voyage, while stranded in Jamaica (July 
1503), it is remarked: " ... if they brought rounds of the bread which they 
call cassava, made with the grated roots of a plant, we gave them two or 
three green or yellow rosary beads; if they brought a large quantity of 
anything, they got a hawk's bell; ... ". 

7Van Wyck Brooks 1924, vi. 

BApparently Columbus was on one or two Portuguese voyages to Sao Jorge 
da Mina between 1482 and 1484. Morison 1942, 40-42. Portuguese trade, 
including reference to glass beads, is described in Ryder 1969, 37, 40. 
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Excavations at Long Bay 

Local traditional belief on San Salvador has it that Columbus made his first 

landing there in Long Bay. Located on the west coast some 12 km north of 

the southwest tip of the island, that bay can be entered through an opening 

in the reefs which surround the island. The coastal area around the bay 

was surveyed by Prof. John Winter of Molloy College who recorded surface 

finds of the local palmetto ware9 sherds, fish bones, and shell fragments 10. 

Apparently a series of prehistoric occupation sites had extended along a 

slope behind the beach ridge paralleling the bay. One such place located 

just in from the beach, and more-or-less opposite the opening in the reef, 

had a particularly promising concentration of surface finds and was selected 

for excavation. 

Work commenced in the summer of 1983 and continued intermittently 

through July 198511 . In all, 17 two-meter squares were excavated to depths 

of 40 or 60 cm. This site, known locally as the Long Bay Site and bearing 

the designation SS-9, is sometimes called the John Winter Site. The 

excavations were directed by one of the authors (CAH) working with crews 

of students from several colleges and universities. The excavations will be 

reported thoroughly in a future publication12 but at the moment it is worth 

noting that the decision to use a fine-mesh screen for sifting all soil 

proved a most prudent one, considering the minute sizes of some of the 

most important finds recovered. 

9For a description of palmetto ware see: Hoffman 1967; also Hoffman 1970. 

lOWinter 1980. See also reports for 1981 and 1982 surveys. 

llThe excavation was conducted under the auspices of the College Center 
of the Finger Lakes Bahamian Field Station in cooperation with the 
Ministry of Education and Culture of the Bahamas. The Field Station 
conducts extensive programs of teaching and research in the marine 
sciences, geology, tropical island environments and archaeology. The CCFL 
is a consortium of five colleges and universities in New York State: Alfred 
University, Corning Community College, Elmira College, Hartwick College, 
and Keuka College. The Field Station is directed by Dr. Donald T. Gerace. 
Dr. Gail Saunders, of the Ministry of Education and Culture collaborates 
with the Field Station as a representative of the Bahamian government. 

12A preliminary report, Charles A. Hoffman , The Long Bay Site, was 
presented at the meeting of the Society for Historical Archaeology in 
Boston, Mass., January 1985. 

376 

Brill, R. H.; Hoffman, C. A.  "Some Glass Beads Excavated on San Salvador Island in the Bahamas."  Annales du 10e Congrès de l’Association Internationale  
pour l’Histoire du Verre.  Amsterdam: Association Internationale pour l’Histoire du Verre, 1987, pp. 373-398.  © 1987, Amsterdam AIHV.  Used with permission.

Rakow Research Library, The Corning Museum of Glass - http://www.cmog.org



The excavation produced a small number of European -made artifacts 

in close association with local (or regional) Indian artifacts. Examinations 

and laboratory analyses of the European artifacts very strongly suggest an 

association with Columbus's first landing. That association is of 

extraordinary interest in itself and -if borne out- would greatly strengthen 

the case for the identification of the present San Salvador Island as 

Columbus's San Salvador. 

The authors are aware that controversies could arise from attempts 

to read more into the findings on these artifacts than is warranted, or to 

draw conclusions prematurely. Therefore, we state at the outset that one 

cannot claim, on the strength of the evidence discussed here, to have found 

the precise spot where Columbus first came ashore upon his discovery of 

the New World. Perhaps no one will ever identify that spot for sure. 

Moreover, future excavation could yield new and equally compelling 

evidence. For the present, our conclusions are more modest, namely, that 

the commingling of local Indian artifacts and European artifacts clearly 

represents an early Spanish contact and that the results of the laboratory 

studies are consistent with the hypothesis that these Eut'opean artifacts 

could have been among those Columbus is reported to have traded or given 

the Indians upon his first landing. Our intention is to set forth here 

descriptions of the excavated glass beads, along with the results of 

laboratory studies and examinations, in the hope that readers may be able 

to provide help in locating para.llels for them in Old World or New World 

contexts. Such parallels would offer valuable assistance in arriving at 

definitive interpretations of the evidence so far in hand. 

Objectives and objects studied 

Among the sherds of Indian pottery and other finds associated with the 

everyday lives of the inhabitants of the site were severa.l objects of 

European origin. These objects (listed below) constitute unmistakable 

evidence of early Spanish contact with the local inhabitants, although we 

may never know the exact circumstances under which the objects found 

their way to the site. At one extreme, it could be posited that they were 

actually traded or given to the Indians by Columbus or his crew right on 

the adjacent beach; at the other extreme, they could have found their way 

there indirectly, having been traded to the Indians who lived at the site by 
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2 

fig. 1 Four bright green transparent glass neads from San Salvador. 
From top left to lower right: nOS 5712, 5714, 5713 and 5715. ¢ (horizontal) 
of 5715 is 3.6 mm. 
fig. 2 Glass beads from llarious sources. 
From left to right: nO 5700 (Nueva Cadiz. emerald green), 5730 (Peru, 
emerald green), 5720 (Siiiu, bright green transparent, two fragments), and 
5721 (Siiiu, yellow opaque). ¢ of 5700 is 4.0 mm. 
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others who had obtained the artifacts from European ,:'''itors some distance 

away. One can think of other possibilities in between. 

The immediate objective of this study was to learn as much as 

possible about the excavated objects through laboratory examination and 

analyses hoping that the results might lead to conclusions regarding dates 

and places of manufacture. At present, the most crucial data have been 

acquired but more analyses remain to be carried out of comparative 

materials, and much library research remains to be done. 

The finds 13 consist of the following: seven tiny glass beads with 

three fragments of others, one coin, one small buckle, one somewhat larger 

metal D-ring, a sherd of melado (or honey-glazed) ware, and a sherd of 

plain white-glazed ware (or possibly majolica). 

The objects are described in the catalogue of samples and are illustrated in 

fig. 1-8. Fig. 9 summarizes the analyses and tests carried out on each 

object. 

Only minute samples of the objects were sacrificed for study. 

Approximately one-half of each of the two smallest glass bead fragments 

was removed. The original fragments consisted of only about one-quarter of 

a bead and measured no more than 1.5 mm in greatest dimension. A tiny 

snippet of the perimeter of the coin was removed from an edge which was 

already bent and about to become dislodged. The buckle and D-ring, being 

larger and less fragile, were sampled by drilling thin shallow holes into the 

metal. The holes were then filled and painted over to minimize the slight 

disfigurement that otherwise would have been visible. Minute portions of 

glazes and bodies were removed from the edges of the two small pottery 

sherds and petrographic thin sections were prepared . 

The glass beads 

The seven glass beads and three fragments are all of the same type (fig. 1 

& 2). This is a rather distinctive type; once seen and handled, other 

examples should be easily recognized. On the other hand, without making an 

examination one could easily be misled into thinking that these beads are 

the same as other more familiar and ubiquitous types of seed beads. 

13Some iron spikes , an iron knife blade (?), and other metallic fragments 
were also found. See Hoffman note 12 . 
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The San Salvador beads are varieties VID1e and VIDlf in the 

typology defined by Marvin Smith and Mary Elizabeth Good in their 

publication on early Spanish beads found in the New World14 . The beads 

correspond to nOS 105 and 106 in fig. 7 of that publication10 . The San 

Salvador beads have a distinct shape and are best described as tiny 

'ringlets', although they are not always perfectly round . They are small , 

measuring only 2.5-3.5 mm in 'maximum diameter' and have relatively large, 

roughly circular perforations16 ranging from 1.5 to 2.3 mm. They are often 

somewhat thicker on one side than then other. 

These beads were unquestionably made by winding, as is evidenced by 

the internal cords (striations) which spiral through the bead and around the 

axis of the perforation. They contain quite a few seed or small bubbles 

which are generally sphericalized. The seed occasionally occur in bubble 

chains which follow the cord patterns . In all examples there are protrusions 

on the thicker portion corresponding to 'winding- thread pull-offs', that is, 

places where the thread of glass was separated from the main body of the 

bead during its manufacture. Most of these once had sharp, cracked-off 

edges which have since been worn down by erosion, but some were 

originally rounded, having become fire-polished during manufacture. 

The perforations are straight-sided and have surfaces which, 

weathering effects aside, are what one expects to see on beads wound 

around a wire. No traces of scale or other metallic corrosion products are 

preserved on the surfaces, although one bead (n° 5714) does contain a few 

black flakes (which look metallic) trapped inside the glass itself. In places, 

elliptically-shaped half bubbles are seen on the walls of the perforations . 

These resulted from air trapped between the softened glass and wire when 

the beads were wound. The half bubbles are elongated in the direction of 

winding. 

14Smith & Good 1982. 

l°Unfortunately, there is a typographical error in Smith & Good 1982, 
Chapter III, on p. 3, where these varieties are discussed in connection with 
Columbus's journal. Variety VI is clearly intended where the text says 
variety IV. 

16We dislike using 'perforation', which seems to imply a drilling operation 
but that term appears to have become standard usage among bead people . 
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The ringlet form of these beads is distinctly different from the shape 

of most tiny seed beads -which, by the way, are often even smaller than 

the San Salvador beads in outside diameter. The vast majority of seed beads 

were made by drawing out hollow tubes of glass, giving them a shape which 

is usually distinctly drumlike and more cylindrical than the ringlet shape of 

the wire-wound San Salvador beads. It is fortunate in terms of this 

investigation that these beads have such a distinctive and recogniza~le 

form, for that separates them sharply from the far more abundant drawn 

beads, thereby offering greater promise for locating their places and dates 

of origin. Moreover, one of the colors is also quite unusual. Of the ten 

beads and fragments, nine are a bright green transparent color, and one a 

rather pale yellow amber. The green transparent is not a true emerald 

green; nevertheless it is distinctly brighter than, and distinguishable from, 

the iron green of most early glasses. This distinetive sparkling color should 

be of help in identifying the place and date of manufaeture. 

The glasses are heavily weathered although few traces of weathering 

products still adhere, having been eroded away by the action of the sandy 

soil in which they were buried. However, all show the heavy tell-tale 

pitting characterizing glasses which have been weathered over the eourse of 

two or three centuries or more. 

Mr. Marvin Smith has provided four additional samples of beads which 

are vitually identical to the San Salvador specimens . The differences 

between them and the San Salvador beads (except that one is yellow 

opaque) are visible only under magnification . They have the same ringlet 

form, approximately the same dimensions and proportions, a very similar 

sparkling green eolor, and were also made by winding. They differ only by 

being somewhat less weathered, and slightly less seedy . Unfortunately, only 

one, n° 5700, comes with a provenance . It is from Nueva Cadiz, and should 

date between 1515 and 1545. The others were obtained from dealers and are 

said to come from the Sifiu region of Colombia and from Peru. As was 

borne out by the analyses discussed below, these four beads are clearly 

very closely related to the San Salvador specimens in a chemical sense as 

well as in their physical appearance. 

Quantitative chemical analyses were made of six of the beads 

described above: two fragments from San Salvador and the four eomparative 

specimens . Quantitative determinations of the major and minor elements of 
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the four latter glasses were carried out by atomic absorption, and semi

quantitative analyses of the trace elements by emission spectrography. For 

these glasses, the silica was estimated by difference from 100%. Because the 

samples of the San Salvador beads were so small they were analyzed by the 

electron microprobe. The results are reported in fig. 10. 

Two important observations can be made immediately. First, all six of 

the glasses are very similar in composition, similar enough that we are 

willing to attribute them to the same general region and traditions of 

manufacture. Second, the composition is extremely unusual. It is really a 

two-component lead-silica glass (PbO : Si02). The presence of lead, even in 

rather sizeable concentrations, is not unusual throughout the history of 

glassmaking, however, these 65-75% lead oxide contents are much higher 

than those seen in any other category of early lead glasses17. The high 

lead contents are consistent with the high specific gravities and indices of 

refraction measured for some of the beads (fig. 10). 

The high lead content of the San Salvador beads produced a glass 

with a relatively low softening point which would have allowed it to have 

been drawn out in threads and wound around a wire at relatively low 

temperatures . From the viscosity-temperature curve for a very similar glass, 

we estimate that glasses with the composition of the San Salvador beads 

would have been soft enough to have been worked in this manner at a 

temperature of 750-8000 C. This would be some 250-3000 lower than required 

for a soda-lime glass . It is probable that such beads could have been made 

with an alcohol lamp equipped with a small blowpipe. One could visualize a 

kind of cottage industry in which cullet, perhaps already drawn into thin 

rods or threads, was softened and formed into the beads in small 

workshops. Indeed, it is difficult to visualize how such tiny beads could 

have been made at all in large numbers if the glass would have had to have 

been worked at the glory hole of a furnace. 

The sparkling bright green transparent color of the beads is typical 

17There is one exception, a group of Islamic cameo glasses and some deep
cut glasses from Seree Liman . All date probably from the 11th and 12th 
century. This group of glasses, numbering fewer than a dozen at present, 
are probably not related to the beads under study here. However , there 
might have been an indirect technological relationship. See: Barnes et al. in 
press. 
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of the color produced by copper in a high-lead glass matrix. The yellowish 

amber glass might be a so-called 'carbon amber'lS. The yellow opaque bead 

(nO 5721) from Colombia is obviously colored with the PbSn03 yellow 

colorant opacifier. (Microscopic flakes of the pigment can be seen in the 

glass). This pigment is related to the Pb2Sb207 antimony compound which 

was used in ancient times. The tin pigment gradually replaced the antimony 

pigment starting sometime around the 1st-2nd century AD19. Although both 

appear to have been used from time-to-time after that, the tin-containing 

pigment, judging from analyses of mosaic tesserae, appears to have seen 

somewhat wider use20 . 

The analyzed chemical compositions of the six glasses were used to 

back-calculate batch formulas which could have been used to prepare the 

glasses. The mean of the PbO : Si02 ratio is 2.94, indicating that the basic 

recipe, on a weight basis, was probably 3.0 parts of litharge to 1.0 part of 

sand. The deviation of the calculated ratio from this ideal 3:1 ratio is only 

about 2 relative percent. This deviation is readily accounted for by the 

alumina, iron, and other impurity oxides which affect the calculation . 

Transformed to a volume basis, the basic recipe is very close to a 1: 1 ratio 

of sand to litharge2l with a deviation amounting to only 6%. Both of these 

recipes conform to sound common sense, and the choice of one over the 

other depends only upon whether one chooses to believe that glassmakers of 

the period worked with weight batches or with volume batches22 . In either 

case, a small quantity of copper-containing colorant was also added to form 

the green color. We believe this was in the form of an oxide scale from a 

piece of scrap brass. Calculations show that the colorant could have been 

an alloy with a composition 78Cu: 19Zn:3Sn. This is reasonable for a brass of 

IBSchreurs & Brill 1984. 

19Brill 1968. 

2°Unpublished analyses from this laboratory. 

21For a similar calculation see: Brill forthcoming. 

22In Roman times, we believe volume measurements were used . See Brill 
forthcoming. 
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the period23 . 

One further point deserves consideration. The composition of these 

glasses is actually closer to the composition of enamels than it is to glasses 

ordinarily used for vessel manufacture. It would not be surprising to find 

that these beads originated in some location where glass or metal enameling 

was practiced . 

In summary, the San Salvador beads are all very closely related to 

one another, and to the four comparative beads known (or believed) to 

come from early Spanish Colonial sites in the New World. They are a 

distinctive and recognizable type visually, and share an unusual chemical 

composition which can be explained on a reasonable technological basis. The 

next question arising is that of where these beads might have been made. 

The possibilities which come to mind are Spain, Portugal, and Venice . 

Neither of the authors has yet had opportunities to investigate this question 

adequately, and the glass specialists we have consulted so far have been 

helpful but have not provided definitive answers . Although Venice is always 

first among the unusal suspects to be rounded up as the source of any glass 

bead found anywhere, and although records exist which document the export 

of Venetian beads through commercial trading centers including Lisbon, we 

feel it would do an injustice to Spanish glass industries of the time to 

settle too hastily upon Venice in this instance. There were fluorishing glass 

industries in Spain at the time of Columbus's departure, and they should be 

considered prime candidates for the place of manufacture of these beads. 

Hence, we prefer to reserve judgment, for the present, on the question of 

the origin of these beads. 

Other finds 

As was mentioned above, several other finds of European -made artifacts 

were uncovered in close association with the glass beads. All of these have 

been examined and analyzed chemically, but we have not yet completed our 

analyses of comparative materials from other sites. Therefore, not all of the 

results are reported here . For those with a special interest in Spanish 

objects, descriptions of the associated finds are included in the Sample 

23For example, see the following, which report compositions for brasses 
from elsewhere in Europe : Cameron 1974 and Werner 1981. 
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Descriptions, and a few will be singled out for preliminary discussion. 

The two excavated buckles, (nos 4691 and 4692) are illustrated in fig. 

3 & 4. N° 4692 is quite small, measuring 2 .4 cm across the straight shank. 

It might have been a shoe buckle. No keep was found to accompany this 

buckle but perhaps it never had one. It is said that imitation buckles, never 

intended to be worn, were sometimes made for use as trade trinkets. 

fig. 3 Bronze buckle from San Salvador. iV" 4692 (Pb-1492). Length of 
shank 2.0 mm. 

fig. 4 Bronze D-ring from San Salvador. iV" 4691 (Pb-1493). Length of 
shank 2.7 cm. 

Prof. Jaime Barrachina has recently published the archaeological finds 

excavated at EI Castell del Llinars de Valles, a castle near old Barcelona24 . 

Among the finds were assorted types and sizes of bronze and/or brass 

buckles, some of which resemble the San Salvador buckle in form and in 

size. In a personal communication Prof. Barrachina has stated that the 

example he sees as being the closest parallel for the San Salvador find 25 

was common in the early 15th century at his site, and that that type was 

made until at least as late as 1485. 

There are two differences between the buckles from Llinars and the 

San Salvador object. The groove for the keep in the San Salvador buckle is 

24Monreal & Barrachina 1983. 

25Monreal & Barrachina 1983, 259.4 and object 1058 in Plate 115. 

385 

4 

Brill, R. H.; Hoffman, C. A.  "Some Glass Beads Excavated on San Salvador Island in the Bahamas."  Annales du 10e Congrès de l’Association Internationale  
pour l’Histoire du Verre.  Amsterdam: Association Internationale pour l’Histoire du Verre, 1987, pp. 373-398.  © 1987, Amsterdam AIHV.  Used with permission.

Rakow Research Library, The Corning Museum of Glass - http://www.cmog.org



triangular in section, as if it (or the prototype for the mold in which it 

was cast) had been cut with the edge of a file. The keep holes on the 

buckles from Llinars seem instead to be square in section. There is also a 

more subtle conceptual difference between the designs. The rounded portion 

of the San Salvador buckle looks like a semi-oval, with a straight bar 

placed across the ends of it and extending beyond the ends. All the buckles 

from Llinars look instead like semi-ovals with rounded ends extending 

beyond a straight bar joining them inside the ends. 

Prof. Barrachina's information is encouraging, in that it establishes that 

small buckles, possibly shoe buckles, similar (although not identical) to the 

San Salvador specimen were in use in Catalufia towards the end of the 15th 

century. Much further research must be done to see what small buckles 

from other places were like at that time. For all we know at present, 

similar buckles might have been used in many other places. 

Prof. Barrachina also shows examples of D-rings26 from Llinars. 

However, his D-rings were made of iron. Our chemical analyses showed that 

both of the San Salvador objects -the buckle and D-ring- are made of 

lightly-leaded bronzes. The complete analyses, along with an interpretation, 

will be included in the future publication . 

Small samples of the glazes of the two European pottery sherds were 

analyzed qualita tively wi th the electron microprobe. The analyses es tabllshed 

that both are lead glazes . The melado ware (4697) contains only lead in 

substantial proportions, but the white-glazed ware (4698) contains tin in 

addition. The fragment of white-glazed ware, which is really too small to 

know whether its parent object was decorated or undecorated, might be 

from a piece of Columbia Plain ware. This is a type of pottery thought to 

have been made in Seville and found in abundance at 15th-16th century 

Spanish colonial sites in the New World27 . The only example of Columbia 

Plain we have analyzed so far is a fragmentary plate from Sante Domingo, 

now in the collection of the Hispanic Society of America, but we expect to 

expand that study. The res ul ts of lead -isotope an alyses and petrographic 

examinations will be included in the future publication. 

26The term 'D-ring' might not be a legitimate historical term but we use it 
because it conveys the shape of the object so well. 

27Goggin 1968 , 117-126 and Plate 3. 
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A blanca of Henry IV 

The most useful find of the excavation, as far as dating is concerned, is a 

biUon coin (fig. 5 & 6). The coin is in very poor condition, being heavily 

corroded, fragmentary, and possibly defaced. It is so thin that it appears to 

have been badly worn even before having been buried. 

~5 ~6 
Blanca of Henry IV of Castile (J454-1474) from San Salvador. N> 4693 (Pb
1494). Observe (left). ¢ 2.3 em, thickness (near apex of breakage) 0.20-0.25 
mm. Reverse (right). 

In order to identify the coin, the authors examined it with Richard G. Doty 

(then of the American Numismatic Society) and three experts in Madrid who 

are specialists in Spanish coins of the period in question. They are: Antonio 

Orol Pernas, Juan J. Rodriguez Lorente, and Carlos Castano 

The coin is so badly corroded that at first it was thought an identification 

would be impossible. Under the microscope, however, several features can 

be discerned which match features on a blanca of Henry IV of Castile. 

Fortunately, certain of the preserved features are unique to blancas of 

Henry's reign, thereby making the identification positive. In addition to 
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these features, Mr. Orol Pernas was able to decipher parts of the legend, 

which would have read "ENRICUS DEI GRACIA REX', when complete. A 

better example of this coin is illustrated in (fig. 7 & 8). The part of the 

coin where the mint mark should appear shows a faint suggestion of the 

corner of an architectural feature which might be part of a stylized 

aqueduct, the mint mark for Segovia. 

fig. 7 fig. 8 
Group of billon coins of Henry IV purchased for comparison with no 4693. 
From top left to lower right: N>S 4676 (cuartillo, Toledo), 4677 (half 
cuarillo, Toledo), 4678 (half cuartillo, Cuenca), and 4679 (Pb-1479) (blanca, 
Seville). Observe (Jeft) and reverse (right). 

An electron microprobe analysis of the coin was carried out by Dr. Stephen 

S. C. Tong, Research Associate, at Corning Glass Works. The analysis 

showed that the coin (4693) is made of billon, a copper-based alloy 

containing variable amounts of silver. This coin contains 3.97% silver and 

0.09% lead. The complete analysis of this coin, along with those of similar 

coins struck at known mints, will be included in the future publication. 

The reign of Henry IV extended from 1454 to 1474, ending eighteen 

years before Columbus's first landing in 1492. Hence, the finding of one of 

his coins on San Salvador -or anywhere in the New World, for that matter-

is at first quite surprising. The coin seems almost too early. However, the 

blanca was a coin of low value and circulated widely for many years, as 

small change of the times. This particular blanca is known to have been 

issued only between 1471 and 1474. Following Isabella's succession in 1474, 

no other copper-based coins were issued until the coinage reform of 1497. 
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Mr. 01'01 Pernas remarked, "The copper-based coins in the pockets of 

Christopher Columbus and his crew would be expected to have been blancas 

of Henry IV, just like this one, or Portuguese ceities". Thus, the presence 

of this coin is entirely consistent with the possibility that it -along with 

all the other European artifacts among which it was found-reached the 

New World with Columbus's first arrival. 

Lead isotope analysis 

Isotope analyses of samples of lead extracted from archaeological objects 

can be used to identify the mining regions from which the lead could or 

could not have come. This, in turn, allows one to learn more about where 

the objects themselves might have been made. The determinations are made 

by high accuracy, high precision mass spectrometry. The resulting ratios can 

be compared with similar data for other objects, or with data for galena 

(lead sulfide) ores from known mining regions. The method has found 

growing and widespread application28 . Its advantages are that only very 

minute samples need be sacrificed and that the isotope ratios measured for 

a sample today, regardless of its chemical fonn or physical condi tion, are 

exactly the same as they were when the object was made. 

As shown by our chemical analyses, the glass beads from San 

Salvador, the buckle, the D-ring, the two pottery glazes, and the blanca all 

contain lead. In some cases, for example the glass beads and glazes, the 

lead was a deliberate addition. In the case of the alloys from which the 

two buckles were made, we are not sure whether the lead is present as a 

deliberate addition or as an accidental impurity. The lead in the blanca 

must be from an impurity in either the silver (produced by cupellation of 

lead) or the copper from which the bill on was made, because it is at such a 

low level (0.09%). Lead isotope analyses for all these objects, and for 

several related objects, were carried out by Dr. 1. L. Barnes and Ms. Emile 

C. Deal at the National Bureau of Standards in Gaithersburg, Maryland 2? 

28For example see: Brill & Wampler 1965; Bri.ll 1969; Brill 1970a; Brill & 
Shields 1972; Brill & Barnes 1981. 

29Dr. Barnes is the Chief of the Inorganic Analytical Research Division at 
the Bureau, and Ms. Deal is an employee of the Conservation Analytical 
Laboratory of the Smithsonian Institution. 
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The lead isotope data are reported in fig. 11. The samples themselves 

are listed in fig. 12, where they are divided into groups according to their 

isotope ratios. Proximity in the table indicates similarity of ratios and, 

therefore, likelihood that those leads might have come from the same 

mining region. 

The lead isotope determinations have proven especially valuable in the 

study of the San Salvador objects. However, their interpretation requires 

lengthy discussion and analyses of additional comparative materials (ores, 

glazes, glasses and billon coins) are still underway. Therefore, the complete 

findings will be presented in another publication in the scientific or 

archaeological literature in the near future. For the present we shall simply 

state here a few of the most important findings. 

The San Salvador objects, and related specimens, all appear to 

contain leads of isotopic types known to occur in Spain: ('type S'). They 

spread out somewhat, but are clustered into four small groups. These are 

the kinds of results we would expect for samples made over some period of 

time, in one general region, but drawing on leads from various mines within 

that region. 

One group of six objects forms a rather tight cluster, and all were 

probably made with lead from a single source. The group includes the two 

green glass beads from San Salvador (Pb-1485 and Pb-1486), the D-ring, the 

excavated blanca, and two of the beads from other sites: a green one from 

Nueva Cadiz and a yellow opaque one from Sifiu. It seems reasonable to 

infer that in all likelihood these objects also were all manufactured in the 

same region as one another. We do not yet know of any Spanish ores which 

match these ratios, but they do closely match a galena ore from Albergaria

a-Velha, near Aveiro in Portugal. Similar ores might also occur somewhere 

in Spain, but only future analyses will answer that point. 

Another cluster of three points, including the San Salvador bronze 

buckle (Pb-1492) and the green glass bead said to have been found in Peru 

(Pb-1490), have somewhat higher ratios. These samples resemble lead ores 

occurring in the Sierra de Gador, just west of the city of Almeria. The 

cluster also includes Pb-1491, from a lead pistol ball excavated by Mary 

Jane Berman at the Three-Dog Site, about 2.7 km south of where the other 

objects were excavated. We conclude that all three of these objects are of 

Spanish origin, and possibly came from near Almeria. Two other galenas, 
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from Posadas and Granada, are also quite similar to these objects, but are 

not quite as close a match as those from the Sierra de Gador. 

The leads in the two pottery glazes from San Salvador (Pb-1495 and 

Pb-1496) are vitually identical to one another, but differ from the objects 

just discussed. Although the sherds came from quite different types of 

wares (one a honey-glazed terra cotta and the other a lead-tin glazed 

whitish ware) they almost certainly came from workshops nearby one 

anoth-er, as would be expected for wares taken onboard an outgoing vessel 

just before departure. Their leads are quite similar to the single ore we 

have so far analyzed from the Rio Tinto mining area. Consequently, lacking 

any further evidence, they might tentatively be attributed to the general 

region of Seville . It is also worth noting that Palos de la Fontera, 

Columbus's port of embarkation, is only 70 km away from the Rio Tinto 

mines. 

The one bead which is out of line with the others is Pb-1488, the 

green bead said to be from Sifiu. We had not previously seen leads with 

these ratios in objects or ores from Spain. However, the lead in a billon 

blanca minted in Seville (Pb-1479) is a close match to that in the bead. 

Because a Spanish coin was probably made of metals occurring in the 

Iberian Peninsula, future studies might be expected to turn up ores with 

these same isotope ratios somewhere in Spain and Portugal. 

Up to this point, the interpretation of the data seems -if not yet 

complete- at least straightforward; but the problem of overlapping must still 

be considered, because we already know of objects from different contexts 

which contain leads isotopically similar to those in the San Salvador 

objects. These include some white lead pigments from Italian, Dutch, and 

Flemish paintings of the 15th century30 and a few Benin bronzes reported 

in the literature31 . At first glace, these might seem rather startling 

companions for the San Salvador specimens, but a moment's reflection 

suggests two plausible explanations. These will be discussed in our future 

publication. 

30Unpublished analyses from this laboratory and the National Bureau of 
Standards . 

31Goucher et al. 1976, 130-131. 
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Conclusions 

The main outcome of the lead isotope determinations is that the isotopic 

types of lead found in all seven of the San Salvador objects, and in the 

four beads from Spanish colonial sites in the New World, are consistent 

with the hypothesis that these objects were all made in Spain, although 

possibly at two, three or four different locations. The similarities of the 

isotope data among such diverse types of objects also suggests that they 

found their way to San Salvador on a single voyage. Moreover, the 

resemblance of the leads in the glazes to Rio Tinto lead suggests the 

likelihood of that voyage having embarked from southern Spain. Further 

research on the lead isotope ratios of Spanish ores and artifacts may in the 

future allow one to strengthen the wording above into more definitive 

s tatements and to specify particular regions of manufacture. Stylis tic ally, all 

the artifact evidence also seems consistent with Spanish origins. 

Returning to the question of a possible association between the 

objects excavated at Long Bay and the traditional belief that Columbus's 

first landing was at San Salvador, the date of the coin does not prove that 

such an association exists, but it is at least consistent with such a 

hypothesis. Moreover, it will not have escaped the reader's attention that 

the objects uncovered correspond very well to what Columbus recorded in 

his journal. The little green and yellow beads fit his descriptions, as do the 

D-ring and the buckle -at least if one regards a shoe buckle without keep 

as being made to serve as a trinket and not to fasten a shoe. It would be 

interesting to know if the translation of the rings as being 'brass' is 

strictly accurate -or whether the metals brass and bronze might not then 

sometimes have been confused for one another in everyday speech -just as 

they frequently are today by the general public. The coin, too, is not only 

of an interesting date , but fits in very well with the ceitjs and bJancas 

mentioned in the journal. Even the small pottery sherds were mentioned

"broken platters and glass". Only the hawk 's bell is missing. 

It is also worth noting that no records have yet been un covered of 

other early visitors to San Salvador, except for Ponce de Leon who, in 

1513, reported the island to be uninhabited. Howev er, other v isitors there 
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must have been, the slavers responsible for the depopulation32. Whether or 

not their visits would have left behind artifact evidence of the sort 

excavated is open to speculation. 

The more one thinks about it, the more it seems that the most 

straightforward explanation of the evidence is to regard these objects as 

actually having been among those given or traded to the Indians upon 

Columbus's first landing. While this might seem conjectural, the alternative 

explanations are actually moreso. Only the extraordinary notoriety of the 

event, and the passions it arouses, keep one from asserting that such is, 

indeed, likely to have been the case33. 

Sample descriptions 

Glass beads (San Salvador) 

5710 [*p]34 
San Salvador, fragment of glass bead. Bright green transparent glass, 
heavily pitted, cordy with some spherical seed. Wire-wound, perforation 
straight-sided. Contains single flake of yellow colorant opacifier. Fragment 

32The heaviest slaving raids took place in 1509-1512 throughou t the Lucayas 
in general: Sauer 1966, 159-160. Ponce de Leon must have been one of the 
last of the earlier explorers to visit San Salvador. In fact, he himself is 
said to have been looking for slaves and his lack of success on San 
Salvador sent him off in other directions and ultimately led to his discovery 
of Florida. 

33The authors gratefully acknowledge the assistance of many people from 
diverse disciplines who have contributed to this work and hope they will 
continue to collaborate as the project progresses. We especially thank Dr. I. 
Lynus Barnes, Ms. Emile C. Deal, Dr. Richard G. Doty, Mr. Antonio Orol 
Pernas, Mr. Juan J. Rodriguez Lorente, Mr. Carlos Castan, and Dr. Stephen 
S. C. Tong, all of whose contributions are evident from the text. Special 
thanks are extended to Dr. Gail Saunders of the Ministery of Education and 
Culture of the Bahamas, to Dr. Donald T. Gerace, Director of the CCFL 
Bahamian Field Station, and to Mrs. Kathy Gerace, Assistant to the 
Director, for their unfailing support and cooperation. They, John Winter, 
who originally surveyed the site, and Nancy Hoffman have also made 
numerous valuable suggestions . For various help we also thank John 
Wosinski, Marvin Smith, Vivian Hibbs, George Reilly, Janice Carlson, the 
late Charles B. Wray, the late Charles Fairbanks, Jaime Barrachina, Mary 
Jane Berman, Astone Gasparetto, Thurstan Shaw, Marie Manuela Marques 
Mota, Jorge Alarcao, and Elizabeth R. Brill. The photographs in the article 
were taken by Nicholas Williams and Raymond Errett. 

34* indicates chemical analysis completed; p indicates some physical 
properties measured; + indicates lead isotope analysis completed. 
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represents approx. 30% of complete bead, apparently from thinner part. 
Excavated 6/ 84 . (Same as Pb-1485). 

5711 ['p] 
San Salvador, fragment of glass bead . Bright green transparent glass, 
heavily pitted, cordy with some spherical seed. Wire-wound, perforation 
straightsided, cords following winding pattern. Fragment represents approx. 
40% complete bead. Distorted ring shape; apparent maximum original o.d . 3.5 
mm, Ld. 2.5 mm, thickness 1.8 mm. NI0 E6, 20-30cm. (27 cm). Excavated 
7/83. (Same as Pb-1486) . 

5712 fig. 1 
San Salvador, glass bead. Bright green transparent glass, heavily pitted, 
cordy with some spherical seed. Wire-wound, two sharp winding-thread pull
offs, perforation straight-sided, cords following winding pattern. Distorted 
ring shape; o.d. 2.7-3.3 cm, Ld. 1.5-2.1 mm, thickness 1.2-1.5 mm, N4 E6, 
20-30 cm, 7/ 5/83; SS-9, no 884. 

5713 fig. 1 
San Salvador, glass bead. Bright green transparent glass, heavily pitted, 
very cordy with many spherical seed and flake-shaped stone. Wire-wound, 
one sharp winding-thread pull-off and one firepolished, perforation straight
sided, cords following winding pattern. One large elliptical bubble trapped 
at original interface with wire and oriented in direction of winding. Nearly 
circular ring shape; o.d. 2.9-3.1 mm, Ld. 1.6-1.8 mm, thickness 1.0-1.5 mm. 
NI0 EI0 10-20 cm, SS-9, no 318 . 

5714 fig. 1 
San Salvador, glass bead. Bright green transparent glass (stronger but 
slightly more yellowish than 5712 and 5713), heavily pitted, cordy with some 
spherical seed, a batch or refractory stone, and three black inclusions, 
possibly from a metal tool or wire. Wire-wound, two sharp winding-thread 
pull-offs, perforation straight-sided, cords following winding pattern . Nearly 
circular ring shape; o.d. 2.4-2.5, mm, Ld. 1.5-1.6 mm, thickness 0.8-1.5 mm, 
N8 E8 10-20 cm, 6/ 22 / 84. Found with shell bead. 

5715 fig. 1 
San Salvador, glass bead . Bright green transparent glass (more nearly 
emerald green than others), heavily pitted with some weathering products 
remaining, cordy with some spherical seeds. Wire-wound, no winding-thread 
pull-offs evident, perforation straight-sided, cords following winding pattern. 
One large elliptical bubble trapped at original interface with wire and 
oriented in direction of winding. Distorted ring shape; o .d. 3 .3-3.6 mm, Ld . 
2.1-2.3 mm, thickness 1.1-1.3 mm . Ring was broken in distant past, possibly 
just after manufacture . (Fractured surfaces are weathered). N6 W12 0-10 
cm, 6/ 20/ 84; 88-9 , no 292. 

5716 
San Salvador, glass bead. Pale yellowish amber transparent glass , heavily 
pitted, cordy. Wire-wound , cords following winding pattern. Nearly circular 
ring shape; o.d . 3 .2-3.5 mm, Ld. 2.7 mm, thickness 1.0 mm. N8 E6, 20-30 cm, 
south end, 7/ 4 / 83. 
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Glass beads (other) 

5700 [*pJ fig. 2 
Nueva Cadiz, glass bead, 1515-1545. Emerald green glass, little or no 
weathering, some spherical seed. Wire-wound, one sharp winding-thread 
pull-off and one firepolished, perforation straight-sided. Somewhat distorted 
ring shape, o.d. 4.0 mm, Ld. 1.7-2.1 mm, thickness 2.0 mm. Excavated by 
John Goggin and Jose M. Cruxent in 1954; submitted for analysis by Charles 
Fairbanks of the University of Florida on Oct. 10, 1972. From trench 9, 
section 4-6 m, 0-15 cm depth. (Same as Pb-1487). 

5720 [*J fig. 2 
Sifiu area, Colombia, fragment of glass bead. Bright green transparent glass, 
little or no weathering, some spherical seed. Wire-wound, perforation 
straight-sided. Fragment represents 40% of complete bead, from a thickened 
part. Ring shaped, approximately same size as 5700. Purchased from a 
dealer, submitted for analysis by Marvin T. Smith (then of the University of 
Florida) on Dec. 30, 1983. His n° 187. (Same as Pb-l488). 

5721 ['pJ fig. 2 
Sifiu area, Colombia, glass bead. Yellow opaque glass, little or no 
weathering, large flakes of yellow opacifier. Wire-wound, one winding-thread 
pull-off lightly ground down, and one firepolished, perforation straight
sided. Nearly circular ring shape; o.d. 4.0 mm, Ld. 2.0 mm, thickness 1.5-2.0 
mm; weight 0.0774 g. Purchased from a dealer, submitted for analysis by 
Marvin T. Smith (then of the University of Florida) on Dec. 30, 1983. His 
nO 187. (Same as Pb-1489). 

5730 ['pJ fig. 2 
Peru, glass bead. Emerald green glass, little or no weathering. Wire-wound, 
two sharp winding-thread pull-offs, perforation straight-sided. Nearly 
circular ring shape; o.d. 4.0-4.2 mm, Ld. 2.0 mm, thickness 2.0-3.0 mm; 
weight 0.1064 g. Purchased from a dealer, submitted for analysis by Marvin 
T. Smith (then of the University of Florida) on Dec. 30, 1983. His nO 197-3. 
(Same as Pb-1490). 

Metals, ceramics etc. (San Salvador) 

4679 [*+J fig. 7 & 8 
Blanca, Enrique IV, 1471-1474, Castilla y Leon, Seville. Castle in lozenge; 
lion in lozenge. Billon. Purchased from Henry Christensen, Inc. (Same as 
Pb-1479). 

4691 [*+J fig. 4 
San Salvador, bronze 'O-ring'. Bronze, with greenish gray corrosion patina. 
Rounded with straight shank. Beveled corners formed by mold seams create 
diamond-shaped cross-sections in most parts; possibly finished by filling. 
Maximum diameter across rounded portion 3.9 cm, length of straight shank 
2.7 cm, thickness varies from 2.5-4.0 mm. (Same as Pb-1493). 

4692 [*+J fig. 3 
San Salvador, bronze shoe (?) buckle. Bronze with dark greenish gray 
corrosion patina. Rounded with single straight overlapping shank and 
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triangular slot. No keep attached, and no wear where it would have been 
attached at shank. Appears to have been molded and possibly finished by 
filing. Length across shank 2.0 cm. (Same as Pb-1492). 

4693 [*+] fig. 5 & 6 
San Salvador, coin. Billon blanca of Henry IV of Castile (1454-1474). Heavily 
corroded on all surfaces, original struck impressions barely legible in places, 
possibly deliberately defaced. Segment broken or snipped out before burial. 
(Same as Pb-1494). 

4697 [*+] 
San Salvador, European pottery sherd. Example of melado ware. Wall 
fragment, salmon-colored with honey-colored glaze on one side. Found in 
same context as Indian wares. N4 E6, 10-20 cm, 6/6/83 . (Same as Pb-1495). 

4698 [*+] 
San Salvador, European pottery sherd. Example of majolica ware . Small 
sherd, grayish with thick dull white glaze. Found in same context as Indian 
wares. N6 E6, 10-20 cm, 6/13/83 . (Same as Pb-1496) . 

Lead isotope samples 

Lead no Analytical sample nO brief description 

Pb-1479 4679 billon blanca, Seville mint 
Pb-1485 5710 green bead, San Salvador 
Pb-1486 5711 green bead, San Salvador 
Pb-1487 5700 green bead, Nueva Cadiz 
Pb-1488 5720 green bead, Sifiu 
Pb-1489 5721 yellow bead, Sifiu 
Pb-1490 5730 green bead, Peru 
Pb-1491 - lead pistol ball, San Salvador3~ 
Pb-1492 4692 bronze shoe (?) buckle, San Salvador 
Pb-1493 4691 bronze D-ring, San Salvador 
Pb-1494 4693 blanca, San Salvador 
Pb-1495 4697 honey-glazed ware, San Salvador 
Pb-1496 4698 majolica ware, San Salvador 

30Prom Three Dog Site, not Long Bay . Excavated by Mary Jane Berman. 
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Sample N'S material source A B C 

5710, Pb-1485 green glass San Sal. e v n 
5711, Pb-1486 green glass San Sal. e v n 
5700, Pb-1487 green glass Nueva Cadiz a v s 
5720, Fb-1488 green glass Siiiu a v 
5721, Pb-1489 ylw opq glass Siiiu a v s 
5730, Pb-1490 green glass Peru a v s 
4692, Pb-1492 bronze San Sal. x v s 
4691, Pb-1493 bronze San Sal. a v s 
4693, Pb-1494 dinero San Sal. e v 
4697, Pb-1495 glaze San Sal. e v 
4698, Pb-1496 glaze San Sal. e v 
-- , Pb-1491 lead 3-dog v 

4694, -- pottery San Sal. a 
4679, Pb-1479 coin Seville a v 

fig. 9 Summary of analyses performed 
San Salvador = The Long Bay Site; A: chemical analysis and method, B: 
Lead isotope determination, C: physical properties, e: electron microprobe, a: 
atomic absorption and emission spectrography, x: x-ray f'luorescence, v: 
completed, s: specific gravity, n: refractice index 

fig. 10 Chemical analyses of glass beads from San Salvador (nos 5710 & 
5711), Nueva Cadiz (no 5700), Peru (no 5730) and Sifiu (nos 5720 & 572]) . 
• = NazO values probably low on microprobe analyses; .. = Electron 
microprobe analyses by Stephen S. C. Tong of Corning Glass Works; ... = 
Combined atomic absorption and emission spectrographic analyses by Brant 
Rising and Rolando Gonzales of Lucius Pitkin, Inc., New York City. SiOz. 
estimated by difference from 100% on these samples; A =specific gravity, B 
=refractive index, physical properties by Joseph Giardina and Dirk Sears of 
Corning Glass Works, nf = sought but not found; -- = not sought 

5710** 5711** 5700*** 5730*** 5720*** 5721*** 

SiOl 26.7 27.4 zl9~ 5 ;:27.5 ;:27.2 ;:20.6 
Na20 0.01* O. 01* 1.85 1.32 1.09 2.27 
CaO 0.05 0.09 0.063 0.50 0.12 0.12 
K20 0.14 0.19 0.26 1.15 0.21 0.96 
NgO (0.05 0.02 0.50 0.53 0.28 0.61 
A12 OJ 0.40 0.42 1.76 0.60 0.98 1.64 
F~OJ 0.47 0.67 0.30 0.21 0.24 0.36 
TiCk 0.05 0.06 0.03 0.03 0.03 0.03 
Sln Cb (0. 05 (0.05 (0.05 nf 0.03 0.08 
}fnO - - O. 001 0.005 0.005 0.001 
CuO 0.51 0.53 0.60 0.60 0.50 0.10 
CoO - - nf nf nf nf 
SnOl - - 0.03 o. 01 0.01 0.77 
Ag20 - - 0.008 0.005 0.001 o. 001 
PbO 72.6 70.9 74.9 67.4 69.2 72.3 
lhOJ - - nf nf nf nf 
V2 Cb - - nf nf nf nf 
Cn OJ - - (a. 01 (0.01 (0. 01 (0.01 
NiO - - nf nf nf nf 
ZnO 0.07 0.18 0.20 0.17 0.12 o. 019 
ZrCk - - nr nf nf nf 
Bi2 OJ - - nf nf nf 0.15 

Sum 101. a 100.5 - - - -
A - - 5.30 4.77 - 4.96 
B >1.80 >1.80 - - - -
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Sample If' NBS If' 20epB/l06Pb 207 PB/l06 Pb 204 PB/l06 Pb 

Pb-1479 1525 2.08290 0.84703 0.054150 
Pb-1485 1387 2.08556 0.84909 0.054402 
Pb-1486 1380 2.08632 0.84971 0.054440 
Pb-1487 1381 2.08930 0.85099 0.054443 
Pb-1488 1382 2.08464 0.84569 0.054030 
Pb-1489 1383 2.08944 0.85081 0.054344 
Pb-1490 1384 2.09508 0.85291 0.054515 
Pb-1491 1385 2.09761 0.85497 0.054639 
Pb-1492 1264 2.09776 0.85327 0.054530 
Pb-1493 1521 2.08872 0.85028 0.054422 
Pb-1494 1386 2.08906 0.84905 0.054201 
Pb-1495 1526 2.11184 0.85860 0.055040 
Pb-1496 1527 2.10963 0.85797 0.055084 

fig. 11 Lead-isotope ratios. 
All analyses by I. L. Barnes and Emile C. Deal at the National Bureau of 
Standards, Gaithersburg, Maryland. 

fig. 12 Nearest neighbors in lead isotope ratios; listed in approximate 
order of increasing values. • = small, but significant, difference in ratios; 
NBS = NBS runs, mostly from 1977. 

Sample II' IDescription, sources 

Pb-1488 bead, Sifiu 
Pb-1479 blanca, Seville mint 

white leads 7 Italian, Dutch, Flemish paintings 
* 

Pb-1494 blanca, San Salvador 
Pb-1485 bead, San Salvador 
Pb-1486 bead, San Salvador 
NBS-707 galena, Albergaria-a-Velha (Portugal) 
Pb-1493 D-ring, San Salvador 
Pb-1489 yellow bead, Sifiu 
Pb-1487 bead, Nueva Cadiz 

* 
Fb-1490 bead, Peru 
Pb-1492 buckle, San Salvador 
Pb-1491 pistol ball, Three-Dog 

whi te leads 3 Italian paintings 
Pb-95 galena, Bottino (Italy) 
NBS-681 galena, Los Belgas Mine, Sierra de Gador 
NBS-676 galena, Almeria, Sierra de Gador 

* (?) 
NBS-708 galena, Santa Barabara Mine, Posadas 
NBS-677 galena, Granada 

* (?) 
NBS-678 galena, Centenillo Mine, Sierra Moreno 
Pb-1496 glaze, San Salvador 
Pb-1495 glaze, San Salvador 
Pb-89 galena, Rio Tinto 
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